
CITY OF SANTA PAULA 
 

MEMORANDUM 
 
 
 
To:  Interested Parties    
   
From:    Janna Minsk, AICP, Planning Director 
 
Date  February 12, 2015  
 
Subject: Ventura Coastkeeper/Wishtoyo Foundation Letter of January 21, 2015  

Re: Final Supplemental EIR for the East Area 1 Specific Plan Amendment 
Project  

_____________________________________________________________________ 
 
The City received a second comment letter dated January 21, 2015 from the Ventura 
Coastkeeper/Wishtoyo Foundation regarding the FSEIR for the East Area 1 Specific 
Plan Amendment project. This letter was received from Wishtoyo after the close of the 
public comment period.  
 
Attached is the City Response to Comments letter which includes the following 
Appendices: 
 
Appendix A, Ventura Coastkeeper/Wishtoyo Foundation Comment Letter 
Appendix B, Ventura Coastkeeper/Wishtoyo Foundation Supporting Documentation 
Appendix C—Supplemental Evaluation of Potential Effects of Stormwater Runoff from 
the East Area 1 Project 
Appendix D—Ecological Evaluation of Effects of Dissolved Copper and Other Metals on 
Southern Steelhead Smolt in the Santa Clara River 
Appendix E, PMC Supplemental Reports Memo 
Appendix F, Supplemental Tables 
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Response 1 

The City understands that Ventura Coastkeeper (VCK) is commenting on the public hearing for the 
approval of the East Area Specific Plan Amendment (EA1 SPA), Project SCH #2006071134, the Master 
Vesting Tentative Map (MVTM), and amendments to the East Area 1 Preannexation and Development 
Agreement (“Project”); and on the City of Santa Paula public hearing for the certification of the 
Supplemental Environmental Impact Report (SEIR) for the Project on behalf of the Wishtoyo Foundation. 
A copy of this comment letter can be found in Appendix A, Ventura Coastkeeper/Wishtoyo Foundation 
Comment Letter. Copies of supporting documentation submitted with the Ventura Coastkeeper/ 
Wishtoyo Foundation letter can be found in Appendix B, Ventura Coastkeeper/Wishtoyo Foundation 
Supporting Documentation. 

Response 2 

The VCK comments discuss its concerns that the Project SEIR does not identify and disclose all significant 
impacts to water quality and biological resources; fails to adequately evaluate significant impacts to 
water quality and biological resources or use a good faith effort to do so; and does not mitigate 
environmental impacts to water quality and biological resources to a less than significant effect. 
Furthermore, the VCK letter notes that the City cannot certify the Project SEIR and approve the Project 
in its current form. The City notes the VCK’s concerns, which are addressed in Responses 4 through 13 of 
this comment letter. 

Response 3 

The VCK comments provide a summary of the historic and ecological value of the Santa Clara River 
watershed, Santa Clara river, and Ventura coastline, as well as the importance of the Project SEIR to 
adequately protect the ecological integrity and water quality of the Santa Clara River, the Santa Clara 
river’s watershed, Southern California steelhead, and coastal waters of Ventura County. The City notes 
VCK’s concerns, which are addressed in Responses 4 through 13 of this comment letter. 
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Topical Response to VCK’s January 21, 2015, Letter 

This response to the comment letter is based on the technical reports provided in Appendix C, 
Supplemental Evaluation of Potential Effects of Stormwater Runoff from the East Area 1 Project, 
prepared by GSI Water Solutions Inc. (February 6, 2015); and Appendix D, Ecological Evaluation of 
Effects of Dissolved Copper and Other Metals on Southern Steelhead Smolt in the Santa Clara River, 
prepared by AECOM (February 6, 2015). Both reports were peer-reviewed by PMC staffers Alice Tackett, 
Environmental Planner, and Summer Pardo, Senior Biologist, on or about February 9, 2015. The peer 
review is included in Appendix E, PMC Supplemental Reports Memo. Because these reports and the 
peer review update and clarify the record and do not identify any new significant impact, recirculation of 
the Draft SEIR is not required under the CEQA Guidelines. Collectively, these reports and the peer review 
may be referred to as the “Technical Reports” in these responses.  
 
The VCK comments are organized into two major parts. Part I reiterates VCK’s concerns stated in its 
November 2014 comments on the Draft SEIR. Part II presents VCK’s requests for additional analysis of 
potential Project impacts on water quality in Santa Paula Creek, the Santa Clara River downstream of the 
Project, and the Santa Clara River Estuary. Many of the VCK Comments, particularly in Part I, are 
substantially similar to VCK’s November 2014 comments on the Draft SEIR,1 which were addressed in a 
previously submitted technical response to comments (RTC) by GSI2 (included as Appendix B to the Final 
SEIR); referred to herein as the “previous RTC”). For purposes of conciseness, the responses below 
reference the previous RTC; specific information from the previous RTC is repeated in this supplemental 
response only as needed for clarity or completeness. For the most part, details regarding the Project 
drainage design and other detailed technical information are not repeated in this supplemental 
response. 

VCK January 21, 2015 Comment Letter Part I. Responses to Reiterated Concerns Voiced in VCK’s 
November 17, 2014 Draft SEIR Comments 

Comments presented in Part I of the VCK January 21, 2015, comment letter are nearly identical to those 
in its November 17, 2014 comment letter on the Draft SEIR. To focus the responses to these Part I 
comments, the text of the comments is included below with underline/strikeout format used where 
changes have been made relative to its Draft SEIR comments. The responses below are primarily focused 
on addressing the few changes where additional analysis, clarification, or elaboration was desirable. 

1  Email re: Ventura Coastkeeper EIR Comments for the East Area One Project (Project), submitted to Janna Minsk (City of 
Santa Paula). Prepared and submitted by Jason Weiner on behalf of Ventura Coastkeeper (“VCK”), a program of the 
Wishtoyo Foundation. November 17, 2014. 

2  GSI, 2015. Technical Memorandum re: Evaluation of Potential Effects of Stormwater Runoff from the East Area 1 Project. 
To T. Locacciato (Meridian Consultants) from T. Thomson, R. Struck, A. Davidson, J. Gorski, and K. Demsey (GSI Water 
Solutions, Inc.). January 14, 2015. 
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Response 4 

VCK provided the following comment: 

As expressed in our November 17, 2014 Draft SEIR comments, our overarching concern is that the 
Project’s impacts on water quality will severely impair the Santa Clara River ecosystem, our 
Ventura’s coastal waters, aquatic species such as the Southern California Steelhead, and human 
health. We expect the Project to result in massive increases in pollutant loading to the Santa Clara 
River, increases in concentrations of pollutants of concern in the Santa Clara River, the Santa Clara 
River Estuary, and in marine waters, and an alteration of the natural flow regime of the Santa Clara 
River. All of these impacts will cause and contribute to, in the Santa Clara River, Santa Clara River 
Estuary, and the marine waters engulfing the Santa Clara River watershed: 

1.) Eutrophic conditions; 
2.) Bioaccumulation of pollutants harming benthic macroinvertebrates; 
3.) Acute, sublethal, and chronic toxicity impacts to endangered species like migrating steelhead 
smolt and adult steelhead; 
4.) And aquatic and riparian habitat degradation 

This comment contains no substantive changes from the wording as presented in VCK’s Draft SEIR 
comments in November 2014. The response to this comment was provided in the Final SEIR Response to 
Comments, Response 13-2.3 In summary, based on several separate lines of evidence —including the 
infiltration and treatment that will be provided by the Project’s extensive low-impact development (LID) 
stormwater best management practices (BMPs) and the predicted low concentrations of dissolved 
metals in Project stormwater discharges—the Project will not result in the adverse impacts identified in 
the VCK Comments. A detailed analysis of the potential effects of Project stormwater discharges on 
toxicity impacts to Southern California Steelhead and bioaccumulation-related impacts on benthic 
macroinvertebrates was previously provided in the technical memorandum entitled, Effects of Dissolved 
Copper and Other Metals on Southern Steelhead Smolt in the Santa Clara River (AECOM, 2015a), which 
accompanied the previous RTC. 

One of the key points discussed in the previous RTC is that the Project drainage design provides for 
capture and infiltration (and thereby 100 percent treatment) of all Project-site runoff from storms as 
large as at least the 85th-percentile storm event, which is a storm that brings approximately 1 inch of 
rainfall. For larger events, the initial 1.0–1.8 inches of rainfall (which would constitute what is 
qualitatively known as the “first-flush” component of the storm) will be completely infiltrated on the 
Project site, and all other stormwater flows will be conveyed through the Project BMPs that will slow 
and treat runoff through vegetation before offsite discharge. The Project detention basins have been 
sized in accordance with the Ventura County Hydrology Manual (Ventura County, 2006) to attenuate a 

3  Meridian Consultants. 2015. East Area 1 Specific Plan Amendment Supplemental Environmental Impact Report, SCH No. 
2006071134 .January 2015. 3.0-86–3.0-87. 
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10-year, 50-year, and 100-year storm event with the peak flows for Project runoff not exceeding existing 
peak flows for each respective storm event (Jensen, 2014). In fact, with the debris/detention basins 
upstream of the development and the detention basin at the downstream end of the system, the 
Project stormwater management system will keep the developed condition peak flow rates below the 
existing condition peak flow rates for each storm event (Jensen, 2014). This flow attenuation as part of 
the overall LID design incorporated into the Project will result in Project discharges that mimic the 
natural hydrologic cycle, thereby avoiding habitat degradation in the adjacent creeks and the 
downstream Santa Clara River. 

The LID elements included in the current Project drainage design, as described in the previous RTC, 
exceed requirements under the County’s current Municipal Stormwater Permit (the “MS4 Permit”; 
Order No. R4-2010-0108, effective October 2011). The Project’s drainage design provides almost twice 
the infiltration capacity required under the County’s current permit, which will ensure that the water 
quality of any discharged stormwater will be significantly better than what is required by the MS4 
Permit. 

Response 5 

VCK provided the following comment: 

As stated indicated in the SEIR, the predicted total loading of pollutants and copper into the Santa 
Clara River from the Project’s urban runoff alone (which will increase significantly for all constituents 
from existing conditions and which will depend on the effectiveness of proposed BMPs) into the 
Santa Clara River, its estuary, and its coastal marine waters will increase. The concentrations of 
dissolved copper from Project area stormwater discharges is also projected to increase during the 
wet season. Of note, a NOAA published study (see attached NOAA Technical Memorandum NMFS-
NWFSC-83) documents sublethal effects to juvenile steelhead smolt from dissolved Cu (copper) 
concentrations between .75 micrograms per liter and 2.1 micrograms per liter (loss of smell, reduced 
swimming speed, loss of ability to locate spawning grounds). 

This comment contains no substantive changes from the wording as presented in VCK’s Draft SEIR 
comments. In addition, the National Oceanic and Atmospheric Administration, National Marine Fisheries 
Service (NOAA) 2007 study cited here is the same one attached to the VCK’s Draft SEIR comments. The 
response to this comment was provided in the Final SEIR Response to Comments, Response 13-3.4). As 
noted in that response, this comment misinterprets the SEIR with regard to statements pertaining to 
predicted loading of metals from the Project’s stormwater discharges, because the Draft SEIR clearly 
states that BMPs designed to remove pollutants from stormwater will treat Project stormwater before it 
is discharged to offsite receiving waters. The previous RTC included a detailed evaluation of 

4  Meridian Consultants. 2015. East Area 1 Specific Plan Amendment Supplemental Environmental Impact Report, SCH No. 
2006071134 .January 2015. 3.0-88–3.0-98. 
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concentrations of key metals (copper, lead, and zinc) that may be present in Project stormwater 
discharges to offsite receiving waters. This evaluation included three steps: 

1. Estimate pretreatment stormwater concentrations—Evaluate concentrations for untreated 
stormwater discharging from residential land uses (e.g., single family, multi-family, and high density 
residential) using readily available, representative data. Data for metals of interest (copper, lead, 
and zinc) were evaluated. 

2. Assess BMP effectiveness—Assess the treatment efficiencies of the planned stormwater BMPs using 
published values for the planned Project technologies. 

3. Estimate post-BMP stormwater concentrations—Estimate the concentrations in the stormwater 
discharging from the Project (i.e., post-treatment). 

Results of this evaluation indicate that estimated geometric mean (i.e., typical) concentrations5 of 
dissolved copper, lead, and zinc in Project stormwater discharges will be less than the applicable 
regulatory criteria. In addition, as discussed in the Final SEIR Response to Comments, Response 13-46, 
even the typical pretreatment dissolved copper concentration estimated to occur in stormwater runoff 
entering Project BMPs will be lower than the updated NOAA 2014 application for dissolved copper7 
established to protect salmonids from sublethal toxicity effects. (Note that the issue of specific 
concentrations of dissolved copper associated with sublethal effects on Southern California Steelhead 
smolts was addressed in the Final SEIR Response to Comments, Response 13-48 and evaluated in detail 
in the accompanying Effects of Dissolved Copper and Other Metals on Southern Steelhead Smolt in the 
Santa Clara River [AECOM, 2015a].) Zinc concentrations in Project offsite stormwater discharges 
following treatment in the BMPs also are predicted to be lower than the corresponding NOAA 2014 
application for dissolved zinc. 

Table A-1, Estimated Pre-Treatment Stormwater Concentrations (Urban Runoff) and Summary of 
Water Quality Data for the Santa Clara River, attached to this supplemental response (see Appendix F, 
Supplemental Tables) provides a summary of the estimated pretreatment stormwater runoff 
concentrations for the Project based on a comprehensive, representative, and publically available data 
set. Table A-2, Summary of Stormwater Treatment BMP Removal Efficiencies, attached to this 

5  The geometric mean of the data was calculated to represent typical values for dissolved copper, lead and zinc in 
pretreatment stormwater entering the Project BMPs. The geometric mean is a type of mean or average, which indicates 
the central tendency or typical value of a set of numbers by using the product of their values (as opposed to an arithmetic 
mean uses their sum). 

6  Meridian Consultants. 2015. East Area 1 Specific Plan Amendment Supplemental Environmental Impact Report, SCH No. 
2006071134 .January 2015. 3.0-98–3.0-102. 

7  NOAA application for dissolved copper provided in the recent ESA Section 7 Informal Consultation (Stelle 2014) . In the 
previous RTC, the NOAA 2014 application was referred to as the NOAA benchmark concentration (BMC). The NOAA 2014 
application is technically distinct from the NOAA 2007 BMCs, so the terminology has been corrected in this response. 

8  Meridian Consultants. 2015. East Area 1 Specific Plan Amendment Supplemental Environmental Impact Report, SCH No. 
2006071134 .January 2015. 3.0-98–3.0-102. 
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document (see Appendix F) presents a summary of treatment effectiveness / removal efficiency data 
(percentage reduction in metals concentrations) for the applicable BMPs. These tables have been 
modified from the corresponding tables included in the previous RTC to include values for additional 
metals to provide further support for the findings in the previous RTC and to address issues raised in 
Part II of the VCK Comments. 

Response 2 in the previous RTC also discussed the following additional considerations to support the 
finding that the Project will not significantly increase concentrations of dissolved metals in receiving 
waters or otherwise impact Southern California Steelhead (refer to the previous RTC, starting on p. 12 of 
26, for details): 

• Benefits of Project stormwater infiltration. The Project drainage design provides for infiltration of 
at least the 85th percentile storm event. For larger events (which occur less frequently than once a 
year, on average), the initial 1.0–1.8 inches of rainfall will be captured and infiltrated on site, and all 
other stormwater flows will be conveyed through the Project BMPs that will slow and treat runoff 
before offsite discharge. In addition to fully removing pollutants from stormwater runoff to surface 
waters, infiltration recharges groundwater and allows stormwater discharges to mimic natural 
hydrologic conditions. 

• LID components of future private development. The calculated Project infiltration capacity as 
described in the previous RTC is a conservative estimate. It only takes into account the BMPs 
planned for the public infrastructure; private development within the Project area will be required 
to include additional LID elements, which will increase the overall infiltration capacity of the Project 
and therefore decrease offsite stormwater discharge.  

• Brake pad legislation. The estimated copper concentrations in pretreatment Project stormwater 
listed in Table A-1 also are considered conservative estimates, because a common source of copper 
to urban runoff will be significantly reduced over the next decade, as recently enacted brake pad 
legislation comes into effect as the Project is built out over 10 years. Health and Safety Code §§ 
25250.50, et seq. requires that brake pads sold in California contain no more than 5% copper by 
weight by 2021, and no more than 0.5% copper by weight in 2025. With this legislation in effect, 
copper concentrations in the pretreatment stormwater runoff entering the Project BMPs will be 
lower than the estimated values listed in Table A-1, with further corresponding reductions expected 
in the post-treatment discharge from the Project. 

• Timing of stormwater discharges. Most of the average annual rainfall in Ventura County is during 
the period of November through March, which largely precedes the typical window of Southern 
California Steelhead smolt migration in the Santa Clara River (mid-March to early May; Stoecker and 
Kelley, 2005; UWCD, 2007–2013; AECOM, 2015b). Furthermore, the probability of a storm of 1.5 
inches or more to occur in mid-March is 10% or less. By April 1, the probability of as much as 1.5 
inches of rainfall to occur is less than 5%, and the probability is smaller for that amount of rain to fall 
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within a single day. (Refer to Figure 3, Santa Paula Probability of 1.50” Precipitation in the Final 
SEIR Response to Comments).9 Given that the Project can fully infiltrate as much as 1.8 inches of 
rainfall on the Project site, with no discharge to any adjacent creeks or river, there is only a very 
small chance in any given year that the Project will discharge any stormwater during times when 
smolts are present in the Santa Clara River. (Steelhead smolt life history, including presence and 
usage of the Santa Clara River and Estuary is summarized below in Response 9 of this supplemental 
response.) 

• Downstream attenuation. All stormwater runoff from developed/urbanized areas that is not 
infiltrated will be discharged (after being routed through Project BMPs) to Farm Creek at a point 
roughly 2,000 feet upstream of where this creek discharges to the Santa Clara River (after merging 
into Haun/Orcutt Creek). (See Figure A-1, Site Hydrology.) Dissolved metals concentrations in the 
treated Project discharges, which will already be low, will further attenuate in the distance between 
the infiltration basin outlet and the Santa Clara River through degradation, sorption, and dispersion. 
(Note that Southern California Steelhead smolts are not known to be present in Farm Creek or 
Haun/Orcutt Creek [AECOM, 2015a] at any time, and no runoff from developed urban areas will be 
discharged to Santa Paula Creek—see Figure A-1 for location of Project discharge.) 

• Receiving water concentrations. As shown on Table A-1, the estimated pretreatment stormwater 
concentrations of copper and lead in runoff from the developed Project are similar to the 
concentrations that are already present in the Santa Clara River downstream.10 After BMP 
treatment, concentrations of dissolved copper and lead in the treated Project discharges will be 
similar to or lower than concentrations in the river—therefore, Project discharges will not increase 
concentrations of these metals in the Santa Clara River. Estimated dissolved zinc concentrations in 
posttreatment Project stormwater offsite discharges are higher than those in the river, but below 
the applicable regulatory criteria and, as noted above, less than the NOAA 2014 application for 
dissolved zinc. Additional comparison of metals concentrations in Project stormwater discharges to 
those in the river (for an expanded list of metals) is included in Response 9 this supplemental 
response. 

9  Meridian Consultants, East Area 1 Specific Plan Amendment Supplemental Environmental Impact Report, SCH No. 
2006071134 (January 2015). 

10  Geometric mean concentration for dissolved copper in the Santa Clara River near Santa Paula is 2.1 µg/L. This is 23% of the 
lowest California Toxics Rule freshwater criteria for dissolved copper (9 µg/L; USEPA, 2000) and is essentially equivalent to 
the 2 µg/L dissolved copper concentration identified as acceptable in the VCK Comments for the protection of steelhead in 
the Santa Clara River. The geometric mean dissolved copper concentrations for the river (2.1. µg/L) and the estimated 
pretreatment stormwater for the developed Project (3.1 µg/L) are similar. The 95th percentile UCL mean concentrations 
for the river (4.5 µg/L) and the estimated untreated stormwater for the developed Project (4.6 µg/L) also are similar.  
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Response 6 

VCK provided the following comment: 

The SEIR does not identify or analyze the Project’s significant direct, indirect, and cumulative water 
quality impacts to juvenile Southern California Steelhead smolt residing in the Santa Clara River 
Estuary, migrating adult steelhead in the Santa Clara River, or migrating smolt steelhead in the 
Santa Clara River, nor does it provide measures to mitigate those impacts to a less than significant 
effect. 
More specifically, the SEIR does not analyze the direct, indirect, and cumulative sublethal toxicity 
impacts of metals contained in the Project’s urban stormwater runoff discharges on the threatened 
and endangered species that utilize the Santa Clara River and its Estuary, including the Southern 
California Steelhead. For example, the SEIR overlooks that the Project discharges of dissolved copper 
from stormwater runoff is forecasted to will increase dissolved copper concentrations in the Santa 
Clara River and is forecasted to will contain concentrations of dissolved copper that could result in 
sublethal olfactory, sensory system, behavioral (predator avoidance), growth, reproduction, and 
primary production impacts to juvenile steelhead smolt. Studies have indicated that dissolved copper 
concentrations from .18 to 2.5 micrograms per liter have sublethal inhibitory effects on juvenile 
salmonid.11 Steelhead smolt, which qualify as juvenile salmonid, migrate from the Santa Clara River 
mainstem and tributaries to the estuary, and hold in the estuary during the rainy season and 
summer months, and thus the copper concentrations in the Project’s discharge alone will likely 
impart sublethal impacts on Southern California Steelhead. (See attached steelhead studies that 
document the utilization of the Santa Clara River and the Santa Clara River Estuary by Steelhead and 
the sublethal effect of metals on steelhead and juvenile steelhead smolt). The SEIR must therefore set 
forth mitigation measures to reduce dissolved copper concentrations from the Project contained in 
the Project’s stormwater discharges to less than .18 micrograms per liter or at least to less than 2.0 
micrograms per liter. 

This comment is substantively the same as the version included in the VCK’s Draft SEIR comments, which 
was addressed in the Final SEIR Response to Comments, Response 13-412, with the exception that the 
new comment specifies “direct, indirect, and cumulative” impacts. A brief summary of the previous RTC 
supplemented by additional responsive information is provided below, followed by a discussion of the 
direct, indirect, and cumulative water quality impacts of the Project.  

  

11  Scott A. Hecht, David H. Baldwin et all., An Overview of Sensory Effects on Juvenile Salmonids Exposed to Dissolved 
Copper, NOAA Technical Memorandum NMFS-NWFSC-83, Oct. 2007 (available at 
http://www.nwfsc.noaa.gov/assets/25/6696_11162007_114444_SensoryEffectsTM83Final.pdf). 

12   Meridian Consultants. 2015. East Area 1 Specific Plan Amendment Supplemental Environmental Impact Report, SCH No. 
2006071134 .January 2015. 3.0-98–3.0-102. 
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As discussed in detail in the Final SEIR Response to Comments, Response 13-413, and supported by the 
additional analysis presented in Part II of this supplemental response, the Project will not result in 
significant adverse impacts on sensitive life stages of anadromous fish species such as Southern 
California Steelhead smolts from exposure to dissolved copper and other metals in the Santa Clara River, 
based on the following separate points: 

• The basis for identification of sublethal impacts to juvenile salmonids associated with dissolved 
copper concentrations in the range of 0.18 µg/L to 2.1 µg/L is from results of the NOAA 2007 study 
attached to VCK’s comments (Hecht et al., 2007; “NOAA report”). However, based on the recent ESA 
Section 7 Informal Consultation (Stelle 2014), NOAA’s application for limiting sublethal effects due 
to dissolved copper is 5.3 µg/L; the NOAA 2014 application for dissolved copper is defined as 2.3 
µg/L above the study control background concentration of 3.0 µg/L (Stelle, 2014). NOAA 2014 
applications are included in Table A-1. 

• The NOAA 2014 application for dissolved copper concentrations cited in the recent ESA Section 7 
Informal Consultation (Stelle 2014), as causing sublethal impacts, overstate the actual toxicity of 
dissolved copper under the water quality conditions present in the Santa Clara River. The NOAA 
2014 application for dissolved copper was derived from a study conducted under hatchery 
conditions using soft municipal water. In contrast, the Santa Clara River near the Project has 
significantly harder water and higher pH, both of which reduce the bioavailability of dissolved 
copper (and some other metals), thereby raising the concentration at which toxicity effects begin to 
occur. Multiple studies cited in Stelle (2014) point out the role of dissolved organic carbon (DOC) in 
reducing the olfactory toxicity of dissolved copper. The Santa Clara River also has concentrations of 
DOC that are high enough to further reduce the level of olfactory inhibition associated with 
dissolved copper. Based on these site-specific water quality characteristics, development of site-
specific screening criteria for dissolved metals is appropriate to realistically evaluate toxicity 
thresholds in the Santa Clara River (AECOM, 2015a). These site-specific water quality criteria are 
included in Table A-1. 

• The estimated geometric mean (i.e., typical) concentrations of dissolved copper, lead and zinc in the 
pretreatment stormwater runoff entering Project BMPs are below the unadjusted and the adjusted 
criteria, and the 95% mean Upper Confidence Limit (UCL) concentrations14 in the pretreatment 
stormwater are below the adjusted criteria. As noted above, the estimated dissolved copper 
concentrations in pretreatment Project stormwater will typically be less than the NOAA 2014 
application for dissolved copper of 5.3 µg/L (based on the geometric mean concentration), and will 

13   Meridian Consultants. 2015. East Area 1 Specific Plan Amendment Supplemental Environmental Impact Report, SCH No. 
2006071134 .January 2015. 3.0-98–3.0-102. 

14  The 95% UCL for a mean is defined as a value that, when repeatedly calculated for randomly drawn subsets of size n, 
equals or exceeds the true population mean 95% of the time. 
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be further reduced through treatment in the BMPs before offsite discharge. Estimated pretreatment 
dissolved zinc concentrations are higher than the NOAA 2014 application for dissolved zinc (18.6 
µg/L); however, based on the estimated single-BMP removal efficiencies for dissolved zinc (see 
Table A-2), dissolved zinc concentrations in the Project discharges will be less than the NOAA 2014 
application for dissolved zinc. 

• The potential for Project discharges to impact other life stages of Southern California Steelhead is 
very limited based on observations of steelhead life history in the Santa Clara River system. 
Steelhead adults do not linger in the Santa Clara River mainstream during their migration to the 
upstream tributaries for spawning because adult holding habitat is lacking in the mainstream 
(AECOM, 2015b). Adult holding habitat is also negligible in the lower reach of Santa Paula Creek in 
the vicinity of the Project Site. No life stage of Southern California Steelhead is known to occur in 
Farm Creek or Hahn/Orcutt Creek due to lack of suitable habitat (AECOM, 2015a). 

• Based on research and field observations in the Santa Clara River and Estuary system conducted for 
an accompanying supplemental evaluation of potential effects of Project stormwater discharges on 
Southern California Steelhead (AECOM, 2015b) steelhead smolt utilization of the Santa Clara River 
Estuary is only marginal at best, due to the typical disconnection of the estuary with the upper 
watershed, and due to poor quality estuarine rearing habitat. In larger rivers with suitable upstream 
rearing habitat, such as is found in the Santa Clara River and the Santa Ynez River basins, it is the 
upper watershed that is most important for juvenile steelhead rearing. Typical smolt steelhead 
(greater than 150 millimeters [mm] in length) appear to enter the ocean as soon as possible (mid-
March through early May), precluding an estuary rearing phase (Bond 2006). In addition, the 
analysis conducted for the previous RTC and this supplemental response indicates that there will be 
no significant water quality signature of Project stormwater discharges in the Estuary. Refer to 
Response 9, below, for more detail on steelhead smolt life history.  

Evaluation of Direct Impacts 

The findings summarized above, together with those provided in the Final SEIR Response to Comments, 
Response 13-315 (and further substantiated by the additional findings presented in this supplemental 
response), clearly demonstrate that Project stormwater discharges will have no significant direct 
impacts on Southern California Steelhead. To summarize key points in support of this conclusion:  

• The public portions of the Project infrastructure alone will infiltrate at least the 85th percentile 
storm event, so that only large events (occurring on less than an annual basis) will result in offsite 
stormwater discharge. In these occasional, larger events, the “first flush” volume will still be fully 
infiltrated on site, and the excess stormwater runoff will be treated in the Project BMPs before 

15  Meridian Consultants. 2015. East Area 1 Specific Plan Amendment Supplemental Environmental Impact Report, SCH No. 
2006071134 .January 2015. 3.0-88–3.0-98. 
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offsite discharge. Total infiltration capacity within the Project site will be even greater with LID 
elements that will be incorporated into privately developed portions of the Project area. 

• Estimated dissolved concentrations of copper, lead and zinc in Project stormwater discharged off 
site are lower than applicable water quality criteria and NOAA 2014 applications (where applicable) 
established to protect salmonids from sublethal toxicity effects.  

• Site-specific water quality characteristics of the Santa Clara River in the Project vicinity reduce the 
bioavailability of dissolved metals, such that unadjusted regulatory criteria (e.g., the California Toxics 
Rule water quality criteria) overstate the toxicity thresholds of dissolved metals in the river. In any 
case, Project stormwater discharges will meet all regulatory criteria.  

• Given (a) the November-March timeframe for most of the annual rainfall in the Ventura County 
area, (b) the Project’s ability to infiltrate on the project site up to 1.8 inches of rainfall per event, and 
(c) the mid-March to early May migration window for Southern California Steelhead in the Santa 
Clara River, the chance that the Project will discharge any stormwater during times when smolts are 
present in the Santa Clara River is very small. 

• The point of Project offsite stormwater discharge is to a location in Farm Creek (a drainage that does 
not support salmonids; AECOM, 2015a) approximately 2,000 feet from upstream of the Santa Clara 
River. Concentrations of dissolved copper, lead, and zinc in the Project stormwater discharges will 
further attenuate over the distance between the discharge point and the river. As a result (and 
because Project stormwater discharges will likely be very small in comparison to concurrent flow in 
the river), the Project is unlikely to have a measurable effect on concentrations of dissolved copper, 
lead and zinc at the point of confluence with the Santa Clara River near the Project, much less 15 
miles downstream at the Estuary. 

Discussion of Lack of Indirect Impacts: 

Project stormwater discharges also will have no significant indirect impact on Southern California 
Steelhead smolt or any threatened and endangered species that utilize the Santa Clara River and its 
Estuary. This conclusion is supported by the same set of facts as for direct impacts, summarized as 
follows: 

• The extensive LID elements incorporated into the Project drainage design will allow Project 
stormwater discharges to mimic the natural hydrologic cycle and thereby avoid habitat degradation 
in the receiving waters, including Santa Paula Creek and the Santa Clara River.  

• Concentrations of dissolved metals that may be present in Project stormwater that is discharged 
offsite after treatment in the Project BMPs will in all cases meet applicable water quality criteria and 
in most cases will be similar to or lower than existing concentrations in the Santa Clara River (refer 
to additional analysis in Response 9, below).  

• As noted above, no urban runoff will be discharged to Santa Paula Creek.  
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• Based on these considerations, there will be no significant impacts on habitat or biota that could in 
turn impact Southern California Steelhead or other listed species. Specifically, Project stormwater 
discharges will not significantly impact steelhead smolt prey including benthic macroinvertebrates in 
Santa Paula Creek or the Santa Clara River (AECOM, 2015a). 
 

Discussion of Lack of Cumulative Impacts: 

Likewise, the potential cumulative impacts of Project stormwater discharges also are less than 
significant.  

• As detailed in the previous RTC (summarized above) and supported by the further analysis 
presented in Part II below, Project stormwater discharges will not impair habitat in the immediate 
Project vicinity or downstream, will meet all applicable regulatory criteria for dissolved metals as 
well as the NOAA 2014 applications for dissolved copper and dissolved zinc established to protect 
salmonids from sublethal toxicity effects, and will generally not increase concentrations of dissolved 
metals in the Santa Clara River or Estuary.  

• The lack of cumulative effects is further demonstrated by comparison of estimated metals 
concentrations in stormwater discharges from the developed Project versus runoff from this area 
under the current (baseline) agricultural conditions. Available data indicates concentrations of total 
and dissolved metals, as well as total suspended solids, will generally be similar to or lower than 
under baseline conditions (refer to Response 9 below for details regarding comparison of estimated 
Project conditions to estimated baseline conditions). 

• Future development within the Project area also will be required to meet all applicable water quality 
criteria. 

Response 7 

VCK provided the following comment: 

In addition to analyzing and mitigating for the direct, indirect, and cumulative sublethal effects to 
the threatened and endangered species that utilize the Santa Clara River and the Santa Clara River 
Estuary from dissolved copper contained in the Project’s urban stormwater runoff discharges, the EIR 
must also examine the presence and effects of trace concentrations of zinc, lead, arsenic, cadmium, 
mercury, nickel, and other metals that have been determined by scientific studies to have sublethal 
toxicity effects on steelhead smolt, the other threatened and endangered species that utilize the 
estuary and Santa Clara River downstream of the Project, and on benthic marcroinvertebrate 
populations of the Santa Clara River. 

This comment is the same as the version included in the VCK’s Draft SEIR comments with the exception 
that it specifies “direct, indirect, and cumulative” impacts. Except for this additional language, this 
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comment was addressed in the Final SEIR Response to Comments, Response 13-5).16 In summary, that 
previous response stated that, as with copper, lead, and zinc, other metals also are not projected to be 
present at elevated concentrations in runoff from the Project based on the same set of factors described 
above: (a) infiltration of a substantial portion of the stormwater within the Project; (b) the relatively low 
metals concentrations that would be expected in runoff from new/future urban development compared 
to older urbanized areas with legacy sources; (c) the demonstrated effectiveness of the planned types of 
BMPs at removing total and dissolved metals (as well as TSS); and (d) the very small chance that a storm 
large enough to generate runoff will occur when Southern California Steelhead smolts are present in the 
Santa Clara River. Likewise, direct, indirect, and cumulative effects on listed species and benthic 
macroinvertebrate populations due to potential trace concentrations of these metals in Project 
stormwater discharges are less than significant. 

Subsequent to submittal of the previous RTC, specific estimates of concentrations of several other 
metals in pretreatment stormwater runoff in the Project (included in Table A-1) were obtained. In 
addition, data on BMP treatment effectiveness data for these metals (see Table A-2) were compiled 
using the same representative, robust datasets previously used for copper, lead and zinc. We have also 
compiled available data for runoff from representative agricultural land uses for purposes of estimating 
metals concentrations in runoff from the Project area under the existing (baseline) conditions. These 
estimated baseline concentrations, which are discussed in detail in the Part II responses below, further 
corroborate the findings in the previous RTC. 

Response 8 

VCK provided the following comment: 

Despite new water quality impacts, and new mitigation measures to mitigate water quality impacts 
disclosed in the SEIR from grading changes, hydrology changes, drainage changes, and other design 
changes to the Project from the previously adopted East Area 1 Specific Plan EIR, the SEIR fails to 
provide a sufficiently detailed analysis as to water quality impacts and associated biological impacts 
to juvenile steelhead smolt so as to enable informed decision making, adequate public participation, 
and the mitigation of impacts to a less than significant effect. 

The refinements made to the previously adopted drainage design reflect the types of responsive 
adaptations envisioned under the California Environmental Quality Act (CEQA) consultation process. 
Notably, with the drainage design refinements described in the SEIR and the additional refinements 
described in the previous RTC, the Project will exceed all LID requirements under the County’s current 
MS4 Permit (Order No. R4-2010-0108) (effective October 2011). In fact, the Project will provide almost 
twice the infiltration capacity required under the County’s current MS4 Permit. The previous RTC 

16  Meridian Consultants. 2015. East Area 1 Specific Plan Amendment Supplemental Environmental Impact Report, SCH No. 
2006071134 .January 2015. 3.0-102–3.0-103. 
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provided the detailed analysis of potential water quality and associated biological impacts of Project 
stormwater discharges that is requested in this comment and demonstrated that the stormwater 
discharges will have a less-than-significant effect on these resources. Additional data and evidence in 
support of this finding is presented in the responses below. 

Response 9 

VCK provided the following comment: 

The SEIR contains no analysis of the concentrations and loading of dissolved copper (and other 
metals such as lead, arsenic, zinc, and aluminum) from the Project’s stormwater discharges in 
comparison to the existing concentrations of these dissolved metals from the Project site with the 
existing land use and baseline conditions. The dissolved fraction of copper (and other metals) that 
will be discharged from the Project in stormwater discharges from the Project’s urban area as the 
result of the Project must be analyzed, as the NOAA Technical Memorandum17 indicates that 
dissolved copper in concentrations from .18 to 2.5 micrograms per liter discharged from the Project 
in stormwater runoff poses sub-lethal toxicity threats on juvenile steelhead smolt in Santa Paula 
Creek, the Santa Clara River downstream of the Project, and in the Santa Clara River Estuary (where 
juvenile steelhead smolt rear, hold and acclimate18) that could lead to mortality. 

Approach 

As noted in the Part I responses, the previous RTC presented results of a detailed, quantitative analysis 
of estimated concentrations of key metals of interest (copper, lead and zinc) in Project stormwater 
discharges based on representative data for untreated urban/residential runoff and expected ranges of 
reductions in these concentrations through treatment in Project BMPs. (For details, refer to the Final 
SEIR Response to Comments, Response 13-4).19 The estimated Project stormwater discharge 
concentrations were screened against the applicable freshwater regulatory criteria, NOAA 2014 
applications for dissolved copper and dissolved zinc, and concentrations in the Santa Clara River. To 
respond to these new VCK Comments, this analysis has been expanded to cover an expanded set of 

17  Scott A. Hecht, David H. Baldwin et al., An Overview of Sensory Effects on Juvenile Salmonids Exposed to Dissolved Copper, 
NOAA Technical Memorandum NMFS-NWFSC-83, Oct. 2007 (available at: 
http://www.nwfsc.noaa.gov/assets/25/6696_11162007_114444_SensoryEffectsTM83Final.pdf). 

18  See Hayes, et. al, Steelhead Growth in a Small Central California Watershed: Upstream and Estuarine Rearing Patterns. 
Transactions of the American Fisheries Society 137:114–128, 2008; See Kelley, Elise, Steelhead Trout Smolt Survival in the 
Santa Clara and Santa Ynez Estuaries, August 2008; See Kelley, Elise, Information synthesis and priorities regarding 
steelhead trout (Oncorhynchus mykiss) on the Santa Clara River, February 2004; See Bond, Morgan H., IMPORTANCE OF 
ESTUARINE REARING TO CENTRAL CALIFORNIA STEELHEAD (ONCORHYNCHUS MYKISS) GROWTH AND MARINE SURVIVAL, 
June 2006. 

19  Meridian Consultants. 2015. East Area 1 Specific Plan Amendment Supplemental Environmental Impact Report, SCH No. 
2006071134 .January 2015. 3.0-98–3.0-102. 
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metals—aluminum, arsenic, cadmium, copper, lead, mercury, nickel, and zinc—and to include a 
comparison to estimated baseline conditions. 

Site-specific data do not exist either for Project stormwater discharges (a future condition) or for current 
runoff from the Project area under existing conditions. Stormwater data has not been collected at the 
Project site due to the absence of multiple storm events of sufficient magnitude to do so during the 
SEIR’s preparation in 2014/2015. Furthermore, stormwater monitoring is not required for the current 
agricultural land use by any agency for other purposes. However, as with stormwater runoff into the 
Project BMPs, baseline stormwater runoff quality can be estimated using data for representative land 
uses from other similar properties and uses. In addition, the previous RTC does reference existing 
baseline data for water quality, including metals in the Santa Clara River, which is an important baseline 
used for comparison to Project stormwater runoff.  

To estimate baseline conditions, we compiled data for metals concentrations in runoff from agricultural 
areas in southern California from published studies (Geosyntec, 2008; Walker Associates, 2014; Mazor 
et al., 2011; Ackerman and Schiff, 2003; and Ventura County, 2008). The data are summarized in Table 
A-3, Summary of Metals Concentrations in Runoff from Agricultural Areas in Southern California 
(Estimated Project Baseline Conditions), attached to this supplemental response (see Appendix F). The 
data represent a range of types of agriculture, as noted in Table A-3. Note that because the agricultural 
runoff data are from unrelated studies, the metals analyzed and the summary statistics used vary among 
the studies. For the purposes of this analysis, values selected to represent “typical” concentrations 
include the average (arithmetic mean), median, or geometric mean values, depending on which values 
were reported in a given study. The right-hand column of Table A-3 provides an overall summary of the 
minimum and maximum “typical” concentrations among the reported values for each metal. These 
“typical” concentrations in agricultural runoff provide a baseline for comparison to estimated 
concentrations in stormwater discharges after Project development. 

Table 1 below summarizes the estimated geometric mean (i.e., typical) concentrations of metals in 
pretreatment stormwater entering the Project BMPs and values for comparison (as 
applicable/available), including estimated baseline concentrations, concentrations in the Santa Clara 
River near the Project, freshwater regulatory criteria, and NOAA 2014 applications for dissolved copper 
and dissolved zinc. Findings based on these comparisons are discussed below. 
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Table 1 
Comparison of Metals Concentrations Estimated for Pretreatment Stormwater Runoff Entering Project 

BMPs to Screening Levels, Santa Clara River Data, and Estimated Baseline Concentrations 

Metal 

Estimated  
Pretreatment 

Project 
Stormwater(1) 

(Geometric 
Mean) 

Estimated 
Baseline 

Condition(2) 

(Range of 
“Typical” Values) 

Santa Clara 
River Water 

Quality Data(3) 

(Geometric 
Mean) 

Screening Levels 
CTR Freshwater Criteria(4) 

and/or NAWQC(5)  

Adjusted/Site-Specific NOAA 2014 
Applications (6) CCC CMC 

Dissolved Metals (µg/L) 
Aluminum 46 <5 4.5 NA NA NA 
Arsenic 1 1.1–2.5 1.2 150 340 NA 
Cadmium 0.1 0.08–0.2 0.2 0.64 7.7 NA 
Copper 3.2 1.7–22.5 2.1 29 50 5.3 
Lead 0.2 <0.05–0.02 0.1 11 280 NA 
Mercury 0.7 2.8 2.8 0.77 (7) 1.4 (7) NA 
Nickel 1.5 2.7–3.4 2.5 170 1,500 NA 
Zinc 20.5 2.4–40.1 3 380 380 18.6 
Total Metals (µg/L) 
Aluminum 340 10,065 1,005 87 (7) 750 (7) NA 
Arsenic 1.2 2.7–9.0 3.1 NA NA NA 
Cadmium 0.1 0.09 -6.7 0.6 NA NA NA 
Copper 10.3 1.6–152 9.3 NA NA NA 
Lead 2.7 0.04–48.5 1.6 NA NA NA 
Mercury 0.4 0.04–118.4 14.0 NA NA NA 
Nickel 2.7 3.6–95 10.3 NA NA NA 
Zinc 54.2 4.5–304 20.6 NA NA NA 
 
Notes: 
µg/L = micrograms per liter 
NA = Not available / not established 
(1)  Refer to Table A-1 for details. Concentrations listed here represent runoff entering Project BMPs; these concentrations will be reduced by treatment 

in the BMPs (see Table A-2 for BMP removal efficiencies). 
(2)  Data representing runoff from agricultural land uses in southern California. “Typical” values represented in this range include median, arithmetic 

mean, and geometric mean concentrations, depending on how data were reported in the original sources. Refer to Table A-3 for data sources and 
additional details. 

(3)  Data from station “Santa Clara River at Freeman Diversion” (Site ID ME-SCR) (Ventura County, 2014). Refer to Table A-1 for details. 
(4)  CTR = California Toxics Rule (USEPA, 2000).  
(5)  NAWQC = National Ambient Water Quality Criteria, for freshwater CCCs and CMCs (USEPA, 2013); CCC = Criteria Continuous Concentrations (4-day 

average exposure); CMC =Criteria Maximum Concentrations (1-hour average exposure). Refer to Response 3 in the previous RTC (starting on p. 15 of 
26) and AECOM (2015) for details regarding development and applicability of site-specific CCCs and CMCs. Refer to Table A-1 for detailed notes. 

(6)  NOAA 2014 Application = Concentration recommended in the recent ESA Section 7 Informal Consultation for limiting sublethal effects on juvenile 
salmonids (short-term exposure; a few hours). Source: Stelle, 2014. 

(7)  Values provided in the table for total aluminum and dissolved mercury are NAWQC values; there are no standards for aluminum or mercury in the 
CTR. 
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Comparison of Estimated Project Conditions to Estimated Baseline Conditions 

The Project area is currently, and has been historically, used for agriculture. It primarily contains citrus 
and avocado orchards, with a small portion used for row crops (City of Santa Paula, 2008). While no 
stormwater runoff water quality data are available for the Project site, in general, studies have shown 
that stormwater and irrigation runoff from agricultural areas can be sources of pollutants to receiving 
waters (Ackerman and Schiff, 2003). Urban runoff (from streets, roofs, etc.) also can be a source of 
pollutants, which is why the Project has been designed with extensive LID treatment BMPs to infiltrate 
(and thereby provide 100% treatment for) at least the 85th percentile storm event and to treat any 
excess urban stormwater runoff generated during larger events before it is discharged offsite. Note that 
the Project infiltration capacity also will prevent offsite discharge of any nonstormwater “nuisance” 
runoff. (Refer to the Final SEIR Response to Comments, Topical Response to Letter 13, Overview of 
Stormwater Drainage Design & Treatment Approach for details on the Project drainage design and 
BMPs).20 Such extensive site infiltration and BMPs do not exist now on the Project site. 

Comparison of the data for total metals (i.e., dissolved and suspended fractions) indicates that for every 
metal analyzed, the estimated “typical” concentrations for the baseline condition range consistently 
higher than the estimated “typical” concentration in pretreatment stormwater runoff into the Project 
BMPs (see Table 1). (The same is true for total suspended solids; compare values in Tables A-1 and A-3).  

For dissolved metals, the estimated concentrations in pretreatment Project stormwater runoff are in the 
same general range or lower than concentrations for the estimated baseline condition, except for 
aluminum and lead. Again, dissolved metals, as well as suspended solids and metals bound to 
particulates, will be treated as the urban runoff is routed through the Project BMPs, further reducing 
concentrations of these constituents in stormwater that is discharged from the Project. Given the range 
of removal efficiencies for Project BMPs (see Table A-2), it is unlikely that BMP treatment will reduce 
concentrations of dissolved aluminum and dissolved lead in Project stormwater to concentrations that 
are the same or lower than the estimated baseline condition; however, as discussed below, other 
factors (e.g., water quality criteria) indicate concentrations of these metals in Project stormwater 
discharges will not result in significant adverse impacts. These factors, as discussed in more detail below, 
include: 

• Dissolved lead concentrations estimated for even pre-treatment Project stormwater discharges are 
below all regulatory criteria. 

• Regulatory criteria are not established for dissolved aluminum. Criteria for this metal (unlike the 
other metals evaluated) are established for total aluminum (which includes the suspended fraction 

20  Meridian Consultants. 2015. East Area 1 Specific Plan Amendment Supplemental Environmental Impact Report, SCH No. 
2006071134 .January 2015. 3.0-81–3.0-84. 
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as well as the dissolved fraction), and estimated total aluminum concentrations in Project discharges 
meet one of the two applicable criteria. Aluminum in Project stormwater discharges is expected to 
be substantially less toxic than predicted by the regulatory criteria based on the water quality 
characteristics of the Santa Clara River near the Project (i.e., high pH and hardness). 

• As noted above, total aluminum concentrations in Project stormwater discharges are lower than 
both the estimated baseline condition and the documented concentrations that exist in the Santa 
Clara River. 

 

Overall loading of metals to the river is estimated to be lower with the Project in place than under 
baseline conditions. This conclusion is not only based on the comparison of estimated concentrations in 
current runoff vs. Project stormwater discharges as discussed above but also because with the Project in 
place, only larger storms (greater than 1.0–1.8 inches of rainfall) will generate excess runoff beyond the 
Project infiltration capacity and the “first-flush” runoff from these larger storms will be captured and 
infiltrated. 

In summary, available data from representative land uses indicate that stormwater discharges from the 
Project are likely to have similar or lower concentrations compared to runoff under estimated baseline 
conditions for all total metals and for all dissolved metals except dissolved aluminum and dissolved lead. 
However, as discussed below, estimated concentrations of these two dissolved metals are low 
compared to other comparison/screening values and/or will not result in direct, indirect, or cumulative 
impacts based on the weight of evidence.  

Comparison of Estimated Project Stormwater Discharges to Santa Clara River Water Quality Data 

Comparison of metals concentrations in pretreatment Project stormwater runoff to concentrations in 
the Santa Clara River near the Project site (included in Table 1) indicates that the estimated typical 
pretreatment concentrations in stormwater entering the Project BMPs are lower than the typical 
concentrations that are already present in the Santa Clara River downstream, except for: dissolved 
aluminum, copper, lead, and zinc; and total copper, lead and zinc.  

Taking into account BMP removal efficiencies (see Table A-2), concentrations of dissolved copper, 
dissolved lead, total copper, and total lead will be similar to or less than concentrations known to be 
present in the Santa Clara River now. Only dissolved aluminum, dissolved zinc, and total zinc 
concentrations are likely to remain higher in post-BMP Project stormwater discharges than 
concentrations in the river.  

In summary, estimated metals concentrations in stormwater discharges from the Project will be similar 
to or lower than concentrations already present in the Santa Clara River except for dissolved aluminum 
and dissolved and total zinc. However, considering: (a) the anticipated attenuation of metals 
concentrations over the 2000-foot distance between the Project stormwater discharge point (in Farm 
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Creek) and the Santa Clara River; and (b) the fact that during large storm events, flow in the Santa Clara 
River is likely to be several orders of magnitude greater than concurrent stormwater discharge from the 
Project (given the respective drainage areas and the large infiltration capacity of the Project), it is 
unlikely that Project stormwater discharges will result in significant increases in zinc or dissolved 
aluminum concentrations in the river. 

Comparison of Estimated Project Stormwater Discharges to Screening Levels 

Table 1 shows that the estimated typical concentrations of dissolved metals in pretreatment stormwater 
runoff entering Project BMPs will meet all of the applicable freshwater regulatory criteria, including the 
Criteria Maximum Concentration (CMC) (acute exposure criteria) and the Criteria Continuous 
Concentration (CCC) (chronic exposure criteria) established under the California Toxics Rule (CTR) 
(USEPA, 2000) or, where CTR criteria have not been established, the National Ambient Water Quality 
Criteria (NAWCQ) (USEPA, 2013a). The CCC and CMC values are expressed as dissolved concentrations 
(except for aluminum, which are expressed as total recoverable concentrations) and serve to protect 
95% of all aquatic taxa (plankton, aquatic plants, invertebrates, and fish), which include sensitive species 
(EPA 2013b). The estimated 95% Upper Confidence Limit (UCL) mean concentration for dissolved 
mercury in pretreatment stormwater entering the Project BMPs exceeds the CCC and the CMC (see 
Table A-1); however, applying BMP treatment efficiencies similar to those for other metals (see Table A-
2),21 the 95% UCL will meet the CMC and be close to meeting the CCC. As shown on Table 1, the 
estimated dissolved mercury concentration in pretreatment stormwater entering the Project BMPs is 
lower than both the estimated baseline and the existing Santa Clara River concentrations. 

The only metal for which the regulatory criteria are established for total (dissolved plus suspended) 
instead of dissolved concentrations is aluminum. The estimated typical total aluminum concentration in 
pretreatment Project stormwater runoff is less than the CMC and less than ambient conditions in the 
Santa Clara River, but higher than the CCC. The estimated 95% mean Upper Confidence Limit (UCL) 
concentration exceeds the CMC as well as the CCC (see Table A-1). Assuming treatment efficiencies 
comparable to those for other total metals, the post-BMP concentrations of total aluminum in Project 
stormwater runoff may still be higher than the CCC. However, as discussed below (under “Discussion”) 
based on water quality characteristics of the river near the Project (i.e., high pH and hardness), 
aluminum is expected to be substantially less toxic than predicted by the CCC regulatory criteria.  

For dissolved copper and zinc, the recent ESA Section 7 Informal Consultation (Stelle 2014) provides 
NOAA 2014 applications established specifically for limiting sublethal olfactory effects on juvenile 
salmonids. As shown in Table 1, the estimated typical dissolved copper concentration in pretreatment 
stormwater entering Project BMPs is estimated to be less than the NOAA 2014 application of 5.3 µg/L. 
Dissolved zinc in the pretreatment stormwater is estimated to be slightly higher than the corresponding 

21  BMP removal efficiencies for dissolved mercury were not provided in the datasets used for this analysis (see Table A-2).  
 

 

                                                           



Ventura Coastkeeper/Wishtoyo Foundation Comment Letter, dated January 21, 2015 
City of Santa Paula Response to Comments 
February 12, 2015 
Page 21 

 

NOAA 2014 application of 18.6 µg/L; however based on BMP removal efficiencies for dissolved zinc of 
27% to 58% (see Table A-2), estimated dissolved zinc concentrations in stormwater discharged from the 
Project after treatment in the BMPs are lower than the NOAA 2014 applications for dissolved copper 
and dissolved zinc. 

With regard to the reference in this VCK comment to sublethal toxicity threats posed by dissolved 
copper concentrations from 0.18 to 2.5 µg/L, we reiterate that based on the recent ESA Section 7 
Informal Consultation (Stelle 2014), the NOAA 2014 application for dissolved copper, set for protection 
of juvenile salmonids from sublethal olfactory effects, is 5.3 µg/L, which is higher than estimated typical 
dissolved copper concentrations in Project stormwater discharge, as discussed above. Please refer to 
Final SEIR Response to Comments, Response 13-422 and the supporting detailed analysis provided in the 
toxicology assessment accompanying the previous RTC (AECOM, 2015a). 

Because this comment implies that dissolved copper in stormwater discharges from the Project will 
potentially impact Southern California Steelhead smolts in Santa Paula Creek, note the Project drainage 
design routes all urban runoff (after BMP treatment) to a single discharge point in Farm Creek, and does 
not discharge to Santa Paula Creek. The only stormwater runoff that will be discharged to Santa Paula 
Creek will be from one of the upstream debris/detention basins designed to capture and slow runoff 
from undeveloped upstream tributary areas, and does not include any residential development runoff. 
For this reason, stormwater discharges from urbanized areas of the Project will have no potential for 
impacting habitat or aquatic life in Santa Paula Creek. 

In summary, estimated typical concentrations of dissolved metals in stormwater discharges from the 
Project will meet all applicable regulatory criteria and will be lower than NOAA 2014 applications for 
dissolved copper and dissolved zinc established to protect juvenile salmonids from sublethal effects. The 
only constituent that will potentially exceed the screening levels evaluated is total aluminum, which may 
exceed the freshwater regulatory criteria during the occasional larger rainfall events that exceed the 
Project’s retention capacity and generate discharge to Farm Creek. Total aluminum concentrations in 
typical Project stormwater discharges are estimated to meet the NAWQC CMC, but not the CCC. The 
potential exceedance of the CCC is considered to be of minor significance because the exposure 
duration associated with stormwater discharges is only on the order of a few hours as opposed to the 4 
days assumed in development of the CCC (AECOM, 2015b). As discussed below, aluminum from natural 
sources is prevalent in Ventura County area sediments (Ventura County, 2008). 

Discussion 

The preceding analysis results in the following findings: 

22  Meridian Consultants. 2015. East Area 1 Specific Plan Amendment Supplemental Environmental Impact Report, SCH No. 
2006071134 .January 2015. 3.0-98–3.0-102. 
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• Project stormwater discharges offsite (i.e., to Farm Creek) are likely to have similar or lower 
concentrations compared to runoff under baseline conditions for all total metals and for all 
dissolved metals except dissolved aluminum and dissolved lead.  

• Overall loading of metals to the river is estimated to be lower with the Project in place than under 
baseline conditions, not only based on the estimated runoff concentrations but also because with 
the Project in place, only larger storms (greater than 1.0–1.8 inches of rainfall) will generate excess 
runoff beyond the Project infiltration capacity and the “first-flush” runoff from these larger storms 
will be fully infiltrated. 

• Estimated metals concentrations in stormwater discharges from the Project will be similar to or 
lower than concentrations already present in the Santa Clara River except for dissolved aluminum 
and dissolved and total zinc. Even these constituents, Project stormwater discharges are unlikely to 
result in any measurable increases in metals concentrations in the river because concentrations will 
attenuate between the discharge point and the river and because Project stormwater discharges are 
expected to be small compared to a large contemporaneous flow in the river during larger storm 
events. 

• Dissolved metals concentrations in stormwater discharges from the Project will meet all applicable 
regulatory criteria and will be lower than NOAA 2014 applications for dissolved copper and dissolved 
zinc established to protect juvenile salmonids from sublethal effects.  

• The only metal that is estimated to exceed any of the screening levels evaluated in Project 
stormwater discharges to Farm Creek is total aluminum, which exceeds one of the freshwater 
regulatory criteria (the NAWQC CCC). However, as noted above, estimated total aluminum 
concentrations in Project discharges are significantly below total aluminum concentrations 
estimated for the baseline condition and the concentrations already present in the river. The 
general conclusion from these findings is that any potential direct, indirect, or cumulative impact of 
metals (including without limitation copper, zinc, aluminum, and lead) in Project stormwater 
discharges on aquatic species including without limitation to Southern California Steelhead will be 
less than significant.  

Aluminum is the only metal evaluated for which the estimated concentration in Project stormwater 
discharges will not meet all freshwater regulatory criteria. Aluminum is a ubiquitous natural element in 
Ventura County sediment because of the area’s aluminum-rich geologic formations (Ventura County, 
2008). Although the estimated total aluminum concentration in Project stormwater discharges is higher 
than the NAWQC CCC, it is lower than the estimated existing baseline concentration in the Santa Clara 
river. Therefore, the net effect of the Project will be to reduce loading of total aluminum to the Santa 
Clara River, thereby improving the level of aluminum in project discharge. However, discharges resulting 
from the Project may exceed the NAWQC CCC criteria based upon the naturally occurring high 
concentrations of aluminum in Ventura County soil. Although estimated dissolved aluminum 
concentrations in Project stormwater discharges are greater than estimated baseline concentrations and 
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existing concentrations in the river, concentrations will be attenuated between the Project discharge 
point and the river.  

No standards are available for aluminum in the CTR, but EPA (2013a) presents freshwater NAWQC for 
total aluminum (both a CCC and CMC). These criteria are applicable to waters with a pH between 6.5 
and 9. Unlike the criteria for the other metals included in this evaluation that are based on dissolved 
concentrations, the aluminum criteria are based on total recoverable aluminum concentrations in the 
water column. As described in EPA’s (2013a) footnotes, in laboratory tests with the brook trout under 
conditions of low pH and hardness (unlike the Santa Clara River and Estuary), the incidence of toxic 
effects increased with increasing concentrations of total aluminum even though the concentration of 
dissolved aluminum was constant.  

As discussed in the accompanying supplemental ecological evaluation (AECOM, 2015b), data from a 
study referenced in EPA’s footnotes indicate that aluminum is substantially less toxic at higher pH and 
hardness (“Aluminum Water-Effect Ratio for the 3M Plant Effluent Discharge, Middleway, West Virginia, 
May 1994” as cited in EPA 2013a). Field data indicate that many high quality waters in the United States 
contain more than 87 µg/L, when either total recoverable or dissolved aluminum is measured. pH levels 
in the vicinity of the Project area range from 7.5 to 8.23 (mean of 7.98), and hardness levels in the 
vicinity of the Project range from 142 mg/L to 1,990 mg/L (mean of 550 mg/L). Project area water is 
classified as very hard water (USEPA, 1986) with a high pH, which would decrease bioavailability, and 
thus toxicity of aluminum. These findings provide evidence indicating that pH and hardness levels in the 
Santa Clara River would be significant mitigating factors in reducing the potential for Project-related 
concentrations of aluminum to cause toxicity in aquatic organisms by decreasing the bioavailability of 
aluminum to these receptors. Due to the high pH and hardness levels associated with surface waters in 
the vicinity of the Project area, aluminum is expected to be substantially less toxic than predicted by the 
NAWQC. In addition, it is likely that the DOC levels present in the Santa Clara River and estuary will also 
help to modify any potential toxicity due to aluminum. The toxicity of aluminum to freshwater 
invertebrates has been observed to decrease with increased DOC (2–4 mg/L) over a range of pH levels 
(6-8) and hardness levels (10–120 mg/L) in freshwater testing (Rodriguez et al., 2009). 

Project BMPs are designed for effective reduction in concentrations of dissolved and total metals, along 
with suspended sediment and other particulates. The total aluminum content of a water sample is 
directly related to the concentrations in the suspended particulate matter. The reduction in total 
aluminum concentrations discharging from the site by reducing TSS will further reduce the potential for 
toxicity to aquatic organisms.  

The VCK comment closes with a statement that juvenile steelhead smolt rear, hold, and acclimate in the 
Santa Clara River Estuary. The information presented above indicates Project stormwater discharges will 
have no significant (or likely measureable) effect on water quality in the Estuary. In addition, as 
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discussed in detail in the accompanying supplemental ecological evaluation (AECOM, 2015b), and 
summarized below, specific characteristics of the Santa Clara Estuary further reduce the potential that 
Project stormwater discharges could have any impact on steelhead smolts in the Estuary.  

Estuaries are often important to steelhead populations that spawn in smaller coastal tributaries, such as 
Scott Creek in central coastal California, among others, due to the more limited availability of rearing 
habitat in the headwaters of smaller stream systems (McEwan and Jackson 1996). In addition, there is 
often a strong connection between the upper watershed and the estuary in small coastal tributaries like 
Scott Creek cited in the studies submitted by VCK with its January 21, 2015, supplemental letter (VCK 
Comments). The estuary is more responsive to storm events (large and small) and rising stream 
elevations, and juvenile steelhead of all age classes age class 0+ (Young-of-the-Year) through age class 
2+ may out-migrate to the estuary to rear. However even in small coastal estuaries like Scott Creek, 
typical sized smolt steelhead (greater than 150 mm in length) appeared to enter the ocean as soon as 
possible (mid-March through early May), precluding an estuary rearing phase (Bond 2006). 

In larger rivers with suitable upstream rearing habitat, such as is found in the Santa Clara River and the 
Santa Ynez River basins, it is the upper watershed that is most important for juvenile steelhead rearing. 
Rearing of age class 1+ and 2+ juvenile steelhead is common in the Little Santa Paula Creek and Sisar 
Creek (Santa Paula Creek tributaries), as well as in Piru Creek and the Sespe Creek basin, especially in 
larger pool habitats that are more abundant in larger river basins (Stillwater Sciences 2007). Kelley 
(2008) found that all tagged steelhead smolts in Santa Clara River passed through the estuary and into 
the ocean; half of the tagged smolts exited the estuary within two days of being released in the river 
upstream from the estuary (post tagging), and the majority spent less than three days exiting through 
the estuary. Tagged steelhead smolts in the Santa Ynez River spent even less time (less than two days) 
exiting through the estuary. Kelley (2008) further reported on other studies of steelhead smolts moving 
continuously downstream and out into the ocean rather than milling about in the estuary. The recent 
AECOM February 2015 Supplemental Report confirms this finding. In contrast, Bond (2006) found that in 
Scott Creek, smaller steelhead smolts (average fork length of 112 mm) had a tendency to remain in the 
estuary until the following winter, presumably to grow in length and weight for better ocean survival. 
This is in full contrast to the Santa Clara River estuary, where Young-of-the-Year steelhead that are 
sometimes observed in the Freeman Diversion downstream trap in June are generally thought to be lost 
to the population (i.e., will not survive). These are fish that had been displaced from upstream rearing 
habitat, and are not actively outmigrating because they are not smolts. Rearing habitat is lacking in the 
Santa Clara River, and during summer months, streamflows in the Santa Clara River are not conducive to 
passing fish into the estuary (AECOM, 2015b). 
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Response 10 

VCK provided the following comment: 

Conversion of the Project site from open space and agricultural fields to a dense urban environment 
will, without question, result in increases of dissolved copper loading and concentrations in 
stormwater discharges from the Project site. (See Attached Newhall Ranch RMDP SCP EIR for 
example of a water quality analysis detailing increases in dissolved copper concentrations and 
loading from the conversion of land from open space / agricultural fields to an urban environment; 
see also Center for Watershed Protection, March 2003: Impacts of Impervious Cover on Aquatic 
Ecosystems for explanation of how conversion of open space to an urban environment results in 
increased copper and metals loading and concentrations in stormwater discharges.) As the SEIR 
provides: 

Most of the East Area 1 Specific Plan Amendment Area is currently in agricultural use with the 
remainder consisting of undeveloped open space. Potential effects from development of the 
Project include an increase of impervious surfaces which will increase the amount of surface 
runoff generated from the Project Site. Paved areas and streets will collect dust, soil, and other 
impurities that will then be assimilated into surface runoff during rainfall events. Pollutants such 
as trash and debris, oil and grease, metals, sediment, pathogens, organic compounds, nutrients, 
pesticides and oxygen-demanding substances can be expected to be present in surface water 
runoff once Project development occurs. 

Response 9, above, addressed the issues raised in this comment. To reiterate the findings detailed in 
that response, the Project is not expected to result in increases in dissolved copper loading and 
concentrations in stormwater discharges from the Project site based on a quantitative analysis of 
stormwater data from representative land uses, including a comparison of estimated metals 
concentrations in Project stormwater discharges to estimated concentrations in runoff from this area 
under the baseline condition. 

The above-cited analysis completed for the Newhall Ranch EIR is not directly applicable to the East Area 
1 Project in the City of Santa Paula, in part because it relied on somewhat older stormwater data that 
are likely to be less representative of conditions that will exist when the Project is developed compared 
to the data used in our 2015 analysis for the Project. The analysis for the Newhall Ranch EIR used data 
for dissolved copper concentrations in urban stormwater runoff from event mean concentrations 
(EMCs23) measured for residential scenarios in Los Angeles County, as presented in the Los Angeles 
County 1994-2000 Integrated Receiving Water Impacts Report and Los Angeles County 2000-2001 
Stormwater Monitoring Report and compiled in the Structural BMP Prioritization and Analysis Tool 

23 The event mean concentration (EMC) is used to characterize the “mean” concentration of a single storm runoff event. The 
EMC is determined by compositing a set of stormwater samples that are collected at various times throughout the 
duration of a given storm (e.g., in proportion to flow or time).  
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(Geosyntec, 2008). As discussed in the Final SEIR Response to Comments, Response 13-324 the dataset 
generated for the East Area 1 analysis, queried from the International Stormwater BMP (ISWBMP) 
Database (ISWBMP, 2014), was also compared to the EMCs for copper, lead, and zinc. This comparison 
indicated that the EMCs for these metals are within the range of concentrations generated in the 
ISWBMP Database query, but are slightly higher than median and geometric mean concentrations for 
the ISWBMP data. This is likely because the timeframe of the data from which the EMCs were calculated 
is earlier (1994-2001) than the period in the dataset obtained from the ISWBMP Database query (2002–
2010). Based on the more recent timeframe represented here, the dataset generated from the ISWBMP 
Database is considered more representative of near-future development such as the Project. 

Similarly, the other study cited in this comment (Center for Watershed Protection, 2003; referred to 
herein as the “Impacts of Impervious Cover” report) predates the bulk of the stormwater data used for 
the City’s analysis as presented in the previous RTC and this supplemental response. In addition, several 
statements made in the Impacts of Impervious Cover report either support the findings of our analysis 
or suggest that the Impacts of Impervious Cover study is not directly applicable to findings for the 
Project. For instance, the report includes the caveat that the analysis it presents should only be applied 
in ecoregions in which it has been tested and that for a number of reasons it may not be accurate for 
arid or semiarid regions (such as Ventura County) (see p. 3 and 8 of the report). More importantly, the 
findings in the report are based on the fact that development typically increases the area of impervious 
surfaces relative to open space (see p. 27). However, the extensive LID elements incorporated into this 
Project’s drainage design will have the net effect of providing enough infiltration and detention of runoff 
to in essence negate the effect that the impervious surfaces otherwise would have on offsite receiving 
surface waters. That is, peak flows will be no higher (and actually will be lower) than they would be 
without the Project, and all rainfall up to approximately the 1-year recurrence storm event falling on the 
urbanized portions of the Project will be fully infiltrated (see Final SEIR Response to Comments, Topical 
Response to Letter 1325). Notably, the Impacts of Impervious Cover report points out (on p. 25) that 
smaller storm events typically generate runoff with higher pollutant concentrations than do larger 
events (i.e., the “first flush” mobilizes most of the pollutants on the impervious surfaces). Because the 
Project will in effect fully infiltrate the “first flush,” the corresponding impact of the Project LID features 
on reducing metals concentrations in runoff to the receiving waters is enhanced.  

We also note that the Impacts of Impervious Cover report points out (p. 15) that cropland (unlike 
undeveloped open space) often generates high sediment yield to receiving surface waters and that for 
this reason, conversion from agricultural to residential uses may in some cases actually decrease 
sediment loads. This observation is consistent with the findings of the City’s analysis that total 

24  Meridian Consultants. 2015. East Area 1 Specific Plan Amendment Supplemental Environmental Impact Report, SCH No. 
2006071134 .January 2015. 3.0-89. 

25  Meridian Consultants. 2015. East Area 1 Specific Plan Amendment Supplemental Environmental Impact Report, SCH No. 
2006071134 .January 2015. 3.0-81–3.0-84. 
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suspended sediment concentrations in the estimated baseline condition (typical concentrations in the 
range of 6.3 to 8,148 milligrams per liter [mg/L]; see Table A-3) range higher than the estimated typical 
concentrations in pretreatment runoff from the developed Project (14.3 mg/L; see Table A-1). 
Reductions in sediment loading also correspond to reductions in total metals concentrations, which 
include the fraction of the metals bound to particulates; the lower suspended sediment concentration is 
presumably the reason behind the lower total metals concentrations in pretreatment stormwater runoff 
estimated for the Project compared to concentrations estimated for the baseline/agricultural condition 
of the Project area (as discussed in Response 9 above).  

The inclusion of the SEIR excerpt in this comment is misleading in that it does not reflect the potential 
impacts of the Project on offsite receiving waters. As made clear in the previous RTC and this 
supplemental response, the Project drainage design has been refined to incorporate extensive LID 
elements that in sum will provide up to almost twice the infiltration capacity required under the 
County’s current MS4 Municipal Stormwater Permit (Order No. R4-2010-0108) and will treat all runoff 
from urbanized areas that exceeds the Project infiltration capacity before the stormwater is discharged 
offsite. Stormwater treatment in the Project BMPs will capture trash and debris, remove a high 
percentage of particulates, and filter out particulate-bound and dissolved pollutants of all types by 
filtration through vegetation, which helps remove pollutants through metabolic uptake and sorption. As 
noted in the Final SEIR Response to Comments, Topical Response to Letter 13, Response 13-226, 
because the infiltration capacity of the Project BMPs will greatly exceed the volume of any dry-weather 
flow runoff from the developed areas (e.g., from landscape irrigation runoff and other “nuisance” 
flows), there will be no discharge from the Project during the times of the year when fertilizers or other 
nutrients that can cause eutrophication are typically used. 

Response 11 

VCK provided the following comment: 

While the SEIR provides that best management practices (BMPs) and project design features such as 
detention basins, bioswales to treat nutrients, storm drain systems, and vegetation in the landscape 
buffer area along Santa Paula Creek will be implemented in accordance with the 2011 County of 
Ventura Technical Guidance Manual and to comply with NPDES Clean Water Act permit 
requirements, and thus that no significant water quality impacts will result from implementation of 
the Project and no mitigation measures are required, the SEIR provides no numerical analysis or 
figures as to the severity of the increased concentrations and loading of dissolved copper discharged 
from the proposed Project in comparison to existing baseline conditions. While the SEIR admits that 
concentrations and loading of metals such as dissolved copper will increase in stormwater discharges 
from the Project even after implementation of BMPs and project design features, the SEIR does not 

26  Meridian Consultants. 2015. East Area 1 Specific Plan Amendment Supplemental Environmental Impact Report, SCH No. 
2006071134 .January 2015. 3.0-86. 
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provide for what the exact concentration of dissolved copper in stormwater discharges will be after 
Project implementation. An analysis providing these figures is needed, not only to ensure that the 
SEIR provides accurate analysis as to whether the concentrations of dissolved copper discharged 
from the Project will meet all applicable water quality standards and the NOAA Technical 
Memorandum (NMFS-NWFSC-83) thresholds for juvenile steelhead smolt, but to allow for 
stormwater treatment and pollution prevention measures to be planned, designed, and implemented 
that ensure the Project’s discharges of dissolved copper in stormwater will not impart significant 
biological impacts on endangered juvenile steelhead smolt. 

This comment is fully addressed in the previous RTC and Response 9 above. As is clear from those 
responses and results of the supporting analysis, the VCK’s characterization of the “severity of the 
increased concentrations and loading of dissolved copper discharged from the proposed Project in 
comparison to existing baseline conditions” is inaccurate.  

Response 12 

VCK provided the following comment: 

As the NOAA Technical Memorandum (NMFS-NWFSC-83) indicates, sub-lethal impacts to juvenile 
steelhead smolt can occur in minutes to hours of exposure of dissolved copper in the water column at 
levels significantly below Clean Water Act / California Toxic Rules Water Quality standards. The SEIR 
providing a comparison of projected concentrations of dissolved copper in stormwater discharges 
from the Project to: 1.) baseline dissolved copper concentrations and loading in stormwater 
discharges from the existing Project site; 2.) the NOAA Technical Memorandum (NMFS-NWFSC-83) 
dissolved copper sub-lethal thresholds for juvenile steelhead smolt, 3.) applicable water quality 
standards for dissolved copper; and 4.) to existing water quality conditions in Santa Paula Creek, the 
Santa Clara River, and the Santa Clara River Estuary, is therefore needed. 

This comment also is fully addressed in the previous RTC and Response 9 above, which demonstrate, 
based on several separate grounds, that dissolved copper concentrations in stormwater discharges from 
the Project will have a less-than-significant effect on Southern California Steelhead and will not result in 
increased loading of copper to the river compared to baseline conditions. This comment makes 
reference to potential sublethal effects on steelhead smolt resulting from very short-term exposures to 
dissolved copper. As discussed in the previous RTC and the responses above, stormwater discharges 
from the Project are expected to have dissolved copper concentrations that are below the 5.3 µ/L NOAA 
2014 application for dissolved copper (Stelle, 2014), so even short-term exposure to Project stormwater 
discharges should not cause sublethal olfactory impacts on steelhead smolt. Moreover, concentrations 
will further decrease over the 2,000 feet distance between the Project stormwater discharge point and 
the confluence with the Santa Clara River, and steelhead are not present in the intervening distance 
(AECOM, 2015a). There also is a very small chance that smolts will be present in the Santa Clara River 
when the Project might be discharging stormwater in a large storm event, based on the Project 
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infiltration capacity, the typical annual hydrograph, and the typical mid-March to early May smolt 
migration window (see the Final SEIR Response to Comments, Response 13-327). Because there is no 
anticipated adverse impact to smolts in the river immediately downstream of the Project discharge 
point, there is no anticipated adverse impact for smolts that might be present in the Estuary. Finally, as 
noted in the responses above, no runoff from urbanized areas of the Project will discharge to Santa 
Paula Creek. 

Response 13 

VCK provided the following comment: 

As data in the attachments and studies to this letter provide, the concentrations of dissolved copper 
in the Santa Clara River and Estuary downstream of the Project are above the NOAA Technical 
Memorandum (NMFS-NWFSC-83) dissolved copper sublethal thresholds for juvenile steelhead smolt, 
and the Santa Clara River and Santa Clara River Estuary downstream of the Project are listed on the 
Clean Water Act 303(d) impaired waterbody list for toxicity. Thus, the SEIR must analyze the direct, 
indirect, and cumulative sub-lethal toxicity impacts of metals and dissolved copper contained in the 
Project’s urban stormwater runoff discharges on juvenile Southern California steelhead smolt, and 
provide mitigation, such as advanced filtration, infiltration, or enhanced treatment, that ensures that 
the concentrations and loading of dissolved copper in the Project’s stormwater discharges are below 
existing conditions and the sub-lethal thresholds in the NOAA Technical Memorandum (NMFS-
NWFSC-83) for juvenile steelhead smolt. 

Results of the analysis presented in the previous RTC, and expanded upon in this supplemental response 
indicate that stormwater discharges from the Project will have less-than-significant direct, indirect, and 
cumulative impacts on Southern California Steelhead, including potential sublethal toxicity impacts of 
dissolved copper and other metals. In addition, regarding the reference in this comment to existing 
toxicity impairments of the Santa Clara River and Estuary downstream of the Project, the Project will not 
result in further impairment of these reaches based on the following key findings: 

• Project stormwater discharges offsite will have similar or lower concentrations compared to runoff 
under baseline conditions for all total metals and for all dissolved metals except dissolved aluminum 
and dissolved lead, which will not result in a significant impact either, for the reasons explained 
below.  

• Overall loading of metals to the river is estimated to be lower with the Project in place than under 
baseline conditions, not only based on the estimated runoff concentrations but also because with 
the Project in place, only larger storms (greater than 1.0–1.8 inches of rainfall) will generate excess 

27  Meridian Consultants. 2015. East Area 1 Specific Plan Amendment Supplemental Environmental Impact Report, SCH No. 
2006071134 .January 2015. 3.096–3.0-97. 
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runoff beyond the Project infiltration capacity, and the “first-flush” runoff from these larger storms 
will be captured and infiltrated. 

• Estimated metals concentrations in stormwater discharges from the Project will be similar to or 
lower than concentrations already present in the Santa Clara River except for dissolved aluminum 
and dissolved and total zinc. Even for these constituents, Project stormwater discharges are unlikely 
to result in any measurable increases in metals concentrations in the river because concentrations 
will attenuate between the discharge point (Farm Creek) and the confluence with the river 
(approximately 2,000 feet downstream of the discharge point) and because Project stormwater 
discharge volumes are expected to be small compared to contemporaneous flow in the river during 
larger storm events, above the 85th percentile which is the only time the Project will discharge 
stormwater beyond its on-site infiltration capacity. 

• Dissolved metals concentrations in stormwater discharges from the Project will meet all applicable 
regulatory criteria and will be lower than NOAA 2014 applications for dissolved copper and dissolved 
zinc established to protect juvenile salmonids from sublethal effects.  

• The only metal that is estimated to exceed any of the screening levels evaluated in Project 
stormwater discharges to Farm Creek is total aluminum, which exceeds one of the freshwater 
regulatory criteria (the NAWQC CCC), but not CMC. However, estimated total aluminum 
concentrations in Project discharges are significantly below total aluminum concentrations 
estimated for the baseline condition and the concentrations already present in the river; therefore, 
the Project will not result in further impairment of the river. To the contrary, the Project is likely to 
be net beneficial with regard to total aluminum concentrations in any Project stormwater reaching 
nearby receiving waters. 

As discussed in detail in the previous RTC and reiterated throughout this supplemental response, the 
Project incorporates extensive LID elements including infiltration, filtration, and treatment. These 
measures allow the Project to be highly protective of the environment, and to have less-than-significant 
impacts on habitat and biota in the receiving waters. 
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January 21, 2015 

VIA E-MAIL  

City of Santa Paula 
Planning Department 
Attn: Janna Minsk, Planning Director 
970 Ventura Street 
Santa Paula, California 93060 
jminsk@spcity.org 

Re:  Comments on Public Hearing for the Approval of the East Area 1 Specific Plan 
Amendment Project SCH #2006071134 and for the Certification of the East Area 1 
Specific Plan Supplemental Environmental Impact Report  

To Whom It May Concern:  

On behalf of Ventura Coastkeeper, a Program of the Wishtoyo Foundation, and the 
Wishtoyo Foundation, we submit the following comments for the City of Santa Paula 
public hearing for the approval of the East Area 1 Specific Plan Amendment (EA1 SPA), 
Project SCH #2006071134, the Master Vesting Tentative Map (“MVTM”), and 
amendments to the East Area 1 Preannexation and Development Agreement (“Project”) 
and on the City of Santa Paula public hearing for the certification of the Supplemental 
Environmental Impact Report (“SEIR”) for the Project.  

In Summary the SEIR is insufficient under the California Environmental Quality 
Act (“CEQA”) because for the proposed Project the SEIR does not identify and disclose 
all significant impacts to water quality and biological resources; fails to adequately 
evaluate significant impacts to water quality and biological resources or use a good faith 
effort to do so; and does not mitigate environmental impacts to water quality and 
biological resources to a less than significant effect. Therefore, the City cannot certify the 
Project SEIR and approve the Project in its current form.  

For thousands of years, all inhabitants of the Santa Clara River watershed have 
relied on an ecologically healthy Santa Clara River ecosystem to sustain their existence 
and culture. Flowing 86 miles from the headwaters of the San Gabriel Mountains to the 
Pacific Ocean through a 1,600 square mile watershed, the Santa Clara River is southern 

3875-A Telegraph Road #423, Ventura, California 93003 
Phone (805) 658-1120  Fax (805) 258-5135  www.wishtoyo.org 
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California’s last and largest naturally flowing wild river system that is not heavily 
damned or channelized. It is home to as many as 17 species listed as threatened or 
endangered by state and federal governments, and includes critical habitat for the 
Southern California Steelhead, California Red-Legged Frog, Arroyo Toad, and Least 
Bell’s Vireo.  It provides numerous ecosystem services and aquatic ecosystem functions 
to the Santa Clara River Watershed and Ventura’s Coast including:   habitat for 
endangered and threatened species, groundwater recharge, clean and safe water quality 
for swimmers, surfers, other recreational users, and consumers of fish and seafood.   
A free flowing Santa Clara River, the ecosystem services it provides, species it supports, 
and wellbeing it brings to all those who enjoy it, is a treasure for all of Southern 
California, one that residents and non residents alike have a responsibility to themselves, 
their children, and their communities to protect. Unfortunately, in 2005, American Rivers 
named the Santa Clara River the “10th Most Endangered River” in the United States, in 
part due to the threat of development in its watershed. It is thus of the utmost importance 
to Ventura Coastkeeper (“VCK”), that Project SEIR and Project adequately protect the 
ecological integrity and water quality of the Santa Clara River, the Santa Clara River’s 
watershed, Southern California Steelhead, and the Coastal Waters of Ventura County.   

I. Reiterating Concerns Voiced in VCK’s November 17, 2014 Draft SEIR 
Comments:  

As expressed in our November 17, 2014 Draft SEIR comments, our overarching concern 
is that the Project’s impacts on water quality will severely impair the Santa Clara River 
ecosystem, Ventura’s coastal waters, aquatic species such as the Southern California 
Steelhead, and human health. We expect the Project to result in massive increases in 
pollutant loading to the Santa Clara River, increases in concentrations of pollutants of 
concern in the Santa Clara River, the Santa Clara River Estuary, and in marine waters, 
and an alteration of the natural flow regime of the Santa Clara River. All of these impacts 
will cause and contribute to, in the Santa Clara River, Santa Clara River Estuary, and the 
marine waters engulfing the Santa Clara River watershed: 

1.)    Eutrophic conditions; 
2.)    Bioaccumulation of pollutants harming benthic macroinvertebrates; 
3.)    Acute, sublethal, and chronic toxicity impacts to endangered species 
like migrating steelhead smolt and adult steelhead; 
4.)    And aquatic and riparian habitat degradation 

As indicated in the SEIR, the predicted total loading of pollutants and copper into 
the Santa Clara River from the Project’s urban runoff alone (which will increase 
significantly for all constituents from existing conditions and which will depend on the 
effectiveness of proposed BMPs) into the Santa Clara River, its estuary, and its coastal 
marine waters will increase. The concentrations of dissolved copper from 
Project area stormwater discharges is also projected to increase during the wet season. Of 
note, a NOAA published study (see attached NOAA Technical Memorandum NMFS-
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NWFSC-83) documents sublethal effects to juvenile steelhead smolt from dissolved Cu 
(copper) concentrations between .75 micrograms per liter – 2.1 micrograms per liter (loss 
of smell, reduced swimming speed, loss of ability to locate spawning grounds).  

The SEIR does not identify or analyze the Project’s significant direct, indirect, and 
cumulative water quality impacts to juvenile Southern California Steelhead smolt 
residing in the Santa Clara River Estuary, migrating adult steelhead in the Santa Clara 
River, or migrating smolt steelhead in the Santa Clara River, nor does it provide measures 
to mitigate those impacts to a less than significant effect. 

More specifically, the SEIR does not analyze the direct, indirect, and cumulative sub-
lethal toxicity impacts of metals contained in the Project’s urban stormwater runoff 
discharges on the threatened and endangered species that utilize the Santa Clara River 
and its Estuary, including the Southern California Steelhead. For example, 
the SEIR overlooks that the Project discharges of dissolved copper from stormwater 
runoff will increase dissolved copper concentrations in the Santa Clara River and will 
contain concentrations of dissolved copper that could result in sublethal olfactory, 
sensory system, behavioral (predator avoidance), growth, reproduction, and primary 
production impacts to juvenile steelhead smolt. Studies have indicated that dissolved 
copper concentrations from .18 to 2.5 micrograms per liter have sublethal inhibitory 
effects on juvenile salmonid.1 Steelhead smolt, which qualify as juvenile salmonid, migrate 
from the Santa Clara River mainstem and tributaries to the estuary, and hold in the estuary 
during the rainy season and summer months, and thus the copper concentrations in the 
Project’s discharge alone will likely impart sublethal impacts on Southern California 
Steelhead. (See attached steelhead studies that document the utilization of the Santa Clara 
River and the Santa Clara River Estuary by Steelhead and the sublethal effect of metals on 
steelhead and juvenile steelhead smolt). The SEIR must therefore set forth mitigation 
measures to reduce dissolved copper concentrations contained in the Project’s stormwater 
discharges to less than .18 micrograms per liter or at least to less than 2.0 micrograms per 
liter. 

In addition to analyzing and mitigating for the direct, indirect, and cumulative sublethal 
effects to the threatened and endangered species that utilize the Santa Clara River and the 
Santa Clara River Estuary from dissolved copper contained in the Project’s urban 
stormwater runoff discharges, the EIR must also examine the presence and effects of 
trace concentrations of zinc, lead, arsenic, cadmium, mercury, nickel, and other metals 
that have been determined by scientific studies to have sublethal toxicity effects on 
steelhead smolt, the other threatened and endangered species that utilize the estuary and 
Santa Clara River downstream of the Project, and on benthic marcroinvertebrate 
populations of the Santa Clara River.  

1 Scott A. Hecht, David H. Baldwin et all., An Overview of Sensory Effects on Juvenile Salmonids
Exposed to Dissolved Copper, NOAA Technical Memorandum NMFS-NWFSC-83, Oct. 2007 (available 
at: http://www.nwfsc.noaa.gov/assets/25/6696_11162007_114444_SensoryEffectsTM83Final.pdf).  
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II. More Guidance on Additional Analysis Needed in SEIR

Despite new water quality impacts, and new mitigation measures to mitigate water 
quality impacts disclosed in the SEIR from grading changes, hydrology changes, 
drainage changes, and other design changes to the Project from the previously adopted 
East Area 1 Specific Plan EIR, the SEIR fails to provide a sufficiently detailed analysis as 
to water quality impacts and associated biological impacts to juvenile steelhead smolt so 
as to enable informed decision making, adequate public participation, and the mitigation 
of impacts to a less than significant effect.    

The SEIR contains no analysis of the concentrations and loading of dissolved copper (and 
other metals such as lead, arsenic, zinc, and aluminum) from the Project’s stormwater 
discharges in comparison to the existing concentrations of these dissolved metals from 
the Project site with the existing land use and baseline conditions. The dissolved fraction 
of copper (and other metals) that will be discharged from the Project in stormwater 
discharges from the Project’s urban area as the result of the Project must be analyzed, as 
the NOAA Technical Memorandum2 indicates that dissolved copper in concentrations 
from .18 to 2.5 micrograms per liter discharged from the Project in stormwater runoff 
poses sub-lethal toxicity threats on juvenile steelhead smolt in Santa Paula Creek, the 
Santa Clara River downstream of the Project, and in the Santa Clara River Estuary 
(where juvenile steelhead smolt rear, hold and acclimate3) that could lead to morality.   

Conversion of the Project site from open space and agricultural fields to a dense urban 
environment will, without question, result in increases of dissolved copper loading and 
concentrations in stormwater discharges from the Project site. (See Attached Newhall 
Ranch RMDP SCP EIR for example of a water quality analysis detailing increases in 
dissolved copper concentrations and loading from the conversion of land from open space 
/ agricultural fields to an urban environment; see also Center for Watershed Protection, 
March 2003: Impacts of Impervious Cover on Aquatic Ecosystems for explanation of 
how conversion of open space to an urban environment results in increased copper and 
metals loading and concentrations in stormwater discharges.)  As the SEIR provides:  

Most of the East Area 1 Specific Plan Amendment Area is currently in 
agricultural use with the remainder consisting of undeveloped open space. 

2 Scott A. Hecht, David H. Baldwin et all., An Overview of Sensory Effects on Juvenile Salmonids 
Exposed to Dissolved Copper, NOAA Technical Memorandum NMFS-NWFSC-83, Oct. 2007 (available 
at: http://www.nwfsc.noaa.gov/assets/25/6696_11162007_114444_SensoryEffectsTM83Final.pdf).  
3 See Hayes, et. al, Steelhead Growth in a Small Central California Watershed: Upstream and Estuarine 
Rearing Patterns. Transactions of the American Fisheries Society 137:114–128, 2008; See Kelley, Elise, 
Steelhead Trout Smolt Survival in the Santa Clara and Santa Ynez Estuaries, August 2008; See Kelley, 
Elise,  Information synthesis and priorities regarding steelhead trout (Oncorhynchus mykiss) on the Santa 
Clara River, February 2004; See Bond, Morgan H., IMPORTANCE OF ESTUARINE REARING TO 
CENTRAL CALIFORNIA STEELHEAD (ONCORHYNCHUS MYKISS) GROWTH AND MARINE 
SURVIVAL, June 2006.  
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Potential effects from development of the Project include an increase of 
impervious surfaces which will increase the amount of surface runoff 
generated from the Project Site. Paved areas and streets will collect dust, 
soil, and other impurities that will then be assimilated into surface runoff 
during rainfall events. Pollutants such as trash and debris, oil and grease, 
metals, sediment, pathogens, organic compounds, nutrients, pesticides and 
oxygen-demanding substances can be expected to be present in surface 
water runoff once Project development occurs. 

While the SEIR provides that best management practices (BMPs) and project design 
features such as detention basins, bioswales to treat nutrients, storm drain systems, and 
vegetation in the landscape buffer area along Santa Paula Creek will be implemented in 
accordance with the 2011 County of Ventura Technical Guidance Manual and to comply 
with NPDES Clean Water Act permit requirements, and thus that no significant water 
quality impacts will result from implementation of the Project and no mitigation 
measures are required, the SEIR provides no numerical analysis or figures as to the 
severity of the increased concentrations and loading of dissolved copper discharged from 
the proposed Project in comparison to existing baseline conditions. While the SEIR 
admits that concentrations and loading of metals such as dissolved copper will increase in 
stormwater discharges from the Project even after implementation of BMPs and project 
design features, the SEIR does not provide for what the exact concentration of dissolved 
copper in stormwater discharges will be after Project implementation. An analysis 
providing these figures is needed, not only to ensure that the SEIR provides accurate 
analysis as to whether the concentrations of dissolved copper discharged from the Project 
will meet all applicable water quality standards and the NOAA Technical Memorandum 
(NMFS-NWFSC-83) thresholds for juvenile steelhead smolt, but to allow for stormwater 
treatment and pollution prevention measures to be planned, designed, and implemented 
that ensure the Project’s discharges of dissolved copper in stormwater will not impart 
significant biological impacts on endangered juvenile steelhead smolt.   

As the NOAA Technical Memorandum (NMFS-NWFSC-83) indicates, sub-lethal 
impacts to juvenile steelhead smolt can occur in minutes to hours of exposure of 
dissolved copper in the water column at levels significantly below Clean Water Act / 
California Toxic Rules Water Quality standards.  The SEIR providing a comparison of 
projected concentrations of dissolved copper in stormwater discharges from the Project 
to: 1.) baseline dissolved copper concentrations and loading in stormwater discharges 
from the existing Project site; 2.) the NOAA Technical Memorandum (NMFS-NWFSC-
83) dissolved copper sub-lethal thresholds for juvenile steelhead smolt, 3.) applicable
water quality standards for dissolved copper; and 4.) to existing water quality conditions 
in Santa Paula Creek, the Santa Clara River, and the Santa Clara River Estuary, is 
therefore needed.   

As data in the attachments and studies to this letter provide, the concentrations of 
dissolved copper in the Santa Clara River and Estuary downstream of the Project are 
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above the NOAA Technical Memorandum (NMFS-NWFSC-83) dissolved copper sub-
lethal thresholds for juvenile steelhead smolt, and the Santa Clara River and Santa Clara 
River Estuary downstream of the Project are listed on the Clean Water Act 303(d) 
impaired waterbody list for toxicity. Thus, the SEIR must analyze the direct, indirect, and 
cumulative sub-lethal toxicity impacts of metals and dissolved copper contained in the 
Project’s urban stormwater runoff discharges on juvenile Southern California steelhead 
smolt, and provide mitigation, such as advanced filtration, infiltration, or enhanced 
treatment, that ensures that the concentrations and loading of dissolved copper in the 
Project’s stormwater discharges are below existing conditions and the sub-lethal 
thresholds in the NOAA Technical Memorandum (NMFS-NWFSC-83) for juvenile 
steelhead smolt.  

Thank you for considering our comments. Please feel free to contact us with any 
questions.  

Sincerely,  

Jason Weiner, M.E.M. 
Water Initiative Director and General Counsel  
Wishtoyo Foundation and its Ventura Coastkeeper Program  
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Executive Summary 

Dissolved copper (dCu) is a ubiquitous surface water pollutant that causes a range of 
adverse effects in fish as well as in aquatic invertebrates and algae.  This technical memorandum 
is a summary and targeted synthesis regarding sensory effects to juvenile salmonids from low-
level exposures to dCu.  As such, the material presented here serves to summarize scientific 
research on dCu and its impacts on salmonid sensory systems.  In addition, this document 
provides a benchmark analysis of empirical data generated in recent National Marine Fisheries 
Service investigations that have focused on salmon olfactory function.  The review section, 
Appendix A, discusses peer reviewed and gray literature on the effects of dCu on salmonid 
sensory systems, associated sensory-mediated behaviors, and physiology.  It is intended to 
facilitate understanding of the effects of dCu on sensory system–mediated behaviors that are 
important to survival, reproduction, and distribution of salmonids.  The review does not address 
the effects of dCu on salmonid habitats, although copper is also highly toxic at low µg/L 
concentrations to aquatic primary producers and invertebrates (i.e., the aquatic food web).  
Undoubtedly, new information will become available that enhances our current understanding of 
copper’s effect on threatened and endangered salmonids and their supporting habitats. 

A large body of scientific literature has shown that fish behaviors can be disrupted at 
concentrations of dCu that are at or slightly above ambient concentrations (i.e., background).  In 
this document, background is operationally defined as surface waters with less than 3 µg/L dCu, 
as experimental water had background dCu concentrations as high as 3 µg/L dCu.  Sensory 
system effects are generally among the more sensitive fish responses and underlie important 
behaviors involved in growth, reproduction, and (ultimately) survival (i.e., predator avoidance).  
Recent experiments on the sensory systems and corresponding behavior of juvenile salmonids 
contribute to more than four decades of research and show that dCu is a neurotoxicant that 
directly damages the sensory capabilities of salmonids at low concentrations.  These effects can 
manifest over a period of minutes to hours and can persist for weeks. 

To estimate toxicological effect thresholds for dCu in surface waters, benchmark 
concentrations (BMCs) were calculated using a U.S. Environmental Protection Agency 
methodology.  This paper presents examples of BMCs for juvenile salmonid olfactory function 
based on recent data.  BMCs ranged 0.18–2.1 µg/L, corresponding to reductions in predator 
avoidance behavior of approximately 8–57%.  The BMC examples represent the dCu 
concentration (above background) expected to affect the ability of juvenile salmonids to avoid 
predators in freshwater.  These concentration thresholds for juvenile salmonid sensory and 
behavioral responses fall within the range of other sublethal endpoints affected by dCu such as 
behavior, growth, and primary production, which is 0.75–2.5 µg/L. 

The paper also discusses the influence of water chemistry on the bioavailability and 
toxicity of copper to fish sensory systems.  Studies exploring behavioral avoidance as well as 
representative studies of other effects to salmonids are also summarized.  Salmon may be able to 
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avoid dCu in environmental situations where distinct gradients occur.  However, avoidance of 
dCu originating from nonpoint sources appears unlikely.  Given the large body of literature on 
copper and responses of aquatic ecosystems, we focused on a subset of fish sensory system 
studies relevant to anadromous salmonids. 

Point and nonpoint source discharges from anthropogenic activities frequently exceed 
these thresholds by one, two, and sometimes three orders of magnitude, and can occur for hours 
to days.  The U.S. Geological Survey ambient monitoring results for dCu representing 811 sites 
across the United States detected concentrations ranging 1–51 µg/L, with a median of 1.2 µg/L.  
Additionally, typical dCu concentrations originating from road runoff from a California study 
were 3.4–64.5 µg/L, with a mean of 15.8 µg/L.  Taken together, the information reviewed and 
presented herein indicates that impairment of sensory functions important to survival of juvenile 
salmonids is likely to be widespread in many freshwater aquatic habitats.  Impairment of these 
essential behaviors may manifest within minutes and continue for hours to days depending on 
concentration and exposure duration.  Therefore, dCu has the potential to limit the productivity 
and intrinsic growth potential of wild salmon populations by reducing the survival and lifetime 
reproductive success of individual salmonids. 
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Introduction 

Copper, a naturally occurring element, is an essential micronutrient for plants and 
animals.  However, copper is also recognized as a priority pollutant under the U.S. Clean Water 
Act.  Historical and current anthropogenic activities have mobilized significant quantities of 
copper.  Vehicle emissions and brake pad dust (Drapper et al. 2000), pesticides (USEPA 2005), 
industrial processes, municipal discharges, mining, and rooftops (Good 1993, Thomas and 
Greene 1993) are a few of the sources of copper in the environment.  These various human 
activities may lead to the unintended and, in some circumstances, intended introduction of 
copper into aquatic ecosytems (Sansalone and Buchberger 1997, Wheeler et al. 2005).  Once in 
the aquatic environment, copper is detected in multiple forms.  It can be dissolved, or bound to 
organic and inorganic materials either in suspension or in sediment.  This so called speciation of 
copper is dependent on site specific abiotic and biotic factors.  As an element, copper will persist 
and cycle through ecosystems.  Copper in its dissolved state is worthy of particular scrutiny as it 
is highly toxic to a broad range of aquatic species including algae, macrophytes, aquatic 
invertebrates, and fishes.  The latter include anadromous salmon and steelhead within the 
Oncorhynchus and Salmo genera that are, in part, managed by the National Marine Fisheries 
Service. 

Currently, anadromous salmonid populations inhabit waters of Alaska, Oregon, 
Washington, California, Idaho (Oncorhynchus spp.), and Maine (Atlantic salmon [Salmo salar]).  
Dissolved copper (referred to as dCu herein) is consistently detected in salmonid habitats 
including areas important for rearing, migrating, and spawning (Alpers et al. 2000, Soller et al. 
2005).  Dissolved copper is known to affect a variety of biological endpoints in fish (e.g., 
survival, growth, behavior, osmoregulation, sensory function, and others, as reviewed in Eisler 
1998).  More than three decades of experimental results have shown that the sensory systems of 
salmonids are particularly vulnerable to the neurotoxic effects of dCu.  Recent experimental 
evidence showed that juvenile sensory system–mediated behaviors are also affected by short-
term exposures to dCu. 

Given the ecological significance of these behaviors to salmonids, it is important to 
characterize the potential effects from dCu.  The growing body of scientific literature indicates 
that dCu is a potent neurotoxicant that directly damages the sensory capabilities of salmonids at 
low concentrations (see the Previous Studies on the Effects of Copper section).  These 
concentrations may stem from anthropogenic inputs of dCu to salmonid habitats.  Salmonid 
sensory systems mediate ecologically important behaviors involved in predator avoidance, 
migration, and reproduction.  Impairment of these behaviors can limit an individual salmonid’s 
potential to complete its life cycle and thus may have adverse consequences at the scale of wild 
populations. 

The purpose of this paper is to: (1) summarize information on the effects of dCu to the 
sensory systems of juvenile salmonids in freshwater (also see Appendix A), (2) conduct a 



benchmark concentration analysis to generate examples of dCu effect thresholds, and (3) to 
discuss site-specific considerations for sensory system effects.  As such, it focuses on a single 
contaminant (dCu), two relevant sensory system endpoints (olfaction and alarm response 
behavior), and a single salmonid life stage (juvenile, <10 months old). 
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Previous Studies on the Effects of Copper 

Examples of copper’s effects on a suite of selected biological endpoints from laboratory 
and field exposures are presented in Table 1.  Additionally, Appendix A contains a targeted 
review and summary of some of the previous studies showing copper’s effect on salmonid 
behavior, including avoidance and migratory disruptions.  Appendix B is a supplementary 
bibliography that provides further information sources on salmonid sensory systems.  The 
following analysis of sensory effects on juvenile salmonids primarily emphasizes recent and 
ongoing research conducted at the National Marine Fisheries Service’s Northwest Fisheries 
Science Center.  However, the phenomenon that copper and some other trace metals can interfere 
with chemoreception, alter behaviors, and influence the movements of fish was first described at 
least 40 years ago, and a large body of knowledge on the adverse effects of dCu has subsequently 
developed (Table 1). 

The salmonid olfactory sensory system relies on olfactory receptor neurons (ciliated 
ORNs) to detect and respond to cues in the aquatic environment.  The receptors are in direct 
contact with the aqueous environment.  Olfactory receptors detect chemical cues that are 
important in finding food, avoiding predators, navigating migratory routes, recognizing kin, 
reproducing, and avoiding pollution.  The architecture of the salmon olfactory system consists of 
a pair of olfactory rosettes, each positioned within an olfactory chamber near the midline of the 
fish’s rostrum (Figure 1A).  Each rosette contains ORNs that respond to dissolved odorants as 
water passes through the olfactory chamber (Figure 1B) and over the surface of the rosette in 
which the receptor neurons are embedded (Figure 1C).  These chemical cues convey important 
information about the surrounding aquatic environment. 

Direct exposure to dCu can impair and destroy olfactory sensory neurons, although the 
precise mechanism by which dCu interferes with the normal function of ORNs remains unknown 
(Hansen et al. 1999b, Baldwin et al. 2003, Sandahl et al. 2006, Sandahl et al. 2007).  Impairment 
of olfaction (i.e., smell) can be measured by an electrophysiological technique called the 
electro-olfactogram (EOG) (Figure 1) (Scott and Scott-Johnson 2002, Baldwin and Scholz 2005, 
Sandahl et al. 2006).  The EOG measures olfactory response of a population of receptor neurons 
in fish.  Reductions in the EOG amplitude of copper-exposed fish compared to unexposed fish 
reflect functional losses in sensory capacity.  Dissolved copper’s toxic effect to olfactory sensory 
neurons is observable as a reduction in or elimination of the EOG amplitude to a recognizable 
odor (Figure 1D). 

Several recent studies highlight some important aspects of copper olfactory toxicity 
(Baldwin et al. 2003, Sandahl et al. 2004, 2007).  Baldwin et al. (2003) found that the neurotoxic 
effects of copper in coho salmon (Oncorhynchus kisutch) manifest over a timescale of minutes.  
At 10 minutes, EOG amplitude reductions were observed in juvenile coho exposed to 2, 5, 10, 
and 20 µg/L dCu above experimental background (3 µg/L).  After 30 minutes at 2 µg/L dCu 
above experimental background, the EOG amplitude from juvenile coho to odors was reduced by 
approximately 25% compared to controls; in 20 µg/L dCu after 30 minutes by approximately 
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80%.  Sandahl et al. (2004) found similar effects following 7 days of exposure (both in EOG 
reductions and copper concentrations).  This result indicated that the juvenile olfactory system 
does not appear to be able to adapt or otherwise compensate for continuous copper exposure for 
durations up to 7 days. 

 
Table 1.  Selected examples of adverse effects with copper to salmonids or their prey.a

Species 
(lifestage) Effect 

Effect 
concentra-
tion (µg/L)b

Effect 
statistic 

Hardness 
(mg/L)c

Exposure 
duration  Source 

 Sensory and behavioral effects     
Coho salmon 
(juvenile) 

Reduced olfaction and 
compromised alarm 
response  

0.18–2.1 EC10 to 
EC50

120 3 hours Sandahl et al. 
2007 

Chinook salmon 
(O. tshawytscha) 
(juvenile) 

Avoidance in laboratory 
exposures 

0.75 LOEC 25 20 minutes Hansen et al. 
1999a 

Rainbow trout 
(O, mykiss)  
(juvenile) 

Avoidance in laboratory 
exposures 

1.6 LOEC 25 20 minutes Hansen et al. 
1999a 

Chinook salmon 
(juvenile) 

Loss of avoidance ability 2 LOEC 25 21 days Hansen et al. 
1999a 

Atlantic salmon 
(juvenile) 

Avoidance in laboratory 
exposures 

2.4 LOEC 20 20 minutes Sprague et al. 
1965 

Atlantic salmon 
(adult) 

Spawning migrations in 
the wild interrupted 

20 LOEC 20 Indefinite Sprague et al. 
1965 

Chinook salmon 
(adult) 

Spawning migrations in 
the wild apparently 
interrupted 

10–25 LOEC 40 Indefinite Mebane 2000 

Coho salmon Delays and reduced 
downstream migration of 
dCu-exposed juveniles 

5 LOEC 95 6 days Lorz and 
McPherson 1976, 
1977 

Rainbow trout Loss of homing ability 22 LOEC 63 40 weeks Saucier et al. 
1991 

 Ecosystem effects      
NAd Ecosystem function: 

Reduced photosynthesis 
2.5 LOEC 49 ≈ 1 year Leland and Carter 

1985 
NAd Ecosystem structure: loss 

of invertebrate taxa 
richness in a mountain 
stream 

5 LOEC 49 ≈ 1 year Leland et al. 1989

 Other sublethal effects      
Chinook salmon Reduced growth  

(as weight) 
1.9 EC10 25 120 days Chapman 1982 

Rainbow trout Reduced growth  
(as weight) 

2.8 EC10 25 120 days Marr et al. 1996 
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Table 1 continued.  Selected examples of adverse effects with copper to salmonids or their prey.a

Species 
(lifestage) Effect 

Effect 
concentra-
tion (µg/L)b

Effect 
statistic 

Hardness 
(mg/L)c

Exposure 
duration  Source 

 Other sublethal effects (cont.)     
Coho salmon Reduced growth  

(as weight) 
21–22 NOEC 24–32 60 days Mudge et al. 1993

Steelhead  
(O. mykiss) 

Reduced growth  
(as weight) 

45 to >51 NOEC 24–32 60 days Mudge et al. 1993

 Direct lethalitye      
Chinook salmon 
(fry) 

Death 19 LC50 24 96 hours Chapman 1978 

Coho salmon  
(fry) 

Death 28–38 LC50 20–25 96 hours Lorz and 
McPherson 1976 

Steelhead/rain-
bow trout (fry) 

Death 9–17 LC50 24–25 96 hours Chapman 1978, 
Marr et al. 1999 

Coho salmon 
(adult) 

Death 46 LC50 20 96 hours Chapman and 
Stevens 1978 

Steelhead   
(adult) 

Death 57 LC50 42 96 hours Chapman and 
Stevens 1978 

Coho salmon 
(juvenile) 

Death 21–22 NOEC 24–32 60 days Mudge et al. 1993

Steelhead 
(juvenile) 

Death 24–28 NOEC 24–32 60 days Mudge et al. 1993

Steelhead     
(egg-to-fry) 

Death 11.9 EC10 25 120 days Chapman 1982 

a Abbreviations: LOEC = Lowest observed adverse effect concentration (and most LOEC values given are not 
thresholds, but were simply the lowest concentration tested); NOEC = No observed adverse effect concentration; 
LC50 = the concentration that kills 50% of the test population; ECp = effective concentration adversely affecting (p) 
percent of the test population or percent of measured response, e.g., 10% for an EC10, etc.; and Indefinite = field 
exposures without defined starting and ending times. NA = not applicable. 
b Effects and exposure durations stem from laboratory and field experiments, therefore in some experiments multiple 
routes of exposure may be present (i.e., aqueous and dietary) and water chemistry conditions will likely differ (see 
reference for details). 
c Hardness is reported, as it can influence the toxicity of copper. 
d This study examined ecosystems consisting of a number of species or unidentified species. 
e Acute sensitivity of salmonids to copper probably varies by life stage, and the swim-up fry stage is probably more 
sensitive than older juvenile life stages such as parr and smolts or adults. 
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Figure 1.  Recording methods and features of the salmon 
peripheral olfactory system.  A) Photograph 
showing the rostrum of a coho salmon during the 
recording of electro-olfactograms (EOGs).  The 
mouthpiece provides chilled, anaesthetized water 
to the gills, while the perfusion tube delivers odor-
containing solutions to the olfactory chamber.  
The recording electrode in the olfactory chamber 
and reference electrode in the skin monitor the 
response of the olfactory system to an odor.  B) 
Scanning electron micrograph showing a rosette, 
located within an olfactory chamber of a juvenile 
coho salmon.  Each rosette consists of lamellae 
(lobes) covered by an epithelium containing 
regions of sensory neurons.  The open circle 
denotes the location and approximate size of the 
tip of the recording microelectrode.  C) Scanning 
electron micrograph showing a cross section from 
a region of sensory epithelium of a lamella.  In the 
upper left is the apical surface containing the cilia 
and microvilli of the olfactory receptor neurons 
(ORNs).  The dendrites and somata of the ORNs 
appear in the center within the epithelium, while 
the axons of the ORNs emerge from the basal 
surface at the lower right to produce the olfactory 
nerve.  D) Typical odor-evoked EOGs obtained 
from a salmon before and after exposure to 
copper.  A 10-second switch to a solution 
containing 10-5 M L-serine is shown with a 
horizontal bar.  The EOG evoked by the odor 
pulse consists of a negative deflection in the 
voltage.  A 30-minute exposure to copper reduced 
the amplitude of the EOG evoked in the same fish 
by 57%.  (Photos courtesy of Carla Stehr.  Figure 
adapted from Baldwin and Scholz 2005). 
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Recently, using EOG measurements in combination with a predator avoidance assay, 
Sandahl et al. (2007) presented the first evidence that impaired olfaction (smell) resulted in a 
direct suppression of predator avoidance behavior (alarm response) by juvenile coho salmon at 
environmentally relevant dCu exposures (≥2.0 µg/L; 3 hr exposure).  Unexposed juveniles 
(control treatment) reduced their swimming speed on average by 74% (alarm response) in 
response to an alarm odor (conspecific skin extract).  A reduction in swimming speed is a typical 
predator avoidance response for salmonids and many other fish.  In unexposed fish, the alarm 
odor elicited a mean EOG response of 1.2 mV.  Juvenile coho salmon exposed to 2-20 µg/L 
copper exhibited measurable reductions in both EOG (50–92%) and alarm response (47 to 
>100%) (derived from data in Figure 2 of Sandahl et al. 2007).  Juvenile coho exhibited 
statistically significant decline in antipredator behavior at 5, 10, and 20 µg/L dCu (Figure 2). 

Importantly, concentrations of dCu below 2 µg/L were not tested in Sandahl et al. (2007).  
This is notable because all concentrations tested (between 2 and 20 µg/L) significantly affected 
olfaction with reductions in EOG ranging ≈50–92%.  Because individual juvenile coho were 
significantly affected at the lowest concentration tested (2 µg/L), uncertainty remains with 
respect to the precise threshold for olfactory impairment.  The results of this last study provide 
evidence that juvenile salmon exposed to sublethal dCu concentrations at 2 µg/L (resulting in 
approximately 50% reductions in EOG), and likely even lower, might not recognize and respond 
to a predation threat, and therefore have an increased risk of being eaten by other fishes or birds 
(a form of ecological death, Kruzynski and Birtwell 1994). 

Typically dCu concentrations in road runoff are well within the range affecting 
antipredator behavior, for example, 3.4–64.5 µg/L, with a mean of 15.8 µg/L (Soller et al. 2005).  
A 3 hour exposure is also likely to be environmentally relevant, as stormwater runoff durations 
from roads typically range from a few minutes to several hours (Sansalone and Buchberger 
1997).  Fish may regain their capacity to detect odors fairly quickly in some cases; physiological 
recovery of olfactory neuron function is dose-dependent and occurs within a few hours at low 
copper concentrations (i.e., <25 µg/L dCu, Baldwin et al. 2003).  However, long-term damage to 
the sensory epithelia has also been documented.  Where cell death occurs (i.e., ≥25 µg/l copper, 
Hansen et al. 1999a, 1999b) recovery is on the order of weeks (Moran et al. 1992) and in some 
cases months (Evans and Hara 1985). 

Interestingly, another fish sensory system, the lateral line, is also a target for the 
neurotoxic effects of dCu.  It is composed of mechanosensory neurons (hair cells) that respond to 
surface water vibrations, flow, and other types of mechanical cues in the aquatic environment.  
The lateral line system thereby mediates shoaling, pursuit of prey, predator avoidance, and 
rheotaxis (orientation to flow).  In a recent study, dCu (i.e., ≥20 µg/L; 3 hour exposure) killed 
20% of hair cells in zebrafish (Danio rerio) (Linbo et al. 2006).  As mentioned earlier, juvenile 
salmon ORNs may also be killed at higher concentrations of dCu, highlighting the similar 
sensitivity of olfactory and lateral line receptors to this toxic metal.  Consequently, dCu may 
damage or destroy either or both of these important sensory systems.  Currently, we are not 
aware of any research on the effects of dCu to the lateral line of salmonids, although the 
comparable sensitivity of the olfactory system across species suggests that the salmon lateral line 
is likely to be vulnerable as well. 
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Figure 2.  Copper-induced reductions in juvenile salmonid olfactory response and behavior are 

significantly correlated.  Fish exposed to dCu (3 hours) showed reduced olfactory sensitivity and 
corresponding reduction in predator avoidance behavior.  Values represent treatment means (with 
copper exposure concentration labeled to the right); error bars represent one standard error;  
n = 8–12 individual coho salmon; asterisk (*) represents a statistically significant difference in 
olfactory response (EOG data) compared to controls (one-way ANOVA with Dunnett post hoc 
test, p < 0.05); †represents statistically significant difference in behavioral response to skin extract 
(% reduction in swimming) compared to controls (one-way ANOVA with Dunnett post hoc test, 
p < 0.05).  The line represents a statistically significant linear regression based on treatment 
means (n = 5; p < 0.0001; r2 = 0.94).  1 ppb = 1 µg/l.  (Adapted from Figure 2C in Sandahl et al. 
2007.) 

 
 
 

In this paper, a benchmark dose (concentration) analysis (USEPA 1995) is applied to 
recent data from dose-response experiments on juvenile salmonids exposed to dCu (Sandahl et 
al. 2007) to determine the exposure concentrations that may adversely affect salmonid sensory 
systems.  In previous studies, benchmark concentrations (BMCs) were determined for olfactory 
responses, however, concomitant behavioral responses were not measured (Baldwin et al. 2003, 
Sandahl et al. 2004).  The BMC analysis conducted herein determined concentrations of dCu that 
could be expected to affect juvenile salmonid olfaction and, by extension, alarm response 
behavior involved in predator avoidance. 
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Application of the Benchmark  
Concentration Analysis 

The BMC, also referred to as a benchmark dose, is a method that has been used since 
1995 by agencies such as the U.S. Environmental Protection Agency (EPA) to determine no 
observable adverse effect level (NOAEL) values.  The method statistically fits dose-response 
data to determine NOAEL values (EPA 1995).  This is in contrast to other methods (e.g., using 
an analysis of variance) that rely on finding a no observable effect concentration (NOEC) and 
lowest observable effect concentration (LOEC) to establish the NOAEL.  Multiple difficulties 
arising from the traditional approach of selecting a NOAEL from dose-response data were 
previously identified by the EPA.  Specific shortcomings associated with traditional methods 
included: 1) arbitrary selection of a NOAEL based on scientific judgments; 2) experiments 
involving fewer animals produced higher NOAELs; 3) dose-response slopes were largely 
ignored; and 4) the NOAEL was limited to the doses tested experimentally (EPA 1995).  These 
as well as other concerns with selection of a NOAEL led to the development of an alternative 
approach, the BMC analysis.  The BMC approach uses the complete dose-response data set to 
identify a NOAEL, thereby selecting an exposure concentration that may not have been tested 
experimentally. 

The BMC is statistically defined as the lower confidence limit for a dose that produces a 
predetermined adverse effect relative to controls.  This effect is referred to as the benchmark 
response (BMR) (EPA 1995).  Unlike the traditional method of selecting the NOAEL (e.g., 
establishing a NOEC), the BMC takes into account the full range of dose-response data by fitting 
it with an appropriate regression equation.  These can be linear, logarithmic, sigmoidal, etc.  The 
BMR is generally set near the lower limit of responses (e.g., an effect concentration of 10%) that 
can be measured directly in exposed or affected animals. 

In the present context, a BMC approach was used to estimate thresholds for dCu’s 
sublethal effects on the chemosensory physiology and predator avoidance behaviors of juvenile 
coho salmon (Sandahl et al. 2007).  An example of this approach is shown in Figure 3.  This 
methodology has been used previously to determine toxicity thresholds in Pacific salmon 
(Sandahl and Jenkins 2002, Baldwin et al. 2003, Sandahl et al. 2004).  The dose-response 
relationship for copper’s effect on the EOG was described by fitting the data with a sigmoid 
logistic model: 

y = m/[1+(x/k)n] 
 

where m is maximum EOG amplitude (fixed at the control mean of 1.2 mV), y is EOG 
amplitude, x is copper concentration, k is copper concentration at half-maximum EOG amplitude 
(EC50), and n is slope. 
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For this nonlinear regression, the average olfactory response of the control fish to a 
natural odor was used to constrain the maximum odor evoked EOG (m in the above equation).  
Consequently, the control fish were not used in the regression other than to set m.  The 
regression incorporated the individual response of each exposed fish (n = 44 total) rather than the 
average values for each exposure group.  As shown in Figure 3, the sigmoid logistic model was a 
very good fit for both the sensory and behavioral data (r2 = 0.94, p < 0.0001).  Benchmark 
concentrations were then determined based on the concentration at which the estimated curve 
intersected benchmark responses. 
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Results of the Benchmark  
Concentration Analysis 

Examples of benchmark concentrations and responses are presented in Figure 3 and 
Table 2.  The EPA methodology recommends using the concentration that represents a 10% 
reduction in response compared to controls when limited biological effects data are available 
(EPA 1995).  This is the BMC10 and is synonymous with the concentration producing an effect of 
10% (EC10), in this case a 10% reduction in the recorded amplitude of the salmon’s 
chemosensory response (EOG).  Since the predicted fish EOG response at the BMC10 falls well 
within the olfactory response of unexposed juveniles, that is, 95% CI (control fish, Figure 3), it is 
more than likely that this individual response (1.08 mV) at the BMC10 (0.18 µg/L) would not be 
detectable or biologically significant as an adverse response. 

Other BMCs were derived using statistical criteria to determine benchmark responses.  
For example, Table 2 shows two BMCs that were determined using the statistical departure of 
the lower-bound confidence interval (CI) of the control mean (unexposed fish), 1.2 mV (either 
the 90 or 95% CI).  The selection of different CIs results in different BMCs.  The CI-derived 
BMCs represent a reasonable estimate of when an individual salmonid is likely to have a 
biologically significant reduction in olfaction and a concomitant reduction in predator avoidance 
behavior.  The relative departures from controls in Table 2 are equivalent to effective 
concentrations for olfactory inhibition, that is, at the lower-bound 90% CI a BMC of 0.59 µg/L 
equates to a BMC24.2.  Put another way, the BMC analysis predicts a substantial 24.2 % 
reduction in olfaction (i.e., EOG amplitude) at 0.59 µg/L dCu.  At the lower-bound 95% CI a 
29.2% reduction in olfaction is predicted to occur at 0.79 µg/L. 

The BMC50 is equivalent to the EC50 for olfactory responses (2.1 µg/L) and is very 
similar to the lowest observable effect concentration (LOEC) of 2 µg/L.  Since the EC50 
approximately equals the LOEC, it is almost certain that effects to juvenile salmonid olfaction 
will occur at lower concentrations than those measured.  Therefore it is appropriate and useful to 
apply a BMC analysis to these data to predict effects occurring between 0 and 2 µg/L dCu.  The 
predicted effect thresholds for sensory responses in juvenile coho salmon ranged 0.18–2.1 µg/L, 
which corresponded to reductions in predator avoidance behavior (i.e., reduced alarm response) 
of 8–57%.  Comparatively, the other two studies that conducted a BMC approach with salmon 
olfaction data sets (e.g., EOG measures) estimated dCu BMCs of 3.6–10.7 µg/L (BMC20–
BMC50) (Sandahl et al. 2004) and 2.3–3.0 µg/L (BMC25) (Baldwin et al. 2003). 

Together these three studies highlight that different experimental conditions including 
age of fish, exposure duration, and experimental background of dCu may influence BMCs.  
Importantly, of the three experiments that derived BMCs for olfactory impairment, the data set 
used in this technical memorandum from Sandahl et al. (2007) empirically linked impaired 
olfaction to an ecologically relevant behavior, that is, reduced alarm behavior (Figure 2).  
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Therefore, we believe that the dCu BMC analysis herein is derived from the most ecologically 
relevant of the three studies. 

 
 

 
Figure 3.  Using a benchmark concentration approach to estimate a threshold for dCu toxicity in the 

salmonid olfactory system.  Filled circles represent treatment means; error bars represent the 95% 
confidence interval for each mean (n = 8–12 individual coho salmon).  An asterisk (*) indicates a 
statistically significant difference in the size of the olfactory response (EOG data) compared to 
controls (one-way ANOVA with Dunnett post hoc test, p < 0.05).  The line represents a 
statistically significant nonlinear regression based on individual fish (n = 44, p < 0.0001,  
r2 = 0.55).  The gray shading shows the 95% confidence band for the nonlinear regression.  The 
regression used a standard sigmoid function with the maximum constrained to the control mean 
(1.2 mV, indicated by the upper horizontal dashed line).  Therefore, the control fish were not 
included in the nonlinear regression.  The lower bound of the 95% confidence interval of the 
control mean (0.85 mV) is indicated by the lower horizontal dashed line and is an example of a 
BMR.  The large open circle shows where the regression line crosses the BMR and denotes the 
corresponding BMC, which in this case is a dCu concentration of 0.79 µg/L.  Horizontal and 
vertical lines through the open circle highlight the 95% confidence intervals for the BMC based 
on the results of the nonlinear regression.  The small open circle shows where the regression line 
crosses the BMR (1.08 mV) and denotes the corresponding BMC10 (0.18 µg/L) at which a 10% 
reduction in olfactory capacity is expected.  (Data from Sandahl et al. 2007.) 
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Table 2.  Benchmark responses and benchmark concentrations for juvenile salmon exposed to dCu for 
3 hours.  Benchmark response values represent a reduction in olfactory response to an alarm 
pheromone as measured via EOG recordings.  Behavioral impairment indicates a predicted 
decrease in predator recognition and avoidance as indicated by a reduced alarm response.  CI = 
confidence interval; NA = not applicable. 

Benchmark responsesa
Benchmark 

concentrationsb
Behavioral impairment 

(predicted)c

Departure from mean of controls 
  Departure from mean  

of controls 
Statisticald 

(CI of control 
mean) 

Relativee

(% reduction in 
olfactory response) 

Valuef

(µg/l) 
95% CIg

(µg/l) 

Relativeh

(% reduction in alarm 
response) 

NA 10.0 0.18 0.06–0.52 8.3 

Lower 90% 24.2 0.59 0.30–1.16 25.6 

Lower 95% 29.2 0.79 0.44–1.42 31.8 

NA 50.0 2.10 1.60–2.90 57.2 
 
a The predetermined level of altered response or risk at which the benchmark dose (concentration) is calculated 
(EPA/630/R-94/007, 02/1995). 
b The dose (concentration) producing a predetermined, altered response for an effect (EPA/630/R-94/007; 02/1995). 
c Based on the linear regression shown in Figure 2; note behavioral responses were determined by inputting the 
Benchmark response value (EOG, mV) into the regression equation. 
d Location of the value with respect to a confidence interval of the mean of the controls. 
e Amount of reduction in the olfactory response represented by the value relative to the mean of the controls. 
f Corresponding concentration; see Figure 3 and text for calculation method. 
g Confidence interval for the value based on the nonlinear regression. 
h Amount of reduction in alarm response represented by the value relative to the mean of the controls. 
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Discussion of Site Specific Considerations  
for Sensory System Effects 

Below we identify several issues to consider when using the BMCs to evaluate dCu 
concentrations under natural conditions. 

Impairment from Short-term Increases of dCu 

These BMCs reflect expected impairment of chemosensory systems from short-term 
increases of dCu above ambient concentrations (defined here as < 3 µg/L) (Baldwin et al. 2003, 
Sandahl et al. 2004, 2007) and are not expected to be alleviated by homeostatic mechanisms.  
Specifically, the BMCs are predicated on increases of dCu in salmon habitats that result from 
specific human activities.  Effects to juvenile salmonid olfaction are expected following a few 
minutes of exposure.  Salmonids are capable of regulating the amount of internal copper via 
uptake and elimination processes.  These so called homeostatic mechanisms (such as 
metallothionein induction) can reduce copper’s toxic effects and may result in acclimation.  
Consequently, fish may tolerate certain dCu exposures without showing overt toxicological 
responses; however, at higher levels these mechanisms could ultimately fail. 

Initial evidence indicates that homeostatic mechanisms are not likely to reduce copper 
toxicity to the olfactory sensory system for pulsed or short-term exposures lasting less than a 
week (Hansen et al. 1999a) or for chronically exposed fish (McPherson et al. 2004).  Moreover, 
lateral line neurons exposed continuously to dCu for 72 hours showed no signs of acclimation 
within this exposure interval (Linbo et al. 2006).  For other measures of copper toxicity from 
long-term exposures, evidence suggests that olfactory acclimation may not occur (Table 1, 
Appendix A).  Fish exposed to higher dCu concentrations for longer periods may lose much of 
their olfactory function.  For example, field evidence suggests that wild fish living in heavy 
metal contaminated lakes where total copper concentrations ranged 9.7–15 µg/L showed reduced 
olfactory-mediated predator avoidance behavior; that is, homeostatic mechanisms appeared 
insufficient to alleviate metal toxicity, including copper (McPherson et al. 2004). 

Calculating an Acute Criterion Maximum Concentration 

The EPA sets acute water quality criteria by calculating an acute criterion maximum 
concentration (CMC) (Stephan et al. 1985).  The CMC is an estimate of the highest 
concentration of a substance in surface water to which an aquatic community can be exposed 
briefly without resulting in an unacceptable effect (EPA 2002).We calculated an acute CMC 
using the Biotic Ligand Model (BLM) (EPA 2007).  Interestingly, the estimated acute CMC 
based on the BLM using measured and estimated water quality parameters from Sandahl et. al. 
(2007) was 0.63 µg/L with a range from 0.34 to 3.2 µg/L, while the EPA hardness-based acute 
CMC (EPA 2002) was 6.7 µg/L.  Because the BLM-based acute criterion is sensitive to pH and 
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DOC, the range of measured test pH values (6.5–7.1) and the range of estimated DOC values 
(0.3–1.5 mg/L) produced this range of BLM-based acute criterion values.  It is also interesting 
that the acute CMC range (0.34–3.2 µg/L) overlapped with the olfactory-based BMC range 
(0.18–2.1 µg/L). 

Salmonids Are Typically Exposed to Multiple Stressors 

These BMCs are specifically focused on the impact of dissolved copper alone on 
olfaction and predator avoidance behavior.  Salmonids are rarely exposed to dCu only under 
natural conditions.  In fact, exposure to complex environmental mixtures of other toxic 
compounds (e.g., metals, pesticides, PAHs, etc.) in conjunction with other stressors (e.g., 
elevated temperatures, low dissolved oxygen, etc.,) is the norm for many salmonid-bearing 
habitats.  Equally important are exposure routes other than the water column, such as 
consumption of contaminated prey items (dietary) or direct contact with contaminated sediments.  
Threshold examples (BMCs) presented here are based solely on juvenile salmonids exposed to 
dCu.  Presently, these thresholds do not take into account multiple routes of exposure or the 
potential impacts of complex mixtures of contaminants on olfaction.  That said, several studies 
have shown a greater than expected toxicity (i.e., nonadditive) to other fish endpoints from 
mixtures of metals (Sprague et al. 1965, Norwood et al. 2003).  For example, mixtures 
containing zinc and copper were found to have greater than additive toxicity to a wide variety of 
aquatic organisms including freshwater fish (Eisler 1998).  Other metal mixtures also yielded 
greater than additive toxic effects at low dissolved concentrations (Playle 2004).  The toxic 
effects of metals to salmonids may also be exacerbated by other types of contaminants such as 
pesticides (Forget et al. 1999).  While interactions among multiple stressors, including 
contaminant mixtures, are beyond the scope of this document, they warrant careful consideration 
in site-specific assessments. 

Bioavailability of dCu 

These BMCs were derived from experiments using a single freshwater source 
(dechlorinated, soft municipal water).  Hardness, alkalinity, and dissolved organic carbon (DOC) 
are known to alter the bioavailability of dissolved copper in surface waters to ligands in the fish 
gill.  These water chemistry parameters can therefore influence the potential for dCu exposure in 
the field to cause an acute fish kill.  Acute copper lethality mediated via the gill route of 
exposure is typically estimated using the Biotic Ligand Model (BLM; reviewed by Niyogi and 
Wood 2004).  However, recent unpublished research by McIntyre et al. (in press) suggest that 
these parameters may have less of an influence on salmonid olfactory function across 
environmentally realistic ranges of hardness, alkalinity, and DOC. 

To date, the U.S. Geological Survey (USGS) has monitored hardness, alkalinity, and 
DOC for more than 10 years in many West Coast river basins including the Willamette River 
basin, Puget Sound basin, Yakima River basin, and the Sacramento-San Joaquin River basin 
(USGS no date).  Several at-risk species of anadromous salmonids inhabit these basins.  The 
monitoring data indicate that surface waters within these basins typically have very low hardness 
and alkalinity and seasonally affected DOC concentrations.  Hardness, alkalinity, and DOC 
levels found in most freshwater habitats occupied by Pacific salmonids would be unlikely to 
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confer substantial protection against dCu olfactory toxicity (Winberg et al. 1992, Bjerselius et al. 
1993, Baldwin et al. 2003, McIntyre et al. in press). 

Recent experimental results suggest that significant amelioration of olfactory toxicity due 
to hardness is unlikely in typical Pacific salmonid freshwater habitats.  The experiment showed 
that hardness at 20, 120, and 240 mg/L Ca (experimentally introduced as CaCl2) did not 
significantly protect juvenile coho salmon from olfactory toxicity following 30 minute laboratory 
exposures to 10 µg dCu/L above an experimental background of  3 µg/L  (Baldwin et al. 2003).  
In another experiment, a 20 µg dCu/L exposure (30 minutes) in water with low hardness and 
alkalinity and no DOC produced an 82% inhibition in juvenile coho olfactory function (McIntyre 
et al. in press).  A hardness of ≥82 mg/L Ca was needed to reduce the level of olfactory 
inhibition to ≤50% at 20 µg/L dCu ( McIntyre et al. in press).  However, 82 mg/L was never 
exceeded in any of the surface water samples from USGS-sampled NAWQA basins (McIntyre et 
al. in press). 

Typical alkalinity values from Pacific Northwest and California freshwater surface waters 
are also unlikely to protect salmonids from olfactory toxicity (USGS no date).  Some reduction 
in dCu olfactory toxicity was observed in a recent study (McIntyre et al. in press).  However, 
only 0.4% of stream samples contained alkalinity levels sufficient to reduce olfactory toxicity of 
dCu by half (McIntyre et al. in press).  Bjerselius et al. (1993) and Winberg et al. (1992) also 
found that hardness and alkalinity provided limited amelioration of olfactory responses in 
juvenile Atlantic salmon exposed to dCu. 

Increases in DOC showed greater protection to dCu compared to increases in alkalinity 
and hardness.  Twenty-nine percent of USGS surface water samples from West Coast basins had 
a DOC concentration sufficient to limit olfactory impairment to 50% or less at 20 µg dCu /L 
(McIntyre et al. in press).  Only a small fraction (6%) of all samples contained DOC levels 
(greater or equal to 6 mg/L) sufficient to completely protect the olfactory responses of juvenile 
coho salmon from the toxic effect of 20 µg dCu /L (McIntyre et al. in press).  This information 
underscores the importance of evaluating site-specific DOC data to address the potential 
influence of this water quality parameter on olfactory toxicity. 

Because the typical range of hardness, alkalinity, and DOC concentrations are unlikely to 
confer substantial protection against dCu toxicity, we expect that the BMC thresholds presented 
in this document will be applicable for most of the freshwater environments that provide 
migrating, spawning, and rearing habitats for salmonids. 

Olfactory Toxicity in Saltwater 

Dissolved copper’s effect on salmonid olfaction in saltwater environments remains a 
recognized data gap and it is presently uncertain whether the BMC thresholds derived in this 
document apply to salt water environments.  Estuarine and nearshore salt water environments, 
despite their higher salinity (in part due to increased cation concentrations) and hardness may or 
may not confer protection against dCu-induced olfactory toxicity.  One source of this uncertainty 
is whether or not free copper (Cu2+) is the sole species of copper responsible for olfactory 
toxicity.  In freshwater, evidence suggests that Cu2+ is not the only toxic species that adversely 
affects olfaction in fish (McIntyre et al. in press) as well as more conventional endpoints such as 
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mortality (Niyogi and Wood 2004).  Other copper species (e.g., CuOH; Cu1+) will also bind to 
the gill, thereby causing toxicity (Niyogi and Wood 2004).  While the physiological basis for 
salmonid olfaction is well characterized, the transition to saltwater may involve important 
changes in olfactory receptor neuron function that ultimately influence the expression of the as 
yet unidentified ligands for dCu. 

Avoiding Short-term Increases in dCu 

Salmonids may or may not avoid short-term increases in dCu.  Salmonids will actively 
avoid water containing dCu if they can detect it.  As a consequence, fish may not use otherwise 
high quality rearing and spawning habitats.  In addition, the presence of dCu may affect 
migratory routes of juveniles and adults.  Smith and Bailey (1990) and Mebane (2000) derived 
regulatory “zones of passage” around wastewater discharges that were based on salmonid 
avoidance responses.  However, in areas with diffuse, nonpoint source pollution, or multiple 
point source discharges, it may be difficult to apply “zones of passage”, and in some cases 
available zones of passage may not exist.  Despite a fish’s preference to avoid dCu, 
circumstances may force migrating juveniles and adults to be exposed.  For dCu contaminated, 
high quality rearing habitats, juveniles could either remain and be exposed or move to lower 
quality habitats.  Juveniles could therefore suffer either reduced predator avoidance or reduced 
growth.  For contaminated spawning habitats, adult salmon may either remain and be exposed as 
well as their offspring or move to lower quality habitats.  Both of these scenarios result in 
potential reductions in reproductive success. 

Coho Salmon–derived BMCs Should Apply to Other Salmonids 

These BMCs were derived using data from juvenile coho salmon, but should apply to 
other fish species.  The examples of BMC thresholds were derived from data based on juvenile 
coho salmon (4–5 month old, mean of 0.9 grams wet weight).  However, we expect these BMC 
examples to be generally applicable to other species of salmon, trout, and steelhead in freshwater 
habitats.  For example, 3 hour exposures of 4-month-old steelhead to a similar range of dCu 
produced comparable olfactory toxicity to that reported for 4-month-old coho salmon (Baldwin 
et al. in prep.).  Studies on 10-month-old juvenile coho had similar reductions in olfaction 
compared to 4-month-old fish (Baldwin et al. 2003, Sandahl et al. 2004).  Juvenile chum salmon 
(O. keta) (2–3 month old) also showed a dose dependent reduction in EOG amplitude following 
exposure to dCu (3–58 µg/L) (Sandahl et al. 2006).  Taken together these findings suggest that 
the BMC threshold derived herein should be applicable to juvenile life stages of coho, Chinook, 
sockeye (O. nerka), and pink salmon (O. gorbuscha) as well as steelhead, bull trout (Salvelinus 
confluentus), and other members of the family Salmonidae.  As noted earlier, the toxicity of dCu 
to other life stages (particularly marine phases of life) remains to be determined. 
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Conclusions 

Dissolved copper (dCu) is a ubiquitous, bioavailable pollutant that can directly interfere 
with fish sensory systems and by extension important behaviors that underlie predator avoidance, 
juvenile growth, and migratory success (see Appendix A).  Recent research shows that dCu not 
only impairs sensory neurons in a salmonid’s nose, but also impairs juvenile salmonids’ ability 
to detect and respond to predation cues.  A juvenile salmonid with disrupted predator avoidance 
behaviors stands a greater risk of mortality and by extension a reduction in the likelihood of 
surviving to reproduce.  The degree to which effects on individual behavior and survival impact 
a given population will depend in part on the number of the individuals affected and the status of 
the population (numbers, distribution, growth rate, etc.). 

In this report, BMCs were calculated using an EPA methodology to provide examples of 
effect thresholds of dCu’s impacts on salmonid sensory biology and behavior.  The BMC 
examples represent increases in the dCu concentration above background or ambient levels 
(where background is less than or equal to 3 µg/L) expected to affect juvenile salmonid ability to 
avoid predators in fresh water.  Benchmark concentrations ranged 0.18–2.1 µg/L, corresponding 
to reductions in predator avoidance behavior (alarm reaction) that ranged approximately 8–57%.  
Taking into account the olfactory responses of unexposed fish, a more biologically relevant 
range of BMCs is 0.59–2.1 µg/L (Table 2).  This second range of BMC thresholds is similar to or 
slightly less than documented effects to other copper-affected sublethal endpoints such as 
behavior and growth that range 0.75–2.5 µg/L (see Table 1). 

The primary objective of this report was to present examples of threshold concentrations 
for effects of dCu on a critical aspect of salmonid biology: olfaction.  A secondary objective of 
this paper was to summarize a selection of recent and historical information related to the effects 
of dCu on salmonid sensory systems.  This document is based on the current state of the science.  
Importantly, this overview is not a comprehensive summary of the myriad effects of copper to 
anadromous salmonids.  As such, new information will undoubtedly become available that 
enhances our understanding of copper’s effect on salmonid populations and their supporting 
habitats.  The information reviewed and presented herein indicates that significant impairment of 
sensory functions important to survival of threatened and endangered juvenile salmonids is likely 
to be widespread in many freshwater aquatic habitats.  Impairment of these essential behaviors 
may occur following 10 minutes of exposure and continue for hours to weeks depending on 
concentration and duration. 
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Glossary 

Acute exposure.  Short-term continuous exposure usually lasting 96 hours or less. 

BLM.  Biotic Ligand Model 

Chronic exposure.  Longer-term continuous or pulsed exposures generally lasting greater than 
96 hours. 

Confidence interval (CI).  A random interval constructed from data in such a way that the 
probability that the interval contains the true value can be specified before the data are 
collected. 

dCu.  dissolved copper. 

DOC.  dissolved organic carbon. 

ECp.  Effective concentration adversely affecting (p) percent of the test population or percent of 
measured response, for example, 10% for an EC10 and so forth. 

EOG.  electro-olfactogram. 

LC50.   The aqueous concentration of a substance that kills 50% of the test population. 

Lower-bound 90% confidence interval.  The lower half of the 90% confidence interval of the 
mean. 

Lower-bound 95% confidence interval.  The lower half of the 95% confidence interval of the 
mean. 

LOEC.  lowest observable effect concentration. 

Mean.  The average of the response values in a treatment population.  Numerically the mean 
represents the sum of the individual response values divided by the number of individuals in 
a treatment. 

mV.  millivolts. 

NOAEL.  no observable adverse effect level. 

NOEC.  no observable effect concentration. 

ORN.  olfactory receptor neuron. 

ppb.  part(s) per billion, equivalent to µg/L. 
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Relative departure from control response.  A user selected level of response compared to 
control response; for example, a 10% reduction from the control response (unexposed 
individuals). 

Statistical departure from control response.  Uses statistical methods to select a response 
based on the distribution of responses seen in unexposed individuals.  For example, the 95% 
lower bound confidence interval of the mean response from controls (unexposed individuals). 
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Appendix A:  
Other Salmonid Sensory Effects of dCu 

In this appendix, results are highlighted from several studies that we thought were 
particularly relevant, including comparing the concentrations that have caused sensory effects to 
concentrations causing lethality or growth reductions in field and laboratory experiments.  As 
such, the following review is not an exhaustive summary of copper’s adverse effects to 
anadromous salmonids.  We emphasize studies that were conducted in waters with low alkalinity 
and hardness (<50 mg/L as calcium carbonate), and if reported, low concentrations of dissolved 
organic material.  These conditions were emphasized since we believe these are the most 
relevant water quality conditions for an area of particular concern to us—freshwater habitats 
used by juvenile salmonids in the Pacific Northwest and California. 

Migratory Disruption 

Laboratory and field experiments with salmonids have shown avoidance of low 
concentrations of copper, disruption of downstream migration by juvenile salmonids, loss of 
homing ability, and loss of avoidance response to even acutely lethal concentrations of copper 
following long-term habituation to low level copper exposure.  Saucier et al. (1991) examined 
the impact of a long-term sublethal copper exposure (22 µg/L, 37–41 weeks in duration) on the 
olfactory discrimination performance in rainbow trout (Oncorhynchus mykiss).  When controls 
were given a choice between their own rearing water or other waters, they significantly preferred 
their own rearing water, whereas both copper-exposed groups showed no preference.  They 
concluded that their results demonstrate that a long-term sublethal exposure to copper, as it 
commonly occurs under “natural” conditions, may result in olfactory dysfunction with potential 
impacts on fish survival and reproduction. 

Field studies have reported that copper impairs both upstream spawning migration of 
salmonids and downstream outmigration of juveniles.  Avoidance of copper in the wild has been 
demonstrated to delay upstream passage of Atlantic salmon (Salmo salar) moving past copper-
contaminated reaches of the river to their upstream spawning grounds, cause unnatural 
downstream movement by adults away from the spawning grounds, and increase straying from 
their contaminated home stream into uncontaminated tributaries.  Avoidance thresholds in the 
wild of 0.35 to 0.43 toxic units were about seven times higher than laboratory avoidance 
thresholds (0.05 toxic units), perhaps because the laboratory tests used juvenile fish rather than 
more motivated spawning adults.  For this study 1.0 toxic unit was defined as an incipient lethal 
level (ILL, essentially a time independent LC50), of 48 µg/L in soft water (Sprague et al. 1965, 
Saunders and Sprague 1967).  Studies of home water selection with returning adult salmon 
showed that addition of 44 µg/L copper to their home water reduced the selection of their home 
stream by 90% (Sutterlin and Gray 1973).  Releases of about 20 µg/L from a mine drainage into 
a salmon spawning river resulted in 10–22% repulsion of ascending salmon during four 
consecutive years compared to 1–2% prior to mining (Sutterlin and Gray 1973).  The upstream 
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spawning migration of Chinook salmon (O. tshawytscha) in Panther Creek, Idaho, may have 
been interrupted during the 1980s and early 1990s when the fish encountered dCu concentrations 
of 10–25 µg/L.  In Panther Creek, the majority of spawning habitat and historical locations of 
Chinook salmon spawning were high in the watershed, upstream of copper discharges.  
However, Chinook salmon were only observed spawning below the first major diluting tributary, 
a point above which copper concentrations averaged about 10–25 µg/L during the times of the 
spawning observations (Mebane 1994, 2000). 

Sublethal copper exposure has been shown to interfere with the downstream migration to 
the ocean of yearling coho salmon (O. kisutch).  Lorz and McPherson (1976, 1977) and Lorz et 
al. (1978) evaluated the effects of copper exposure on salmon smolts’ downstream migration 
success in a series of 14 field experiments.  Lorz and McPherson (1976, 1977) exposed yearling 
coho salmon for six to 165 days to nominal copper concentrations varying from 0–30 µg/L.  
They then marked and released the fish during the normal coho salmon migration period and 
monitored downstream migration success.  The fish were released simultaneously, allowing for 
evaluation of both copper exposure concentrations and exposure duration on migration success.  
All dCu exposures resulted in reduction of migration compared with unexposed control fish.  
Migration success decreased with both increasing copper concentrations and increased exposure 
time for each respective concentration.  Exposure to 30 µg/L dCu for as little as 72 hours caused 
a considerable reduction in migration (≈60%) compared to control fish.  The reductions in 
migration following short-term exposures to dCu are illustrated in Figure A-1.  Following 
exposure to 30 µg/L dCu, 80% of coho did not reach the migratory point in 49 days.  These 
concentrations (5-20 µg/L) were one-tenth to one-third the 96-hour LC50 for the same stock of 
juvenile coho salmon in the same water.  Lorz et al. (1978) further tested downstream migration 
with yearling coho salmon previously exposed to copper, cadmium, copper-cadmium mixtures, 
zinc, and copper-zinc mixtures.  Copper concentrations in all tests were held at 10 µg/L.  In all 
cases, the copper exposed fish again had poorer migratory success than did controls.  The other 
metals did not show the dose-dependent result found for copper.  These studies suggest that 
exposure to copper concentrations at levels found in streams subject to nonpoint copper pollution 
may impair downstream migration, a result of direct and indirect effects to salmon smolts, 
including reproductive success. 

Laboratory Avoidance Studies 

Studies have shown that salmonids can detect and avoid copper at low concentrations 
when tested in troughs or streams that allow them to choose between concentration gradients.  To 
our knowledge, the lowest copper concentration reported to cause avoidance in laboratory 
conditions was 0.1 µg/L (Folmar 1976).  However, these results may have low applicability to 
ambient conditions because copper exposure concentrations were not analytically verified.  
Avoidance thresholds of 2 µg/L copper have been reported for Atlantic salmon (Salmo salar), 
concentrations that are less than one-tenth of acute LC50 values (Saunders and Sprague 1967).  
Giattina et al. (1982) reported that rainbow trout appeared to detect copper concentrations down 
to 1.4–2.7 µg/L, because declines in residence time started to occur at these lower 
concentrations.  However, the responses were only statistically significant at 4.4 to 6.4 µg/L 
depending on whether fish were exposed to a gradually increasing or abruptly increasing 
concentration gradient respectively.  At exposure to extremely high dCu levels, for example,  
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Figure A-1.  Reduction in downstream migration of yearling coho salmon following 6 days of exposure to 

copper at various concentrations.  (Redrawn from Lorz and McPherson 1977, their Figure 19.) 
 
 
330–390 µg/L, trout showed diminished avoidance and sometimes attraction to acutely lethal 
concentrations (Giattina et al. 1982, Hansen et al. 1999a, Chapman unpubl. data). 

Chapman (unpubl. data) reported that long-term sublethal copper exposures had impaired 
the avoidance performance of salmonids.  Steelhead (O. mykiss), acclimated to low copper levels 
by surviving about 3 months early life stage toxicity testing, subsequently failed to avoid much 
higher, acutely lethal concentrations.  Following about 3 month continuous exposure to 9 µg/L 
copper (from fertilization to about 1 month after swim up) the copper-acclimated fish and control 
fish with no previous copper exposure were exposed to a range of copper concentrations from 
10 to 80 µg/L in avoidance-preference testing.  The tests used the same counter flow avoidance-
preference test chambers described by Giattina et al. (1982).  The acclimated steelhead failed to 
avoid even the highest copper concentrations while most of the unexposed fish avoided all 
concentrations. 

Hansen et al. (1999a) and Marr et al. (1995) conducted a variety of behavioral and other 
toxicity studies with Chinook salmon and rainbow trout exposed to copper.  In these studies they 
used well water that was diluted with deionized water and spiked with copper to obtain a 
hardness, alkalinity, and pH that simulated those in Panther Creek, a mine-affected stream in 
Idaho.  The avoidance response of the Chinook salmon was statistically significant for 0.8 and 
2.8–22.5 µg/L copper but was not significant for a 1.6 µg/L copper treatment.  Since the 
avoidance responses (percent time spent in test water) were similar between the 0.8, 1.6, and 3 
µg/L treatments, but the 1.6 µg/L treatment had fewer replicates than the other treatments (10 vs. 
20), the lack of statistical significance for the 1.6 µg/L treatment was probably an artifact of the 
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different sample sizes rather than a true lack of response.  Rainbow trout consistently avoided 
copper at concentrations of 1.6 µg/L and above.  To simulate avoidance responses that might 
result on exposing fish to background levels of copper, Hansen et al. (1999a) acclimated both 
Chinook salmon and rainbow trout to 2 µg/L copper for 25 days, and repeated the avoidance 
experiments.  They observed that the avoidance response of Chinook salmon was greatly 
dampened such that no copper treatments resulted in statistically significant responses.  In 
contrast, the avoidance response of rainbow trout was unaffected by the acclimation.  This 
dramatic difference between Chinook salmon and rainbow trout avoidance was so unexpected 
that Hansen et al. (1999a) ran a second set of experiments that yielded the same results.  
Background dCu concentrations (<4 µg/L) are commonly observed in natural waterways, yet 
Chinook salmon failed to avoid any higher dCu concentrations following an acclimation to a 
nominal 2 µg dCu/L.  Importantly, if Chinook salmon will not avoid any dCu concentrations 
following acclimation to low dCu concentrations, the behavioral defense against chronic and 
acute exposures to dCu is lost, and high mortality or chronic physiological effects are probable if 
subsequent higher levels of dCu exposure occur.  Unlike Chinook salmon, dCu-acclimated 
rainbow trout preferred clean water and avoided higher dCu concentrations.  Other differences 
between Chinook salmon and rainbow trout avoidance responses to copper were that addition of 
4 and 8 mg/L dissolved organic carbon (DOC) did not appreciably affect the avoidance response 
of Chinook salmon to copper, nor did altering pH across a range of 6.5 to 8.5.  In contrast, the 
addition of DOC (4 and 8 mg/L) did reduce the avoidance response of rainbow trout to copper.  
Although variable, avoidance responses of rainbow trout were slightly stronger at pH 7.5 and 8.5 
than at 6.5 (Marr et al. 1995). 

A further repeated finding from these laboratory avoidance tests was that although 
rainbow trout, steelhead, and Chinook salmon avoided low concentrations of dCu, they were 
apparently intoxicated and sometimes attracted to very high concentrations (Giattina et al. 1982, 
Hansen et al. 1999a, Chapman unpubl. data).  The direct relevance of laboratory avoidance 
studies to the behaviors of fish in the wild is debatable since in natural waters fish likely select 
and move among habitats based on myriad reasons such as access to prey, shelter from predators, 
shade, velocity, temperature, and interactions with other fish.  In contrast, laboratory 
preference/avoidance tests are commonly conducted under simple, highly artificial conditions to 
eliminate or minimize confounding variables other than the water characteristic of interest.  
Laboratory tests may overestimate the actual protection this behavior provides fish in 
heterogeneous, natural environments (Hartwell et al. 1987, Korver and Sprague 1989, Scherer 
and McNoil 1998). 

However, at least one study suggested that experimental avoidance responses observed 
with salmonids are relevant to fish behaviors in the wild.  From 1980 to 1982, sublethal levels of 
a contaminant (fluoride) from an aluminum mill at the John Day Dam on the Columbia River 
were associated with a significant delay in salmon passage and decreased survival (Damkaer and 
Dey 1989).  Salmon took an average of 36 hours to pass up the fish ladder at the Bonneville and 
McNary dams compared to 157 hours delay at the John Day Dam.  Greater than 50% mortality 
occurred between the Bonneville and McNary dams (above and below the John Day dam), 
compared to about 2% mortality associated with the other dams.  Damkaer and Dey (1989) 
introduced similar levels of the contaminant in streamside test flumes alongside a salmon 
spawning stream (Big Beef Creek, Washington).  Significant numbers of adult Chinook salmon 
failed to move out of their holding area and continue upstream; those that did move upstream 
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chose the noncontaminated side of the flume.  By adjusting the dose, Damkaer and Dey (1989) 
predicted a threshold detection limit for avoidance by salmon.  The mill subsequently reduced its 
release of the contaminant to below these experimental threshold levels, which did not show a 
response in the streamside tests.  Afterwards, fish passage delays and salmon mortality between 
the dams decreased to 28 hours and <5%, respectively (Damkaer and Dey 1989).  This study 
suggested that the delay due to avoidance of a chemical affected the spawning success of 
migrating adult salmonids.  These results are also consistent with the field studies of salmon 
migration in copper-contaminated streams and from laboratory avoidance/preference testing.  
Experimental avoidance/preference testing thus appears to be relevant to fish behavior in nature. 

Other Adverse Effects 

The focus of this literature synthesis is sensory effects of copper on juvenile salmonids.  
However, other adverse effects of copper to salmonids reported in the literature include 
weakened immune function and disease resistance, increased susceptibility to stress, liver 
damage, reduced growth, impaired swimming performance, weakened eggshells, and direct 
mortality (McKim and Benoit 1971, Stevens 1977, Schreck and Lorz 1978, Waiwood and 
Beamish 1978a, 1978b, Chapman 1982, Farag et al. 1994, Marr et al. 1996, Farag et al. 2003).  
While a comprehensive review of other adverse effects of copper on fish is beyond the scope of 
this synthesis, we discuss several studies of interest below. 

Stevens (1977) reported that preexposure to sublethal levels of dCu interfered with the 
immune response and reduced the disease resistance in yearling coho salmon.  Juvenile coho 
salmon were vaccinated with the bacterial pathogen Vibrio anguillarum prior to copper exposure 
to investigate the effects of copper upon the immune response and survival.  Following copper 
exposure (9.6–40 µg/L), surviving juveniles were challenged under natural conditions to V. 
anguillarum, the causative agent of vibriosis in fish.  Vibriosis is a disease commonly found in 
wild and captive fish from marine environments and has caused deaths of coho and Chinook 
salmon.  Coho salmon were exposed to constant concentrations of dCu for about one month at 
levels that covered the range from no effect to causing 100% mortality, 9.6–40 µg/L.  The 
antibody titer level against V. anguillarum was significantly reduced in fish exposed to 13.9 µg/L 
of dCu when compared to that developed in control fish.  The survivors of the dCu bioassays 
were then exposed in saltwater holding ponds for an additional 24 days to the V. anguillarum 
pathogen.  The unvaccinated, non-dCu exposed control fish had 100% mortality and the 
vaccinated, non-dCu exposed fish had the lowest mortality.  The vaccinated, dCu-exposed fish 
had increasing mortality corresponding to the lower antibody titer levels which in turn 
corresponded to the increasing dCu exposure levels.  Therefore, dCu exposure can significantly 
reduce a fish's immune function and disease resistance at concentrations as low as 13.9 µg/L 
following 30 days of exposure (Stevens 1977). 

Schreck and Lorz (1978) studied the effects of copper exposure to stress resistance in 
yearling coho salmon.  Fish that were exposed for 7 days to 15 µg/L dCu and unexposed control 
fish were subjected to severe handling and confinement stress.  Copper-exposed fish survived 
this additional stress for a median of 12–15 hours while control fish experienced no mortality at 
36 hours.  Schreck and Lorz (1978) concluded that exposure to copper placed a sublethal stress 
on the fish which made them more vulnerable to handling and saltwater adaptation.  Further, 
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they hypothesized that dCu exposure may make salmonids more vulnerable to secondary stresses 
such as disease and pursuit by predators. 

Exposure of brook trout (Salvelinus fontinalis) eggs to 17.4 µg dCu/L for 90 days 
resulted in weakened chorions (eggshells) and embryo deformities.  After hatching, poor yolk 
utilization and reduced growth were demonstrated.  These overall weakened conditions may 
reduce survival chances in the wild (McKim and Benoit 1971, McKim 1985).  Copper 
accumulation in the liver of rainbow trout caused degeneration of liver hepatocytes, which 
resulted in reduced ability to metabolize food, reduced growth, or eventual death (Leland and 
Carter 1985, Farag et al. 1994, Meyer 2005).  Waiwood and Beamish (1978a), Chapman (1982), 
Seim et al. (1984), McKim and Benoit (1971), and Marr (1996) have also observed reduced 
growth of salmonids in response to chronic copper exposures as low as 1.9 µg/L.  Waiwood and 
Beamish (1978b) reported that rainbow trout exposed to copper levels had reduced swimming 
performance (10, 15, 20, 30 µg/L dCu) and reduced oxygen consumption (25, 40 µg/L dCu) 
apparently due to gill damage and decreased efficiency of gas exchange. 

In sum, there is a large body of literature showing that behavior of salmonids and other 
fishes can be disrupted at concentrations of dCu that are only slightly elevated above background 
concentrations.  Further, dCu stress has been shown to increase the cost of maintenance to fish 
and to limit oxygen consumption and food metabolism.  Reduced growth may result in increased 
susceptibility to predation, and impaired swimming ability may result in reduced escape reaction 
and prey hunting, with a possible consequence of reduced survival at the population level.  We 
summarize selected examples of effect concentrations reported with copper for several different 
types of effects in Table 1 of this technical memorandum.  In general, typical copper exposures 
probably do not kill juvenile salmonids directly until concentrations greater than about 10 times 
that of sensory thresholds, and then only if the concentrations are sustained for at least several 
hours.  In selecting these examples, we sought to list representative effects and concentrations 
rather than extreme values that could be gleaned from the literature.  However, the selected 
examples do not constitute an exhaustive review of the effects of copper to fish; more general 
reviews of effects of copper to fish and other aquatic organisms are available elsewhere (Leland 
and Carter 1985, Sorensen 1991, Eisler 1998, USEPA 2007). 
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IMPORTANCE OF ESTUARINE HABITAT TO CENTRAL CALIFORNIA 

STEELHEAD (ONCORHYNCHUS MYKISS) GROWTH AND MARINE 

SURVIVAL 

Morgan H. Bond 

ABSTRACT 

Estuaries are important rearing areas for many juvenile fishes and invertebrates. Often 

viewed as nursery habitats, estuaries are productive waters affording high growth 

potential and protection from predation. Juvenile anadromous salmonids move 

through estuarine waters during their annual migration from stream habitats to ocean 

waters where maturation occurs. In central California, near the southern extent of the 

steelhead (Oncorhynchus mykiss) range, estuaries often form seasonal freshwater 

lagoons, primarily during summer low flow conditions. To investigate the role that 

estuaries play in southern steelhead survival, I monitored juvenile size and growth 

and size at ocean entry of returning adults in Scott Creek, a representative central 

California coastal stream. During the annual spring emigration, the largest smolts 

(>150 mm fork length) move directly to sea, while some of the smaller smolts remain 

in the estuary until sandbar formation creates a closed freshwater lagoon. They 

remain in estuarine habitat at least until bar breakage during winter storms. High 

growth rates in the estuarine lagoon throughout the summer result in a doubling of 

fork length from the time of estuary entry (mean FL of spring migrants-112 mm, 

mean FL of fall lagoon resident-206 mm). Morphological analysis of returning adult 

steelhead scales indicates that there is strong size-dependent mortality at sea. Based 
 



 

upon tagged recaptures and scale samples, estuary-reared steelhead show a large 

survival advantage and comprise 85% of the returning adult population despite being 

between 8% and 48% of the juvenile population. Although the Scott Creek estuary 

comprises less than 5% of the watershed area, it is critical nursery habitat, as estuary-

reared juveniles make a disproportionate contribution to the spawning adult pool.
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INTRODUCTION: 

Pacific salmon, including both semelparous salmon and iteroparous steelhead, 

are born in freshwater rivers and streams, and eventually move to the ocean to grow 

and mature before returning as adults. Because of their anadromous nature, salmonids 

inherently encounter several distinctly different habitats throughout their life-history. 

The effects of differential habitat use on growth and survival of individuals may play 

large roles in their recruitment to the adult population, and has been the focus of 

extensive study (Reimers 1973; Mitro and Zale 2002; Harvey et al. 2005).  

 During their seaward migration salmon may enter estuarine habitats, which 

vary widely in their physical characteristics (Healey 1991). Estuaries are of particular 

interest because they have been found to be nursery habitats for many species of 

fishes and invertebrates (Sogard 1992; Yamashita et al. 2000; Epifanio et al. 2003; Le 

Pape et al. 2003; Brown 2006). These nurseries provide a productive area that allows 

juveniles who use them to recruit disproportionately to the adult population compared 

to those from other habitats, because of the increased growth and survival nurseries 

afford (Beck et al. 2001). Salmon utilizing estuarine habitats have been well 

documented for rivers from British Columbia to central California (Reimers 1973; 

Levy and Northcote 1982; Dawley et al. 1986; McCabe et al. 1986; MacFarlane and 

Norton 2002). However, the time spent in an estuary, and the benefits received from 

that habitat may vary widely among species and watersheds. Some salmon move 

through estuaries in days, while others remain for months (Reimers 1973; Myers and 
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Horton 1982; MacFarlane and Norton 2002; Miller and Sadro 2003; Bottom et al. 

2005).  

Several theories have been proposed to explain why salmon may choose to 

remain in estuarine waters, postponing their eventual ocean migration. Estuaries can 

be extremely productive and may provide excellent opportunities for growth due to a 

complex invertebrate prey community and warmer water temperatures that cannot be 

found in freshwater tributaries (Boehlert and Yoklavich 1983; Macdonald et al. 1987; 

Shreffler et al. 1992). Estuaries may also provide a habitat where young salmon can 

avoid predation because visual predators may be limited by the potentially turbid 

nature of estuarine waters (Simenstad et al. 1982; Gregory 1993; Thorpe 1994)). 

Finally, because the physiological adaptation from a freshwater to a marine 

environment can be energetically costly, the estuary may provide a transition zone 

where fish can acclimate to increasing salinity before entering the ocean (Iwata and 

Komatsu 1984). 

 Estuaries of smaller coastal watersheds in the southern margin of North 

American Pacific salmon and steelhead distributions commonly form ephemeral 

freshwater lagoons. These lagoons are the products of low summer flow regimes that 

cannot displace ocean sand deposition at the estuary mouth. Eventual formation of a 

sandbar effectively blocks surface connectivity with the ocean, and reduces the tidal 

influence on the system, creating a warm, mostly freshwater, slow moving body of 

deep water. Summer temperatures in these systems can be substantially greater than 

temperatures in upstream tributaries, and may at times be near the thermal tolerance 
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limit of steelhead (~25° C) (Myrick and Cech 2004). Lagoon conditions are generally 

present until the first winter freshet1 increases stream flow and removes the sandbar, 

opening the estuary to the ocean. The development of lagoon conditions and their 

effects on salmonids is not well understood, although a recent study has shown a 

lagoon2 environment to be beneficial to the growth of steelhead in central California 

(Hayes, unpublished data). Steelhead hatch in upstream waters and tributaries of 

creeks and spend some portion of time there before migrating toward the ocean. 

Many move quickly through estuary and enter the ocean, while others remain in the 

estuary habitat for an additional 6-9 months before ocean entry.  

 Throughout much of their range, steelhead populations continue to decline 

despite a federal Endangered Species Act (ESA) listing. This loss has been attributed 

to habitat loss, water loss and poor land management (Nehlsen et al. 1991; Busby et 

al. 1996). Still, the factors effecting steelhead population dynamics are not well 

understood, and few studies have looked at juvenile rearing habitats and their effect 

on survival for these threatened populations. Ward and Slaney (1989) found a strong 

size-dependent ocean survival in British Columbia’s Keogh River steelhead, with the 

largest smolts exhibiting a higher survival than the smaller migrants. In their 

landmark study of central California coastal steelhead, Shapovalov and Taft (1954) 

suspected the Waddell Creek estuary as potential beneficial rearing habitat: 

                                                 
1 A freshet refers to the sudden large increase in stream flow resulting from locally heavy rains.   
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 “It is possible that the fish of the age 1 group have a strong tendency to stay in 

the lower stream and lagoon in order to make use of the extremely favorable living 

conditions there, while the fish of the age 2 group have reached a size where they can 

most favorably make use of the growing conditions found in the ocean.” 

However, neither Ward and Slaney (1989), nor Shapovalov and Taft (1954) 

were able to attribute survival of returning adults to a particular juvenile rearing 

habitat. Although young steelhead have been observed in estuaries (Dawley et al. 

1985; Quinones and Mulligan 2005), the effects of that habitat on juvenile-to-adult 

survival has not been evaluated. Higher ocean survival of estuary-reared steelhead 

would implicate the estuary as an important nursery habitat despite its small 

proportion of all freshwater habitats. In light of population declines it is necessary to 

make the link between individuals that recruit to the reproductive population, and the 

factors that may have lead to their survival. 

 In this thesis, I address several questions to determine whether coastal 

California estuaries may serve as juvenile steelhead nursery habitats: Do steelhead 

from Scott Creek exhibit evidence of size-selective survival at sea? Are emigrating 

steelhead from estuarine and upstream habitats different sizes upon ocean entry? Do 

juvenile steelhead experience differential growth between upstream and estuarine 

habitats? and Do estuarine reared steelhead have a disproportionately higher ocean 

survival than those from exclusively upstream habitats? To investigate these 

questions, I have quantified the size distribution and abundance of downstream 

migrants and estuary-reared juvenile steelhead. I compared those data to the juvenile 
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characteristics of surviving adults using scale morphologies to determine what 

contribution estuary-reared steelhead made to the adult population. In addition, I used 

passive integrated transponder (PIT) tags to monitor juvenile-to-adult survival rates of 

individuals from both estuarine and upstream habitats.       

METHODS 

Study System: 

Scott Creek is a small coastal California watershed draining approximately 

75km2. It empties into the Pacific Ocean 80km south of San Francisco (37° 02' 28" N 

and 122° 13' 50" W) (Figure 1). Large waterfalls form impassable barriers on each of 

the main tributaries, thereby restricting access by anadromous fish to just 23 km of 

stream. Flow in Scott Creek is highly variable with peak winter flows reaching 28 m3 

s-1 (Hayes, unpublished data). Summer and autumn flows, however, may be reduced 

to 0.08 m3 s-1 during an average year, and during extreme droughts the stream may 

run dry in the lower reaches. Substratum throughout the watershed is mudstone 

cobble with the exception of the Big Creek tributary, which is partially granitic 

cobble. The upper portion of the watershed is comprised of a high gradient stream 

dominated by a thick coastal redwood (Sequoia sempervirens) canopy. The lower 

gradient main stem of the creek has a lower density overstory cover primarily 

produced by alders (Alnus sp.), with understory dominated by willows (Salix sp.). An 

area of low-lying stream near the ocean forms a small estuary, which is subject to 

periods of high salinity during large tidal and swell events. The estuary is surrounded 

by a bullrush (Scirpus californicus) marsh. Like many coastal California streams, a 
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sandbar forms each summer or fall, which causes the estuary to become a freshwater 

lagoon with infrequent saltwater input from ocean surges.  

Native fishes of Scott Creek include steelhead, coho salmon (Oncorhynchus 

kisutch), threespine stickleback (Gasterosteus aculeatus), prickly sculpin (Cottus 

asper), coastrange sculpin (Cottus aleuticus), and tidewater goby (Eucyclogobius 

newberryi). Juvenile starry flounder (Platichthys stellatus), and Pacific staghorn 

sculpin (Leptocottus armatus) are infrequently observed in the estuary. A small 

conservation hatchery has been operated continuously on Scott Creek since 1982, 

spawning a small number of steelhead and coho salmon each spring that are at least 

one generation removed from the hatchery (Hayes et al. 2004). Like many southern 

populations, steelhead in Scott Creek are listed as threatened by the ESA because of 

low population numbers, despite a relatively unaltered watershed. 

 Species: 

 Steelhead, Oncorhynchus mykiss, also known as the sea-run rainbow trout, is 

an anadromous fish endemic to much of the western coast of North America. 

Although it shares the Oncorhynchus genus with seven species of Pacific salmon, all 

salmon are semelparous, whereas steelhead have the potential to be iteroparous and 

will return to the ocean after spawning if possible. Like salmon, steelhead have the 

ability to move between fresh and saltwater through a series of physiological changes 

that alter the function of their osmoregulatory system. Adult steelhead in central 

California return from the ocean and begin entering the stream in the winter, 

following the first freshet (usually late December or early January), with the numbers 
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of returning adults peaking in February or March, and continuing through late April 

(Shapovalov and Taft 1954; Hayes et al. 2004). Adults spawn in loose gravel in the 

main stem and tributaries, and superimposition of redds (nests) may occur as 

preferred spawning habitat is used multiple times. Egg development time depends on 

water temperature, but juveniles are generally observed emerging from the gravel 

four to six weeks after spawning (Shapovalov and Taft 1954) (Figure 2). Upon 

emergence, juveniles begin exogenous feeding and may remain in the stream from 

one to four years as parr before beginning the downstream migration (Shapovalov and 

Taft 1954). Downstream migration of juvenile steelhead begins in the late winter and 

early spring as a response to lengthening days triggers some parr to undergo 

physiological, morphological and behavioral changes in preparation for ocean life, 

thus becoming smolts (Zaugg and Wagner 1973; Hoar 1976; Handeland and 

Stefansson 2001). The seaward migration of smolts generally peaks in late April or 

May. During migration, smolts encounter estuarine water just prior to ocean entry, 

and some percentage of the migrants remain in that habitat. Fish remaining in the 

estuary may continue to occupy that habitat for an additional 6-9 months before 

entering the ocean. Steelhead generally remain at sea for 1-2 years before returning to 

spawn, although a small percentage of spawners have spent three years in the ocean. 

It is generally unknown what ocean habitats are utilized by central California 

steelhead, but through limited ocean captures it is safe to assume that at least some 

adults move far offshore during their ocean migration (Burgner et al. 1992). 
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Methods Overview 
 
 To effectively demonstrate what influence the estuary has on the survival rate 

of steelhead at sea, it is important to sample both the juvenile and adult populations. 

Initially, I measured the strength of size-dependent ocean survival with a population 

of marked hatchery-reared smolts. Then, I monitored growth rates of wild fish in both 

upstream and estuary waters to examine the potential benefits of each habitat type. 

Additionally, I evaluated the abundance and size distribution of downstream 

migrating juveniles (smolts), and those fish that remained in the estuary area 

throughout the summer and fall. Some of the wild individuals were tagged for later 

identification to measure individual growth and survival rates. Finally, scale samples 

were taken from returning adults to identify the size at initial ocean entry and classify 

the juvenile rearing habitat (i.e., upstream or estuary) through scale morphology.  

 

Estimation of the strength of size selective mortality at sea 

In order to determine whether processes of size-selective ocean survival could 

be driving differential return rates of estuarine and upstream reared fish, I utilized a 

population of hatchery smolts released in the spring of 2003. I measured the fork 

length (FL) of 562 hatchery-raised smolts from a pool of 6880 individuals, one week 

prior to release from the hatchery. Hatchery fish in Scott Creek enter the ocean soon 

after release (Hayes et al. 2004), therefore I assume that the size distribution of 

hatchery fish prior to release closely resembled the distribution that entered the ocean. 

All fish released from the hatchery were adipose fin clipped to permanently mark 
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their origin as hatchery-reared. Hatchery fish from the 2003 cohort that returned from 

the ocean as adults in the winter and spring of 2004 and 2005 as 1-and 2-year ocean 

fish were sampled to determine the size at ocean entry of surviving adults, and the 

extent of size-dependent survival. Initial size at ocean entry was back-calculated from 

scale samples using a method described below. The size at release of hatchery smolts 

was compared to the size at ocean entry of returning hatchery adults with a two-

sample T-test to determine whether processes of size-dependent ocean survival were 

having a strong effect on the resulting adult population. 

Sampling of Returning Adult Steelhead 

To determine the strength of size-dependent mortality, adults that returned 

from the ocean in the winter and spring of 2004 and 2005 to spawn were sampled 

with a floating resistance panel weir, operated daily during the spawning run (Tobin 

1994). The weir had a trap box with a one-way door to capture all steelhead moving 

upstream. The weir operated in stream flows up to 7 m3 sec-1, beyond which the 

resistance panels fold flat and allow water and debris to flow over the top. Although 

the successful operation of the weir was flow dependent, 60-80% of the returning 

adult population were successfully sampled during normal years, as determined by a 

mark-and-recapture estimate (Hayes, unpublished data). Upon capture each fish was 

identified as either hatchery or wild origin, measured to the nearest 0.5 cm FL, and 

weighed to the nearest 0.1 kg. A sample of 10-15 scales was taken from a standard 

area, just above the lateral line on a diagonal between the posterior attachment of the 

dorsal fin and the anal fin (Maher and Larkin 1954). All scale samples were 
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positioned onto waxed weighing paper, which was placed in a labeled envelope and 

dried for preservation. 

Scale Analysis 

 I used the relationship between fish size and scale size to determine the size 

at ocean entry of surviving hatchery adult steelhead from the 2003 smolt class. To 

prepare scale samples for analysis, each wax paper containing dried scales was 

removed from its envelope and placed under a dissection microscope. All scales were 

scanned to find the most original, uniform scale available. Original scales (compared 

to regenerated scales) have complete circuli forming concentric rings from the edge to 

the core, or focus, of the scale. Scales are also judged for uniformity of shape. Scales 

that are symmetrical and not overly oblique are preferred for analysis. Up to six of the 

most original and uniform scales were placed on slides, and flattened with a cover 

slip. Cover slips were fixed into place with transparent tape. Scales that were original 

and uniform, but too dirty to be accurately read, were placed into 1ml microcentrifuge 

tubes with de-ionized water. The tubes were then floated in an ultrasonic bath for 5 

minutes at 37º C. Upon removal from the tubes, clean scales were dried on Kim-

Wipes, and quickly flattened on the slide with a cover slip and allowed to dry flat. 

Scales were photographed using a microscope mounted Nikon digital camera 

(DXM1200 3840 x 3072 pixels). The most original, uniform scale from each slide 

was photographed and saved as an uncompressed TIFF file.  
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Once each scale had been photographed, OPTIMAS software (Media 

Cybernetics, Inc., Silver Spring, MD) and a custom macro were used to analyze for: 

total scale radius (SR, the distance from the focus to the edge of the scale), radius at 

ocean entry (OER, the distance from the focus to the ocean entry check), number and 

spacing of each freshwater and ocean circulus, and number of ocean annuli (Figure 

3). For ease of reading, all measurements were made 20º off of the longest axis. A 

qualitative score for each analysis was noted on a scale of 1-3, with a score of 1 being 

a very original, normally shaped scale with a high reading confidence. Only scales 

with a score of 1 or 2 were used in further analyses.   

 There is a strong relationship between fish size and scale size, therefore fish 

size can be back-calculated from scale size (Ricker 1992). The FL at initial ocean 

entry was back-calculated on scales from adult steelhead using a regression of FL on 

SR. The regression was created with original scales from 1251 juvenile and adult 

steelhead representing the complete range of sizes available. The relationship 

between SR and FL (Figure 4) is described by:  

    

(Eqn. 1)   FL (mm) = 0.1686 SR (microns) + 34.872 

(R2=0.97) 

 

An intercept of 34 mm agrees with other published values of FL at initial scale 

formation for O. mykiss (Snyder 1938; Kesner and Barnhart 1972; Hoplain 1998). 

There is some discussion in the literature as to the most appropriate method for back-
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calculation of size (Francis 1990; Panfili and Troadec 2002). However, the Fraser-

Lee method is widely used, and recent studies have empirically demonstrated its 

reliability in several fish species, including O. mykiss (Davies and Sloane 1986; 

Klumb et al. 1999). I employed the Fraser-Lee method (Fraser 1916; Lee 1920) in all 

back-calculations using the formula: 

 

(Eqn. 2)   Loe=((Lc-c)(Roe/Rc)+c) 

where 

 Loe = fork length at ocean entry of juvenile in mm 

 Roe = Scale radius at ocean entry of juvenile in microns 

 Lc = fork length of adult at capture in mm 

 Rc = Scale radius of adult at capture in microns 

 c = intercept from (FL) on scale radius (SR) regression (Eqn. 1) 

 

Size at ocean entry of upstream and estuarine reared juveniles 

 To determine whether juvenile steelhead from both upstream habitats and the 

estuary entered the ocean at different sizes and numbers, I trapped spring downstream 

migrants (smolts) each winter and spring (Jan.-June) and sampled the estuary 

population each fall (Oct.-Dec.). To determine both the number and size of 

downstream migrants, I placed a fyke net across the stream approximately 50m 

upstream of the estuary (Figure 1). The fyke net consists of a series of 91cm diameter 

steel hoops, covered in 6.4 mm (¼”) nylon mesh that are separated by mesh cones 
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that allowed fish to enter but prohibit their escape. The net has two 1.2m tall seine 

type wings, which were affixed in the stream to produce a “V” shape and help collect 

downstream-moving fish in the net. The net was generally run three days per week; 

however, storm events periodically prohibited the net from being operated. To 

estimate the number of downstream migrants (Nm), I first calculated net efficiency (E) 

by releasing a known number of hatchery fish, which are assumed to move rapidly 

toward the ocean (Hayes et al. 2004) upstream of the net, and count the number 

captured (Table 2). Net efficiency was estimated as the percentage of hatchery fish 

caught, and used to estimate the number of wild downstream migrants with the 

following equation: 

  (Eqn 3)  Nm=(Cm*365)/E 

Where 

 Nm = Estimated number of downstream migrants 

 Cm = Mean daily catch 

 E= Trap efficiency  (Number of hatchery fish caught/number of hatchery 

released) 

 Steelhead captured in the fyke net were placed in aerated buckets until 

sampling was complete. Each fish was measured to the nearest mm FL, and mass was 

measured to the nearest 0.01 gram. A sample of 10-15 scales was taken by running 

the blade of a pair of scissors in the posterior to anterior direction lightly along the 

side of the fish. Scales were routinely taken from the left side of each fish, but if there 

was damage to that area scales would be taken from the opposing side. All scales 
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were placed on waxed weighing paper and dried for later analysis. Finally, each fish 

≥65 mm FL was scanned for a Passive Integrated Transponder (PIT) tag, using a 

handheld tag reader (Allflex USA, Dallas Fort Worth Airport, TX.). If no tag was 

found, then one would be injected using a sterile 12 gauge needle. PIT tags carry a 

unique identification code so that each fish can be identified later for measurements 

of individual growth and survival. After sampling, fish were returned to an aerated 

black bucket to recover for a minimum of 10 minutes before release into the stream. 

All data was recorded on a Palm handheld computer in the field, and was uploaded 

to a Microsoft Access database daily.    

The estuary habitat was sampled each summer and fall to determine both the 

population size and the size distribution of estuary juveniles just prior to ocean entry. 

The estuary habitat, which I define as the area from the beach at the mouth of Scott 

Creek to approximately 800 m upstream (Figure 1), was sampled monthly using a 

modified 30 m x 2 m nylon beach seine. A large 2 m x 2 m, 6.4 mm (¼”) mesh bag 

was sewn into the center of the seine to help collect fish in the deeper portions of the 

estuary where pulling the net onto land was not possible. The entire estuary was 

seined as thoroughly as possible in 50 m sections each month, with the exception of 

the upper 200 m. Extremely dense plant cover dominated the upper estuary and 

seining was impossible. All fish were placed into mesh containers in the estuary until 

all seining was complete, so that fish could not be collected twice. Estuary steelhead 

were sampled using the same protocol as trap captured downstream migrants. 
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However, the estimation of size at ocean entry required adjusting the size distribution 

of the last sampling each fall to account for growth occurring between the last 

sampling and sandbar breakage. To do this, growth rates from the last sampling event 

(see: Differential growth of estuary and upstream fish, below), and the number of 

days between the last sampling and bar breakage were calculated and added to the 

final fall size distribution. Because the size distributions of spring downstream 

migrants and estuary fish could not be compared statistically between years due to the 

change in sampling technique and varying trap effectiveness, all fish were grouped 

into only two distributions; spring downstream migrants, and fall estuary fish. These 

two distributions were compared with a two-sample T-test.  

To estimate the population size in the estuary each fall, PIT tags were 

employed in a simple mark and recapture using the Petersen method (Roff 1973). 

After sandbar closure, I tagged a subset of the fish caught in the newly formed 

lagoon. In the month following the initial tagging, a new seining effort was performed 

to assess the number of tagged individuals present and estimate the population size. 

This process was repeated every month until winter rains made seining of the estuary 

impossible. The following equations were employed to estimate the estuary 

population size and variance: 

  

(Eqn 4)   Ne=CeMe/Re 

 (Eqn 5)   V(Ne) = (Me
2Ce(Ce-Re)) / Re

3 

Where 
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 Ne= Estimated estuary population size 

 Me= Number of individuals marked in the first seining 

 Ce= Number of individuals captured in the 2nd seining 

 Re= Number of individuals from the 2nd seining that are marked 

 V(Ne)= Variance of population estimate 

   

Because there are few predators of steelhead in the estuary, mortality is assumed to be 

negligible in the time between the first and second seining efforts. A mark and 

recapture was not conducted prior to sandbar closure because of the possibility of 

individuals entering the ocean and leaving the population during that time. In 

addition, the number of downstream migrants entering the estuary drops rapidly after 

June, and I assumed new input to be negligible (Hayes et al. 2004).   

 In addition to determining the number of fish from the upstream and estuary 

habitats, it is important to determine how both size class, and date of estuary entry 

affect the resulting estuary population. To do this, I compared the size distribution of 

all downstream migrants with the size distribution at downstream migration of those 

PIT tagged individuals that stayed in the estuary after sand bar closure. Data were 

organized into 15 mm FL bins from 85 mm to 145 mm, with all fish greater than 145 

mm being grouped into the last bin of >145 mm, and a Chi-squared test was used to 

compare the two distributions. 

 Sandbar closure often occurs in midsummer, late July or early August during 

years with normal rainfall. However, downstream migration of juvenile steelhead is 
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usually complete by early July. The individuals that remain in the estuary throughout 

the summer are therefore not simply fish that began their migration too late, and were 

forced to remain in the estuary until sandbar breakage in the winter.  To determine 

what effect timing of downstream migration had in determining what individuals 

remained in the estuary after sand bar closure, I compared the number of fish per day 

captured at the downstream migrant trap to the initial capture date for those PIT 

tagged individuals that remained in the estuary. The two resulting frequency-date 

distributions were compared with a two-sample T-test. 

Differential growth between estuary and upstream habitats 

To determine whether differential growth rates between the estuary and 

upstream habitats may be driving differences in size at emigration for the two 

populations I sampled fish in each habitat monthly. Upper watershed samples were 

collected at six sites in the upper watershed that were characteristic of the area and 

where juvenile steelhead were abundant (Figure 1). All sites were pool habitats that 

could be sampled effectively during low summer and fall stream flows, and are 

collectively referred to as upstream habitat, with no distinction between any of the 

sites. Fish were collected using a 3.2 mm (1⁄8”) mesh, 4 m x 1 m seine net, or hook 

and line. For both methods, all collected fish were placed in aerated buckets with 

fresh stream water until processing, and were sampled with identical methods to 

downstream migrants and estuary residents.  

During regular monthly juvenile sampling at each of the six upstream sites 

and the estuary, all fish were scanned for PIT tags as an indication of previous 
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handling. Fish with PIT tags were measured, and specific individual growth rates 

were calculated using the following equation:  

(Eqn. 6)   SPGR=100 x [ln(L2/ L1)]/(D2-D1) 

where  

L1 = FL at initial capture in mm 

L2 = FL at next successive capture in mm  

D1 = date of initial capture 

D2 = date of next successive capture 

SPGR = specific growth rate (% change in FL/day) 

A mean date of growth was assigned to each growth rate calculation as the midpoint 

between two fish measurement dates. Growth rates from fish at all upstream sampling 

locations were pooled, and mean growth rates for upstream fish and estuary fish were 

generated for each year. Growth rates for both 2003 and 2004 were grouped for each 

habitat, and were compared with a two sample T-test to look for differences in growth 

by habitat. 

 Finally, I investigated the relationship between mean fish growth and mean 

population density in the estuary after sandbar closure in 2003-2005 to explain 

potential differences between growth each year. To do this, I generated a regression 

of mean annual specific growth rate on mean annual estuary population size for each 

year from 2003-2005. Because the lagoon created by sandbar closure in the estuary 

each year is of similar size, I assume population size to be a good proxy for density.      
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Do estuary reared fish recruit disproportionately to the adult population compared 

to upstream reared individuals? 

Size at ocean entry of returning adults 

I used four methods to determine whether estuary fish were returning 

disproportionately to the returning adult population. In the first, I calculated the size 

at ocean entry of returning adults and compared that distribution with the sizes at 

ocean entry of emigrating juveniles. The second method involved the classification of 

returning adults to either upstream or estuary juvenile rearing habitat using a 

discriminant function analysis and measures of scale morphology. Additionally, I 

calculated return rates of adult steelhead that were PIT tagged as juveniles at one of 

the two habitats to determine relative survival rates for each habitat type. Finally, I 

analyzed scale microchemistry to determine whether elemental scale composition 

varied between scale growth in each of the two habitats, and whether that variation 

could be utilized to classify returning adults to freshwater habitat of origin.  

I back-calculated the size at ocean entry of wild returning adult steelhead 

utilizing the same scale measurement technique that was employed in the calculation 

of size at ocean entry for returning hatchery fish. Scale samples were collected from 

439 wild adults from spring of 2002 through spring of 2005. Although some 1-year 

ocean fish were captured and assigned to the 2004 ocean entry group, these samples 

were omitted from this analysis because of the potential bias of using only “early” 

returning fish to classify the entire 2004 cohort. After removals, 364 original, 

uniform, scale samples that received a score of 2 or better during reading were used 
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for the final analysis. Because of the difficulties of identifying freshwater annuli in 

adult scales, especially in estuary residents, returning adult steelhead were not 

assigned to a particular downstream migrant cohort for comparison. Instead, all 

returning adults were grouped together as one class, and compared to grouped estuary 

fish and downstream migrants from all years. Analysis of variance (ANOVA) was 

conducted to evaluate the relationship between fish FL and fish type. The 

independent variable, fish type, had three categories: spring downstream migrant, fall 

estuary, and FL at ocean entry of returning adults. Fork lengths for each group were 

data for all sampling years combined. Fork length was the dependent variable. 

Scale morphology DFA 

In addition to size, I used circuli spacing and spacing variance to distinguish 

between adults reared as juveniles in the estuary and those reared upstream. Circuli 

spacing in scales is correlated with growth in both coho (Oncorhynchus kisutch) 

(Fisher and Pearcy 1990; Fisher and Pearcy 2005), and sockeye salmon 

(Oncorhynchus nerka) (Fukuwaka and Kaeriyama 1997), therefore it is reasonable to 

assume that the relationship holds true for steelhead as well. The origin of fish in 

mixed stocks of hatchery and wild steelhead has been determined successfully by 

differences in scale morphology attributable to different growth regimes in the 

hatchery and the wild (Maher and Larkin 1954; Bernard and Myers 1996; Tattam et 

al. 2003). To provide an indication of estuary-derived growth, I calculated the mean 

circuli spacing and variance for the last 18 circuli of juvenile fish of all size classes 

from the upper watershed and estuary. Although many combinations of circuli were 
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tested in a stepwise fashion, the mean of the last 18 circuli was most effective at 

discriminating between prior habitat use, while simultaneously removing problems of 

non-independence in sampling. Upstream samples were collected throughout the 

year, but because individuals only use estuary habitat after a prior stay in the upper 

watershed, estuary samples were taken in the late fall when the estuary growth 

signature has been maximized. To separate upstream and estuary-reared juveniles, 

mean circuli spacing and the variance of circuli spacing were used in a discriminant 

function analysis (DFA). The mean spacing and variance of the last 18 freshwater 

circuli of scales from returning adults were then included in the DFA to classify the 

freshwater life-history path returning adults had utilized as juveniles.  

Ocean survival of PIT tagged juveniles    

In order to calculate the ocean survival of juvenile steelhead, I placed PIT tags 

in 640 steelhead at both the downstream migrant trap and the estuary in the spring 

and summer of 2003. Through mark and recapture, I was able to estimate the number 

of tagged fish that remained in the estuary after sandbar closure. Some returning 

adults in the winter and spring 2005 were carrying PIT tags from the 2003 

deployment (Adults returning in 2004 were checked, but no tags were found.). I used 

estimates of the number of juvenile PIT tagged fish from each habitat, and the 

number of returning adults from each habitat to calculate the survival rate of fish from 

each habitat. In addition, scale morphology was analyzed for each returning adult to 

determine whether the number of ocean years expressed on each scale matched with 
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expected time of ocean entry based on measured juvenile habitat use from PIT tag 

recaptures.        

Scale microchemistry 

22 

In addition to patterns of morphology, I explored scale microchemistry to 

identify periods of estuary residence. Because fish live in an aqueous environment, 

they obtain the raw materials for growth from both their diet, and the surrounding 

water. As calcified tissues are formed, fish incorporate many elements present in the 

water in the proportion they are found in the environment. It is fortuitous that the 

abundance of these elements varies in different water masses. Scales, comprised of a 

calcium phosphate matrix, have successfully been used as a historical record of 

habitat use where water chemistry varies between discreet regions (Wells et al. 2003). 

 To test whether estuarine residence was recorded in scales as an area of 

mixing between fresh and oceanic water, I used scales collected from juvenile 

steelhead that were sampled just prior to their entrance into the estuary and compared 

these to scales collected from the same individuals after at least one month of 

estuarine residence. Scales were cleaned under a laminar flow hood by placing them 

in a microcentrifuge tube with 2mL of Millipore Milli-Q ultrapure water. The 

microcentrifuge tubes were placed in an ultrasonic bath for 10 minutes to remove any 

surface material. Scales were removed from the microcentrifuge tubes and placed in a 

second, empty tube to dry. Dried scales were then mounted on petrographic slides 

with double sided tape (3M 665 permanent-linerless double coated tape). Scale 

chemistry was analyzed with a VG Excel quadrupole inductively-coupled plasma 



 

mass spectrometer (ICP-MS) coupled with a 193 nm Excimer laser. Scales were pre-

ablated with the laser to remove any possible surface contamination by running a 

laser transect from the focus to the edge along the same 20° offset that was used to 

measure scale morphology (travel rate: 60µm sec-1, spot size: 70µm, firing rate:1Hz). 

The scale sample was collected for introduction to the ICP-MS immediately 

following pre-ablation by running a second transect along the original transect (travel 

rate: 5µm sec-1, spot size:10µm, firing rate: 10Hz). Thirteen elements were targeted 

for analysis with the ICP-MS: 7Li, 24Mg, 43Ca, 55Mn, 65Cu, 66Zn, 88Sr, 137Ba, 138Ba, 

139La, 140Ce, 208Pb, 238U. Data were binned to generate a mean value for each five 

micron interval, and each element was converted to an elemental ratio with respect to 

calcium to account for differences in the amount of material introduced into the ICP-

MS. Transects from multiple scales taken from the same individuals over time were 

compared to ascertain how stable the chemical signal of each habitat was, and 

whether those signals were strong enough to identify juvenile habitat use in returning 

adult steelhead.       

RESULTS 

Estimation of the strength of size selective mortality at sea 
 
 Hatchery smolts released in April of 2003 encountered strong size selective 

mortality at sea. Smolts measured just prior to release had a mean FL of 158 mm 

(SD=35). Few hatchery fish were observed in the stream two weeks after the release 

date, and hatchery fish were not found to use the estuary habitat (Hayes et al. 2004) 
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Original scales were obtained from hatchery fish returning as adults in the 

winter/spring of 2004 and 2005 as 1-and 2-ocean year fish, respectively. Back-

calculation of FL at ocean entry indicated that the surviving adult population had a 

mean FL at ocean entry of 181.2 mm (SD=28.9), which was significantly larger upon 

ocean entry than the initial population of fish released from the hatchery (t(592)=4.47 

p<0.001, Figure 5). 

Size at ocean entry of upstream and estuarine reared juveniles 
 

 The mean FL of downstream migrating smolts in 2002 and 2003 was 110 

mm. The mean FL of 2004 downstream migrants was 92 mm, however, net mesh size 

was changed from 9.5 mm (3⁄8”) to 6.4 mm (¼”) and the net became more effective at 

catching the smaller individuals that were not sampled in 2002 and 2003. 

Additionally, high flows in the spring of 2005 prevented net operation until late in the 

season, and early migrants were not sampled. Because of these discrepancies in 

sampling, I did not compare downstream migrant size distributions between years. 

The total number of downstream migrating steelhead is estimated for 2003 and 2004 

(Table 1). No population size is estimated for 2002 or 2005 because of the lack of 

early season samples due to excessive stream flow. 

The size distribution of the estuary population upon bar breakage each winter 

varied by year, mean FL upon winter sandbar breakage was largest in 2003 at 213 

mm (SD=32), and smallest in 2004 at 182 mm (SD=26), but estuary fish from all 

years (2002-2005) were significantly larger than spring downstream migrating 

juveniles in the same years (t(455.4)=45.76 p<0.001, Table 2).  The estuary 
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population varied by year, but was between 8 (2004) and 48 (2003) percent of the 

downstream migrant population where estuary mortality is assumed to be low (Table 

1).   

Stay in estuary or go to sea? 

 Of the 298 fish I measured and PIT tagged at the downstream migrant trap in 

spring of 2003, 61 fish were recaptured in the estuary after sandbar formation in the 

fall. The initial FL at estuary entry was compared between the two groups of fish to 

determine what sizes of fish remained in the estuary. A Chi-Square test was used to 

compare the two distributions and a significant difference was found, indicating that 

the initial size of downstream migrants was larger than the initial size of those 

individuals that remained in the estuary χ2(5, N=359)=15.36 p=0.009. No fish with an 

initial estuary entry FL larger than 150 mm was observed after sandbar closure, 

indicating that those fish move to the ocean before bar formation (Figure 6). The 

mean downstream trap tagging date for all tagged fish and those that stayed in the 

estuary was not significantly different (t(227)=0.490, p=0.625) indicating that the 

timing of downstream migration did not have an effect on the resulting downstream 

migrant population, and fish from throughout the entire run inhabited the estuary after 

sandbar closure. 

Differential Growth Between Estuary and Upstream Habitats 

 Specific growth in the estuary was significantly greater than upstream habitats 

for 2003 and 2004 (t(501)=22.7, p<0.001, Figure 7 ). Mean growth in the estuary for 

2003 and 2004 was 0.36% increase in FL per day, while mean upstream growth was 
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0.06% increase in FL per day for the same period. A strong negative relationship 

between growth rate and population size among the three years sampled (R2=0.99), 

suggests that estuary growth rate among years is at least partially explained by 

differences in steelhead density among years (Figure 8).   

Do estuary reared fish recruit disproportionately to the adult population compared 

to upstream reared individuals? 

Size at ocean entry 

 To determine whether returning adults were recruiting disproportionately from 

one of the two general habitats, I compared the size at ocean entry of the two juvenile 

groups from 2002-2005 with the size at ocean entry of returning adults from the same 

years (Figure 9). For all sampling years combined, FL at ocean entry differed 

significantly among the spring downstream migrants, fall estuary residents, and back-

calculated returning adults (ANOVA: F(2, 1802)=2192.9, p<0.001). Post-hoc 

comparisons using the Tukey test indicated that there were significant differences 

among all three groups. However, the mean FL of spring downstream moving smolts 

for all years was 106 mm (SD=26, n=1108), while fall estuary fish was 198 mm 

(SD=33, n=331), and ocean entry FL of returning adults was 208 mm (SD=38, 

n=364).  

Habitat Classification by Circuli Spacing 

 In order to provide another independent measure of juvenile freshwater 

rearing habitat of returning adult steelhead, I used measures of scale spacing as a 

proxy for juvenile growth, with large spacing indicating faster growth and estuary 
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residence, and smaller spacing indicating lower growth and upstream residence. Mean 

circuli spacing of the last 18 circuli of scales from estuary (n=96) and upstream 

juveniles (n=92) were log transformed. Spacing was significantly different between 

upstream and estuary fish (t(186)=13.95 p<0.001, Figure 10). A discriminant function 

analysis (DFA) using mean spacing and variance of spacing of the last 18 freshwater 

circuli as predictors was performed to assign juveniles to their respective rearing 

habitat. The DFA jackknifed classification indicated an 86% correct assignment (83% 

for estuary, 90% for upstream) to either habitat. Scales from all adult fish with a 

reading score of two or better (n=406) were analyzed to determine the mean spacing 

and variance for the last 18 circuli prior to ocean entry. Spacing was significantly 

wider than either the estuary or upstream individuals F(2, 593)=151.8, p<0.001, 

Tukey post-hoc test. The DFA was then used to assign returning adult steelhead to 

one of the two juvenile rearing habitats (Upstream or Estuary) based upon the same 

parameters used to in the juvenile habitat assignment (mean spacing of the last 18 

circuli, variance of spacing).  Of the 406 adults analyzed, the DFA jackknifed 

classification matrix assigned 61 ±9 (15%) returning adults to upstream juvenile 

habitat, while 344 ±48 (85%) were assigned to estuary juvenile rearing habitat.  

Pit Tag Recaptures and Survival  

I estimated through mark and recapture that 1 in 10 steelhead in the estuary 

was carrying a PIT tag by December of 2003. In winter and spring of 2005, 142 

returning adult steelhead were sampled. Thirteen adults (7 males, 6 females) were 

carrying PIT tags implanted when they were juveniles. All 13 individuals were 
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observed in the estuary in 2003. Scale analysis indicated that all of the tag-carrying 

adults had only one year of growth in the ocean, indicating that they had not entered 

the ocean until spring of 2004. In addition, the PIT tagged adults maintained nearly 

the same tag ratio (1:10.9) in the returning adult population that I observed in the 

estuary in 2003, indicating that it is probable that many of the returning adults not 

carrying tags were also products of the estuary juvenile rearing environment. 

Ocean survival of all Scott Creek steelhead from 2003 was estimated from the 

percentage of PIT tag recaptures from adults captured in winter of 2005 and 2006 (no 

2003 tagged steelhead were captured in 2004). Thirteen tags were recovered in 2005, 

however, only 78% of returning steelhead were sampled (Hayes, unpublished data), 

which indicates that approximately 17 tagged steelhead returned that year. In 

addition, 4 tags were recovered in 2006, however, since the 2006 adult return season 

has not yet ended, there is no sampling efficiency currently available for 2006. A total 

of 640 juveniles were tagged at both the downstream migrant trap and the estuary in 

2003, which indicates a population-wide smolt-to-adult survival rate of at least 3.3%. 

However, all tags recovered were from estuary-reared fish, as revealed by tagging 

histories and scale analysis. I estimate that there were 254 tagged fish utilizing the 

estuary habitat in the fall of 2003 from the population size (2540) and the ratio of 

tagged to untagged fish (1:10). This indicates an 8.3% survival of the estuary-reared 

population.    
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Scale Microchemistry 

 Ratios of each elements or isotope to calcium along scale focus-to-margin 

transects were plotted for each fish to compare before and after estuarine growth 

samples. Most elements showed no significant change in ratio upon estuary entrance. 

However, the Mn:Ca and 138Ba:Ca ratios showed changes in their elemental ratios 

after estuary entrance (Figure 11). Unfortunately, these data also indicate that there is 

only partial stability between the samples, and previous signatures had been altered in 

the time between when each sample was taken. Given the short time between the first 

and second scale samples from each individual and the relative instability of chemical 

content, I can conclude that the chemical composition is likely not stable enough to 

retain signatures of estuary residence throughout the entire ocean phase.                  

 

DISCUSSION  

This study provides evidence for the importance of estuarine habitat to central 

California steelhead populations. A strong size-dependent ocean survival coupled 

with a large dichotomy in sizes between estuary and upstream-reared smolts, has led 

to a large survival advantage for the larger estuary-reared individuals. These patterns 

are driven by the difference in growth rates between productive estuary waters and 

the relatively oligotrophic upstream habitat.   

Estimation of the strength of size selective mortality at sea   

Although evidence of size selective survival is not new (Sogard 1997), the 

strength of size selective survival coupled with an extreme dichotomy in sizes of 
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ocean entry between the two general rearing habitats (upstream tributaries and 

estuary) could lead to size selective survival being the largest determinant in driving 

which individuals ultimately return to the adult population. Back-calculated size at 

ocean entry for 2003 hatchery juveniles as adults returning in 2004 and 2005 

indicated that small hatchery smolts (≤150 mm FL) were underrepresented in the 

returning adult population, and larger smolts (>200 mm) were overrepresented. These 

data support the size-biased survival proposed by Ward and Slaney (1989) for a 

northern stock of steelhead. Because few hatchery fish were observed in the upper 

watershed or estuary after planting, I assume that fish of all sizes completed the ocean 

migration and the resulting ocean-entry size distribution of returning adults was 

created through size-dependent selection in the marine environment. It has been 

shown that hatchery-reared salmon may experience lower overall survival in the 

marine environment (Jonsson et al. 2003). Although this inherent difference in smolt 

quality could be driving the size-biased survival in the resulting returns, I would 

argue that although hatchery fish may suffer a lower overall survival, the processes 

shaping the size distribution of surviving fish (i.e., predation, foraging success) 

should act similarly on both hatchery and wild populations. This would suggest that 

wild Scott Creek smolts should also experience a strong size-biased survival.  

Size at ocean entry of upstream and estuary reared juveniles 

Downstream migration 
 Spring downstream migrants enter the Scott Creek estuary at a relatively small 

size compared to smolting steelhead in more northern populations (Ward and Slaney 
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1988) (Figure 9). This is consistent with the relatively low growth rates observed in 

upstream habitats of Scott Creek (Hayes et al. 2006, unpubl. data), and what was 

observed by Shapovalov and Taft (1954) in nearby Waddell Creek. While the 

estimated number and mean size of downstream migrants differed annually (due to 

both a change in net mesh size and differences in flow affecting the number of days 

the net could be operated each year), these differences are minimal and still indicate 

that the vast majority of Scott Creek steelhead move downstream at a very small size.  

Estuary Residence 

 The estuary population of steelhead is comprised of juveniles that emigrated 

from the upper watershed in the spring and summer. The largest downstream 

migrants (>150 mm FL) move through the estuary and are not observed again as 

juveniles, indicating that they are large enough to move directly to sea without 

additional growth. It is certainly possible that young steelhead in Scott Creek are 

migrating at a small size specifically to take advantage of the favorable estuary 

growth potential. The estuary population each fall varied between 8 and 48% of the 

estimated total number of downstream migrants (in 2004 and 2003, respectively). 

However, 48% estuary utilization in 2003 is probably an overestimate, because a 

large mesh size was used in the downstream migrant trap that year, effectively 

underestimating the number of downstream migrants. Timing of sandbar formation 

does appear to impact the overall number of downstream migrants that will reside 

there. In years when high flow prevents early season sandbar formation, productive 

deep water is not found until the late summer and may harbor fewer fish. On the other 
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hand, early sandbar formation during low flow years leads to productive habitat being 

available during peak downstream migration, and may cause more fish to remain in 

the estuary throughout the summer.  

Differential growth between estuary and upstream habitats 

Growth rates in the estuary are extremely high, nearly 10 times what is 

observed in the upper watershed for some portions of the year (Figure 7). This leads 

to average downstream migrants doubling their FL with only a few months of estuary 

residence.  High growth is probably due to the abundance of gammarid amphipods 

(Gammarus sp.) in the estuary, which are a preferred food source of steelhead 

inhabiting coastal estuaries (Needham 1939). Although only qualitative surveys were 

performed, gammarids were not observed upstream of the lagoon. Incidentally, fall 

estuary fish were similar in size to smolts found in more northerly populations (Ward 

and Slaney 1988; Lohr and Bryant 1999). This may indicate that estuaries in central 

California are filling a role that upstream waters have in the northern part of the 

steelhead range.  

Although growth rates in the estuary were always higher than the upper 

watershed, growth in the estuary appears to be density-dependent, with growth rates 

decreasing as the number of fish utilizing the estuary increases. However, the 

decrease in growth rates with increasing fish density had little effect on the eventual 

size of fall estuary fish. This is probably due to annual flow regimes altering the 

number of days that productive lagoon conditions were available to young steelhead. 

Therefore, during low flow years when deep-water conditions formed earlier, the 
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population was larger and growth rates were lower, but each fish had a longer period 

of time to experience that habitat before winter bar breakage allows fish to move to 

sea. Because of this dynamic, fall estuary fish were very similar in size regardless of 

sandbar formation date and population size. It is important to note however, that the 

estuary is currently quite small and the sandbar formation dynamics may be very 

different since coastal development in the 1930’s restricted the Scott Creek estuary to 

a fraction of its historic size3. In fact, the severe alteration of the estuary is probably 

the largest anthropogenic change to the watershed, as much of the upper watershed 

remains in an undeveloped state.    

Juvenile steelhead growth in the estuary is relatively unaffected by 

competition for prey by other fish species. Coho salmon are abundant during some 

years in Scott Creek, but are rarely observed in the estuary, and do not appear to 

reside there for more than a few weeks. Threespine sticklebacks are often found in 

abundance in the estuary, although it is unclear how much competition for resources 

exists between these species.  

It is likely that estuary mortality is low in Scott Creek because there appear to 

be few predators. Unlike many estuaries, no marine mammals have been observed in 

the Scott Creek estuary. Prickly sculpin have been observed feeding on smaller 

steelhead in the upper watershed, however most steelhead entering the estuarine water 

were probably large enough to avoid predation by prickly sculpin. Avian predators 
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are an important source of mortality for estuarine salmonids, particularly steelhead in 

the Columbia River estuary, with birds consuming greater than 10% of the steelhead 

previously detected moving into the estuary (Ryan et al. 2003). Avian predators, 

while often present, are found in low numbers in the Scott Creek estuary. To a limited 

extent mergansers have been observed, but they appear to utilize upstream areas with 

riparian cover more readily than the open estuary habitat. In fact, the deeper estuarine 

water may provide a refuge from the avian predators (e.g., mergansers, Mergus sp.; 

kingfishers, Ceryle alcyon; great blue herons, Ardea herodias) that readily feed on 

steelhead in the shallower upstream waters. Further study is required to determine 

what effect predation has on the distribution and density of steelhead in the estuary. It 

is certainly possible though, that steelhead utilize the Scott Creek estuary specifically 

because of the excellent growth opportunity it provides, and the relatively low 

predation pressure compared to marine environments. Additionally, small coastal 

estuaries in central and southern California streams appear to function much 

differently than larger estuaries (e.g., Columbia River mouth, San Francisco Bay). 

Many of the larger estuaries have extensive populations of large piscivorous fish 

(e.g., cutthroat trout, Oncorhynchus clarki; striped bass, Morone saxatilis), and 

potentially vast communities of competitors (e.g., other salmonids, Oncorhynchus sp.; 

perch, Percidae; shad, alosa sapidissima; smelt, Osmeridae; sole, Soleidae) and 

extended residence in these areas may not offer the same advantages that smaller 

estuaries, with few other fish species may provide.     
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Do estuary reared fish recruit disproportionately to the adult population compared 

to upstream reared individuals 

Scale chemistry 

 Scale microchemistry indicated that there may be compelling trends in the 

chemical signatures imparted in calcified structures as an indicator of habitat use. 

However, there appears to be instability issues in the chemical composition of scales, 

with potential overwriting of previous chemistry (Figure 11). This may be due to the 

physiological changes associated with smoltification. Fish do have the capacity to 

draw upon scales when calcium is needed, and chemical signatures may be lost 

during that process (Persson et al. 1998; Persson et al. 1999; Kacem et al. 2000). In 

addition, when estuary sandbar formation occurs, the estuary often becomes mostly 

freshwater, which may be nearly identical in chemistry to the upstream tributaries. 

What few pockets of salinity remain during this time become hypoxic, reduced 

environments over time and are easily avoided by inhabiting steelhead. Although 

chemical analysis of scales indicated some patterns of interest, more work is needed 

to establish the potential for long-term stability in anadromous fish.    

Size at ocean entry   

Back-calculation of size at ocean entry from the morphological characteristics 

of scales from returning adults indicates that surviving adults were quite large as 

juveniles at ocean entry. In fact, the vast majority of survivors were so large at ocean 

entry that the upstream waters alone could not have produced them, as indicated by 

the size of downstream migrants (Figure 9). Only one returning adult had an ocean 
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entry size (90 mm FL) near the average downstream migrant size (106 mm FL). 

Fewer than 15% of downstream migrants were above the size threshold (140 mm FL) 

where the vast majority of returning adults originally went to sea. Additionally, only a 

small fraction of downstream migrants (<0.01%) captured over 4 years (2002-2005) 

were larger than 200 mm FL, yet the majority (56%) of returning adults were at least 

that size upon ocean entry as juveniles. Size-dependent survival in both wild and 

hatchery fish indicates that small fish are less likely to survive in the marine 

environment, and estuary-reared juveniles comprise most of the returning adult 

population. 

Scale morphology 

Although the relationship between somatic growth and rate of circuli 

deposition may be somewhat weak, I was able to use the spacing and variance of the 

spacing to successfully discriminate between estuarine and upstream-reared 

individuals with 86% accuracy because growth rates are very different in the two 

habitats. I was then able to assign each returning adult to a freshwater rearing habitat. 

The vast majority of adult steelhead (~85%) were assigned to rearing in estuary 

habitat, regardless of their year of return, or year of ocean entry. Habitat assignment 

by circuli spacing and size at ocean entry give two independent measures of habitat 

use that both implicate the estuary as having been used by most surviving adult 

steelhead as juveniles.  
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PIT tag returns 

Some adults returning in the winter and spring of 2004/2005 carried PIT tags 

from juvenile implantation. Because these fish returned in nearly the same ratio in 

which estuary fish were tagged (1:10.9 vs. 1:10 respectively) there was probably a 

large number of untagged estuary-reared fish, which returned as well, which is 

indicated by the scale circuli spacing data. Because estuary fish were tagged 

randomly, there is no reason to believe that there was any bias in the return of tagged 

fish over untagged individuals. Every adult that returned with a PIT tag was either 

tagged or observed in the estuary during the summer and fall. This is further evidence 

that migrating steelhead that did not use the estuary experienced very poor survival at 

sea. I estimated survival rates of estuary-reared juveniles to be 8.3 percent from the 

2003 estuary cohort, as compared to the 3.3 percent of the total population from the 

2003 cohort. However, no fish tagged at the spring migrant trap that were not 

observed in the estuary in the summer and fall of 2003 were recaptured as adults, 

further indicating a weak ocean survival of the 2003 smolt class that did not utilize 

the estuarine habitat.  

 

CONCLUSIONS    

The results of this study support the contention of size-dependent ocean 

mortality of central California coastal steelhead. Further, these data strongly suggest 

the estuary as being important nursery habitat for producing large steelhead with 

increased ocean survival. Estuarine waters in Scott Creek comprise less than 3% of 
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the habitat available to steelhead, yet the vast majority of the adult population may be 

products of that environment. This indicates that coastal estuaries may be more 

important to steelhead persistence in the southern portion of their range than 

previously thought, and their degradation could have drastic implications for 

steelhead populations already listed as threatened or endangered. Indeed, restoration 

of coastal estuaries may be an effective method of returning steelhead to their historic 

population levels in these watersheds. Finally, more work is needed to determine 

what strategies steelhead take in watersheds without estuaries, to achieve a size large 

enough to survive at sea without the additional growth these habitats afford. In 

addition, the strength of size-selective mortality in the ocean appears to be strong 

enough that the very small size at ocean entry observed in Scott Creek should not 

persist in the population. More work is needed to determine what conditions may 

favor the small size at ocean entry and why it is maintained in the face of strong 

selection against small smolts. 
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Table 2. Mean FL of downstream migrants and late summer estuary residents. 

Year
Trapping 

Dates n
Mean Fork Length 

(mm) ±SD
Estuary 

Population ±SD
Mean Fork Length at 

Ocean Entry ± SD
2002 April-July 370 110.2 ±25 N/A 196.2 ±21
2003 Jan.-July 386 110.0 ±29 2540 ±479 213.6 ±32
2004 Jan.-July 306 92.6 ±24 1489 ±381 182.5 ±26
2005 March-July 113 96.0 ±25 540 ±93 191.1 ±33

All Years 1175 102.2 ±26 1523 ±317 195.8 ±28

Downstream Migrants Estuary Residents
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Figure 1. Scott Creek Watershed 
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Figure 2. Steelhead Life-Cycle (Drawings by Susan Turner) 
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Figure 3. Photograph of scale indicating; a, focus of scale, b, ocean entry radius 
(OER) and c, scale radius (SR) and the 20° offset from the center axis used to make 
measurements. 
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Figure 4. Relationship between fork length and scale radius based on scales from 
juvenile and adult steelhead collected throughout the watershed n=1250 (2002-2005). 
FL=0.1686(SR)+34.87 R2=0.97 
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Figure 5. Size distributions of juvenile hatchery smolts (n=542, black bars) sampled 
immediately preceding release, and the back-calculated size at ocean entry of 
surviving adults from the same cohort (n=52, grey bars). 
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igure 6. Size distribution of spring downstream migrants PIT tagged prior to estuary 
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F
entry (n=298, black bars), and the size at initial estuary entry of tagged fish 
recaptured in the estuary after sandbar closure (n=61, grey bars).
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Figure 7. Specific mean (+1 SD) daily growth rates of estuary-reared (grey bar) and 
upstream (black bar) juvenile steelhead for 2003 and 2004. 
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igure 8. Estimated post-closure estuary population sizes and growth rates from (a) 
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F
2005, (b) 2004, (c) 2003. All data are means ±SD. SPGR=-0.000206(Population 
Size)+0.837 R2=0.98 
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Figure 9. Summed size distribution of all downstream migrants 2002-2004, (n=1300, 
ashed bars), late fall estuary residents 2002-2005, (n=327, black bars), and back-h

calculated size at ocean entry of adults returning in 2002-2005, (n=364, grey bars). 
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Figure 10. Boxplot depicting the distribution of the mean circuli spacing for the last 
18 freshwater circuli for: The freshwater portion of returning adult scales, fall estuary 
juveniles, and upstream juveniles. Centerline indicates median spacing, while the 
outer edge of the box indicates the 25th and 75th percentiles. Whiskers indicate 10th 
and 90th percentiles, and dots indicate 5th and 95th percentiles.  
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Figure 11. Graphs depicting loess smoothed (a) 138Ba:Ca, and (b) Mn:Ca ratios from 
the focus to the margin on a scale from a juvenile steelhead captured at the 
downstream migrant trap on 6/22/2004 at 78 mm FL (solid black line), and 78 days 
later in the estuary at 135 mm FL (dashed line). These data are typical of multiple 
scales analyzed from pre-and post-estuary entrance.  



 

52 

 

Appendix A. Numbers of hatchery and wild produced steelhead sampled (i.e. 
measured, tagged or scales taken) over the course of the study.  

Year
Wild Hatchery Wild Hatchery Wild Hatchery Wild Hatchery

2002 0 0 455 21 650 8 39 17
2003 270 2 621 10 695 13 51 42
2004 381 2 953 11 473 0 256 104
2005 57 0 235 3 605 3 141 90

Adults Sampled
Lagoon Juveniles 

Sampled
Downstream 

Migrants Sampled
Upstream Juveniles 

Tagged and Sampled
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Abstract.—We monitored growth and life history pathways of juvenile steelhead Oncorhynchus mykiss and

compared growth rates between the upper watershed and estuary in Scott Creek, a typical California coastal

stream. Growth in the upper watershed was approximately linear from May to December for age-0 fish. For

passive integrated transponder (PIT) tagged, age-1þ fish, growth transitioned to a cyclic pattern, peaking at

0.2% per day during February–April, when maximum flows and temperatures of 7–128C occurred. Growth of

PIT-tagged fish then slowed during August–September (0.01% per day), when temperatures were 14–188C

and flows were low. During each spring, smolts (mean fork length [FL] 6 SE ¼ 98.0 6 1.2 mm) and fry

migrated to the estuary; some fish remained there during summer–fall as low flows and waves resulted in

seasonal sandbar formation, which created a warm lagoon and restricted access to the ocean. Growth in the

estuary–lagoon was much higher (0.2–0.8% per day at 15–248C). Our data suggest the existence of three

juvenile life history pathways: upper-watershed rearing, estuary–lagoon rearing, and combined upper-

watershed and estuary–lagoon rearing. We present a model based upon the above data that reports size at age

for each juvenile life history type. The majority of fish reaching typical steelhead ocean entry sizes (;150–

250 mm FL; age 0.8–3.0) were estuary–lagoon reared, which indicates a disproportionate contribution of this

habitat type to survival of Scott Creek steelhead. In contrast, steelhead from higher latitudes rear in tributaries

during summer, taking several years to attain ocean entry size.

Growth rates, associated environmental influences,

and subsequent effects on life history decisions have

been extensively studied in Atlantic salmon Salmo

salar and brown trout Salmo trutta in both the

laboratory and the field by means of classical periodic

sampling and more recently passive integrated tran-

sponder (PIT) tag recaptures (e.g., Elliott 1975; Thorpe

1977; Jones and Hutchings 2001; Jones et al. 2002;

Arnekleiv et al. 2006; ). Comparatively little data exist

for Pacific salmonids in the field, and most work is

limited to studies of coho salmon Oncorhynchus

kisutch (Parker and Larkin 1959; Breuser 1961;

Chapman 1962; Bustard and Narver 1975; Fransen

et al. 1993; Peterson et al. 1994; Bilby et al. 1996).

Because Pacific salmon populations exist across broad

latitudinal ranges (reviewed in Quinn 2005), it is likely

that juvenile growth and life histories vary in response

to environmental differences and may have subsequent

effects on marine survival and ultimately adult returns.

Variation in juvenile growth and life history among

populations of steelhead O. mykiss is typically

evaluated in terms of size and age at ocean entry,

measured either directly from smolts or more often

estimated from analyses of scales from returning adults

(Busby et al. 1996). It is suspected that the amount of

time required to reach the size threshold for marine

survival depends upon the length of the summer

growing season and may take several years in northern

latitudes (Withler 1966; Narver 1969; Narver and

Andersen 1974; Busby et al. 1996). However, only

limited data exist on year-round growth or habitat use

for juvenile steelhead across their range, 34–608N

(Hartman 1965).

Environmental conditions may affect seasonal pat-

terns of growth in ways that are not understood,
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possibly having both positive and negative effects in

the southern part of the steelhead range where many

populations are listed under the Endangered Species

Act as endangered or threatened (NMFS 2006).

Steelhead growth rate varies across temperature and

probably among populations, but optimal growth is

thought to occur between 158C and 198C and lethal

temperatures are between 27.58C and 29.68C for one

southern population (Wurtsbaugh and Davis 1977b;

Railsback and Rose 1999; Myrick and Cech 2005).

While little is known about steelhead growth in the

wild, the longer growing season associated with mild

climates at the southern portion of their range may

enable the fish to reach smolt stage within a shorter

period of time (Withler 1966; Busby et al. 1996).

Connolly and Peterson (2003) proposed that overwin-

tering survival might be especially tenuous for larger

age-0 steelhead in warmer climates due to the

‘‘challenges’’ of the winter climate—specifically,

elevated metabolic rate and limited food. Alternatively,

winter conditions may be superior, potentially provid-

ing better growing conditions than those in northern-

latitude streams due to mild temperatures and better

food production. The real challenges faced by southern

populations may be associated with summer, when

warm temperatures may increase metabolic rates while

extremely low flows result in reduced aquatic inverte-

brate production and terrestrial insect drift in upper

watersheds. In fact, growth conditions for some

southern populations have been reported as poor

during summer and fall, causing scale annulus

formation in September (Shapovalov and Taft 1954;

Railsback and Rose 1999).

While estuarine use has been studied within the

central and northern portions of Pacific salmonid

ranges (e.g., Healey 1982; Levings et al. 1986;

Tschaplinski 1987; Miller and Sadro 2003; Bottom

et al. 2005), limited research exists on the use of coastal

estuaries by southern salmonids and the associated

effects on growth. Many coastal California streams

have estuaries that lose surface connectivity with the

ocean during the summer months, forming lagoons

(Shapovalov and Taft 1954; Schwarz and Orme 2005).

Temperatures in these estuaries and lagoons can range

from 158C to 248C or more during summer months.

Juvenile steelhead are known to use these estuaries, but

the effects of estuarine rearing on steelhead growth and

survival have been reported only rarely in peer-

reviewed literature (e.g., Smith 1990; Cannata 1998).

In this study, we report growth rates of juvenile

steelhead from emergence to ocean entry in a typical

small stream along the central California coast and we

provide a comparative analysis of upstream and

estuarine rearing by similarly aged fish. From these

results, we describe the associated habitat use patterns

and construct growth models for the various life history

paths followed by fish before reaching the ocean.

Finally, we address how the southern environmental

conditions affect steelhead growth and compare our

results with the limited growth data available from the

remainder of the species’ range.

Study Area

Scott Creek is a small, 70-km2 coastal watershed

located 100 km south of San Francisco in central

California. Anadromous fish can access approximately

23 km of stream between the estuary and natural

upstream barriers of the main stem and the three main

tributaries, Little, Big, and Mill creeks (Figure 1). The

upper portion of the watershed consists of high-

gradient stream dominated by a thick canopy of coastal

redwoods Sequoia sempervirens. The main stem below

the major tributary confluences tends to be character-

ized by a low gradient, a lower density overstory cover

primarily produced by alders Alnus spp., and an

understory dominated by willows Salix spp. A small

estuary at the bottom of the watershed can become a

freshwater lagoon during summer and fall when a

sandbar builds up at the creek mouth, isolating the

stream from the ocean. During the last two decades,

natural and anthropogenic influences often interfered

with lagoon formation (e.g., artificial breaching, water

diversions, and drought; J.J.S., unpublished data).

Stream width varies from approximately 40 m in the

estuary when closed to about 10 m on the main stem, to

less than 1 m in the upper tributaries. While the lagoon

area and depth varied during the course of this study,

measurements made in November 2003 at a typical size

indicated an approximate surface area of 18,435 m2,

mean depth of 0.72 m, and a maximum depth of 2.1 m.

Methods

Environmental measurements.—Flows were mea-

sured on a cross section of the main stem downstream

of major tributaries with a portable flowmeter (Marsh-

McBirney, Inc., Frederick, Maryland; Model 2000 Flo-

Mate). It was not possible to enter the stream at high-

flow events (.;8 m3/s), and flows were estimated

from cross-sectional area measurements of peak flow

and approximated velocity measurements after flow

subsided. Water temperatures were measured on an

hourly basis upstream and at the estuary (Figure 1); we

initially used IB-Cod temperature loggers (Alpha

Mach, Mont St. Hilaire, Quebec; May 2002–June

2003) at both sites and then switched to Onset Tidbits

(Onset Computer Corp., Pocasset, Massachusetts) in

the upper watershed and YSI 600 XLM data loggers
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(YSI, Inc., Yellow Springs, Ohio) in the estuary (July

2003–January 2005).

Fish sampling.—Sampling involved multiple meth-

ods and age-classes and was conducted in the upper

watershed and estuary during May 2002 through

November 2006. Specific time frames and methods

are summarized in Table 1. Fish were sampled monthly

at multiple locations throughout the upper watershed in

pools with a 3.0 3 1.5-m beach seine (0.32-cm square

mesh) and by hook and line (Figure 1). Downstream-

FIGURE 1.—Map of the Scott Creek watershed, California, showing locations where juvenile steelhead were sampled for a

study of growth and rearing patterns.

TABLE 1.—Summary of sampling effort used to determine growth and life history patterns in Scott Creek, California, juvenile

steelhead, by age-class, location, tag type applied, collection method, and date range.

Age Location Tag type Collection method Date range

0 Upper watershed Seine May 2002–Dec 2004
0 Upper watershed Elastomer Seine Jun 2003–Dec 2003
1þ Upper watershed PIT Seine, hook and line May 2003–Oct 2004
All Upper watershed Electrofisher Oct 2002–2004
All Estuary PIT Seine May 2003–Nov 2006
1þ Head of estuary PIT Hoop net (smolt trap) Jan 2003–Nov 2005

116 HAYES ET AL.



migrating fish were trapped at the head of the estuary

by means of a two-chambered hoop net (0.635-cm

square mesh) with wings extending to each bank. The

trap was operated 3 d/week throughout the year except

during exceptionally high flows associated with winter

storms. Fish in the estuary (downstream of the migrant

trap) were captured with a 30 3 2-m beach seine

(wings: 0.950-cm square mesh; bag: 0.635-cm square

mesh).

Fish were handled according to the methods of

Hayes et al. (2004). Specific details for this study are as

follows. Up to 20 age-0 fish were randomly sampled

for fork length (FL) and mass measurements at each

seining site in the upper watershed. To determine

whether (1) age-0 fish were remaining at the sample

sites and (2) our assessments of age-0 growth by

repeated sampling of untagged fish was accurate, we

injected 200 age-0 steelhead (between 25 and 65 mm

FL) with an elastomer dye (Northwest Marine

Technology, Shaw Island, Washington) that was color

coded to indicate 5-mm-FL bins. Elastomer injections

took place during the second week of June 2003. All

fish collected in the upper watershed that exceeded 65

mm FL received a PIT tag (Allflex, Boulder, Colorado;

FDX-B Glass Transponder, 11.5 mm) injected intra-

peritoneally with a 12-gauge needle and were scanned

for previously implanted PIT tags. Scale samples were

taken from every PIT-tagged fish just posterior and

ventral to the dorsal fin on the left side. The PIT tags

were also implanted in fish caught at the downstream

migrant trap and in the estuary. All collected fish were

scanned for previously implanted PIT tags. A subset of

untagged fish was sampled and tagged during each

collection effort. All recaptured tagged fish were

measured for FL and mass, and additional scale

samples were taken from the right side of the fish.

In addition to our sampling efforts, relative abun-

dance of juvenile fish was assessed each fall by one of

us (J.J.S., unpublished data). Briefly, 12–14 reaches

were blocked off and sampled with two passes of a

backpack electrofisher (Smith-Root, Inc., Vancouver,

Washington; Type 7, smooth pulse) to estimate the

number of steelhead and coho salmon per unit length of

stream.

Scale analysis.—Scales were flattened between two

microscope slides and digitally photographed. Scale

images were then analyzed using OPTIMAS software

(Media Cybernetics, Silver Springs, Maryland) to

measure scale radius, number and location of annuli,

and number and distance between circuli. Where age

information is reported in the text, a ‘‘þ’’ sign is used to

indicate all year-classes equal to or greater than the

number given (e.g., age 1þ).

Growth rate.—Fork lengths of age-0 fish (newly

hatched fry to parr stage) were measured repeatedly at

five upstream locations on a monthly basis. Growth

rates were calculated by determining the temporal

change in mean FL. Specific growth rate (SGR) could

not be calculated for this size-class, since the

calculation is most accurately done with repeated

measures on known individuals and age-0 fish were too

small to mark with unique identifiers such as PIT tags.

During the late summer and fall months, fast-growing

age-0 fish began to overlap in size with some age-1

fish. Scale analysis was used to distinguish between

individuals in their first and second year. The general

linear models (GLM) procedure in SYSTAT version 11

was used to test for significant differences in growth

rate among different cohorts of age-0 steelhead and

between elastomer-tagged and untagged age-0 steel-

head. Hereafter, all means are reported with SEs.

For fish greater than 65 mm FL, SGR in mass and

FL was calculated (Busacker et al. 1990) based upon

the measured changes in mass and FL of recaptured –

PIT-tagged individuals. Growth rate was then applied

to the date intermediate between capture events. Only

recaptures obtained 7–120 d after the previous capture

were used in the analysis. Fish sampled in the upstream

habitat were analyzed separately from those in the

estuary. Growth rates between habitats and seasons

were tested using analysis of variance (ANOVA) in

SYSTAT 11. Only one recapture event per individual

was used, and all recaptures between upstream and

estuarine habitats were excluded.

Estuarine population size was estimated each year

(2002–2005) with PIT tags and the Petersen mark–

recapture method. After sandbar closure, we tagged a

subset of the fish caught in the newly formed lagoon.

Seining surveys were repeated each month until winter

rains made seining of the estuary impossible. Popula-

tion size and variance for each month after the initial

survey was estimated using equations 3.5 and 3.6,

respectively, from Ricker (1975).

It was not possible to quantify mortality due to

handling and predation between seining efforts, and we

assumed mortality of tagged and untagged fish was

equal. In years when multiple samplings were done,

estimates were pooled and mean values were used.

Mark–recapture methods were not used to estimate

population size before sandbar closure because of the

possibility of individuals entering the ocean and

leaving the population during that time. In addition,

the rate of downstream migration drops rapidly after

June and we assumed addition of new migrants to be

negligible (Hayes et al. 2004). There may have been

some movement from the estuary back upstream,

which would result in an overestimation of the
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population, but this was assumed to be consistent

across years.

Growth rate data were used to construct growth

trajectories for various juvenile life history pathways.

Initial age-0 growth rates were drawn from FL

regressions developed from the results of upper-

watershed growth. Confidence intervals (90% CIs) of

the regressions were used to represent upper and lower

growth curves. On this growth trajectory, age-0 fish

were large enough to be PIT-tagged by the end of year

1. The SGR data from PIT tag recaptures were used to

represent upstream growth (after December 31 of year

1) and estuarine growth. To obtain a daily estimate of

growth, all intervals between successive recapture

events greater than 7 d and less than 120 d from a

given habitat were pooled, regardless of the number of

recaptures per individual. Each interval spanning a

particular day was interpreted as a growth rate

observation on that day. Each day was spanned by a

variable number of growth rate intervals (upstream

mean ¼ 15.7 d; estuarine mean ¼ 34.1 d). We used a

nonparametric smoother (Friedman 1984) to infer the

central tendency of growth rate as a function of time. A

90% CI around this growth rate function was obtained

by bootstrapping. Each bootstrap replicate was ob-

tained by sampling with replacement from the pool of

observed recapture intervals; the bootstrap intervals

were converted as above to daily observations and a

new growth-rate curve was estimated with the Fried-

man smoother for each bootstrap replicate. Two-

hundred bootstrap replicates were made. For each

day, the lower (upper) endpoint of the 90% CI for

growth rate was the smoothed value for the 10th

smallest (largest) of the 200 bootstrap-estimated

growth rates. Bootstrapping and smoothing were done

using the software package R (Ihaka and Gentleman

1996). Growth trajectories were completed by adding

each day’s growth to the sum of all previous days’

growth. To portray these trajectories graphically, a base

trajectory representing 4 years of growth in the upper

watershed was plotted, and estuarine growth trajecto-

ries diverging from the upper-watershed line each

summer were used to represent growth potentials of

fish that migrated to the estuary.

Results

Environmental Data

Streamflow along the main stem varied by more than

three orders of magnitude, from 0.013 m3/s to over 17

m3/s (Figure 2). Daily mean temperatures for the study

period ranged from 5.68C to 198C in the upper

watershed, and the overall mean was 10.3 6 1.48C.

Daily mean temperatures in the estuary ranged from

7.48C to 23.58C and averaged 15.3 6 3.18C (Figure 2).

FIGURE 2.—Mean daily water temperature at upper and estuarine sites in the Scott Creek watershed, California (primary y-

axis), and biweekly flow in the lower main stem (secondary y-axis) from May 2002 to January 2005. Shading in top bar

represents estuarine status (white¼ open; gray ¼ partially closed by sandbar; black ¼ closed).
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During this study, a warm, relatively deep lagoon

typically formed during summer (partially closed and

closed; see Figure 2) when a sandbar formed at the

mouth of the stream. However, the timing of formation

varied from year to year. Except for occasional large

wave events that pushed salt water over the sandbar

and created haline stratification in deeper basins, the

lagoon was primarily freshwater during summer and

fall months.

Upstream Growth: Age-0 Fish

Newly emerged fry were observed between March

and June of each year. We compared differences in

growth rates for age-0 steelhead sampled at the

upstream survey sites during June through November

2002–2004 (data were not consistently collected for all

3 years before June or after November; Table 2; Figure

3). Growth rates were approximately linear during the

first 10 months of growth. Growth rates differed among

the 3 years (heterogeneity of slopes test: F¼ 4.288, P¼
0.014). A comparison of mean FLs revealed significant

differences among years (F ¼ 26.309, P , 0.001) as

did comparisons using the Tukey post hoc analysis

(Table 2). Mean growth rate per year was potentially

influenced by several variables, including flow,

temperature, age-0 coho salmon density, and age-0

steelhead density for each year (Table 3). Because only

3 years of data were available, no correlation analyses

were performed and only raw data are presented.

We compared growth rates between untagged and

elastomer-tagged individuals present at the same sites

during June through November 2003. No significant

TABLE 2.—Growth rate estimates (6SE) for age-0 steelhead in Scott Creek, California, and multiple comparison test results for

differences among years.

Year Intercept Jan 1 (mm) Growth rate (mm/d)a R2 n Mean FL (mm)b Date range

2002 20.73 6 1.39 0.112 6 0.006 0.203 1,370 46.12 6 0.31 Jun–Nov 2002
2003 16.51 6 1.63 0.139 6 0.007 0.303 795 46.38 6 0.45 Jun–Nov 2003
2004 22.32 6 2.16 0.129 6 0.010 0.280 471 50.72 6 0.61 Jun–Nov 2004

Combined years 20.54 6 0.72 0.119 6 0.003 0.313 3,024 46.23 6 0.23 Mar–Dec

a Multiple comparison tests: 2002 vs. 2003, P ¼ 0.004; 2002 vs. 2004; P¼ 0.101; 2003 vs. 2004, P¼ 0.417.
b Multiple comparison tests: 2002 vs. 2003, P ¼ 0.878; 2002 vs. 2004, P ¼ 0.001; 2003 vs. 2004, P ¼ 0.001.

FIGURE 3.—Age-0 steelhead fork length (FL) over time in the upper Scott Creek watershed, California, 2002–2004. Symbols

represent mean FL (n ’ 20 fish) at each of five age-0 sample sites. Linear regressions were calculated from raw data (not means)

and are described in Table 2.

STEELHEAD GROWTH AND REARING PATTERNS 119



differences in growth rate between tagged and

untagged fish were detected (heterogeneity of slopes

test: F ¼ 0.953, P ¼ 0.329). The elastomer tagging of

fish in June 2003 confirmed that many individuals

remained at their original tagging sites and that growth

measurements were at least partially based upon

repeated captures of the same individuals.

Upstream Growth: Age-1 and Older Fish

We deployed 611 PIT tags in the upper watershed.

We recaptured 114 fish at least once and several

individuals were recaptured multiple times, yielding a

total of 196 recaptures in the upper watershed between

May 2003 and November 2004. The mean time

interval between recapture events used in seasonal

analysis was 55.3 6 2.7 d (n¼ 106). At initial capture,

mean FL was 104.3 6 2.8 mm (n ¼ 106) and mean

mass was 15.6 6 1.2 g (n ¼ 103). With the onset of

winter rains, mean individual growth rates increased,

peaking at around 0.160% per day in April and then

declining to less than 0.014% per day by August.

Growth remained slow in the upper watershed until

November. To compare growth rates for different times

of year, data were binned into seasonal categories (fall

¼ August–October; winter ¼ November–January;

spring ¼ February–April; summer ¼ May–July).

Growth rates differed significantly among seasons for

FL (F ¼ 12.5, df ¼ 4, n ¼ 106, P , 0.001) and mass

(F ¼ 8.4, df ¼ 4, n ¼ 99, P , 0.001; Figure 4).

Significance values for Tukey post hoc analysis of

seasonal SGR differences in FL and mass are presented

in Table 4.

Estuarine Growth

We deployed 1,498 PIT tags in fish caught while

seining the estuary or in the smolt trap at the head of

the estuary between February 2003 and December

2004. Of these, 378 fish were recaptured at least once

and some individuals were recaptured up to five times

over the course of a year, resulting in a total of 994

recaptures in the estuary between May 2003 and

December 2004 (mean recapture interval¼ 41.7 6 1.6

d, n ¼ 311). Mean FL at initial capture was 126.23 6

2.0 mm (n ¼ 311). Mean mass at initial capture was

28.4 6 1.6 g (n ¼ 306). To compare growth rates for

different times of year, data were binned into the same

seasonal categories defined above. Specific growth

rates differed significantly among seasons for both FL

(F ¼ 27.1, df ¼ 6, n ¼ 311, P , 0.001: Figure 4) and

mass (F¼ 23.2, df¼ 6, n¼ 311, P , 0.001). Results of

Tukey post hoc analysis of seasonal SGR differences in

FL and mass are presented in Table 5.

Mean SGRs (FL) in the estuary for summer and fall

2003 (n ¼ 147), 2004 (n ¼ 104), 2005 (n ¼ 87), and

2006 (n ¼ 47) were calculated and plotted against the

number of fish in the estuary after the time of closure

(Figure 5). This was accomplished by the PIT tagging

of additional fish (n ¼ 1,205) between January and

November of 2005 and 2006. The difference in

TABLE 3.—Age-0 steelhead growth rates relative to means of several biotic and abiotic variables measured in Scott Creek,

California. Fish density is given as number of age-0 fish per 30.5 m.

Year
Growth rate

(mm/d)
FL

(mm)
Mass
(g)

Water
temperature

(8C) (Jun–Nov)
Flow
(m3/s)

Coho
salmon
density

Steelhead
density

2002 0.112 46.2 1.34 13.80 0.074 79.2 35
2003 0.139 46.4 1.63 14.44 0.132 1.5 55
2004 0.129 50.8 1.79 13.70 0.089 8.6 37

FIGURE 4.—Mean (6SE) specific growth rates (SGRs) of

PIT-tagged steelhead recaptured in upper and estuary–lagoon

habitats of the Scott Creek watershed, California, 2003–2005:

(a) SGR
FL

and (b) SGR
mass

.

120 HAYES ET AL.



estuarine growth rate among years is at least partially

explained by differences in steelhead population size

among years; there was a negative relationship between

estuarine population size and growth (R2¼ 0.9895, P¼
0.005), as described by the equation:

SGRFL ¼ �0:0002ðpopulation sizeÞ þ 0:8389: ð1Þ

Mean FL of smolts in the lagoon during the last fall

sampling event was compared for 2003–2006 to

determine whether length at the end of the summer–

fall growing season varied between years. A significant

difference was observed (F ¼ 29.3, df ¼ 3, n ¼ 526,

P , 0.001). However, Tukey post hoc analysis

revealed that this effect was driven by 2003, which

was the only year that differed; fish were significantly

longer during that year than in the other 3 years (P ,

0.001 for each comparison with 2003; Figure 5).

Comparisons of Estuarine versus Upstream Growth

Fish grew much faster in the estuary than upstream

(Table 6; Figure 4). Coho salmon were typically absent

from the estuary and were present in very low densities

during the time upstream steelhead growth measure-

ments were made with PIT tag recaptures. Summer

temperatures in the upstream habitat were 14–188C,

while estuary–lagoon temperatures were warmer (from

158C to �248C).

Condition factor (mass/[length3]) varied primarily as

a function of season (F¼ 14.26, df¼ 6, n¼ 1,204, P ,

0.001) and did not vary significantly between the two

habitats (F ¼ 0.001, df ¼ 1, n ¼ 1,204, P ¼ 0.971). In

general, the lowest condition factors in both habitats

were observed in the spring and were presumably

associated with smoltification (Hoar 1976).

Timing of Life History Decisions and Growth
Trajectories

Most of the fish in this watershed migrate during the

spring after their first or second winter, as shown in

Figure 6, which provides the size frequency distribu-

tion of downstream migrants during spring 2004.

Based on scale analysis (n ¼ 185), fish under 120

mm FL were less than 2 years old. Once fish have

begun the downstream migration, the tendency to

TABLE 4.—Results of Tukey post hoc analysis testing for significant differences in juvenile steelhead growth between seasons

in upstream habitat within Scott Creek, California. Bold type indicates P-values less than 0.05.

Season and year
Winter

2003–2004
Spring
2004

Summer
2004

Fall
2004

FL (mm)

Fall 2003 0.178 ,0.001 0.955 0.823
Winter 2003–2004 0.012 0.502 0.018
Spring 2004 ,0.001 ,0.001
Summer 2004 0.399

Mass (g)

Fall 2003 0.115 0.001 0.905 0.944
Winter 2003–2004 0.295 0.022 0.017
Spring 2004 ,0.001 ,0.001
Summer 2004 0.999

TABLE 5.—Results of Tukey post hoc analysis testing for significant differences in juvenile steelhead growth between seasons

in the Scott Creek estuary, California. Bold type indicates P-values less than 0.05.

Fall
2003

Winter
2003–2004

Spring
2004

Summer
2004

Fall
2004

Winter
2004–2005

FL (mm)

Summer 2003 ,0.001 ,0.001 0.999 0.012 ,0.001 0.039
Fall 2003 0.583 0.557 1.000 ,0.001 1.000
Winter 2003–2004 0.081 0.598 ,0.001 0.949
Spring 2004 0.703 0.007 0.609
Summer 2004 ,0.001 1.000
Fall 2004 ,0.001

Mass (g)

Summer 2003 0.002 ,0.001 0.995 0.001 ,0.001 0.024
Fall 2003 0.137 0.818 0.981 ,0.001 0.993
Winter 2003–2004 0.059 0.743 ,0.001 0.885
Spring 2004 0.538 0.028 0.645
Summer 2004 ,0.001 1.000
Fall 2004 ,0.001
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remain in the estuary or go to sea appears to be

influenced by the timing of lagoon formation, which

typically occurs sometime between May and August

(Figure 2). In years when the lagoon forms later,

juvenile steelhead densities are much lower, as many of

the age-1þdownstream migrants appear to have left the

watershed. Recruitment of age-0 steelhead to the

estuary after the smolt run ends presumably occurs in

response to reduced competition and predation from

older fish in the lagoon or may simply be due to higher

flows in wetter years, which contribute to delayed

lagoon formation. These differences in density and age

of recruitment to the estuary were observed during this

study. The lagoon formed early (June) and recruitment

was high (;2,540 fish) in 2003, whereas the lagoon

formed later (July) and recruitment was much lower

(;1,489 fish) in 2004. In addition, estuarine fish were

significantly older (t ¼ 2.23, P , 0.002, n ¼ 28) and

larger (t ¼ 2.04, P , 0.001, n ¼ 124) at the time of

recruitment in 2003 (mean age ¼ 1.52 years; mean

FL ¼ 152 mm) than in 2004 (mean age ¼ 0.57 years;

mean FL¼ 93 mm), confirming the large proportion of

age-0 fish in 2004. This trend continued into 2005

(Figure 5), when the lagoon formed even later (August

26) and recruitment was limited to about 540 fish. In

2006, lagoon formation began in early June and

followed a pattern similar to that in 2003. It is unlikely

that recruitment to the lagoon was strongly influenced

by total number of smolts. Although good estimates of

smolt abundance among years were not available due

to varying trap efficiency, the age-0 steelhead densities

from the electrofishing surveys in the previous fall

(Table 3) showed no relationship with lagoon popula-

tion size observed during the subsequent summer.

In this watershed, juvenile steelhead exhibit three

life history pathways before ocean entry. The first

pathway is direct recruitment to the estuary after

spending only a few months in the upper watershed

(Figure 7, pathway A). The second pathway is to spend

1–2 years rearing in the upper watershed, migrate

downstream to the estuary, and remain there for an

additional 1–10 months before ocean entry (Figure 7,

pathway B). The third is to spend one or more years

rearing in the upper watershed, migrate downstream,

and enter the ocean (Figure 7, pathway C). Alterna-

tively, fish exhibiting pathway C might never migrate

and instead will carry out their life cycle in freshwater

as residents. Based upon the growth rate data from this

study, it is possible to model fish demonstrating

different life history pathways and compare those with

observations of the population at a given time. After

FIGURE 5.—Estimated annual lagoon population sizes and

mean growth rates from 2003 to 2006 (left y-axis) The bar

graph (right y-axis) represents mean fork length of fish

sampled in the estuary in late fall of each year just before

winter storm season and lagoon opening. Years match points

within labeled columns. All data are means 6 SE, R2 = 0.99;

regression P = 0.005.

TABLE 6.—Results of two-way ANOVA of the effect of

habitat type (estuary and upstream) and season (fall 2003,

winter 2003–2004, and spring–fall 2004) on juvenile steelhead

specific growth rates (SGR) in Scott Creek, California (SS ¼
sum of squares; MS¼ mean squares).

Factor df SS MS F P

SGRFL

Habitat 1 3.031 3.031 106.336 ,0.001
Season 4 1.465 0.366 12.848 ,0.001
Habitat 3 season 4 2.382 0.595 20.892 ,0.001
Error 303 8.637 0.029

SGRmass

Habitat 1 24.392 24.392 72.095 ,0.001
Season 4 16.368 4.092 12.095 ,0.001
Habitat 3 season 4 22.587 5.647 16.691 ,0.001
Error 296 100.144 0.338

FIGURE 6.—Fork length frequency distribution (10-mm

bins) for downstream-migrating steelhead in Scott Creek,

California, during spring 2004. Data are grouped by 2-month

intervals.
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hatching in the spring (Table 2), steelhead fry could

migrate to the estuary during the summer (pathway A)

and switch to an estuarine growth trajectory based on

low densities (using data from summer 2004) or they

could remain in the upper watershed, where growth is

slower (see Table 2), and would reach 65 mm by the

end of their first year. As fish entered their first winter,

our measurements of growth transitioned from popu-

lation means to measurements of known individuals

(identified by PIT tags). Data collected from fish that

were PIT-tagged in the upper watershed can approx-

imate the size of fish during the subsequent May (the

peak of the spring downstream migration). At this

point, fish either spend another year in the upper

watershed or begin their spring downstream migration.

The predicted size range after 1–2 years of upstream

growth (Figure 7) corresponds well with the observed

downstream migrant sizes at ages 1 and 2 in this

population (mean FL ¼ 96.8 6 1.1 mm, n ¼ 641;

Figure 6). After downstream migration, fish remaining

in the estuary would probably follow a growth

trajectory similar to that observed in the summer of

2003, when the lagoon began forming in June. While

timing of lagoon formation tends to influence recruit-

ment and growth rate, as the two are inversely related,

the end result is that fish are of similar size by late fall

FIGURE 7.—Upper panel: growth trajectories of juvenile steelhead in the Scott Creek watershed, California, showing observed

changes in FL determined from resampling of age-0 fish during the first 8–10 months and larger PIT-tagged individuals (ages 1–

3 and older) that were recaptured in the upper watershed (black lines) or estuary (gray lines). All PIT tag recaptures were pooled

within each habitat and were bootstrap sampled to determine central tendencies. Lower panel: the three freshwater life history

pathways corresponding to A–C in the upper panel are illustrated (from left to right, size-classes are fry–age-0, parr, and estuary–

lagoon residents). The question mark at the end of pathway C indicates the possibility that fish remain as residents in the creek.
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(Figure 5). Some larger downstream migrants may also

depart the estuary before lagoon formation with only

1–2 months of additional growth.

Discussion

In this study, we reported growth rates of wild, free-

ranging juvenile steelhead from the time of emergence

to ocean entry in both upstream and estuarine habitats

in a small stream along the central California coast.

Growth rates were heavily influenced by local habitat

and seasonal climate patterns. Specifically, growth in

the upper watershed was limited and somewhat out of

seasonal phase (mild winter, dry summer) with what

would be expected from populations at higher latitudes

or elevations, where fish exhibit slow growth during

harsh winter periods (Chapman and Bjornn 1969;

Wurtsbaugh and Davis 1977b). Estuarine growth,

which has not been reported for steelhead previously,

was much higher overall than growth in the upper

watershed. Finally, growth patterns and movement

suggest that steelhead pursue one of three life history

pathways while rearing in various combinations of

upper watershed and estuarine habitats. From the data

collected, we were able to construct a growth model

showing size at age for each freshwater life history

pathway observed.

Growth of age-0 fish was measured over 3 years and

varied significantly. While 3 years was insufficient to

compare mean annual trends, several potential influ-

ences were apparent. For instance, age-0 steelhead

growth was negatively associated with juvenile coho

salmon density, which varied dramatically among years

in this watershed due to the near extirpation of two

year-classes (Hayes et al. 2004). This result was not

surprising (Fraser 1969; Hearn 1987), and the reverse

effect (i.e., steelhead density affecting coho salmon

growth) has also been observed in other populations

(Harvey and Nakamoto 1996). In addition, age-0

growth was positively associated with mean annual

flow and mean summer–fall temperature in the upper

watershed.

Growth of age-1þ fish in the upper watershed was

slowest during the summer and fall, and in some cases

individual fish actually decreased in FL. Age-0

steelhead densities were typically an order of magni-

tude higher than those of all older age-classes

combined (J.J.S., unpublished data). Also, the majority

of surviving fish migrated downstream after their first

winter (Figure 6). In combination, these results indicate

that the upstream watersheds are not very productive,

presumably because of the low-flow environment and a

low nutrient input under redwood canopies (Romero

et al. 2005). This pattern of accelerated growth in the

winter and spring (0.3–0.6% per day) and limited

growth in the summer (0–0.2% per day) has been

reported for foothill streams of the Sierra Nevada

Mountains ( Railsback and Rose 1999; Merz 2002) and

other coastal California streams (Harvey et al. 2005),

where growth rates were only 10–20% of potential

maxima of 2.5–3.0% per day (Wurtsbaugh and Davis

1977b; Myrick and Cech 2005). These patterns are

confounded by the fact that growth was slowest when

temperatures were near the thermal optimum. While

not quantified in this study, low summer flows in the

upper tributaries may contribute to reduced wetted

surface area for aquatic invertebrate production and

terrestrial invertebrate drift, resulting in less food

during a time when warmer temperatures are increasing

metabolic rates of fish. Limited growth data exist

across the latitudinal range of Oncorhynchus spp.;

however, similar growth patterns were observed for

coho salmon in coastal streams in Oregon and

Washington (Breuser 1961; Bilby et al. 1996).

In comparison with upstream growth, growth rates in

the estuary were much higher, which is probably due in

part to the warmer summer and fall temperatures and

differences in food availability as was reported for

Atlantic salmon (Cunjak 1992). In Scott Creek, coho

salmon did not use the estuary, presumably due to

thermal preferences or tolerances (Stein et al. 1972);

however, temperatures were at the thermal optimum for

steelhead (17–198C; Wurtsbaugh and Davis 1977b;

Myrick and Cech 2005). Competition with coho

salmon was probably not a major influence on

differences in age-1þ steelhead growth between

upstream and estuarine habitats, since the steelhead

were larger than coho salmon fry and growth upstream

was measured during a period of low coho salmon

density. The estuary seemed to be a very productive

habitat, particularly when in a lagoon state. Seining

efforts were often difficult due to the large volumes of

freshwater algae growing there and marine algae that

were deposited by waves. Large numbers of inverte-

brates (amphipods Eogammarus spp. and Corophium
spp.; shrimp Neomysis spp.; and isopods Gnorimos-
phaeroma spp.) were regularly observed in association

with the algae. While comprising less than 5% of the

total stream area, the estuary may be the most

important habitat for steelhead growth in this water-

shed.

Estuarine growth rates were among the fastest

reported for wild steelhead in the literature (1–2% per

day), but did not reach the maximum (2.5–3.0% per

day) observed in captivity for this species (Wurtsbaugh

and Davis 1977b; Myrick and Cech 2005). Growth

rates in the estuary varied among years and appeared to

be density dependent: fish grew much faster in the

estuary during years when recruitment was lower.
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Recruitment was related to the timing of lagoon

formation, when water began backing up behind a

sandbar on the beach, forming a warm deep environ-

ment. Among years, the timing of sandbar formation

varied by several months. The earlier the lagoon

formed, the greater the population size. Although the

growth rate was lower in these years, the longer

growing season appeared to compensate for this, and

fish were the same size or larger by the end of the

season (Figure 5). In addition, short-term recruitment

periods on the order of weeks to a couple of months

have been observed in Scott Creek and other coastal

California watersheds, wherein steelhead take advan-

tage of a brief growth period and enter the ocean before

sandbar formation (Smith 1990; Bond 2006).

A secondary issue explaining differences in estua-

rine growth rates among years relates to the age of fish

recruiting to the estuary. In years when the lagoon

formed late, age-0 fish recruited to the lagoon in higher

proportions than in years when it formed early. In the

laboratory, small fish grow faster than large fish under

similar ration levels (Wurtsbaugh and Davis 1977a;

Connolly and Peterson 2003). The age-0 steelhead that

reared in the estuary entered the ocean 6–10 months

after recruitment at a greater size with potentially

greater chances of marine survival than the age-1þ fish

that left before lagoon formation.

The high-resolution growth data collected over the

entire juvenile life history cycle in this study enabled

the construction of growth trajectories for this

population. While not discussed here, it should be

acknowledged that the decision to follow a particular

pathway is probably due in large part to individual fish

behavior and this system is more complex that fish

simply growing in response to basic habitat conditions.

The scope of this paper was to describe the common

trajectories observed in this system. Independent

confirmation of these trajectories was provided by data

collected on the size and age of downstream migrants

in the population (Figure 6), which were not used in

creating the trajectories but match the predictions in

Figure 7. These trajectories led to several different life

history pathways. While such data have been collected

for Atlantic salmon (Arnekleiv et al. 2006) and brown

trout (Ombredane et al. 1998), comparable data sets are

not common for Pacific salmon, presumably due to

harsh winters that make the logistics of monitoring

growth on a year-round basis more challenging.

In general, it appears that juvenile steelhead from

this population migrate downstream before age 2,as

very few fish greater than 150 mm or older than age 2

are observed among smolts. While the fish are still

relatively small in size, their strategy is to take

advantage of lagoon growth opportunities; overall,

these fish probably enter the ocean within 6–10

months, and a majority enter the ocean before age 3.

Detailed estimates of the relative proportion of fish

following each strategy were beyond the scope of this

study. In general, the distribution of size and age for

downstream migrants was consistent between years

(Bond 2006) and the age of fish recruiting to the

estuary–lagoon was probably influenced by the timing

of lagoon formation and varied between years. Withler

(1966) and Busby et al. (1996) reviewed steelhead

smolt age along the West Coast of North America and

indicated that there is a general cline in freshwater

residence time; steelhead from Alaska and British

Columbia stay in freshwater for 3 years, whereas fish

from Washington, Oregon, and California typically

remain for 2 years and the frequency of 1-year-old

smolts increases in southern parts of the range. It is

unknown whether fish in southern populations are truly

younger at ocean entry than those from northern

populations. Fish in Scott Creek migrate downstream

or undergo parr–smolt transformation at a younger age

but then often spend additional time rearing in the

estuary before ocean entry, an observation possibly

missed by previous studies due to location of smolt

traps upstream of the estuary (Shapovalov and Taft

1954), a lack of additional annulus formation, or both,

as emigrating smolts transition from peak upper-

watershed growth rates to even faster estuarine growth

rates.

Marine survival measured in the Scott Creek

watershed and across the steelhead range appears to

be influenced by size at ocean entry, and generally fish

smaller than 150 mm are unlikely to survive (Ward

et al. 1989; Bond 2006). The southern coastal estuaries

that form lagoons provide the opportunity for fish to

achieve the necessary size for marine survival, which

heavily influences adult escapement and possibly

defines adult production from the watershed. However,

it is not known how coastal California steelhead

achieve sufficient size for marine survival in water-

sheds where upstream growth is limited and where

estuaries dos not form summer lagoons, either due to

natural geological and hydrological processes or

anthropogenic processes (e.g., water consumption,

stream mouth modifications, artificial breaching of

sandbars). Even if very few adults are produced from

systems without lagoons, there may still be sufficient

numbers available in most years to replenish the stream

with juveniles. At Scott Creek, lagoons suitable for

rearing have been absent in many years over the last

two decades due to artificial sandbar breaching, water

diversion, and drought. However, juvenile abundance

upstream was fairly consistent from 1988 to 2007

(J.J.S., unpublished data), possibly buffered by the
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iteroparous nature of steelhead. Alternatively, it may be

that without a reliable presence of lagoons from year to

year, populations may not be able to maintain

anadromy. We could expect to see a higher proportion

of fish pursuing resident life history paths in southern

populations from systems where estuaries are lacking

or have been compromised by development. Finally,

estuaries in many systems also provide important

growth opportunities for out-migrating smolts and

brackish areas for the fish to adjust to salt water

(Healey 1982); this would improve the ocean survival

of the relatively small smolts reared in some water-

sheds like Scott Creek.

The steelhead population in this study and most

California coastal stocks are federally listed as

threatened under the Endangered Species Act, and

stocks situated farther south are listed as endangered.

As flows in these watersheds are at constant risk of

being reduced even more by human consumption

demands, this has become a critical management issue

that will probably only increase in importance over

time. In addition to the challenges of low flows in the

upper watershed, there is a need to maintain connec-

tivity with the estuary. Fish may need to take refuge

from the estuary by moving upstream during periods of

extreme temperature or low oxygen levels. In addition,

summer flows must be low enough for sandbars to

build up (thus forming the lagoon) but high enough

that the lagoon does not leach through the sand bar

(thus leaving only a shallow or dry creek bed).

Presumably, with increasing flows and nutrient

contributions from marine (salmon carcasses) and

terrestrial sources, upper-watershed habitats will be-

come more productive as one moves north, trading off

the loss of coastal summer lagoons as flows become

too high for sandbars to close off streams. In addition,

winter temperatures become limiting in the north, while

summer temperatures are near the growth optimum

(Hartman 1965). Therefore, fish in high-altitude or

high-latitude river systems will probably grow better in

summer than in winter and will follow different growth

trajectories from those reported here.
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 Foreword

Foreword

We are extremely pleased to launch the first
edition of a new series called Watershed
Protection Research Monographs. Each
monograph will synthesize emerging research
within a major topical area in the practice of
watershed protection. The series of periodic
monographs will replace our journal
Watershed Protection Techniques, which
lapsed in 2002. We hope this new format will
provide watershed managers with the science
and perspectives they need to better protect and
restore their local watersheds.

This monograph was written to respond to
many inquiries from watershed managers and
policy makers seeking to understand the
scientific basis behind the relationship between
impervious cover and the health of aquatic
ecosystems. It reviews more than 225 research
studies that have explored the impact of
impervious cover and other indicators of
urbanization on aquatic systems. This report
comprehensively reviews the available scien-
tific data on how urbanization influences
hydrologic, physical, water quality, and
biological indicators of aquatic health, as of
late 2002.

Our intention was to organize the available
scientific data in a manner that was accessible
to watershed leaders, policy-makers and
agency staff.  In addition, the research itself,
which spans dozens of different academic
departments and disciplines, was conducted in
many different eco-regions, climatic zones,
and stream types. In order to communicate

across such a wide audience, we have resorted
to some simplifications, avoided some impor-
tant particulars, refrained from some jargon,
and tried, wherever possible, to use consistent
terminology. Thus, the interpretations and
conclusions contained in this document are
ours alone, and our readers are encouraged to
consult the original sources when in doubt.

We would also like to note that the Center for
Watershed Protection and the University of
Alabama are currently developing a major
national database on stormwater quality.  The
database will contain nearly 4,000 station-
storm events collected by municipalities as part
of the U.S. EPA’s National Pollutant Discharge
Elimination System (NPDES) Phase I Storm-
water Permit Program. We anticipate releasing
a data report in late 2003 that will provide a
much needed update of stormwater event mean
concentrations (EMCs).

As of this writing, many research efforts are
underway that will further test and refine these
relationships (most notably, the U.S. Geologi-
cal Survey gradients initiative, but also many
other local, state and academic efforts). We
hope that this report provides a useful sum-
mary of the existing science, suggests some
directions for new research, and stimulates
greater discussion of this important topic in
watershed management. We also feel it is time
for a major conference or symposium, where
this diverse community can join together to
discuss methods, findings and the important
policy implications of their research.
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Chapter 1: Introduction

This research monograph comprehensively
reviews the available scientific data on the
impacts of urbanization on small streams and
receiving waters. These impacts are generally
classified according to one of four broad
categories: changes in hydrologic, physical,
water quality or biological indicators. More
than 225 research studies have documented the
adverse impact of urbanization on one or more
of these key indicators. In general, most
research has focused on smaller watersheds,
with drainage areas ranging from a few hun-
dred acres up to ten square miles.

Streams vs. Downstream
Receiving Waters

Urban watershed research has traditionally
pursued two core themes. One theme has
evaluated the direct impact of urbanization on
small streams, whereas the second theme has
explored the more indirect impact of urbaniza-
tion on downstream receiving waters, such as
rivers, lakes, reservoirs, estuaries and coastal
areas. This report is organized to profile recent
research progress in both thematic areas and to
discuss the implications each poses for urban
watershed managers.

When evaluating the direct impact of urbaniza-
tion on streams, researchers have emphasized
hydrologic, physical and biological indicators
to define urban stream quality. In recent years,
impervious cover (IC) has emerged as a key
paradigm to explain and sometimes predict
how severely these stream quality indicators
change in response to different levels of
watershed development. The Center for
Watershed Protection has integrated these
research findings into a general watershed
planning model, known as the impervious
cover model (ICM). The ICM predicts that
most stream quality indicators decline when
watershed IC exceeds 10%, with severe

degradation expected beyond 25% IC. In the
first part of this review, we critically analyze
the scientific basis for the ICM and explore
some of its more interesting technical implica-
tions.

While many researchers have monitored the
quality of stormwater runoff from small
watersheds, few have directly linked these
pollutants to specific water quality problems
within streams (e.g., toxicity, biofouling,
eutrophication). Instead, the prevailing view is
that stormwater pollutants are a downstream
export. That is, they primarily influence
downstream receiving water quality. There-
fore, researchers have focused on how to
estimate stormwater pollutant loads and then
determine the water quality response of the
rivers, lakes and estuaries that receive them.
To be sure, there is an increasing recognition
that runoff volume can influence physical and
biological indicators within some receiving
waters, but only a handful of studies have
explored this area. In the second part of this
review, we review the impacts of urbanization
on downstream receiving waters, primarily
from the standpoint of stormwater quality. We
also evaluate whether the ICM can be extended
to predict water quality in rivers, lakes and
estuaries.

This chapter is organized as follows:

1.1 A Review of Recent Urban Stream
Research and the ICM

1.2 Impacts of Urbanization on Downstream
Receiving Waters

1.3 Implications of the ICM for Watershed
Managers
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1.1  A Review of Recent Urban
Stream Research and the ICM

In 1994, the Center published “The Importance
of Imperviousness,” which outlined the scien-
tific evidence for the relationship between IC
and stream quality. At that time, about two
dozen research studies documented a reason-
ably strong relationship between watershed IC
and various indicators of stream quality. The
research findings were subsequently integrated
into the ICM (Schueler, 1994a and CWP,
1998). A brief summary of the basic assump-
tions of the ICM can be found in Figure 1. The
ICM has had a major influence in watershed
planning, stream classification and land use
regulation in many communities. The ICM is a
deceptively simple model that raises extremely
complex and profound policy implications for
watershed managers.

The ICM has been widely applied in many
urban watershed settings for the purposes of
small watershed planning, stream classifica-
tion, and supporting restrictive development
regulations and watershed zoning. As such, the
ICM has stimulated intense debate among the
planning, engineering and scientific communi-

ties. This debate is likely to soon spill over into
the realm of politics and the courtroom, given
its potential implications for local land use and
environmental regulation. It is no wonder that
the specter of scientific uncertainty is fre-
quently invoked in the ICM debate, given the
land use policy issues at stake. In this light, it
is helpful to review the current strength of the
evidence for and against the ICM.

The ICM is based on the following assump-
tions and caveats:

• Applies only to 1st, 2nd and 3rd order
streams.

• Requires accurate estimates of percent IC,
which is defined as the total amount of
impervious cover over a subwatershed
area.

• Predicts potential rather than actual stream
quality. It can and should be expected that
some streams will depart from the predic-
tions of the model. For example, monitor-
ing indicators may reveal poor water
quality in a stream classified as “sensitive”
or a surprisingly high biological diversity

Watershed Impervious Cover
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Figure 1: Impervious Cover Model
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score in a “non-supporting” one. Conse-
quently, while IC can be used to initially
diagnose stream quality, supplemental
field monitoring is recommended to
actually confirm it.

• Does not predict the precise score of an
individual stream quality indicator but
rather predicts the average behavior of a
group of indicators over a range of IC.
Extreme care should be exercised if the
ICM is used to predict the fate of indi-
vidual species (e.g., trout, salmon, mus-
sels).

• “Thresholds” defined as 10 and 25% IC are
not sharp “breakpoints,” but instead reflect
the expected transition of a composite of
individual indicators in that range of IC.
Thus, it is virtually impossible to distin-
guish real differences in stream quality
indicators within a few percentage points
of watershed IC (e.g., 9.9 vs. 10.1%).

• Should only be applied within the
ecoregions where it has been tested,
including the mid-Atlantic, Northeast,
Southeast, Upper Midwest, and Pacific
Northwest.

• Has not yet been validated for non-stream
conditions (e.g., lakes, reservoirs, aquifers
and estuaries).

• Does not currently predict the impact of
watershed treatment.

In this section, we review available stream
research to answer four questions about the
ICM:

1. Does recent stream research still support
the basic ICM?

2. What, if any, modifications need to be
made to the ICM?

3. To what extent can watershed practices
shift the predictions of the ICM?

4. What additional research is needed to test
the ICM?

1.1.1 Strength of the Evidence
for the ICM

Many researchers have investigated the IC/
stream quality relationship in recent years. The
Center recently undertook a comprehensive
analysis of the literature to assess the scientific
basis for the ICM. As of the end of 2002, we
discovered more than 225 research studies that
measured 26 different urban stream indicators
within many regions of North America. We
classified the research studies into three basic
groups.

The first and most important group consists of
studies that directly test the IC/stream quality
indicator relationship by monitoring a large
population of small watersheds. The second
and largest group encompasses secondary
studies that indirectly support the ICM by
showing significant differences in stream
quality indicators between urban and non-
urban watersheds. The third and last group of
studies includes widely accepted engineering
models that explicitly use IC to directly predict
stream quality indicators. Examples include
engineering models that predict peak discharge
or stormwater pollutant loads as a direct
function of IC. In most cases, these relation-
ships were derived from prior empirical
research.

Table 1 provides a condensed summary of
recent urban stream research, which shows the
impressive growth in our understanding of
urban streams and the watershed factors that
influence them. A negative relationship
between watershed development and nearly all
of the 26 stream quality indicators has been
established over many regions and scientific
disciplines. About 50 primary studies have
tested the IC/stream quality indicator relation-
ship, with the largest number looking at
biological indicators of stream health, such as
the diversity of aquatic insects or fish. Another
150 or so secondary studies provide evidence
that stream quality indicators are significantly
different between urban and non-urban water-
sheds, which lends at least indirect support for
the ICM and suggests that additional research
to directly test the IC/stream quality indicator
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Table 1: The Strength of Evidence: 
A Review of the Current Research on Urban Stream Indicators

Stream Quality Indicator # IC UN EM RV Notes

Increased Runoff Volume 2 Y Y Y N extensive national data

Increased Peak Discharge 7 Y Y Y Y type of drainage system key

Increased Frequency of Bankfull Flow 2 ? Y N N hard to measure

Diminished Baseflow 8 ? Y N Y inconclusive data

Stream Channel Enlargement 8 Y Y N Y stream type important 

Increased Channel Modification 4 Y Y N ? stream enclosure

Loss of Riparian Continuity 4 Y Y N ? can be affected by buffer

Reduced Large Woody Debris 4 Y Y N ? Pacific NW studies

Decline in Stream Habitat Quality 11 Y Y N ?

Changes in Pool Riffle/Structure 4 Y Y N ?

Reduced Channel Sinuosity 1 ? Y N ? straighter channels

Decline in Streambed Quality 2 Y Y N ? embeddedness

Increased Stream Temperature 5 Y Y N ? buffers and ponds also a factor

Increased Road Crossings 3 ? Y N ? create fish barriers

Increased Nutrient Load 30+ ? Y Y N higher stormwater EMCs

Increased Sediment Load 30+ ? Y N Y higher EMCs in arid regions

Increased Metals & Hydrocarbons 20+ ? Y Y N related to traffic/VMT 

Increased Pesticide Levels 7 ? Y N Y may be related to turf cover 

Increased Chloride Levels 5 ? Y N Y related to road density 

Violations of Bacteria Standards 9 Y Y N Y indirect association

Decline in Aquatic Insect Diversity 33 Y Y N N IBI and EPT

Decline in Fish Diversity 19 Y Y N N regional IBI differences

Loss of Coldwater Fish Species 6 Y Y N N trout and salmon

Reduced Fish Spawning 3 Y Y N ?

Decline in Wetland Plant Diversity 2 N Y N ? water level fluctuation

Decline in Amphibian Community 5 Y Y N ? few studies

#: total number of all studies that evaluated the indicator for urban watersheds
IC: does balance of studies indicate a progressive change in the indicator as IC increases? Answers: Yes, No or No data
(?)
UN: If the answer to IC is no, does the balance of the studies show a change in the indicator from non-urban to urban
watersheds? Yes or No 
EM Is the IC/stream quality indicator relationship implicitly assumed within the framework of widely accepted engineering
models? Yes, No or No models yet exist (?) 
RV: If the relationship has been tested in more than one eco-region, does it generally show major differences between
ecoregions? Answers: Yes, No, or insufficient data (?) 

Table 1: The Strength of Evidence:
A Review of the Current Research on Urban Stream Indicators
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relationship is warranted. In some cases, the
IC/stream quality indicator relationship is
considered so strongly established by historical
research that it has been directly incorporated
into accepted engineering models. This has
been particularly true for hydrological and
water quality indicators.

1.1.2 Reinterpretation of the ICM

Although the balance of recent stream research
generally supports the ICM, it also offers
several important insights for interpreting and
applying the ICM, which are discussed next.

Statistical Variability
Scatter is a common characteristic of most IC/
stream quality indicator relationships. In most

cases, the overall trend for the indicator is
down, but considerable variation exists along
the trend line. Often, linear regression equa-
tions between IC and individual stream quality
indicators produce relatively modest correla-
tion coefficients (reported r2 of 0.3 to 0.7 are
often considered quite strong).

Figure 2 shows typical examples of the IC/
stream quality indicator relationship that
illustrate the pattern of statistical variability.
Variation is always encountered when dealing
with urban stream data (particularly so for
biological indicators), but several patterns exist
that have important implications for watershed
managers.

d. Biological Condition vs. Total Watershed IC (Booth, 2000)

 Figure 2: Typical Scatter Found in IC/Stream Quality Indicator Research

a. Fish IBI vs. IC in Fairfax, VA (Fairfax County, 2001) b. CPSS vs. IC in Montgomery County, MD (MNCPPC, 2000)

c. Large Woody Debris vs. IC (Booth et al., 1997)
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The first pattern to note is that the greatest
scatter in stream quality indicator scores is
frequently seen in the range of one to 10% IC.
These streams, which are classified as “sensi-
tive” according to the ICM, often exhibit low,
moderate or high stream quality indicator
scores, as shown in Figure 2. The key interpre-
tation is that sensitive streams have the poten-
tial to attain high stream quality indicator
scores, but may not always realize this poten-
tial.

Quite simply, the influence of IC in the one to
10% range is relatively weak compared to
other potential watershed factors, such as
percent forest cover, riparian continuity,
historical land use, soils, agriculture, acid mine
drainage or a host of other stressors. Conse-
quently, watershed managers should never rely
on IC alone to classify and manage streams in
watersheds with less than 10% IC. Rather, they
should evaluate a range of supplemental
watershed variables to measure or predict
actual stream quality within these lightly
developed watersheds.

The second important pattern is that variability
in stream quality indicator data is usually

dampened when IC exceeds 10%, which
presumably reflects the stronger influence of
stormwater runoff on stream quality indicators.
In particular, the chance that a stream quality
indicator will attain a high quality score is
sharply diminished at higher IC levels. This
trend becomes pronounced within the 10 to
25% IC range and almost inevitable when
watershed IC exceeds 25%. Once again, this
pattern suggests that IC is a more robust and
reliable indicator of overall stream quality
beyond the 10% IC threshold.

Other Watershed Variables and the ICM
Several other watershed variables can poten-
tially be included in the ICM. They include
forest cover, riparian forest continuity and turf
cover.

Forest cover (FC) is clearly the main rival to
IC as a useful predictor of stream quality in
urban watersheds, at least for humid regions of
North America. In some regions, FC is simply
the reciprocal of IC. For example, Horner and
May (1999) have demonstrated a strong
interrelationship between IC and FC for
subwatersheds in the Puget Sound region
(Figure 3). In other regions, however, “pre-

Figure 3: Relationship of IC and FC in Puget Sound Subwatersheds
(Horner and May, 1999)
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development” land use represents a complex
mosaic of crop land, pasture and forest.
Therefore, an inverse relationship between FC
and IC may not be universal for subwatersheds
that have witnessed many cycles of deforesta-
tion and cultivation.

It should come as little surprise that the
progressive loss of FC has been linked to
declining stream quality indicators, given that
forested watersheds are often routinely used to
define natural reference conditions for streams
(Booth, 2000 and Horner et al., 2001). Mature
forest is considered to be the main benchmark
for defining pre-development hydrology within
a subwatershed, as well. Consequently, FC is
perhaps the most powerful indicator to predict
the quality of streams within the “sensitive”
category (zero to 10% IC).

To use an extreme example, one would expect
that stream quality indicators would respond
quite differently in a subwatershed that had
90% FC compared to one that had 90% crop
cover. Indeed, Booth (1991) suggests that
stream quality can only be maintained when IC
is limited to less than 10% and at least 65% FC
is retained within a subwatershed. The key
management implication then is that stream
health is best managed by simultaneously
minimizing the creation of IC and maximizing
the preservation of native FC.

FC has also been shown to be useful in predict-
ing the quality of terrestrial variables in a
subwatershed. For example, the Mid-Atlantic
Integrated Assessment (USEPA, 2000) has
documented that watershed FC can reliably
predict the diversity of bird, reptile and am-
phibian communities in the mid-Atlantic
region.  Moreover, the emerging discipline of
landscape ecology provides watershed manag-
ers with a strong scientific foundation for
deciding where FC should be conserved in a
watershed. Conservation plans that protect and
connect large forest fragments have been
shown to be effective in conserving terrestrial
species.

Riparian forest continuity has also shown
considerable promise in predicting at least
some indicators of stream quality for urban

watersheds. Researchers have yet to come up
with a standard definition of riparian continu-
ity, but it is usually defined as the proportion
of the perennial stream network in a
subwatershed that has a fixed width of mature
streamside forest. A series of studies indicates
that aquatic insect and fish diversity are
associated with high levels of riparian continu-
ity (Horner et al., 2001; May et al., 1997;
MNCPPC, 2000; Roth et al., 1998). On the
other hand, not much evidence has been
presented to support the notion that riparian
continuity has a strong influence on hydrology
or water quality indicators.

One watershed variable that received little
attention is the fraction of watershed area
maintained in turf cover (TC). Grass often
comprises the largest fraction of land area
within low-density residential development
and could play a significant role in streams that
fall within the “impacted” category (10 to 25%
IC). Although lawns are pervious, they have
sharply different properties than the forests and
farmlands they replace (i.e., irrigation, com-
pacted soils, greater runoff, and much higher
input of fertilizers and pesticides, etc.). It is
interesting to speculate whether the combined
area of IC and TC might provide better predic-
tions about stream health than IC area alone,
particularly within impacted subwatersheds.

Several other watershed variables might have
at least supplemental value in predicting
stream quality. They include the presence of
extensive wetlands and/or beaverdam com-
plexes in a subwatershed; the dominant form
of drainage present in the watershed (tile
drains, ditches, swales, curb and gutters, storm
drain pipes); the average age of development;
and the proximity of sewer lines to the stream.
As far as we could discover, none of these
variables has been systematically tested in a
controlled population of small watersheds. We
have observed that these factors could be
important in our field investigations and often
measure them to provide greater insight into
subwatershed behavior.

Lastly, several watershed variables that are
closely related to IC have been proposed to
predict stream quality. These include popula-
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tion, percent urban land, housing density, road
density and other indices of watershed devel-
opment. As might be expected, they generally
track the same trend as IC, but each has some
significant technical limitations and/or difficul-
ties in actual planning applications (Brown,
2000).

Individual vs. Multiple Indicators
The ICM does not predict the precise score of
individual stream quality indicators, but rather
predicts the average behavior of a group of
indicators over a range of IC. Extreme care
should be exercised if the ICM is used to
predict the fate of individual indicators and/or
species. This is particularly true for sensitive
aquatic species, such as trout, salmon, and
freshwater mussels. When researchers have
examined the relationship between IC and
individual species, they have often discovered
lower thresholds for harm. For example,
Boward et al. (1999) found that brook trout
were not found in subwatersheds that had more
than 4% IC in Maryland, whereas Horner and
May (1999) asserted an 8% threshold for
sustaining salmon in Puget Sound streams.

The key point is that if watershed managers
want to maintain an individual species, they
should be very cautious about adopting the
10% IC threshold. The essential habitat
requirements for many sensitive or endangered
species are probably determined by the most
sensitive stream quality indicators, rather than
the average behavior of all stream quality
indicators.

Direct Causality vs. Association
A strong relationship between IC and declining
stream quality indicators does not always mean
that the IC is directly responsible for the
decline. In some cases, however, causality can
be demonstrated. For example, increased
stormwater runoff volumes are directly caused
by the percentage of IC in a subwatershed,
although other factors such as conveyance,
slope and soils may play a role.

In other cases, the link is much more indirect.
For these indicators, IC is merely an index of
the cumulative amount of watershed develop-

ment, and more IC simply means that a greater
number of known or unknown pollutant
sources or stressors are present. In yet other
cases, a causal link appears likely but has not
yet been scientifically demonstrated. A good
example is the more than 50 studies that have
explored how fish or aquatic insect diversity
changes in response to IC. While the majority
of these studies consistently shows a very
strong negative association between IC and
biodiversity, they do not really establish which
stressor or combination of stressors contributes
most to the decline. The widely accepted
theory is that IC changes stream hydrology,
which degrades stream habitat, and in turn
leads to reduced stream biodiversity.

Regional Differences
Currently, the ICM has been largely confirmed
within the following regions of North America:
the mid-Atlantic, the Northeast, the Southeast,
the upper Midwest and the Pacific Northwest.
Limited testing in Northern California, the
lower Midwest and Central Texas generally
agrees with the ICM. The ICM has not been
tested in Florida, the Rocky Mountain West,
and the Southwest. For a number of reasons, it
is not certain if the ICM accurately predicts
biological indicators in arid and semiarid
climates (Maxted, 1999).

Measuring Impervious Cover
Most researchers have relied on total impervi-
ous cover as the basic unit to measure IC at the
subwatershed level. The case has repeatedly
been made that effective impervious cover is
probably a superior metric (e.g., only counting
IC that is hydraulically connected to the
drainage system). Notwithstanding, most
researchers have continued to measure total IC
because it is generally quicker and does not
require extensive (and often subjective)
engineering judgement as to whether it is
connected or not. Researchers have used a
wide variety of techniques to estimate
subwatershed IC, including satellite imagery,
analysis of aerial photographs, and derivation
from GIS land use layers. Table 2 presents
some standard land use/IC relationships that
were developed for suburban regions of the
Chesapeake Bay.
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Three points are worth noting. First, it is fair to
say that most researchers have spent more
quality control effort on their stream quality
indicator measurements than on their
subwatershed IC estimates. At the current time,
no standard protocol exists to estimate
subwatershed IC, although Cappiella and
Brown (2001) presented a useful method. At
best, the different methods used to measure IC
make it difficult to compare results from
different studies, and at worst, it can introduce
an error term of perhaps +/- 10% from the true
value within an individual subwatershed.
Second, it is important to keep in mind that IC
is not constant over time; indeed, major
changes in subwatershed IC have been ob-
served within as few as two years. Conse-
quently, it is sound practice to obtain
subwatershed IC estimates from the most
recent possible mapping data, to ensure that it
coincides with stream quality indicator mea-
surements. Lastly, it is important to keep in
mind that most suburban and even rural zoning
categories exceed 10% IC (see Table 2).
Therefore, from a management standpoint,
planners should try to project future IC, in
order to determine the future stream classifica-
tion for individual subwatersheds.

1.1.3 Influence of Watershed
Treatment Practices on the ICM

The most hotly debated question about the
ICM is whether widespread application of
watershed practices such as stream buffers or
stormwater management can mitigate the
impact of IC, thereby allowing greater devel-
opment density for a given watershed. At this
point in time, there are fewer than 10 studies
that directly bear on this critical question.
Before these are reviewed, it is instructive to
look at the difficult technical and scientific
issues involved in detecting the effect of
watershed treatment, given its enormous
implications for land use control and watershed
management.

The first tough issue is how to detect the effect
of watershed treatment, given the inherent
scatter seen in the IC/stream quality indicator
relationship. Figure 4 illustrates the “double
scatter” problem, based on three different
urban stream research studies in Delaware,
Maryland and Washington. A quick inspection
of the three plots shows how intrinsically hard
it is to distinguish the watershed treatment
effect. As can be seen, stream quality indica-
tors in subwatersheds with treatment tend to

Land Use 
Category

Sample
Number

(N)

Mean
IC (SE)

Land Use
Category

Sample
Number

(N)

Mean
IC (SE)

Agriculture 8 1.9 – 0.3 Institutional 30 34.4 – 3.45

Open Urban Land 11 8.6 – 1.64 Light 20 53.4 – 2.8

2 Acre Lot Residential 12 10.6 – 0.65 Commercia 23 72.2 – 2.0

1 Acre Lot Residential 23 14.3 – 0.53 Churches 8 39.9 – 7.8 1

1/2 Acre Lot Residential 20 21.2 – 0.78 Schools 13 30.3 – 4.8

1/4 Acre Lot Residential 23 27.8 – 0.60 Municipals 9 35.4 – 6.3

1/8 Acre Lot Residential 10 32.6 – 1.6 Golf 4 5.0 – 1.7

Townhome Residential 20 40.9 – 1.39 Cemeteries 3 8.3 – 3.5

Multifamily Residential 18 44.4 – 2.0 Parks 4 12.5 – 0.7

Table 2: Land Use/IC Relationships for
Suburban Areas of the Chesapeake Bay

(Cappiella and Brown, 2001)
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overplot those in subwatersheds that lack
treatment. While subtle statistical differences
may be detected, they are not visibly evident.
This suggests that the impact of watershed
treatment would need to be extremely dramatic
to be detected, given the inherent statistical
variability seen in small watersheds (particu-
larly so within the five to 25% IC range where
scatter is considerable).

In an ideal world, a watershed study design
would look at a controlled population of small
urban watersheds that were developed with and
without watershed practices to detect the
impact of “treatment.” In the real world,
however, it is impossible to strictly control
subwatershed variables. Quite simply, no two
subwatersheds are ever alike. Each differs
slightly with respect to drainage area, IC,

forest cover, riparian continuity, historical land
use, and percent watershed treatment. Re-
searchers must also confront other real world
issues when designing their watershed treat-
ment experiments.

For example, researchers must carefully
choose which indicator or group of indicators
will be used to define stream health. IC has a
negative influence on 26 stream quality
indicators, yet nearly all of the watershed
treatment research so far has focused on just a
few biological indicators (e.g., aquatic insect
or fish diversity) to define stream health. It is
conceivable that watershed treatment might
have no effect on biological indicators, yet
have a positive influence on hydrology, habitat
or water quality indicators. At this point, few
of these indicators have been systematically

 a. Horner and May, 1999

c. Maxted and Shaver, 1997

Figure 4: The Double Scatter Problem: Difficulties in Detecting the
Effect of Watershed Treatment

b. MNCPPC, 2000

a. b.

c.
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tested in the field. It is extremely doubtful that
any watershed practice can simultaneously
improve or mitigate all 26 stream quality
indicators, so researchers must carefully
interpret the outcomes of their watershed
treatment experiments.

The second issue involves how to quantify
watershed treatment. In reality, watershed
treatment collectively refers to dozens of
practices that are installed at individual devel-
opment sites in the many years or even decades
it takes to fully “build out” a subwatershed.
Several researchers have discovered that
watershed practices are seldom installed
consistently across an entire subwatershed. In
some cases, less than a third of the IC in a
subwatershed was actually treated by any
practice, because development occurred prior
to regulations; recent projects were exempted,
waived or grandfathered; or practices were
inadequately constructed or maintained
(Horner and May, 1999 and MNCPPC, 2000).

Even when good coverage is achieved in a
watershed, such as the 65 to 90% reported in
studies of stormwater ponds (Jones et al.,
1996; Maxted, 1999; Maxted and Shaver,
1997), it is still quite difficult to quantify the
actual quality of treatment. Often, each
subwatershed contains its own unique mix of
stormwater practices installed over several
decades, designed under diverse design crite-
ria, and utilizing widely different stormwater
technologies. Given these inconsistencies,
researchers will need to develop standard
protocols to define the extent and quality of
watershed treatment.

Effect of Stormwater Ponds
With this in mind, the effect of stormwater
ponds and stream buffers can be discussed.
The effect of larger stormwater ponds in
mitigating the impacts of IC in small water-
sheds has received the most scrutiny to date.
This is not surprising, since larger ponds often
control a large fraction of their contributing
subwatershed area (e.g. 100 to 1,000 acres) and
are located on the stream itself, therefore
lending themselves to easier monitoring. Three
studies have evaluated the impact of large
stormwater ponds on downstream aquatic

insect communities (Jones et al., 1996; Maxted
and Shaver, 1997; Stribling et al., 2001). Each
of these studies was conducted in small
headwater subwatersheds in the mid-Atlantic
Region, and none was able to detect major
differences in aquatic insect diversity in
streams with or without stormwater ponds.

Four additional studies statistically evaluated
the stormwater treatment effect in larger
populations of small watersheds with varying
degrees of IC (Horner and May, 1999; Horner
et al., 2001; Maxted, 1999; MNCPPC, 2000).
These studies generally sampled larger water-
sheds that had many stormwater practices but
not necessarily complete watershed coverage.
In general, these studies detected a small but
positive effect of stormwater treatment relative
to aquatic insect diversity. This positive effect
was typically seen only in the range of five to
20% IC and was generally undetected beyond
about 30% IC. Although each author was
hesitant about interpreting his results, all
generally agreed that perhaps as much as 5%
IC could be added to a subwatershed while
maintaining aquatic insect diversity, given
effective stormwater treatment. Forest reten-
tion and stream buffers were found to be very
important, as well. Horner et al. (2001) re-
ported a somewhat stronger IC threshold for
various species of salmon in Puget Sound
streams.

Some might conclude from these initial
findings that stormwater ponds have little or no
value in maintaining biological diversity in
small streams. However, such a conclusion
may be premature for several reasons. First,
the generation of stormwater ponds that was
tested was not explicitly designed to protect
stream habitat or to prevent downstream
channel erosion, which would presumably
promote aquatic diversity. Several states have
recently changed their stormwater criteria to
require extended detention for the express
purpose of preventing downstream channel
erosion, and these new criteria may exert a
stronger influence on aquatic diversity. In-
stead, their basic design objective was to
maximize pollutant removal, which they did
reasonably well.



12                Impacts of Impervious Cover on Aquatic Systems

Chapter 1: Introduction

The second point to stress is that streams with
larger stormwater ponds should be considered
“regulated streams” (Ward and Stanford,
1979), which have a significantly altered
aquatic insect community downstream of the
ponds. For example, Galli (1988) has reported
that on-stream wet stormwater ponds shift the
trophic structure of the aquatic insect commu-
nity. The insect community above the pond
was dominated by shredders, while the insect
community below the pond was dominated by
scrapers, filterers and collectors. Of particular
note, several pollution-sensitive species were
eliminated below the pond. Galli reported that
changes in stream temperatures, carbon supply
and substrate fouling were responsible for the
downstream shift in the aquatic insect commu-
nity. Thus, while it is clear that large stormwa-
ter ponds can be expected to have a negative
effect on aquatic insect diversity, they could
still exert positive influence on other stream
quality indicators.

Effect of Stream Buffers
A handful of studies have evaluated biological
indicator scores for urban streams that have
extensive  forest buffers, compared to streams
where they were mostly or completely absent
(Horner and May, 1999; Horner et al., 2001;
May et al., 1997; MNCPPC, 2000; Roth et al.,
1998; Steedman, 1988). Biological indicators
included various indices of aquatic insect, fish
and salmon diversity. Each study sampled a
large population of small subwatersheds over a
range of IC and derived a quantitative measure
to express the continuity, width and forest
cover of the riparian buffer network within
each subwatershed. Riparian forests were
hypothesized to have a positive influence on
stream biodiversity, given the direct ways they
contribute to stream habitat (e.g., shading,
woody debris, leaf litter, bank stability, and
organic carbon supply).

All five studies detected a small to moderate
positive effect when forested stream buffers
were present (frequently defined as at least
two-thirds of the stream network with at least
100 feet of stream side forest). The greatest
effect was reported by Horner and May (1999)
and Horner et al. (2001) for salmon streams in

the Puget Sound ecoregion. If excellent
riparian habitats were preserved, they generally
reported that fish diversity could be maintained
up to 15% IC, and good aquatic insect diversity
could be maintained with as much as 30% IC.
Steedman (1988) reported a somewhat smaller
effect for Ontario streams. MNCPPC (2000),
May et al. (1997), and Roth et al. (1998) could
not find a statistically significant relationship
between riparian quality and urban stream
quality indicators but did report that most
outliers (defined as higher IC subwatersheds
with unusually high biological indicator
scores) were generally associated with exten-
sive stream side forest.

1.1.4 Recommendations for
Further ICM Research

At this point, we recommend three research
directions to improve the utility of the ICM for
watershed managers. The first direction is to
expand basic research on the relationship
between IC and stream quality indicators that
have received little scrutiny. In particular,
more work is needed to define the relationship
between IC and hydrological and physical
indicators such as the following:

• Physical loss or alteration of the stream
network

• Stream habitat measures
• Riparian continuity
• Baseflow conditions during dry weather

In addition, more watershed research is needed
in ecoregions and physiographic areas where
the ICM has not yet been widely tested. Key
areas include Florida, arid and semiarid
climates, karst areas and mountainous regions.
The basic multiple subwatershed monitoring
protocol set forth by Schueler (1994a) can be
used to investigate IC/stream quality relation-
ships, although it would be wise to measure a
wider suite of subwatershed variables beyond
IC (e.g., forest cover, turf cover, and riparian
continuity).

The second research direction is to more
clearly define the impact of watershed treat-
ment on stream quality indicators. Based on
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the insurmountable problems encountered in
controlling variation at the subwatershed level,
it may be necessary to abandon the multiple
watershed or paired watershed sampling
approaches that have been used to date.
Instead, longitudinal monitoring studies within
individual subwatersheds may be a more
powerful tool to detect the effect of watershed
treatment. These studies could track changes in
stream quality indicators in individual
subwatersheds over the entire development
cycle: pre-development land use, clearing,
construction, build out, and post construction.
In most cases, longitudinal studies would take
five to 10 years to complete, but they would
allow watershed managers to measure and
control the inherent variability at the
subwatershed level and provide a “before and
after” test of watershed treatment. Of course, a
large population of test subwatersheds would
be needed to satisfactorily answer the water-
shed treatment question.

The third research direction is to monitor
more non-supporting streams, in order to
provide a stronger technical foundation for
crafting more realistic urban stream standards
and to see how they respond to various water-

shed restoration treatments. As a general rule,
most researchers have been more interested in
the behavior of sensitive and impacted streams.
The non-supporting stream category spans a
wide range of IC, yet we do not really under-
stand how stream quality indicators behave
over the entire 25 to 100% IC range.

For example, it would be helpful to establish
the IC level at the upper end of the range
where streams are essentially transformed into
an artificial conveyance system (i.e., become
pipes or artificial channels). It would also be
interesting to sample more streams near the
lower end of the non-supporting category (25
to 35% IC) to detect whether stream quality
indicators respond to past watershed treatment
or current watershed restoration efforts. For
practical reasons, the multiple subwatershed
sampling approach is still recommended to
characterize indicators in non-supporting
streams. However, researchers will need to
screen a large number of non-supporting
subwatersheds in order to identify a few
subwatersheds that are adequate for subsequent
sampling (i.e., to control for area, IC, develop-
ment age, percent watershed treatment, type of
conveyance systems, etc.).
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1.2 Impacts of Urbanization on
Downstream Receiving Waters

In this section, we review the impacts of
urbanization on downstream receiving waters,
primarily from the standpoint of impacts
caused by poor stormwater quality. We begin
by looking at the relationship between IC and
stormwater pollutant loadings. Next, we
discuss the sensitivity of selected downstream
receiving waters to stormwater pollutant loads.
Lastly, we examine the effect of watershed
treatment in reducing stormwater pollutant
loads.

1.2.1 Relationship Between
Impervious Cover and
Stormwater Quality

Urban stormwater runoff contains a wide range
of pollutants that can degrade downstream

water quality (Table 3). Several generalizations
can be supported by the majority of research
conducted to date. First, the unit area pollutant
load delivered by stormwater runoff to receiv-
ing waters increases in direct proportion to
watershed IC. This is not altogether surprising,
since pollutant load is the product of the
average pollutant concentration and stormwa-
ter runoff volume. Given that runoff volume
increases in direct proportion to IC, pollutant
loads must automatically increase when IC
increases, as long the average pollutant con-
centration stays the same (or increases). This
relationship is a central assumption in most
simple and complex pollutant loading models
(Bicknell et al., 1993; Donigian and Huber,
1991; Haith et al., 1992; Novotny and Chester,
1981;  NVPDC, 1987; Pitt and Voorhees,
1989).

The second generalization is that stormwater
pollutant concentrations are generally similar

Pollutants in Urban
Stormwater

WQ Impacts To: Higher
Unit

Load?

Load a 
function
of IC?

Other Factors 
Important in 

LoadingR L E A W

Suspended Sediment Y Y Y N Y Y [ag] Y channel erosion 

Total Nitrogen N N Y Y N Y [ag] Y septic systems

Total Phosphorus Y Y N N Y Y [ag] Y tree canopy

Metals Y Y Y ? N Y Y vehicles

Hydrocarbons Y Y Y Y Y Y ? related to VMTs and
hotspots

Bacteria/Pathogens Y Y Y N Y Y Y many sources

Organic Carbon N ? ? ? Y Y Y

MTBE N N N Y Y Y ? roadway, VMTs

Pesticides ? ? ? ? Y Y ? turf/landscaping 

Chloride ? Y N Y Y Y ? road density

Trash/Debris Y Y Y N ? Y Y curb and gutters

 Major Water Quality Impacts Reported for:
 R = River, L = Lake, E = Estuary, A = Aquifer, W = Surface Water Supply
 Higher Unit Area Load? Yes (compared to all land uses) [ag]: with exception of cropland  
 Load a function of IC? Yes, increases proportionally with IC

Pollutants in Urban
Stormwater

WQ Impacts To: Higher
Unit

Load?

Load a 
function
of IC?

Other Factors 
Important in 

LoadingR L E A W

Suspended Sediment Y Y Y N Y Y [ag] Y channel erosion 

Total Nitrogen N N Y Y N Y [ag] Y septic systems

Total Phosphorus Y Y N N Y Y [ag] Y tree canopy

Metals Y Y Y ? N Y Y vehicles

Hydrocarbons Y Y Y Y Y Y ? related to VMTs and
hotspots

Bacteria/Pathogens Y Y Y N Y Y Y many sources

Organic Carbon N ? ? ? Y Y Y

MTBE N N N Y Y Y ? roadway, VMTs

Pesticides ? ? ? ? Y Y ? turf/landscaping 

Chloride ? Y N Y Y Y ? road density

Trash/Debris Y Y Y N ? Y Y curb and gutters

 Major Water Quality Impacts Reported for:
 R = River, L = Lake, E = Estuary, A = Aquifer, W = Surface Water Supply
 Higher Unit Area Load? Yes (compared to all land uses) [ag]: with exception of cropland  
 Load a function of IC? Yes, increases proportionally with IC

Table 3:  Summary of Urban Stormwater Pollutant Loads
on Quality of Receiving Waters



 Impacts of Impervious Cover on Aquatic Systems 15

 Chapter 1: Introduction

at the catchment level, regardless of the mix of
IC types monitored (e.g., residential, commer-
cial, industrial or highway runoff). Several
hundred studies have examined stormwater
pollutant concentrations from small urban
catchments and have generally found that the
variation within a catchment is as great as the
variation between catchments. Runoff concen-
trations tend to be log-normally distributed,
and therefore the long term “average” concen-
tration is best expressed by a median value. It
should be kept in mind that researchers have
discovered sharp differences in pollutant
concentrations for smaller, individual compo-
nents of IC (e.g., rooftops, parking lots, streets,
driveways and the like). Since most urban
catchments are composed of many kinds of IC,
this mosaic quality tempers the variability in
long term pollutant concentrations at the
catchment or subwatershed scale.

The third generalization is that median concen-
trations of pollutants in urban runoff are
usually higher than in stormwater runoff from
most other non-urban land uses. Consequently,
the unit area nonpoint pollutant load generated
by urban land normally exceeds that of nearly
all watershed land uses that it replaces (forest,
pasture, cropland, open space — see Table 3).
One important exception is cropland, which
often produces high unit area sediment and
nutrient loads in many regions of the country.
In these watersheds, conversion of intensively
managed crops to low density residential
development may actually result in a slightly
decreased sediment or nutrient load. On the
other hand, more intensive land development
(30% IC or more) will tend to equal or exceed
cropland loadings.

The last generalization is that the effect of IC
on stormwater pollutant loadings tends to be
weakest for subwatersheds in the one to 10%
IC range. Numerous studies have suggested
that other watershed and regional factors may
have a stronger influence, such as the underly-
ing geology, the amount of carbonate rock in
the watershed, physiographic region, local soil
types, and most important, the relative fraction
of forest and crop cover in the subwatershed
(Herlihy et al., 1998 and Liu et al., 2000). The

limited influence of IC on pollutant loads is
generally consistent with the finding for
hydrologic, habitat and biological indicators
over this narrow range of IC. Once again,
watershed managers are advised to track other
watershed indicators in the sensitive stream
category, such as forest or crop cover.

1.2.2 Water Quality Response to
Stormwater Pollution

As noted in the previous section, most ICM
research has been done on streams, which are
directly influenced by increased stormwater.
Many managers have wondered whether the
ICM also applies to downstream receiving
waters, such as lakes, water supply reservoirs
and small estuaries. In general, the exact water
quality response of downstream receiving
waters to increased nonpoint source pollutant
loads depends on many factors, including the
specific pollutant, the existing loading gener-
ated by the converted land use, and the geom-
etry and hydraulics of the receiving water.
Table 3 indicates the sensitivity of rivers,
lakes, estuaries, aquifers and water supply
reservoirs to various stormwater pollutants.

Lakes and the ICM
The water column and sediments of urban
lakes are impacted by many stormwater
pollutants, including sediment, nutrients,
bacteria, metals, hydrocarbons, chlorides, and
trash/debris. Of these pollutants, limnologists
have always regarded phosphorus as the
primary lake management concern, given that
more than 80% of urban lakes experience
symptoms of eutrophication (CWP, 2001a).

In general, phosphorus export steadily in-
creases as IC is added to a lake watershed,
although the precise amount of IC that triggers
eutrophication problems is unique to each
urban lake. With a little effort, it is possible to
calculate the specific IC threshold for an
individual lake, given its internal geometry, the
size of its contributing watershed, current in-
lake phosphorus concentration, degree of
watershed treatment, and the desired water
quality goals for the lake (CWP, 2001a). As a
general rule, most lakes are extremely sensitive
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to increases in phosphorus loads caused by
watershed IC. Exceptions include lakes that are
unusually deep and/or have very small drain-
age area/lake area ratios. In most lakes, how-
ever, even a small amount of watershed
development will result in an upward shift in
trophic status (CWP, 2001a).

Reservoirs and the ICM
While surface water supply reservoirs respond
to stormwater pollutant loads in the same
general manner as lakes, they are subject to
stricter standards because of their uses for
drinking water. In particular, water supply
reservoirs are particularly sensitive to in-
creased turbidity, pathogens, total organic
carbon, chlorides, metals, pesticides and
hydrocarbon loads, in addition to phosphorus
(Kitchell, 2001). While some pollutants can be
removed or reduced through expanded filtering
and treatment at drinking water intakes, the
most reliable approach is to protect the source
waters through watershed protection and
treatment.

Consequently, we often recommend that the
ICM be used as a “threat index” for most
drinking water supplies. Quite simply, if
current or future development is expected to
exceed 10% IC in the contributing watershed,
we recommend that a very aggressive water-
shed protection strategy be implemented
(Kitchell, 2001). In addition, we contend that
drinking water quality cannot be sustained
once watershed IC exceeds 25% and have yet
to find an actual watershed where a drinking
water utility has been maintained under these
conditions.

Small Tidal Estuaries and Coves and the ICM
The aquatic resources of small tidal estuaries,
creeks, and coves are often highly impacted by
watershed development and associated activi-
ties, such as boating/marinas, wastewater
discharge, septic systems, alterations in
freshwater flow and wetland degradation and
loss. Given the unique impacts of eutrophica-
tion on the marine system and stringent water
quality standards for shellfish harvesting, the
stormwater pollutants of greatest concern in
the estuarine water column are nitrogen and

fecal coliform bacteria. Metals and hydrocar-
bons in stormwater runoff can also contami-
nate bottom sediments, which can prove toxic
to local biota (Fortner et al., 1996; Fulton et
al., 1996; Kucklick et al., 1997; Lerberg et al.,
2000; Sanger et al., 1999; Vernberg et al.,
1992).

While numerous studies have demonstrated
that physical, hydrologic, water quality and
biological indicators differ in urban and non-
urban coastal watersheds, only a handful of
studies have used  watershed IC as an indicator
of estuarine health. These studies show signifi-
cant correlations with IC, although degradation
thresholds may not necessarily adhere to the
ICM due to tidal dilution and dispersion. Given
the limited research, it is not fully clear if the
ICM can be applied to coastal systems without
modification.

Atmospheric deposition is considered a
primary source of nitrogen loading to estuarine
watersheds. Consequently, nitrogen loads in
urban stormwater are often directly linked to
IC. Total nitrogen loads have also been linked
to groundwater input, especially from subsur-
face discharges from septic systems, which are
common in low density coastal development
(Swann, 2001; Valiela et al., 1997; Vernberg et
al., 1996a). Nitrogen is generally considered to
be the limiting nutrient in estuarine systems,
and increased loading has been shown to
increase algal and phytoplankton biomass and
cause shifts in the phytoplankton community
and food web structure that may increase the
potential for phytoplankton blooms and fish
kills (Bowen and Valiela, 2001; Evgenidou et
al., 1997; Livingston, 1996).

Increased nitrogen loads have been linked to
declining seagrass communities, finfish
populations, zooplankton reproduction, inver-
tebrate species richness, and shellfish popula-
tions (Bowen and Valiela, 2001; Rutkowski et
al., 1999; Short and Wyllie-Echeverria, 1996;
Valiela and Costa, 1988). Multiple studies
have shown significant increases in nitrogen
loading as watershed land use becomes more
urban (Valiela et al., 1997; Vernberg et al.
1996a; Wahl et al., 1997). While a few studies
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link nitrogen loads with building and popula-
tion density, no study was found that used IC
as an indicator of estuarine nitrogen loading.

The second key water quality concern in small
estuaries is high fecal coliform levels in
stormwater runoff, which can lead to the
closure of shellfish beds and swimming
beaches. Waterfowl and other wildlife have
also been shown to contribute to fecal coliform
loading (Wieskel et al., 1996). Recent research
has shown that fecal coliform standards are
routinely violated during storm events at very
low levels of IC in coastal watersheds (Mallin
et al., 2001; Vernberg et al., 1996b; Schueler,
1999). Maiolo and Tschetter (1981) found a
significant correlation between human popula-
tion and closed shellfish acreage in North
Carolina, and Duda and Cromartie (1982)
found greater fecal coliform densities when
septic tank density and IC increased, with an
approximate threshold at 10% watershed IC.

Recently, Mallin et al. (2000) studied five
small North Carolina estuaries of different land
uses and showed that fecal coliform levels
were significantly correlated with watershed
population, developed land and IC. Percent IC
was the most statistically significant indicator
and could explain 95% of the variability in
fecal coliform concentrations. They also found
that shellfish bed closures were possible in
watersheds with less than 10% IC, common in
watersheds above 10% IC, and almost certain
in watersheds above 20% IC. While higher
fecal coliform levels were observed in devel-
oped watersheds, salinity, flushing and proxim-
ity to pollution sources often resulted in higher
concentrations at upstream locations and at
high tides (Mallin et al., 1999). While these
studies support the ICM, more research is
needed to prove the reliability of the ICM in
predicting shellfish bed closures based on IC.

Several studies have also investigated the
impacts of urbanization on estuarine fish,
macrobenthos and shellfish communities.
Increased PAH accumulation in oysters,
negative effects of growth in juvenile sheeps-
head minnows, reduced molting efficiency in
copepods, and reduced numbers of grass

shrimp have all been reported for urban
estuaries as compared to forested estuaries
(Fulton et al., 1996). Holland et al. (1997)
reported that the greatest abundance of penaid
shrimp and mummichogs was observed in tidal
creeks with forested watersheds compared to
those with urban cover. Porter et al. (1997)
found lower grass shrimp abundance in small
tidal creeks adjacent to commercial and urban
development, as compared to non-urban
watersheds.

Lerberg et al. (2000) studied small tidal creeks
and found that highly urban watersheds (50%
IC) had the lowest benthic diversity and
abundance as compared to suburban and
forested creeks, and benthic communities were
numerically dominated by tolerant oligocha-
etes and polychaetes. Suburban watersheds (15
to 35% IC) also showed signs of degradation
and had some pollution tolerant macrobenthos,
though not as markedly as urban creeks.
Percent abundance of pollution-indicative
species showed a marked decline at 30% IC,
and the abundance of pollution-sensitive
species also significantly correlated with IC
(Lerberg et al., 2000). Holland et al. (1997)
reported that the variety and food availability
for juvenile fish species was impacted at 15 to
20% IC.

Lastly, a limited amount of research has
focused on the direct impact of stormwater
runoff on salinity and hypoxia in small tidal
creeks. Blood and Smith (1996) compared
urban and forested watersheds and found
higher salinities in urban watersheds due to the
increased number of impoundments. Fluctua-
tions in salinity have been shown to affect
shellfish and other aquatic populations (see
Vernberg, 1996b). When urban and forested
watersheds were compared, Lerberg et al.
(2000) reported that higher salinity fluctuations
occurred most often in developed watersheds;
significant correlations with salinity range and
IC were also determined. Lerberg et al. (2000)
also found that the most severe and frequent
hypoxia occurred in impacted salt marsh
creeks and that dissolved oxygen dynamics in
tidal creeks were comparable to dead-end
canals common in residential marina-style
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Practice N TSS TP OP TN NOx Cu Zn Oil/
Grease11 Bacteria

Dry Ponds 9 47 19 N/R 25 3.5 26 26 3 44

Wet Ponds 43 80 51 65 33 43 57 66 78 70
Wetlands 36 76 49 48 30 67 40 44 85 78
Filtering Practices2 18 86 59 57 38 -14 49 88 84 37
Water Quality
Swales

9 81 34 1.0 84 31 51 71 62 -25

Ditches3 9 31 -16 N/R -9.0 24 14 0 N/R 0
Infiltration 6 95 80 85 51 82 N/R N/R N/R N/R
1: Represents data for Oil and Grease and PAH
2: Excludes vertical sand filters
3: Refers to open channel practices not designed for water quality
N/R = Not Reported

coastal developments. Suburban watersheds
(15 to 35% IC) exhibited signs of degradation
and had some pollution-tolerant macrobenthic
species, though not to the extent of urban
watersheds (50% IC).

In summary, recent research suggests that
indicators of coastal watershed health are
linked to IC. However, more research is
needed to clarify the relationship between IC
and estuarine indicators in small tidal estuaries
and high salinity creeks.

1.2.3 Effect of Watershed Treatment
on Stormwater Quality

Over the past two decades, many communities
have invested in watershed protection prac-
tices, such as stormwater treatment practices
(STPs), stream buffers, and better site design,
in order to reduce pollutant loads to receiving
waters. In this section, we review the effect of
watershed treatment on the quality of stormwa-
ter runoff.

Effect of Stormwater Treatment Practices
We cannot directly answer the question as to
whether or not stormwater treatment practices
can significantly reduce water quality impacts
at the watershed level, simply because no
controlled monitoring studies have yet been
conducted at this scale. Instead, we must rely
on more indirect research that has tracked the
change in mass or concentration of pollutants

as they travel through individual stormwater
treatment practices. Thankfully, we have an
abundance of these performance studies, with
nearly 140 monitoring studies evaluating a
diverse range of STPs, including ponds,
wetlands, filters, and swales (Winer, 2000).

These studies have generally shown that
stormwater practices have at least a moderate
ability to remove many pollutants in urban
stormwater. Table 4 provides average removal
efficiency rates for a range of practices and
stormwater pollutants, and Table 5 profiles the
mean storm outflow concentrations for various
practices. As can be seen, some groups of
practices perform better than others in remov-
ing certain stormwater pollutants. Conse-
quently, managers need to carefully choose
which practices to apply to solve the primary
water quality problems within their water-
sheds.

It is also important to keep in mind that site-
based removal rates cannot be extrapolated to
the watershed level without significant adjust-
ment. Individual site practices are never
implemented perfectly or consistently across a
watershed. At least three discount factors need
to be considered: bypassed load, treatability
and loss of performance over time. For a
review on how these discounts are derived,
consult Schueler and Caraco (2001). Even
under the most optimistic watershed imple-
mentation scenarios, overall pollutant reduc-

Table 4: The Effectiveness of Stormwater Treatment Practices in Removing
Pollutants - Percent Removal Rate (Winer, 2000)
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tions by STPs may need to be discounted by at
least 30% to account for partial watershed
treatment.

Even with discounting, however, it is evident
that STPs can achieve enough pollutant
reduction to mimic rural background loads for
many pollutants, as long as the watershed IC
does not exceed 30 to 35%. This capability is
illustrated in Figure 5, which shows phospho-
rus load as a function of IC, with and without
stormwater treatment.

Effect of Stream Buffers/Riparian Areas
Forested stream buffers are thought to have
very limited capability to remove stormwater
pollutants, although virtually no systematic
monitoring data exists to test this hypothesis.

The major reason cited for their limited
removal capacity is that stormwater generated
from upland IC has usually concentrated
before it reaches the forest buffer and therefore
crosses the buffer in a channel, ditch or storm
drain pipe. Consequently, the opportunity to
filter runoff is lost in many forest buffers in
urban watersheds.

Effect of Better Site Design
Better site design (BSD) is a term for
nonstructural practices that minimize IC,
conserve natural areas and distribute stormwa-
ter treatment across individual development
sites. BSD is also known by many other
names, including conservation development,
low-impact development, green infrastructure,
and sustainable urban drainage systems. While

Practice N TSS TP OP TN NOx Cu11 Zn11

Dry Ponds2 3 28 0.18 N/R 0.86 N/R 9.0 98
Wet Ponds 25 17 0.11 0.03 1.3 0.26 5.0 30

 Wetlands 19 22 0.20 0.07 1.7 0.36 7.0 31
Filtering Practices3 8 11 0.10 0.07 1.1 0.55 9.7 21

Water Quality Swales 7 14 0.19 0.09 1.1 0.35 10 53
Ditches4 3 29 0.31 N/R 2.4 0.72 18 32

1. Units for Zn and Cu are micrograms per liter (Fg/l)
2. Data available for Dry Extended Detention Ponds only
3. Excludes vertical sand filters
4. Refers to open channel practices not designed for water quality
N/R = Not Reported

Table 5: Median Effluent Concentrations from
 Stormwater Treatment Practices (mg/l) (Winer, 2000)

Figure 5: Estimated Phosphorus Load as a Function of Impervious Cover, Discounted
Stormwater Treatment and Better Site Design (Schueler and Caraco, 2001)

Impervious Cover (%)
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some maintain that BSD is an alternative to
traditional STPs, most consider it to be an
important complement to reduce pollutant
loads.

While BSD has become popular in recent
years, only one controlled research study has
evaluated its potential performance, and this is
not yet complete (i.e. Jordan Cove, CT).

Indirect estimates of the potential value of
BSD to reduce pollutant discharges have been
inferred from modeling and redesign analyses
(Zielinski, 2000). A typical example is pro-
vided in Figure 5, which shows the presumed
impact of BSD in reducing phosphorus load-
ings. As is apparent, BSD appears to be a very
effective strategy in the one to 25% IC range,
but its benefits diminish beyond that point.
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1.3 Implications of the ICM
for Watershed Managers

One of the major policy implications of the
ICM is that in the absence of watershed
treatment, it predicts negative stream impacts
at an extremely low intensity of watershed
development. To put this in perspective,
consider that a watershed zoned for two-acre
lot residential development will generally
exceed 10% IC, and therefore shift from a
sensitive to an impacted stream classification
(Cappiella and Brown, 2001). Thus, if a
community wants to protect an important water
resource or a highly regarded species (such as
trout, salmon or an endangered freshwater
mussel), the ICM suggests that there is a
maximum limit to growth that is not only quite
low, but is usually well below the current
zoning for many suburban or even rural
watersheds. Consequently, the ICM suggests
the unpleasant prospect that massive down-
zoning, with all of the associated political and
legal carnage involving property rights and
economic development, may be required to
maintain stream quality.

It is not surprising, then, that the ICM debate
has quickly shifted to the issue of whether or
not watershed treatment practices can provide
adequate mitigation for IC. How much relief
can be expected from stream buffers, stormwa-
ter ponds, and other watershed practices, which
might allow greater development density
within a given watershed? Only a limited
amount of research has addressed this question,
and the early results are not reassuring (re-
viewed in section 1.1.3). At this early stage,
researchers are still having trouble detecting
the impact of watershed treatment, much less
defining it. As noted earlier, both watershed
research techniques and practice implementa-
tion need to be greatly improved if we ever
expect to get a scientifically defensible answer
to this crucial question. Until then, managers
should be extremely cautious in setting high
expectations for how much watershed treat-
ment can mitigate IC.

1.3.1 Management of
Non-Supporting Streams

Most researchers acknowledge that streams
with more than 25% IC in their watersheds
cannot support their designated uses or attain
water quality standards and are severely
degraded from a physical and biological
standpoint. As a consequence, many of these
streams are listed for non-attainment under the
Clean Water Act and are subject to Total
Maximum Daily Load (TMDL) regulations.
Communities that have streams within this
regulatory class must prepare implementation
plans that demonstrate that water quality
standards can ultimately be met.

While some communities have started to
restore or rehabilitate these streams in recent
years, their efforts have yielded only modest
improvements in water quality and biological
indicators. In particular, no community has yet
demonstrated that they can achieve water
quality standards in an urban watershed that
exceeds 25% IC. Many communities are
deeply concerned that non-supporting streams
may never achieve water quality standards,
despite massive investments in watershed
restoration. The ICM suggests that water
quality standards may need to be sharply
revised for streams with more than 25% IC, if
they are ever to come into attainment. While
states have authority to create more achievable
standards for non-supporting streams within
the regulatory framework of the Clean Water
Act (Swietlik, 2001), no state has yet exercised
this authority. At this time, we are not aware of
any water quality standards that are based on
the ICM or similar urban stream classification
techniques.

Two political perceptions largely explain why
states are so reticent about revising water
quality standards. The first is a concern that
they will run afoul of anti-degradation provi-
sions within the Clean Water Act or be accused
of “backsliding” by the environmental commu-
nity. The second concern relates to the demo-
graphics of watershed organizations across the
country. According to recent surveys, slightly
more than half of all watershed organizations
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represent moderately to highly developed
watersheds (CWP, 2001a). These urban
watershed organizations often have a keen
interest in keeping the existing regulatory
structure intact, since it is perceived to be the
only lever to motivate municipalities to
implement restoration efforts in non-support-
ing streams.

However, revised water quality standards are
urgently needed to support smart growth
efforts. A key premise of smart growth is that
it is more desirable to locate new development
within a non-supporting subwatershed rather
than a sensitive or impacted one (i.e., concen-
trating density and IC within an existing
subwatershed helps prevent sprawl from
encroaching on a less developed one). Yet
while smart growth is desirable on a regional
basis, it will usually contribute to already
serious problems in non-supporting water-
sheds, which makes it even more difficult to
meet water quality standards.

This creates a tough choice for regulators: if
they adopt stringent development criteria for
non-supporting watersheds, their added costs
can quickly become a powerful barrier to
desired redevelopment. If, on the other hand,
they relax or waive environmental criteria,
they contribute to the further degradation of
the watershed. To address this problem, the
Center has developed a “smart watersheds”
program to ensure that any localized degrada-
tion caused by development within a non-
supporting subwatershed is more than compen-
sated for by improvements in stream quality
achieved through municipal restoration efforts
(CWP, in press). Specifically, the smart
watersheds program includes 17 public sector
programs to treat stormwater runoff, restore
urban stream corridors and reduce pollution
discharges in highly urban watersheds. It is
hoped that communities that adopt and imple-
ment smart watershed programs will be given
greater flexibility to meet state and federal
water quality regulations and standards within
non-supporting watersheds.

1.3.2 Use of the ICM for Urban
Stream Classification

The ICM has proven to be a useful tool for
classifying and managing the large inventory
of streams that most communities possess. It is
not unusual for a typical county to have several
thousand miles of headwater streams within its
political boundaries, and the ICM provides a
unified framework to identify and manage
these subwatersheds. In our watershed practice,
we use the ICM to make an initial diagnosis
rather than a final determination for stream
classification. Where possible, we conduct
rapid stream and subwatershed assessments as
a final check for an individual stream classifi-
cation, particularly if it borders between the
sensitive and impacted category. As noted
earlier, the statistical variation in the IC/stream
quality indicator makes it difficult to distin-
guish between a stream with 9% versus 11%
IC. Some of the key criteria we use to make a
final stream classification are provided in
Table 6.

1.3.3 Role of the ICM in Small
Watershed Planning

The ICM has also proven to be an extremely
important tool for watershed planning, since it
can rapidly project how streams will change in
response to future land use. We routinely
estimate existing and future IC in our water-
shed planning practice and find that it is an
excellent indicator of change for
subwatersheds in the zero to 30% IC range. In
particular, the ICM often forces watershed
planners to directly confront land use planning
and land conservation issues early in the
planning process.

On the other hand, we often find that the ICM
has limited planning value when
subwatersheds exceed 30% IC for two practi-
cal reasons. First, the ICM does not differenti-
ate stream conditions within this very large
span of IC (i.e., there is no difference in the
stream quality prediction for a subwatershed
that has 39.6% IC versus one that has 58.4%
IC). Second, the key management question for
non-supporting watersheds is whether or not
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they are potentially restorable. More detailed
analysis and field investigations are needed to
determine, in each subwatershed, the answer to
this question. While a knowledge of IC is often
used in these feasibility assessments, it is but
one of many factors that needs to be consid-
ered.

Lastly, we have come to recognize several
practical factors when applying the ICM for
small watershed planning. These include
thoughtful delineation of subwatershed bound-
aries, the proper accounting of a direct drain-
age area in larger watersheds, and the critical
need for the most recent IC data. More guid-
ance on these factors can be found in Zielinski
(2001).

Stream Criteria

Reported  presence of  rare,  threatened or  endangered  species  in the  aquatic
community (e.g., freshwater mussels, fish, crayfish or amphibians)
Confirmed spawning of cold-water fish species (e.g., trout)
Fair/good, good, or good to excellent macro invertebrate scores
More than 65% of EPT species present in macro-invertebrate surveys 
No barriers impede movement of fish between the subwatershed and downstream
receiving waters
Stream channels  show  little  evidence  of  ditching,  enclosure,  tile  drainage  or
channelization
Water quality monitoring indicates no standards violations during dry weather 
Stream and flood plain remain connected and regularly interact
Stream drains to a downstream surface water supply
Stream channels are generally stable, as determined by the Rosgen level analysis
Stream habitat scores are rated at least fair to good

Subwatershed Criteria 

Contains terrestrial species that are documented as rare, threatened and endangered
Wetlands,  flood  plains  and/or  beaver  complexes  make up more than  10% of
subwatershed area
Inventoried conservation areas comprise more than 10% of subwatershed area
More than 50% of the riparian forest  corridor has forest cover and is either publicly
owned or regulated 
Large contiguous forest tracts remain in the subwatershed (more than 40% in forest
cover)
Significant fraction of subwatershed is in public ownership and management
Subwatershed connected to the watershed through a wide corridor
Farming,  ranching  and  livestock  operations  in  the  subwatershed  utilize  best
management practices
Prior development in the subwatershed has utilized stormwater treatment practices

Impervious cover is not a perfect indicator of
existing stream quality. A number of stream
and subwatershed criteria should be evaluated
in the field before a final classification deci-
sion is made, particularly when the stream is
on the borderline between two classifications.
We routinely look at the stream and
subwatershed criteria to decide whether a
borderline stream should be classified as
sensitive or impacted. Table 6 reviews these
additional criteria.

Table 6: Additional Considerations for Urban Stream Classification
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1.4  Summary

The remainder of this report presents greater
detail on the individual research studies that
bear on the ICM. Chapter 2 profiles research
on hydrologic indicators in urban streams,
while Chapter 3 summarizes the status of
current research on the impact of urbanization
on physical habitat indicators. Chapter 4

presents a comprehensive review of the impact
of urbanization on ten major stormwater
pollutants. Finally, Chapter 5 reviews the
growing body of research on the link between
IC and biological indicators within urban
streams and wetlands.
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Chapter 2: Hydrologic Impacts of
Impervious Cover

The natural hydrology of streams is fundamen-
tally changed by increased watershed develop-
ment. This chapter reviews the impacts of
watershed development on selected indicators
of stream hydrology.

This chapter is organized as follows:

2.1 Introduction
2.2 Increased Runoff Volume
2.3 Increased Peak Discharge Rates
2.4 Increased Bankfull Flow
2.5 Decreased Baseflow
2.6 Conclusions

2.1 Introduction

Fundamental changes in urban stream hydrol-
ogy occur as a result of three changes in the
urban landscape that accompany land develop-
ment. First, large areas of the watershed are
paved, rendering them impervious. Second,
soils are compacted during construction, which
significantly reduces their infiltration capabili-
ties. Lastly, urban stormwater drainage sys-

tems are installed that increase the efficiency
with which runoff is delivered to the stream
(i.e., curbs and gutters, and storm drain pipes).
Consequently, a greater fraction of annual
rainfall is converted to surface runoff, runoff
occurs more quickly, and peak flows become
larger. Additionally, dry weather flow in
streams may actually decrease because less
groundwater recharge is available. Figure 6
illustrates the change in hydrology due to
increased urban runoff as compared to pre-
development conditions.

Research has demonstrated that the effect of
watershed urbanization on peak discharge is
more marked for smaller storm events. In
particular, the bankfull, or channel forming
flow, is increased in magnitude, frequency and
duration. Increased bankfull flows have strong
ramifications for sediment transport and
channel enlargement. All of these changes in
the natural water balance have impacts on the
physical structure of streams, and ultimately
affect water quality and biological diversity.

Figure 6: Altered Hydrograph in Response to Urbanization
(Schueler, 1987)
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The relationship between watershed IC and
stream hydrology is widely accepted, and has
been incorporated into many hydrologic
engineering models over the past three de-
cades. Several articles provide a good sum-
mary of these (Bicknell et al., 1993; Hirsch et
al., 1990; HEC, 1977; Huber and Dickinson,
1988; McCuen and Moglen, 1988; Overton and
Meadows, 1976; Pitt and Voorhees, 1989;
Schueler, 1987; USDA, 1992;  1986).

The primary impacts of watershed develop-
ment on stream hydrology are as follows:

• Increased runoff volume
• Increased peak discharge rates
• Increased magnitude, frequency, and

duration of bankfull flows
• Diminished baseflow
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2.2  Increased Runoff Volume

Impervious cover and other urban land use
alterations, such as soil compaction and storm
drain construction, alter infiltration rates and
increase runoff velocities and the efficiency
with which water is delivered to streams. This
decrease in infiltration and basin lag time can
significantly increase runoff volumes. Table 7
reviews research on the impact of IC on runoff
volume in urban streams. Schueler (1987)
demonstrated that runoff values are directly
related to subwatershed IC (Figure 7). Runoff
data was derived from 44 small catchment
areas across the country for EPA’s Nationwide
Urban Runoff Program.

Table 8 illustrates the difference in runoff
volume between a meadow and a parking lot,
as compiled from engineering models. The
parking lot produces more than 15 times more
runoff than a meadow for the same storm
event.

Urban soils are also profoundly modified
during the construction process. The compac-
tion of urban soils and the removal of topsoil
can decrease the infiltration capacity, causing
increases in runoff volumes (Schueler, 2000).
Bulk density is often used to measure soil
compaction, and Table 9 illustrates how bulk
density increases in many urban land uses.

Figure 7: Runoff Coefficient vs. IC  (Schueler, 1987)

Note: 44 small urban catchments monitored during the national NURP study
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Reference Key Finding Location

Increased Runoff Volume

Schueler,
1987

Runoff coefficients  were found to be strongly correlated with IC at 44 sites
nationwide. U.S.

Neller, 1988
Urban watershed produced more than seven times as much runoff as a
similar rural watershed. Average time to produce runoff was reduced by 63%
in urban watersheds compared to rural watersheds.

Australia

Increased Peak Discharge

Hollis, 1975

Review of data from several studies showed that floods with a return period
of a year or longer are not affected by a 5% watershed IC; small floods may
be increased  10 times by urbanization; flood with a return period of 100
years may be doubled in size by a 30% watershed IC.

N/A

Leopold, 
1968

Data from seven nationwide studies showed that 20% IC can cause the
mean annual flood to double. U.S.

Neller, 1988
Average peak discharge from urban watersheds was 3.5 times higher than
peak runoff from rural watersheds. Australia

Doll et al.,
2000

Peak discharge was greater for 18 urban streams versus 11 rural Piedmont
streams. NC

Sauer et al.,
1983

Estimates of flood discharge for various recurrence intervals showed that less
than 50% watershed IC can result in a doubling of the 2-year, 10-year, and
100-year floods.

U.S.

Leopold,
1994

Watershed development over a 29-year period caused the peak discharge
of the 10-year storm to more than double. MD

Kibler et al.,
1981

Rainfall/runoff model for two watersheds showed that an increase in IC
caused a significant increase in mean annual flood.

PA

Konrad and
Booth, 2002

Evaluated streamflow data at 11 streams and found that the fraction of
annual mean discharges was exceeded and maximum annual
instantaneous discharges were related to watershed development and
road density for moderately and highly developed watersheds.

WA

Table 7: Research Review of Increased Runoff Volume and Peak
Discharge in Urban Streams
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Hydrologic or Water Quality Parameter Parking Lot Meadow

Runoff Coefficient 0.95 0.06

Time of Concentration (minutes) 4.8 14.4

Peak Discharge, two-year, 24-hour storm (cfs) 4.3 0.4

Peak Discharge Rate, 100-year storm (cfs) 12.6 3.1

Runoff Volume from one-inch storm (cu. ft) 3,450 218

Runoff Velocity @ two-year storm (ft/sec) 8 1.8

Key Assumptions: 

2-yr, 24-hr storm = 3.1 in; 100-yr storm = 8.9 in.
Parking Lot: 100% imperviousness; 3% slope; 200ft flow length; hydraulic radius =.03; concrete channel;
suburban Washington C  values
Meadow: 1% impervious; 3% slope; 200 ft flow length; good vegetative condition; B soils; earthen
channel 
Source: Schueler, 1994a

Table 8: Hydrologic Differences Between a Parking Lot and a Meadow
(Schueler, 1994a)

Undisturbed Soil
Type or Urban

Condition 

Surface Bulk
Density

(grams/cubic
centimeter)

Urban Condition 
Surface Bulk Density

(grams/cubic
centimeter)

Peat 0.2 to 0.3 Urban Lawns 1.5 to 1.9

Compost 1.0
Crushed Rock
Parking Lot 

1.5 to 1.9

Sandy Soils 1.1 to 1.3 Urban Fill Soils 1.8 to 2.0

Silty Sands 1.4 Athletic Fields 1.8 to 2.0

Silt 1.3 to 1.4 Rights-of-Way and
Building Pads (85%) 

1.5 to 1.8

Silt Loams 1.2 to 1.5
Rights-of-Way and
Building Pads (95%)

1.6 to 2.1

Organic Silts/Clays 1.0 to 1.2 
Concrete

Pavement 2.2

Glacial Till 1.6 to 2.0 Rock 2.65

Table 9: Comparison of Bulk Density for Undisturbed Soils and
Common Urban Conditions (Schueler, 2000)
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2.3  Increased Peak
Discharge Rate

Watershed development has a strong influence
on the magnitude and frequency of flooding in
urban streams. Peak discharge rates are often
used to define flooding risk. Doll et al. (2000)
compared 18 urban streams with 11 rural
streams in the North Carolina Piedmont and
found that unit area peak discharge was always
greater in urban streams (Figure 8). Data from
Seneca Creek, Maryland also suggest a similar
increase in peak discharge. The watershed
experienced significant growth during the
1950s and 1960s. Comparison of pre- and post-
development gage records suggests that the
peak 10-year flow event more than doubled
over that time (Leopold, 1994).

Hollis (1975) reviewed numerous studies on
the effects of urbanization on floods of differ-
ent recurrence intervals and found that the
effect of urbanization diminishes when flood
recurrence gets longer (i.e., 50 and 100 years).
Figure 9 shows the effect on flood magnitude
in urban watersheds with 30% IC, and shows

the one-year peak discharge rate increasing by
a factor of 10, compared to an undeveloped
watershed. In contrast, floods with a 100-year
recurrence interval only double in size under
the same watershed conditions.

Sauer et al. (1983) evaluated the magnitude of
flooding in urban watersheds throughout the
United States. An equation was developed for
estimating discharge for floods of two-year,
10-year, and 100-year recurrence intervals. The
equations used IC to account for increased
runoff volume and a basin development factor
to account for sewers, curbs and gutters,
channel improvements and drainage develop-
ment. Sauer noted that IC is not the dominant
factor in determining peak discharge rates for
extreme floods because these storm events
saturate the soils of undeveloped watersheds
and produce high peak discharge rates. Sauer
found that watersheds with 50% IC can in-
crease peak discharge for the two-year flood by
a factor of four, the 10-year flood by a factor of
three, and the 100-year flood by a factor of 2.5,
depending on the basin development factor
(Figure 10).

Figure 8: Peak Discharge for Urban and Rural Streams in North Carolina
 (Doll et al., 2000)
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2.4 Increased Bankfull Flow

Urbanization also increases the frequency and
duration of peak discharge associated with
smaller flood events (i.e., one- to two-year
return storms). In terms of stream channel
morphology, these more frequent bankfull
flows are actually much more important than
large flood events in forming the channel. In
fact, Hollis (1975) demonstrated that urbaniza-
tion increased the frequency and magnitude of
bankfull flow events to a greater degree than
the larger flood events.

Figure 10: Relationship of Urban/Rural 100-Year Peak Flow Ratio to Basin
Development Factor and IC  (Sauer et al., 1983)

Figure 9: Effect on Flood Magnitudes of 30% Basin IC (Hollis, 1975)

An example of the increase in bankfull flow in
arid regions is presented by the U.S. Geologi-
cal Survey (1996), which compared the peak
discharge rate from two-year storm events
before and after watersheds urbanized in Parris
Valley, California. Over an approximately 20-
year period, watershed IC increased by 13.5%,
which caused the two-year peak flow to more
than double. Table 10 reviews other research
studies on the relationship between watershed
IC and bankfull flows in urban streams.
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Leopold (1968) evaluated data from seven
nationwide studies and extrapolated this data to
illustrate the increase in bankfull flows due to
urbanization. Figure 11 summarizes the
relationship between bankfull flows over a

range of watershed IC. For example, water-
sheds that have 20% IC increase the number of
flows equal to or greater than bankfull flow by
a factor of two. Leopold (1994) also observed a
dramatic increase in the frequency of the
bankfull event in Watts Branch, an urban
subwatershed in Rockville, Maryland. This
watershed experienced significant urban
development during the 1950s and 1960s.
Leopold compared gage records and found that
the bankfull storm event frequency increased
from two to seven times per year from 1958 to
1987.

More recent data on bankfull flow frequency
was reported for the Rouge River near Detroit,
Michigan by Fongers and Fulcher (2001). They
noted that channel-forming flow (1200 cfs)
was exceeded more frequently as urbanization
increased in the watershed and had become
three times more frequent between 1930 and
1990 (Figure 12).

McCuen and Moglen (1988) have documented
the increase in duration of bankfull flows in
response to urbanization using hydrology
models. MacRae (1996), monitored a stream in
Markham, Ontario downstream of a stormwa-
ter pond and found that the hours of

Reference Key Finding Location

Booth and
Reinelt, 1993

Using a simulation model  and hydrologic data from four watersheds, it
was estimated that more than 10% watershed IC may cause discharge
from the two-year storm under current  conditions to equal  or exceed
discharge from the 10-year storm under forested conditions.

WA

Fongers and
Fulcher, 2001

Bankfull flow of 1200 cfs was exceeded more frequently over time with
urbanization, and exceedence was three times as frequent from 1930s to
1990s.

MI

USGS,
1996

Over a 20-year period, IC increased 13.5%, and the two-year peak flow
more than doubled in a semi-arid watershed.

CA

Henshaw and
Booth,
2000

Two of three watersheds in the Puget Sound lowlands showed increasing
flashiness over 50 years with urbanization.

WA

Leopold, 1968
Using  hydrologic  data  from  a  nine-year  period  for  North  Branch
Brandywine Creek, it was estimated that for a 50% IC watershed, bankfull
frequency would be increased fourfold.

PA

Leopold,
1994

Bankfull  frequency increased two to seven times after urbanization in
Watts Branch. 

MD

MacRae,
1996

For a site downstream of a stormwater pond in Markham, Ontario hours
of  exceedence of  bankfull  flows  increased  by  4.2  times  after  the
watershed urbanized (34% IC)

Ontario

Figure 11: Increase in Bankfull Flows Due to
Urbanization (Leopold, 1968)

Table 10: Research Review of Increased Bankfull Discharge in Urban Streams
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Figure 12: Increase in Number of Exceedences of Bankfull Flow Over Time
With Urbanization in the Rouge River, MT (Fongers and Fulcher, 2001)

exceedence of bankfull flows increased by a
factor of 4.2 once watershed IC exceeded 30%.
Modeling for seven streams also downstream
of stormwater ponds in Surrey, British Colum-
bia also indicated an increase in bankfull
flooding in response to watershed development
(MacRae, 1996).

Watershed IC also increases the “flashiness” of
stream hydrographs. Flashiness is defined here

Figure 13: Percent of Gage Reading Above Mean Annual Flow for Puget Sound
Lowland Streams (Henshaw and Booth, 2000)

as the percent of daily flows each year that
exceeds the mean annual flow. Henshaw and
Booth (2000) evaluated seven urbanized
watersheds in the Puget Sound lowland
streams and tracked changes in flashiness over
50 years (Figure 13). The most urbanized
watersheds experienced flashy discharges.
Henshaw and Booth concluded that increased
runoff in urban watersheds leads to higher but
shorter-duration peak discharges.

River Rouge - Number of Exceedances of 1200 cfs

Decade
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Reference Key Finding Location
Finkenbine et al.,

2000
Summer base flow was uniformly low in 11 streams when IC
reached 40% or greater.

Vancouver

Klein, 1979 Baseflow decreased as IC increased in Piedmont streams. MD

Saravanapavan, 
2002

Percentage of baseflow decreased linearly as IC increased for 13
subwatersheds of Shawsheen River watershed. MA

Simmons and
Reynolds, 1982

Dry weather flow dropped 20 to 85% after development in
several urban watersheds on Long Island.

NY

Spinello and
Simmons, 1992

Baseflow in two Long Island streams went dry as a result of
urbanization. NY

Konrad and Booth,
2002

No discernable trend over many decades in the annual seven
day low flow discharge for 11 Washington streams.

WA

Wang et al., 2001
Stream baseflow was negatively correlated with watershed IC in
47 small streams, with an apparent breakpoint at 8 to 12% IC.

WI

Evett et al., 1994 No clear relationship between dry weather flow and urban and
rural streams in 21 larger watersheds.

NC

2.5 Decreased Baseflow

As IC increases in a watershed, less groundwa-
ter infiltration is expected, which can poten-
tially decrease stream flow during dry periods,
(i.e. baseflow). Several East Coast studies
provide support for a decrease in baseflow as a
result of watershed development. Table 11
reviews eight research studies on baseflow in
urban streams.

Klein (1979) measured baseflow in 27 small
watersheds in the Maryland Piedmont and
reported an inverse relationship between IC
and baseflow (Figure 14). Spinello and
Simmons (1992) demonstrated that baseflow in
two urban Long Island streams declined
seasonally as a result of urbanization (Figure
15). Saravanapavan (2002) also found that
percentage of baseflow decreased in direct
proportion to percent IC for 13 subwatersheds
of the Shawsheen River watershed in Massa-
chusetts (Figure 16).

Table 11: Research Review of Decreased Baseflow in Urban Streams

Figure 14: Relationship Between
Baseflow and Watershed IC in the
Streams on Maryland Piedmont

(Klein, 1979)
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Figure 15: Baseflow Response to Urbanization in Long Island Streams
(Spinello and Simmons, 1992)

Figure 16: Relationship Between Percentage Baseflow and Percent IC in
Massachusetts Streams  (Saravanapan, 2002)
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Finkebine et al. (2000) monitored summer
baseflow in 11 streams near Vancouver, British
Columbia and found that stream base flow was
uniformly low due to decreased groundwater
recharge in watersheds with more than 40% IC
(Figure 17). Baseflow velocity also consis-
tently decreased when IC increased (Figure
18). The study cautioned that other factors can
affect stream baseflow, such as watershed
geology and age of development.

Other studies, however, have not been able to
establish a relationship between IC and declin-
ing baseflow. For example, a study in North
Carolina could not conclusively determine that
urbanization reduced baseflow in larger urban
and suburban watersheds in that area (Evett et

al., 1994). In some cases, stream baseflow is
supported by deeper aquifers or originate in
areas outside the surface watershed boundary.
In others, baseflow is augmented by leaking
sewers, water pipes and irrigation return flows.

This appears to be particularly true in arid and
semi-arid areas, where baseflow can actually
increase in response to greater IC (Hollis,
1975). For instance, Crippen and Waananen
(1969) found that Sharon Creek near San
Francisco changed from an ephemeral stream
into a perennial stream after urban develop-
ment. Increased infiltration from lawn watering
and return flow from sewage treatment plants
are two common sources of augmented
baseflows in these regions (Caraco, 2000a).

Figure 18: Effect of Watershed IC on Summer
Stream Velocity in Vancouver Streams (Finkerbine et al., 2000)

Figure 17: Effect of IC on Summer Baseflow
in Vancouver Streams (Finkerbine et al., 2000)
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2.6 Conclusions

The changes in hydrology indicators caused by
watershed urbanization include increased
runoff volume; increased peak discharge;
increased magnitude, frequency and duration
of bankfull flows; flashier/less predictable
flows; and decreased baseflow. Many studies
support the direct relationship between IC and
these indicators. However, at low levels of
watershed IC, site-specific factors such as
slope, soils, types of conveyance systems, age
of development, and watershed dimensions
often play a stronger role in determining a
watershed’s hydrologic response.

Overall, the following conclusions can be
drawn from the relationship between watershed
IC and hydrology indicators:

• Strong evidence exists for the direct
relationship between watershed IC and
increased stormwater runoff volume and
peak discharge. These relationships are
considered so strong that they have been
incorporated into widely accepted engi-
neering models.

• The relationship between IC and bankfull
flow frequency has not been extensively
documented, although abundant data exists
for differences between urban and non-
urban watersheds.

• The relationship between IC and declining
stream flow is more ambiguous and
appears to vary regionally in response to
climate and geologic factors, as well as
water and sewer infrastructure.

The changes in hydrology indicators caused by
watershed urbanization directly influence
physical and habitat characteristics of streams.
The next chapter reviews how urban streams
physically respond to the major changes to
their hydrology.



38                Impacts of Impervious Cover on Aquatic Systems

Chapter 2: Hydrologic Impacts of Impervious Cover



 Impacts of Impervious Cover on Aquatic Systems 39

 Chapter 3: Physical Impacts of Impervious Cover

Chapter 3: Physical Impacts of
Impervious Cover

A growing body of scientific literature docu-
ments the physical changes that occur in
streams undergoing watershed urbanization.
This chapter discusses the impact of watershed
development on various measures of physical
habitat in urban stream channels and is orga-
nized as follows:

3.1 Difficulty in Measuring Habitat
3.2 Changes in Channel Geometry
3.3 Effect on Composite Indexes of

Stream Habitat
3.4 Effect on Individual Elements of

Stream Habitat
3.5 Increased Stream Warming
3.6 Alteration of Stream Channel Network
3.7 Conclusion

This chapter reviews the available evidence on
stream habitat. We begin by looking at geo-
morphological research that has examined how
the geometry of streams changes in response to
altered urban hydrology. The typical response
is an enlargement of the cross-sectional area of
the stream channel through a process of
channel incision, widening, or a combination
of both. This process triggers an increase in
bank and/or bed erosion that increases sedi-
ment transport from the stream, possibly for
several decades or more.

Next, we examine the handful of studies that
have evaluated the relationship between
watershed development and composite indica-
tors of stream habitat (such as the habitat
Rapid Bioassessment Protocol, or RBP). In the
fourth section, we examine the dozen studies
that have evaluated how individual habitat
elements respond to watershed development.
These studies show a consistent picture.
Generally, streams with low levels of IC have
stable banks, contain considerable large woody
debris (LWD) and possess complex habitat
structure. As watershed IC increases, however,
urban streambanks become increasingly
unstable, streams lose LWD, and they develop
a more simple and uniform habitat structure.
This is typified by reduced pool depths, loss of
pool and riffle sequences, reduced channel
roughness and less channel sinuosity.

Water temperature is often regarded as a key
habitat element, and the fifth section describes
the stream warming effect observed in urban
streams in six studies. The last section looks at
the effect of watershed development on the
stream channel network as a whole, in regard
to headwater stream loss and the creation of
fish barriers.
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3.1 Difficulty in Measuring
Habitat

The physical transformation of urban streams
is perhaps the most conspicuous impact of
watershed development. These dramatic
physical changes are easily documented in
sequences of stream photos with progressively
greater watershed IC (see Figure 19). Indeed,
the network of headwater stream channels
generally disappears when watershed IC
exceeds 60% (CWP).

3.1.1 The Habitat Problem

It is interesting to note that while the physical
impacts of urbanization on streams are widely
accepted, they have rarely been documented by
the research community. As a consequence, no
predictive models exist to quantify how
physical indicators of stream habitat will
decline in response to watershed IC, despite
the fact that most would agree that some kind
of decline is expected (see Table 12).

Figure 19: Urban Stream Channels with Progressively Greater IC

10% IC 28% IC

31% IC 40% IC

53% IC 55% IC
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The main reason for this gap is that “habitat” is
extremely hard to define, and even more
difficult to measure in the field. Most indices
of physical habitat involve a visual and qualita-
tive assessment of 10 or more individual
habitat elements that are perceived by fishery
and stream biologists to contribute to quality
stream habitat. Since these indices include
many different habitat elements, each of which
is given equal weight, they have not been very
useful in discriminating watershed effects
(Wang et al., 2001).

Researchers have had greater success in
relating individual habitat elements to water-
shed conditions, such as large woody debris
(LWD), embeddedness, or bank stability. Even
so, direct testing has been limited, partly
because individual habitat elements are hard to
measure and are notoriously variable in both
space and time. Consider bank stability for a
moment. It would be quite surprising to see a
highly urban stream that did not have unstable
banks. Yet, the hard question is exactly how
would bank instability be quantitatively
measured? Where would it be measured — at a
point, a cross-section, along a reach, on the left
bank or the right?

Geomorphologists stress that no two stream
reaches are exactly alike, due to differences in
gradient, bed material, sediment transport,
hydrology, watershed history and many other
factors. Consequently, it is difficult to make
controlled comparisons among different
streams. Indeed, geomorphic theory stresses
that individual stream reaches respond in a

highly dynamic way to changes in watershed
hydrology and sediment transport, and can take
several decades to fully adjust to a new equi-
librium.

Returning to our example of defining bank
stability, how might our measure of bank
instability change over time as its watershed
gradually urbanizes, is built out, and possibly
reaches a new equilibrium over several de-
cades? It is not very surprising that the effect
of watershed development on stream habitat is
widely observed, yet rarely measured.

Specific Impacts

Sediment transport modified
Channel enlargement
Channel incision
Stream embeddedness
Loss of large woody debris
Changes in pool/riffle structure
Loss of riparian cover
Reduced channel sinuosity
Warmer in-stream temperatures 
Loss of cold water species and
diversity
Channel hardening
Fish blockages
Loss of 1st and 2nd order streams
through storm drain enclosure

Table 12: Physical Impacts of
Urbanization on Streams
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3.2 Changes in Stream
Geometry

As noted in the last chapter, urbanization
causes an increase in the frequency and
duration of bankfull and sub-bankfull flow
events in streams. These flow events perform
more “effective work” on the stream channel,
as defined by Leopold (1994). The net effect is
that an urban stream channel is exposed to
more shear stress above the critical threshold
needed to move bank and bed sediments
(Figure 20). This usually triggers a cycle of
active bank erosion and greater sediment
transport in urban streams. As a consequence,
the stream channel adjusts by expanding its
cross-sectional area, in order to effectively
accommodate greater flows and sediment
supply. The stream channel can expand by
incision, widening, or both. Incision refers to
stream down-cutting through the streambed,
whereas widening refers to lateral erosion of

the stream bank and its flood plain (Allen and
Narramore, 1985; Booth, 1990; Morisawa and
LaFlure, 1979).

3.2.1 Channel Enlargement

A handful of research studies have specifically
examined the relationship between watershed
development and stream channel enlargement
(Table 13). These studies indicate that stream
cross-sectional areas can enlarge by as much as
two to eight times in response to urbanization,
although the process is complex and may take
several decades to complete (Pizzuto et al.,
2000; Caraco, 2000b; Hammer, 1972). An
example of channel enlargement is provided in
Figure 21, which shows how a stream cross-
section in Watts Branch near Rockville,
Maryland has expanded in response to nearly
five decades of urbanization (i.e., watershed IC
increased from two to 27%).

Figure 20: Increased Shear Stress from a Hydrograph
(MacRae and Rowney, 1992)
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Reference Key Finding Location

% IC used as Indicator

Caraco, 
2000b

Reported enlargement in ratios of 1.5 to 2.2 for 10 stream reaches
in Watts Branch and computed ultimate enlargement ratios of 2.0 MD

MacCrae
and De

Andrea, 1999

Introduced the concept of ultimate channel enlargement based
on watershed IC and channel characteristics.

Ontario,
TX

Morse, 2001 Demonstrated increased erosion rates with increases in IC
(channels were generally of the same geomorphic type).

ME

Urbanization Used as Indicator

Allen and
Narramore, 

1985
Enlargement ratios in two urban streams ranged from 1.7 to 2.4. TX

Bledsoe, 2001
Reported that channel response to urbanization depends on
other factors in addition to watershed IC including geology,
vegetation, sediment and flow regimes.  

N/A

Booth and
Henshaw, 

2001

Evaluated channel cross section erosion rates and determined
that these rates vary based on additional factors including the
underlying geology, age of development and gradient. 

WA

 Hammer, 
1972 Enlargement ratios ranged from 0.7 to 3.8 in urban watersheds. PA

Neller, 1989
Enlargement ratios in small urban catchments ranged from two to
7.19, the higher enlargement ratios were primarily from incision
occurring in small channels.

Australia

Pizzuto et al., 
2000

Evaluated channel characteristics of paired urban and rural
streams and demonstrated median bankfull cross sectional
increase of 180%. Median values for channel sinuosity were 8%
lower in urban streams; Mannings N values were found to be 10%
lower in urban streams. 

PA

Hession et al.,
in press

Bankfull widths for urban streams were significantly wider than
non-urban streams in 26 paired streams. Forested reaches were
consistently wider than non-forested reaches in urban streams.

MD, DE,
PA

Dartiguenave
et al., 1997

Bank erosion accounted for up to 75% of the sediment transport
in urban watersheds. TX

Trimble, 1997
Demonstrated channel enlargement over time in an urbanizing
San Diego Creek; Bank erosion accounted for over 66% of the
sediment transport.

CA

Table 13:  Research Review of Channel Enlargement and Sediment
Transport in Urban Streams
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Some geomorphologists suggest that urban
stream channels will reach an “ultimate
enlargement” relative to pre-developed chan-
nels (MacRae and DeAndrea, 1999) and that
this can be predicted based on watershed IC,
age of development, and the resistance of the
channel bed and banks. A relationship between
ultimate stream channel enlargement and
watershed IC has been developed for alluvial
streams in Texas, Vermont and Maryland
(Figure 22). Other geomorphologists such as
Bledsoe (2001) and Booth and Henshaw
(2001) contend that channel response to
urbanization is more complex, and also de-
pends on geology, grade control, stream
gradient and other factors.

Channel incision is often limited by grade
control caused by bedrock, cobbles, armored
substrates, bridges, culverts and pipelines.
These features can impede the downward
erosion of the stream channel and thereby limit
the incision process. Stream incision can
become severe in streams that have softer
substrates such as sand, gravel and clay
(Booth, 1990). For example, Allen and
Narramore (1985) showed that channel en-
largement in chalk channels was 12 to 67%
greater than in shale channels near Dallas,

Texas. They attributed the differences to the
softer substrate, greater velocities and higher
shear stress in the chalk channels.

Neller (1989) and Booth and Henshaw (2001)
also report that incised urban stream channels
possess cross-sectional areas that are larger
than would be predicted based on watershed
area or discharge alone. This is due to the fact
that larger floods are often contained within
the stream channel rather than the floodplain.
Thus, incised channels often result in greater
erosion and geomorphic change. In general,
stream conditions that can foster incision
include erodible substrates, moderate to high
stream gradients, and an absence of grade
control features.

Channel widening occurs more frequently
when streams have grade control and the
stream has cut into its bank, thereby expanding
its cross-sectional area. Urban stream channels
often have artificial grade controls caused by
frequent culverts and road crossings. These
grade controls often cause localized sediment
deposition that can reduce the capacity of
culverts and bridge crossings to pass flood
waters.
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Figure 21: Stream Channel Enlargement in Watts Branch, MD 1950-2000  (Caraco, 2000b)
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The loss of flood plain and riparian vegetation
has been strongly associated with watershed
urbanization (May et al., 1997). A few studies
have shown that the loss of riparian trees can
result in increased erosion and channel migra-
tion rates (Beeson and Doyle, 1995 and
Allmendinger et al., 1999). For example,
Beeson and Doyle (1995) found that meander
bends with vegetation were five times less
likely to experience significant erosion from a
major flood than non-vegetated meander
bends.Hession et al. (in press) observed that
forested reaches consistently had greater
bankfull widths than non-forested reaches in a
series of urban streams in Pennsylvania,
Maryland and Delaware.

3.2.2 Effect of Channel Enlargement
on Sediment Yield

Regardless of whether a stream incises,
widens, or does both, it will greatly increase
sediment transport from the watershed due to
erosion. Urban stream research conducted in
California and Texas suggests that 60 to 75%
of the sediment yield of urban watersheds can
be derived from channel erosion (Trimble,
1997 and Dartingunave et al., 1997) This can
be compared to estimates for rural streams

where channel erosion accounts for only five to
20% of the annual sediment yield (Collins et
al., 1997 and Walling and Woodward, 1995).

Some geomorphologists speculate that urban
stream channels will ultimately adjust to their
post-development flow regime and sediment
supply. Finkenbine et al. (2000) observed these
conditions in Vancouver streams, where study
streams eventually stabilized two decades after
the watersheds were fully developed. In older
urban streams, reduced sediment transport can
be expected when urbanization has been
completed. At this point, headwater stream
channels are replaced by storm drains and
pipes, which can transport less sediment. The
lack of available sediment may cause down-
stream channel erosion, due to the diminished
sediment supply found in the stream.

Figure 22: Ultimate Channel Enlargement in MD, UT and TX Alluvial Streams
(MacRae and DeAndrea, 1999 and CWP, 2001b)
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3.3  Effect on Composite
Measures of Stream Habitat

Composite measures of stream habitat refer to
assessments such as EPA’s Habitat Rapid
Bioassessment Protocol (RBP) that combine
multiple habitat elements into a single score or
index (Barbour et al., 1999). For example, the
RBP requires visual assessment of 10 stream
habitat elements, including embeddedness,
epifaunal substrate quality, velocity/depth
regime, sediment deposition, channel flow
status, riffle frequency, bank stabilization,
streambank vegetation and riparian vegetation
width. Each habitat element is qualitatively
scored on a 20 point scale, and each element is
weighted equally to derive a composite score
for the stream reach.

To date, several studies have found a relation-
ship between declining composite habitat
indicator scores and increasing watershed IC in
different eco-regions of the United States. A

typical pattern in the composite habitat scores
is provided for headwater streams in Maine
(Morse, 2001; Figure 23). This general finding
has been reported in the mid-Atlantic, North-
east and the Northwest (Black and Veatch,
1994; Booth and Jackson, 1997; Hicks and
Larson, 1997; Maxted and Shaver, 1997;
Morse, 2001; Stranko and Rodney, 2001).

However, other researchers have found a much
weaker relationship between composite habitat
scores and watershed IC. Wang and his col-
leagues (2001) found that composite habitat
scores were not correlated with watershed IC
in Wisconsin streams, although it was corre-
lated with individual habitat elements, such as
streambank erosion. They noted that many
agricultural and rural streams had fair to poor
composite habitat scores, due to poor riparian
management and sediment deposition. The
same basic conclusion was also reported for
streams of the Maryland Piedmont (MNCPPC,
2000).

Figure 23: Relationship Between Habitat Quality and IC in Maine Streams (Morse, 2001)
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3.4  Effect on Individual
Elements of Stream Habitat

Roughly a dozen studies have examined the
effect of watershed development on the
degradation of individual stream habitat
features such as bank stability, embeddedness,
riffle/pool quality, and loss of LWD (Table
14). Much of this data has been acquired from
the Pacific Northwest, where the importance of
such habitat for migrating salmon has been a
persistent management concern.

3.4.1 Bank Erosion and
Bank Stability

It is somewhat surprising that we could only
find one study that related bank stability or
bank erosion to watershed IC. Conducted by
Booth (1991) in the streams of the Puget
Sound lowlands, the study reported that stream
banks were consistently rated as stable in
watersheds with less than 10% IC, but became
progressively more unstable above this thresh-
old. Dozens of stream assessments have found
high rates of bank erosion in urban streams, but
none, to our knowledge, has systematically
related the prevalence or severity of bank
erosion to watershed IC. As noted earlier, this

may reflect the lack of a universally recog-
nized method to measure comparative bank
erosion in the field.

3.4.2 Embeddedness

Embeddedness is a term that describes the
extent to which the rock surfaces found on the
stream bottom are filled in with sand, silts and
clay. In a healthy stream, the interstitial pores
between cobbles, rock and gravel generally
lack fine sediments, and are an active habitat
zone and detrital processing area. The in-
creased sediment transport in urban streams
can rapidly fill up these pores in a process
known as embedding. Normally,
embeddedness is visually measured in riffle
zones of streams. Riffles tend to be an impor-
tant habitat for aquatic insects and fish (such as
darters and sculpins). Clean stream substrates
are also critical to trout and salmon egg
incubation and embryo development. May et
al. (1997) demonstrated that the percent of fine
sediment particles in riffles generally increased
with watershed IC (Figure 24). However,
Finkenbine et al. (2000) reported that
embeddedness eventually decreased slightly
after watershed land use and sediment trans-
port had stabilized for 20 years.

Figure 24: Fine Material Sediment Deposition as a Function of IC in Pacific
Northwest Streams (Horner et al., 1997)
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Reference Key Finding Location

% IC Used as Indicator

Black & Veatch,
1994

Habitat scores were ranked as poor  in five subwatersheds that had
greater than 30% IC.

MD

Booth and
Jackson, 1997

Increase in degraded habitat conditions with increases in watershed IC. WA

Hicks and Larson, 
1997

Reported a reduction in composite stream habitat indices with increasing
watershed IC. 

MA

May et al., 1997
Composite stream habitat declined most rapidly during the initial phase of
the watershed urbanization, when percent IC exceeded the 5-10% range.

WA

Stranko and
Rodney, 2001

Composite index of stream habitat declined with increasing watershed IC
in coastal plain streams. MD

Wang et al., 2001
Composite stream habitat scores were not correlated with watershed IC in
47 small watersheds, although channel erosion was. Non-urban watersheds
were highly agricultural and often lacked riparian forest buffers.

WI

MNCPPC, 2000
Reported that stream habitat scores were not correlated with IC in
suburban watersheds. MD

Morse, 2001 Composite habitat values tended to decline with increases in watershed
IC.

ME

Booth, 1991
Channel stability and fish habitat quality declined rapidly after 10%
watershed IC.

WA

Booth et al., 1997 Decreased LWD with increased IC. PNW

Finkenbine et al.,
2000

LWD was scarce in streams with greater than 20% IC in Vancouver. B.C.

Horner & May, 1999
When IC levels were >5%, average LWD densities fell below 300
pieces/kilometer. 

PNW

Horner et al., 1997
Interstitial spaces in streambed sediments begin to fill with increasing
watershed IC. PNW

Urbanization Used as Indicator

Dunne and
Leopold, 1978

Natural channels replaced by storm drains and pipes; increased erosion
rates observed downstream. MD

May et al., 1997 Forested riparian corridor width declines with increased watershed IC. PNW

MWCOG, 1992 Fish blockages caused by bridges and culverts noted in urban watersheds. D.C.

Pizzuto et al., 2000
Urban streams had reduced pool depth, roughness, and sinuosity,
compared to rural streams; Pools were 31% shallower in urban streams
compared to non-urban ones.

PA

Richey, 1982 Altered pool/riffle sequence observed in urban streams. WA

Scott et al., 1986 Loss of habitat diversity noted in urban watersheds. PNW

Spence et al., 1996 Large woody debris is important for habitat diversity and anadromous fish. PNW

Table 14: Research Review of Changes in Urban Stream Habitat



 Impacts of Impervious Cover on Aquatic Systems 49

 Chapter 3: Physical Impacts of Impervious Cover

3.4.3 Large Woody Debris (LWD)

LWD is a habitat element that describes the
approximate volume of large woody material
(< four inches in  diameter) found in contact
with the stream. The presence and stability of
LWD is an important habitat parameter in
streams. LWD can form dams and pools, trap
sediment and detritus, stabilize stream chan-
nels, dissipate flow energy, and promote
habitat complexity (Booth et al., 1997). LWD
creates a variety of pool features (plunge,
lateral, scour and backwater); short riffles;
undercut banks; side channels; and a range of
water depths (Spence et al., 1996). Urban
streams tend to have a low supply of LWD, as
increased stormwater flows transport LWD and
clears riparian areas. Horner et al. (1997)
presents evidence from Pacific Northwest
streams that LWD decreases in response to
increasing watershed IC (Figure 25).

3.4.4 Changes in Other Individual
Stream Parameters

One of the notable changes in urban stream
habitat is a decrease in pool depth and a
general simplification of habitat features such
as pools, riffles and runs. For example, Richey
(1982) and Scott et al. (1986) reported an
increase in the prevalence of glides and a
corresponding altered riffle/pool sequence due
to urbanization. Pizzuto et al. (2000) reported a
median 31% decrease in pool depth in urban
streams when compared to forested streams.
Pizzuto et al. also reported a modest decrease
in channel sinuosity and channel roughness in
the same urban streams in Pennsylvania.

Several individual stream habitat parameters
appear to have received no attention in urban
stream research to date. These parameters
include riparian shading, wetted perimeter,
various measures of velocity/depth regimes,
riffle frequency, and sediment deposition in
pools. More systematic monitoring of these
individual stream habitat parameters may be
warranted.

Figure 25: LWD as a Function of IC in Puget Sound Streams (Horner et al., 1997)
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Reference Key Finding Location

%IC Used as Indicator

Galli, 1990
Increase  in  stream  temperatures  of  five  to  12  degrees
Fahrenheit in urban watersheds; stream warming linked to IC. MD

Urbanization Used as Indicator

Johnson, 1995
Up to 10 degrees Fahrenheit increases in stream temperatures
after summer storm events in an urban area MN

LeBlanc et al., 1997 Calibrated a model predicting stream temperature increase
as a result of urbanization

Ontario

MCDEP, 2000
Monitoring effect of urbanization and stormwater ponds on
stream temperatures revealed stream warming associated
with urbanization and stormwater ponds

MD

Paul et al., 2001
Daily mean stream temperatures  in summer increased with
urban land use GA

3.5 Increased Stream Warming

IC directly influences our local weather in
urban areas. This effect is obvious to anyone
walking across a parking lot on a hot summer
day, when temperatures often reach a scorch-
ing 110 to 120 degrees F. Parking lots and
other hard surfaces tend to absorb solar energy
and release it slowly. Furthermore, they lack
the normal cooling properties of trees and
vegetation, which act as natural air condition-
ers. Finally, urban areas release excess heat as
a result of the combustion of fossil fuels for
heating, cooling and transportation. As a result,
highly urban areas tend to be much warmer
than their rural counterparts and are known as
urban heat islands. Researchers have found that
summer temperatures tend to be six to eight
degrees F warmer in the summer and two to
four degrees F warmer during the winter
months.

Water temperature in headwater streams is
strongly influenced by local air temperatures.
Summer temperatures in urban streams have
been shown to increase by as much as five to
12 degrees F in response to watershed develop-
ment (Table 15). Increased water temperatures
can preclude temperature-sensitive species
from being able to survive in urban streams.

Figure 26 shows the stream warming phenom-
enon in small headwater streams in the Mary-
land Piedmont.

Galli (1990) reported that stream temperatures
throughout the summer increased in urban
watersheds. He monitored five headwater
streams in the Maryland Piedmont with
different levels of IC. Each urban stream had
mean temperatures that were consistently
warmer than a forested reference stream, and
stream warming appeared to be a direct
function of watershed IC. Other factors, such
as lack of riparian cover and the presence of
ponds, were also demonstrated to amplify
stream warming, but the primary contributing
factor appeared to be watershed IC.

Johnson (1995) studied how stormwater
influenced an urban trout stream in Minnesota
and reported up to a 10 degree F increase in
stream water temperatures after summer storm
events. Paul et al. (2001) evaluated stream
temperatures for 30 subwatersheds to the
Etowah River in Georgia, which ranged from
five to 61% urban land. They found a correla-
tion between summer daily mean water tem-
peratures and the percentage of urban land in a
subwatershed.

Table 15:  Research Review of Thermal Impacts in Urban Streams
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Discharges from stormwater ponds can also
contribute to stream warming in urban water-
sheds. Three studies highlight the temperature
increase that can result from stormwater ponds.
A study in Ontario found that baseflow tem-
peratures below wet stormwater ponds in-
creased by nine to 18 degrees F in the summer
(SWAMP, 2000a, b). Oberts (1997) also

 Figure 26: Stream Temperature Increase in Response to IC in Maryland
Piedmont Streams (Galli, 1990)

measured change in the baseflow temperature
as it flowed through a wetland/wet pond
system in Minnesota. He concluded that the
temperature had increased by an average of
nine degrees F during the summer months.
Galli (1988) also observed a mean increase of
two to 10 degrees F in four stormwater ponds
located in Maryland.
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3.6 Alteration of Stream
Channel Networks

Urban stream channels are often severely
altered by man. Channels are lined with rip rap
or concrete, natural channels are straightened,
and first order and ephemeral streams are
enclosed in storm drain pipes. From an engi-
neering standpoint, these modifications rapidly
convey flood waters downstream and locally
stabilize stream banks. Cumulatively, however,
these modifications can have a dramatic effect
on the length and habitat quality of headwater
stream networks.

3.6.1 Channel Modification

Over time, watershed development can alter or
eliminate a significant percentage of the
perennial stream network. In general, the loss
of stream network becomes quite extensive
when watershed IC exceeds 50%. This loss is
striking when pre- and post-development
stream networks are compared (Figure 27).
The first panel illustrates the loss of stream
network over time in a highly urban Northern
Virginia watershed; the second panel shows
how the drainage network of Rock Creek has
changed in response to watershed develop-
ment.

Figure 27: a. Drainage Network of Rock Creek, D.C. (Dunne and Leopold, 1978) and
b. Drainage Network of Four Mile Run, VA Before and After Urbanization (NVRC, 2001)
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b.
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In a national study of 269 gaged urban water-
sheds, Sauer et al. (1983) observed that
channelization and channel hardening were
important watershed variables that control
peak discharge rates. The channel modifica-
tions increase the efficiency with which runoff
is transported through the stream channel,
increasing critical shear stress velocities and
causing downstream channel erosion.

Figure 28: Fish Migration Barriers in the Anacostia Watershed of D.C. and MD
 (MWCOG, 1992)

3.6.2 Barriers to Fish Migration

Infrastructure such as bridges, dams, pipelines
and culverts can create partial or total barriers
to fish migration and impair the ability of fish
to move freely in a watershed. Blockages can
have localized effects on small streams where
non-migratory fish species can be prevented
from re-colonizing upstream areas after acutely
toxic events. The upstream movement of
anadromous fish species such as shad, herring,
salmon and steelhead can also be blocked by
these barriers. Figure 28 depicts the prevalence
of fish barriers in the Anacostia Watershed
(MWCOG, 1992).
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3.7 Conclusion

Watershed development and the associated
increase in IC have been found to significantly
degrade the physical habitat of urban streams.
In alluvial streams, the effects of channel
enlargement and sediment transport can be
severe at relatively low levels of IC (10 to
20%). However, the exact response of any
stream is also contingent upon a combination
of other physical factors such as geology,
vegetation, gradient, the age of development,
sediment supply, the use and design of storm-
water treatment practices, and the extent of
riparian buffers (Bledsoe, 2001).

Despite the uncertainty introduced by these
factors, the limited geomorphic research to
date suggests that physical habitat quality is
almost always degraded by higher levels of
watershed IC. Even in bedrock-controlled
channels, where sediment transport and
channel enlargement may not be as dramatic,
researchers have noted changes in stream
habitat features, such as embeddedness, loss of
LWD, and stream warming.

Overall, the following conclusions can be
made about the influence of watershed devel-
opment on the physical habitat of urban
streams:

• The major changes in physical habitat in
urban streams are caused by the increased
frequency and duration of bankfull and
sub-bankfull discharges, and the attendant
changes in sediment supply and transport.
As a consequence, many urban streams
experience significant channel enlarge-
ment. Generally, channel enlargement is
most evident in alluvial streams.

• Typical habitat changes observed in urban
streams include increased embeddedness,
reduced supply of LWD, and simplifica-
tion of stream habitat features such as
pools, riffles and runs, as well as reduced
channel sinuosity.

• Stream warming is often directly linked to
watershed development, although more
systematic subwatershed sampling is
needed to precisely predict the extent of
warming.

• Channel straightening, hardening and
enclosure and the creation of fish barriers
are all associated with watershed develop-
ment. More systematic research is needed
to establish whether these variables can be
predicted based on watershed IC.

• In general, stream habitat diminishes at
about 10% watershed IC, and becomes
severely degraded beyond 25% watershed
IC.

While our understanding of the relationship
between stream habitat features and watershed
development has improved in recent years, the
topic deserves greater research in three areas.
First, more systematic monitoring of compos-
ite habitat variables needs to be conducted
across the full range of watershed IC. In
particular, research is needed to define the
approximate degree of watershed IC where
urban streams are transformed into urban
drainage systems.

Second, additional research is needed to
explore the relationship between watershed IC
and individual and measurable stream habitat
parameters, such as bank erosion, channel
sinuosity, pool depth and wetted perimeter.
Lastly, more research is needed to determine if
watershed treatment such as stormwater
practices and stream buffers can mitigate the
impacts of watershed IC on stream habitat.
Together, these three research efforts could
provide a technical foundation to develop a
more predictive model of how watershed
development influences stream habitat.
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Chapter 4: Water Quality Impacts of
Impervious Cover

This chapter presents information on pollutant
concentrations found in urban stormwater
runoff based on a national and regional data
assessment for nine categories of pollutants.
Included is a description of the Simple
Method, which can be used to estimate pollut-
ant loads based on the amount of IC found in a
catchment or subwatershed.  This chapter also
addresses specific water quality impacts of
stormwater pollutants and explores research on
the sources and source areas of stormwater
pollutants.

This chapter is organized as follows:

4.1 Introduction
4.2 Summary of National and Regional

Stormwater Pollutant Concentration
Data

4.3 Relationship Between Pollutant Loads
and IC: The Simple Method

4.4 Sediment
4.5 Nutrients
4.6 Trace Metals
4.7 Hydrocarbons (PAH and Oil and

Grease)
4.8 Bacteria and Pathogens
4.9 Organic Carbon
4.10 MTBE
4.11 Pesticides
4.12 Deicers
4.13 Conclusion

4.1 Introduction

Streams are usually the first aquatic system to
receive stormwater runoff, and their water
quality can be compromised by the pollutants
it contains. Stormwater runoff typically
contains dozens of pollutants that are detect-
able at some concentration, however small.
Simply put, any pollutant deposited or derived
from an activity on land will likely end up in
stormwater runoff, although certain pollutants
are consistently more likely to cause water

quality problems in receiving waters. Pollut-
ants that are frequently found in stormwater
runoff can be grouped into nine broad catego-
ries: sediment, nutrients, metals, hydrocarbons,
bacteria and pathogens, organic carbon,
MTBE, pesticides, and deicers.

The impact that stormwater pollutants exert on
water quality depends on many factors, includ-
ing concentration, annual pollutant load, and
category of pollutant. Based on nationally
reported concentration data, there is consider-
able variation in stormwater pollutant concen-
trations. This variation has been at least
partially attributed to regional differences,
including rainfall and snowmelt. The volume
and regularity of rainfall, the length of snow
accumulation, and the rate of snowmelt can all
influence stormwater pollutant concentrations.

The annual pollutant load can have long-term
effects on stream water quality, and is particu-
larly important information for stormwater
managers to have when dealing with non-point
source pollution control. The Simple Method is
a model developed to estimate the pollutant
load for chemical pollutants, assuming that the
annual pollutant load is a function of IC. It is
an effective method for determining annual
sediment, nutrient, and trace metal loads. It
cannot always be applied to other stormwater
pollutants, since they are not always correlated
with IC.

The direct water quality impact of stormwater
pollutants also depends on the type of pollut-
ant, as different pollutants impact streams
differently. For example, sediments affect
stream habitat and aquatic biodiversity;
nutrients cause eutrophication; metals, hydro-
carbons, deicers, and MTBE can be toxic to
aquatic life; and organic carbon can lower
dissolved oxygen levels.

The impact stormwater pollutants have on
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water quality can also directly influence human
uses and activities. Perhaps the pollutants of
greatest concern are those with associated
public health impacts, such as bacteria and
pathogens. These pollutants can affect the
availability of clean drinking water and limit
consumptive recreational activities, such as
swimming or fishing. In extreme situations,
these pollutants can even limit contact recre-
ational activities such as boating and wading.

It should be noted that although there is much
research available on the effects of urbaniza-
tion on water quality, the majority has not been
focused on the impact on streams, but on the
response of lakes, reservoirs, rivers and
estuaries. It is also important to note that not
all pollutants are equally represented in moni-
toring conducted to date. While we possess
excellent monitoring data for sediment,
nutrients and trace metals, we have relatively
little monitoring data for pesticides, hydrocar-
bons, organic carbon, deicers, and MTBE.

4.2 Summary of National and
Regional Stormwater Pollutant
Concentration Data

4.2.1 National Data

National mean concentrations of typical
stormwater pollutants are presented in Table
16. National stormwater data are compiled
from the Nationwide Urban Runoff Program
(NURP), with additional data obtained from
the U.S.Geological Survey (USGS), as well as
initial stormwater monitoring conducted for
EPA’s National Pollutant Discharge Elimina-
tion System (NPDES) Phase I stormwater
program.

In most cases, stormwater pollutant data is
reported as an event mean concentration
(EMC), which represents the average concen-
tration of the pollutant during an entire storm-
water runoff event.

When evaluating stormwater EMC data, it is
important to keep in mind that regional EMCs
can differ sharply from the reported national
pollutant EMCs. Differences in EMCs between
regions are often attributed to the variation in
the amount and frequency of rainfall and
snowmelt.

4.2.2 Regional Differences
Due to Rainfall

The frequency of rainfall is important, since it
influences the accumulation of pollutants on IC
that are subsequently available for wash-off
during storm events. The USGS developed a
national stormwater database encompassing
1,123 storms in 20 metropolitan areas and used
it as the primary data source to define regional
differences in stormwater EMCs. Driver
(1988) performed regression analysis to
determine which factors had the greatest
influence on stormwater EMCs and determined
that annual rainfall depth was the best overall
predictor. Driver grouped together stormwater
EMCs based on the depth of average annual
rainfall, and Table 17 depicts the regional
rainfall groupings and general trends for each
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Pollutant Source 
EMCs

Number of Events
Mean Median

Sediments (mg/l)

TSS (1) 78.4 54.5 3047

Nutrients (mg/l)
Total P (1) 0.32 0.26 3094

Soluble P (1) 0.13 0.10 1091

Total N (1) 2.39 2.00 2016 

TKN (1) 1.73 1.47 2693

Nitrite & Nitrate (1) 0.66 0.53 2016

Metals (Fg/l)
Copper (1) 13.4 11.1 1657

Lead (1) 67.5 50.7 2713

Zinc (1) 162 129 2234

Cadmium (1) 0.7 N/R 150

Chromium (4) 4 7 164

Hydrocarbons (mg/l)
PAH (5) 3.5 N/R N/R

Oil and Grease (6) 3 N/R N/R

Bacteria and Pathogens (colonies/ 100ml)
Fecal Coliform (7) 15,038 N/R 34

Fecal
Streptococci  (7) 35,351 N/R 17

Organic Carbon (mg/l)
TOC (11) 17 15.2 19 studies

BOD (1) 14.1 11.5 1035

COD (1) 52.8 44.7 2639

MTBE (Fg/l)

MTBE (8) N/R 1.6 592

Pesticides (Fg/l)

Diazinon
(10) N/R 0.025 326

(2) N/R 0.55 76

Chlorpyrifos (10) N/R N/R 327

Atrazine (10) N/R 0.023 327

Prometon (10) N/R 0.031 327

Simazine (10) N/R 0.039 327

Chloride (mg/l)
Chloride  (9) N/R 397 282
Sources: (1) Smullen and Cave, 1998; (2) Brush et al., 1995; (3) Baird et al., 1996; (4) Bannerman et al., 1996; (5)

Rabanal and Grizzard, 1995; (6) Crunkilton et al., 1996; (7) Schueler, 1999; (8) Delzer, 1996; (9) Environment
Canada, 2001; (10) USEPA, 1998; (11) CWP, 2001a       N/R - Not Reported

Pollutant Source 
EMCs

Number of Events
Mean Median

Sediments (mg/l)

TSS (1) 78.4 54.5 3047

Nutrients (mg/l)
Total P (1) 0.32 0.26 3094

Soluble P (1) 0.13 0.10 1091

Total N (1) 2.39 2.00 2016 

TKN (1) 1.73 1.47 2693

Nitrite & Nitrate (1) 0.66 0.53 2016

Metals (Fg/l)
Copper (1) 13.4 11.1 1657

Lead (1) 67.5 50.7 2713

Zinc (1) 162 129 2234

Cadmium (1) 0.7 N/R 150

Chromium (4) 4 7 164

Hydrocarbons (mg/l)
PAH (5) 3.5 N/R N/R

Oil and Grease (6) 3 N/R N/R

Bacteria and Pathogens (colonies/ 100ml)
Fecal Coliform (7) 15,038 N/R 34

Fecal
Streptococci  (7) 35,351 N/R 17

Organic Carbon (mg/l)
TOC (11) 17 15.2 19 studies

BOD (1) 14.1 11.5 1035

COD (1) 52.8 44.7 2639

MTBE (Fg/l)

MTBE (8) N/R 1.6 592

Pesticides (Fg/l)

Diazinon
(10) N/R 0.025 326

(2) N/R 0.55 76

Chlorpyrifos (10) N/R N/R 327

Atrazine (10) N/R 0.023 327

Prometon (10) N/R 0.031 327

Simazine (10) N/R 0.039 327

Chloride (mg/l)
Chloride  (9) N/R 397 282
Sources: (1) Smullen and Cave, 1998; (2) Brush et al., 1995; (3) Baird et al., 1996; (4) Bannerman et al., 1996; (5)

Rabanal and Grizzard, 1995; (6) Crunkilton et al., 1996; (7) Schueler, 1999; (8) Delzer, 1996; (9) Environment
Canada, 2001; (10) USEPA, 1998; (11) CWP, 2001a       N/R - Not Reported

MTBE (Fg/l)

592

Table 16:  National EMCs for Stormwater Pollutants

region. Table 18 illustrates the distribution of
stormwater EMCs for a range of rainfall
regions from 13 local studies, based on other

monitoring studies. In general, stormwater
EMCs for nutrients, suspended sediment and
metals tend to be higher in arid and semi-arid
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regions and tend to decrease slightly when
annual rainfall increases (Table 19).

It is also hypothesized that a greater amount of
sediment is eroded from pervious surfaces in
arid or semi-arid regions than in humid regions
due to the sparsity of protective vegetative
cover. Table 19 shows that the highest concen-
trations of total suspended solids were re-
corded in regions with least rainfall. In addi-
tion, the chronic toxicity standards for several
metals are most frequently exceeded during
low rainfall regions (Table 20).

4.2.3 Cold Region Snowmelt Data

In colder regions, snowmelt can have a signifi-
cant impact on pollutant concentrations. Snow
accumulation in winter coincides with pollut-
ant build-up; therefore, greater concentrations
of pollutants are measured during snowmelt
events. Sources of snowpack pollution in urban
areas include wet and dry atmospheric deposi-
tion, traffic emissions, urban litter, deteriorated
infrastructure, and deicing chemicals and
abrasives (WERF, 1999).

Oberts et al. (1989) measured snowmelt
pollutants in Minnesota streams and found that
as much as 50% of annual sediment, nutrient,
hydrocarbon and metal loads could be attrib-
uted to snowmelt runoff during late winter and
early spring. This trend probably applies to any
region where snow cover persists through
much of the winter. Pollutants accumulate in
the snowpack and then contribute high concen-
trations during snowmelt runoff. Oberts (1994)

Region Annual Rainfall States Monitored Concentration Data 

Region I: 
Low Rainfall

<20 inches  AK, CA, CO, NM,
UT  

Highest mean and median values for
Total N, Total P, TSS and COD

Region II: 
Moderate
Rainfall

20  40 inches
HA, IL, MI, MN, MI,

NY, TX, OR, OH,
WA, WI

Higher mean and median values
than Region III for TSS, dissolved
phosphorus and cadmium

Region III: 
High Rainfall

>40 inches 
FL, MD, MA, NC,

NH, NY, TX, TN, AR

Lower values for many parameters
likely due to the frequency of storms
and the lack of build up in pollutants

Table 17: Regional Groupings by Annual Rainfall Amount
 (Driver, 1988)

described four types of snowmelt runoff events
and the resulting pollutant characteristics
(Table 21).

A typical hydrograph for winter and early
spring snow melts in a northern cold climate is
portrayed in Figure 29. The importance of
snowpack melt on peak runoff during March
1989 can clearly be seen for an urban water-
shed located in St. Paul, Minnesota.

Major source areas for snowmelt pollutants
include snow dumps and roadside snowpacks.
Pollutant concentrations in snow dumps can be
as much as five times greater than typical
stormwater pollutant concentrations (Environ-
ment Canada, 2001). Snow dumps and packs
accumulate pollutants over the winter months
and can release them during a few rain or snow
melt events in the early spring. High levels of
chloride, lead, phosphorus, biochemical
oxygen demand, and total suspended solids
have been reported in snow pack runoff ( La
Barre et al, 1973; Oliver et al., 1974; Pierstorff
and Bishop, 1980; Scott and Wylie, 1980; Van
Loon, 1972).

Atmospheric deposition can add pollutants to
snow piles and snowpacks. Deposited pollut-
ants include trace metals, nutrients and par-
ticles that are primarily generated by fossil fuel
combustion and industrial emissions (Boom
and Marsalek, 1988; Horkeby and Malmqvist,
1977; Malmqvist, 1978; Novotny and Chester,
1981; Schrimpff and Herrman, 1979).
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Region Total N (median) Total P (median) TSS (mean)

Region I: Low Rainfall 4 0.45 320

Region II: Moderate Rainfall 2.3 0.31 250

Region III: High Rainfall 2.15 0.31 120

Table 19:  Mean and Median Nutrient and Sediment Stormwater Concentrations for
Residential Land Use Based on Rainfall Regions (Driver, 1988)

Region I - Low Rainfall Region II - Moderate
Rainfall

Region III - High Rainfall Snow
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Reference (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (11) (12)

Annual
Rainfall
(in.)

N/A 7.1" 10" 11" 15" 28" 32" 32" 41" 43" 51" 52" N/R

Number of
Events

3000 40 36 15 35 32 12  N/R 107 21 81 N/R 49

Pollutant

TSS 78.4 227 330 116 242 663 159 190 67 98 258 43 112

Total N 2.39 3.26 4.55 4.13 4.06 2.70 1.87 2.35 N/R 2.37 2.52 1.74 4.30

Total P 0.32 0.41 0.7 0.75 0.65 0.78 0.29 0.32 0.33 0.32 0.33 0.38 0.70

Soluble P 0.13 0.17 0.4 0.47 N/R N/R 0.04 0.24 N/R 0.21 0.14 0.23 0.18

Copper 14 47 25 34 60 40 22 16 18 15 32 1.4 N/R

Lead 68 72 44 46 250 330 49 38 12.5 60 28 8.5 100

Zinc 162 204 180 342 350 540 111 190 143 190 148 55 N/R

BOD 14.1 109 21 89 N/R 112 15.4 14 14.4 88 14 11 N/R

COD 52.8 239 105 261 227 106 66 98 N/R 38 73 64 112

Sources: Adapted from Caraco, 2000a:  (1) Smullen and Cave, 1998; (2) Lopes et al.; 1995; (3) Schiff, 1996; (4) Kjelstrom, 1995
(computed); (5) DRCOG, 1983, (6) Brush et al., 1995; (7) Steuer et al., 1997; (8) Barrett et al., 1995; (9) Barr, 1997;  (10) Evaldi et al., 1992; (11)

Thomas and McClelland, 1995; (12) Oberts, 1994   N/R = Not Reported; N/A = Not Applicable 

Table 18:  Stormwater Pollutant Event Mean Concentration for Different U.S. Regions
(Units: mg/l, except for metals which are in FFFFFg/l)
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Cadmium Copper Lead Zinc

EPA Standards 10 Fg/l 12 Fg/l 32 Fg/l 47 Fg/l

Percent Exceedance of EPA Standards

Region I: Low Rainfall 1.5% 89% 97% 97%

Region II: Moderate Rainfall 0 78% 89% 85%

Region III: High Rainfall 0 75% 91% 84%

Table 20: EPA 1986 Water Quality Standards and Percentage of Metal
Concentrations Exceeding Water Quality Standards by Rainfall Region (Driver, 1988)

Snowmelt
Stage

Duration
/Frequency

Runoff
Volume Pollutant Characteristics

Pavement 
Short, but many
times in winter

Low
Acidic, high concentrations of soluble
pollutants; Chloride, nitrate, lead;
total load is minimal

Roadside Moderate Moderate Moderate concentrations of both
soluble and particulate pollutants

Pervious Area
Gradual, often
most at end of

season
High 

Dilute concentrations of soluble
pollutants; moderate to high
concentrations of particulate
pollutants depending on flow

Rain-on-Snow Short Extreme

High concentrations of particulate
pollutants; moderate to high
concentrations of soluble pollutants;
high total load

Table 21: Runoff and Pollutant Characteristics of Snowmelt Stages (Oberts, 1994)

Figure 29:  Snowmelt Runoff Hydrograph for Minneapolis Stream (Oberts, 1994)
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4.3 Relationship Between
Pollutant Loads and IC:
The Simple Method

Urban stormwater runoff contains a wide range
of pollutants that can degrade downstream
water quality.  The majority of stormwater
monitoring research conducted to date supports
several generalizations. First, the unit area
pollutant load delivered to receiving waters by
stormwater runoff increases in direct propor-
tion to watershed IC. This is not altogether
surprising, since pollutant load is the product
of the average pollutant concentration and
stormwater runoff volume. Given that runoff
volume increases in direct proportion to IC,
pollutant loads must automatically increase
when IC increases, as long the average pollut-
ant concentration stays the same (or increases).

This relationship is a central assumption in
most simple and complex pollutant loading
models (Bicknell et al., 1993; Donigian and
Huber, 1991; Haith et al., 1992; Novotny and
Chester, 1981;  NVPDC, 1987; Pitt and
Voorhees, 1989).

Recognizing the relationship between IC and
pollutant loads, Schueler (1987) developed the
“Simple Method” to quickly and easily esti-
mate stormwater pollutant loads for small
urban watersheds (see Figure 30). Estimates of
pollutant loads are important to watershed
managers as they grapple with costly decisions
on non-point source control. The Simple
Method is empirical in nature and utilizes the
extensive regional and national database
(Driscoll, 1983; MWCOG, 1983; USEPA,
1983). Figure 30 provides the basic equations
to estimate pollutant loads using the Simple

Figure 30: The Simple Method - Basic Equations

The Simple Method estimates pollutant loads as the product of annual runoff volume
and pollutant EMC, as:

(1) L = 0.226 * R * C * A
Where: L = Annual load (lbs), and:

R = Annual runoff (inches)
C = Pollutant concentration in stormwater, EMC (mg/l)
A = Area (acres)
0.226 = Unit conversion factor

For bacteria, the equation is slightly different, to account for the differences in units. The
modified equation for bacteria is:

(2)  L = 1.03 *10-3 * R * C * A
Where: L = Annual load (Billion Colonies), and:

R = Annual runoff (inches)
C = Bacteria concentration (#/100 ml)
A = Area (acres)
1.03 * 10-3 = Unit conversion factor

Annual Runoff

The Simple Method calculates the depth of annual runoff as a product of annual runoff
volume and a runoff coefficient (Rv). Runoff volume is calculated as:

(3)  R = P * Pj * Rv
Where: R = Annual runoff (inches), and:

P = Annual rainfall (inches)
Pj = Fraction of annual rainfall events that produce runoff (usually 0.9)
Rv = Runoff coefficient

In the Simple Method, the runoff coefficient is calculated based on IC in the
subwatershed. The following equation represents the best fit line for the data set (N=47,
R2=0.71).

(4)  Rv=0.05+0.9Ia
Where: Rv = runoff coefficient, and:

Ia = Impervious fraction
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Method. It assumes that loads of stormwater
pollutants are a direct function of watershed
IC, as IC is the key independent variable in the
equation.

The technique requires a modest amount of
information, including the subwatershed
drainage area, IC, stormwater runoff pollutant
EMCs, and annual precipitation. With the
Simple Method, the investigator can either
divide up land use into specific areas (i.e.
residential, commercial, industrial, and road-
way) and calculate annual pollutant loads for
each land use, or utilize a generic urban land
use. Stormwater pollutant EMC data can be
derived from the many summary tables of
local, regional, or national monitoring efforts
provided in this chapter (e.g., Tables 16, 18,
22, 28, 30, 35, 36, 40, and 44). The model also
requires different IC values for separate land
uses within a subwatershed. Representative IC
data from Cappiella and Brown (2001) were
provided in Table 2 (Chapter 1).

Additionally, the Simple Method should not be
used to estimate annual pollutant loads of
deicers, hydrocarbons and MTBE, because
they have not been found to be correlated with
IC. These pollutants have been linked to other
indicators. Chlorides, hydrocarbons and MTBE
are often associated with road density and
vehicle miles traveled (VMT). Pesticides are
associated with turf area, and traffic patterns
and “hotspots” have been noted as potential
indicators for hydrocarbons and MTBE.

Limitations of the Simple Method
The Simple Method should provide reasonable
estimates of changes in pollutant export
resulting from urban development. However,
several caveats should be kept in mind when
applying this method.

The Simple Method is most appropriate for
assessing and comparing the relative
stormflow pollutant load changes from differ-
ent land uses and stormwater treatment sce-
narios. The Simple Method provides estimates
of storm pollutant export that are probably
close to the “true” but unknown value for a
development site, catchment, or subwatershed.
However, it is very important not to over-
emphasize the precision of the load estimate
obtained. For example, it would be inappropri-
ate to use the Simple Method to evaluate
relatively similar development scenarios (e.g.,
34.3% versus 36.9% IC). The Simple Method
provides a general planning estimate of likely
storm pollutant export from areas at the scale
of a development site, catchment or
subwatershed. More sophisticated modeling is
needed to analyze larger and more complex
watersheds.

In addition, the Simple Method only estimates
pollutant loads generated during storm events.
It does not consider pollutants associated with
baseflow during dry weather. Typically,
baseflow is negligible or non-existent at the
scale of a single development site and can be
safely neglected. However, catchments and
subwatersheds do generate significant
baseflow volume. Pollutant loads in baseflow
are generally low and can seldom be distin-
guished from natural background levels
(NVPDC, 1979).

Consequently, baseflow pollutant loads
normally constitute only a small fraction of the
total pollutant load delivered from an urban
area. Nevertheless, it is important to remember
that the load estimates refer only to storm
event derived loads and should not be confused
with the total pollutant load from an area. This
is particularly important when the development
density of an area is low. For example, in a low
density residential subwatershed (IC < 5%), as
much as 75% of the annual runoff volume
could occur as baseflow. In such a case, annual
baseflow load may be equivalent to the annual
stormflow load.
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4.4  Sediment

Sediment is an important and ubiquitous
pollutant in urban stormwater runoff. Sediment
can be measured in three distinct ways: Total
Suspended Solids (TSS), Total Dissolved
Solids (TDS) and turbidity. TSS is a measure
of the total mass suspended sediment particles
in water. The measurement of TSS in urban
stormwater helps to estimate sediment load
transported to local and downstream receiving
waters. Table 22 summarizes stormwater
EMCs for total suspended solids, as reported
by Barrett et al. (1995), Smullen and Cave
(1998), and USEPA (1983). TDS is a measure
of the dissolved solids and minerals present in
stormwater runoff and is used as a primary
indication of the purity of drinking water.
Since few stormwater monitoring efforts have
focused on TDS, they are not reported in this
document. Turbidity is a measure of how
suspended solids present in water reduce the
ability of light to penetrate the water column.
Turbidity can exert impacts on aquatic biota,
such as the ability of submerged aquatic
vegetation to receive light and the ability of
fish and aquatic insects to use their gills (Table
23).

4.4.1 Concentrations

TSS concentrations in stormwater across the
country are well documented. Table 18 reviews
mean TSS EMCs from 13 communities across
the country and reveals a wide range of re-
corded concentrations. The lowest concentra-
tion of 43 mg/l was reported in Florida, while
TSS reached 663 mg/l in Dallas, Texas.

Variation in sediment concentrations has been
attributed to regional rainfall differences
(Driver, 1988); construction site runoff
(Leopold, 1968); and bank erosion
(Dartiguenave et al., 1997). National values are
provided in Table 22.

Turbidity levels are not as frequently reported
in national and regional monitoring summaries.
Barrett and Malina (1998) monitored turbidity
at two sites in Austin, Texas and reported a
mean turbidity of 53 NTU over 34 storm
events (Table 22).

4.4.2 Impacts of Sediment on
Streams

The impacts of sediment on aquatic biota are
well documented and can be divided into
impacts caused by suspended sediment and
those caused by deposited sediments (Tables
23 and 24).

In general, high levels of TSS and/or turbidity
can affect stream habitat and cause sedimenta-
tion in downstream receiving waters. Depos-
ited sediment can cover benthic organisms
such as aquatic insects and freshwater  mus-
sels. Other problems associated with high
sediments loads include stream warming by
reflecting radiant energy due to increased
turbidity (Kundell and Rasmussen, 1995),
decreased flow capacity (Leopold, 1973), and
increasing overbank flows (Barrett and Malina,
1998). Sediments also transport other pollut-
ants which bind to sediment particles. Signifi-
cant levels of pollutants can be transported by
sediment during stormwater runoff events,

Pollutant 
EMCs Number

of Events
Source

Mean Median

TSS (mg/l)
78.4 54.5 3047 Smullen and Cave, 1998

174 113 2000 USEPA, 1983

Turbidity (NTU) 53 N/R 423 Barrett and Malina, 1998

 N/R = Not Reported

Pollutant 
EMCs Number

of Events
Source

Mean Median

TSS (mg/l)
78.4 54.5 3047 Smullen and Cave, 1998

174 113 2000 USEPA, 1983

Turbidity (NTU) 53 N/R 423 Barrett and Malina, 1998

 N/R = Not Reported

Table 22: EMCs for Total Suspended Solids and Turbidity
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including trace metals, hydrocarbons and
nutrients (Crunkilton et al., 1996;
Dartiguenave et al., 1997; Gavin and Moore,
1982; Novotny and Chester, 1989; Schueler
1994b).

4.4.3 Sources and Source Areas
of Sediment

Sediment sources in urban watersheds include
stream bank erosion; erosion from exposed
soils, such as from construction sites; and
washoff from impervious areas (Table 25).

As noted in this chapter, streambank erosion is
generally considered to be the primary source
of sediment to urban streams. Recent studies
by Dartiguenave et al. (1997) and Trimble
(1997) determined that streambank erosion

contributes the majority of the annual sediment
budget of urban streams. Trimble (1997)
directly measured stream cross sections,
sediment aggradation and suspended sediment
loads and determined that two-thirds of the
annual sediment budget of a San Diego,
California watershed was supplied by
streambank erosion. Dartiguenave et al. (1997)
developed a GIS based model in Austin, Texas
to determine the effects of stream bank erosion
on the annual sediment budget. They compared
modeled sediment loads from the watershed
with the actual  sediment loads measured at
USGS gaging stations and concluded that more
than 75% of the sediment load came from
streambank erosion. Dartiguenave et al. (1997)
reported that sediment load per unit area
increases with increasing IC (Figure 31).

1.  Physical smothering of benthic aquatic insect community
2.  Reduced survival rates for fish eggs
3.  Destruction of fish spawning areas and eggs
4.  Embeddedness of stream bottom reduced fish and macroinvertebrate habitat value
5.  Loss of trout habitat when fine sediments are deposited in spawning or riffle-runs
6.  Sensitive or threatened darters and dace may be eliminated from fish community
7.  Increase in sediment oxygen demand can deplete dissolved oxygen in streams
8.  Significant contributing factor in the alarming decline of freshwater mussels
9.  Reduced channel capacity, exacerbating downstream bank erosion and flooding
10.  Reduced flood transport capacity under bridges and through culverts
11.  Deposits diminish scenic and recreational values of waterways

  Abrades and damages fish gills, increasing risk of infection and disease

  Scouring of periphyton from stream (plants attached to rocks)

  Loss of sensitive or threatened fish species when turbidity exceeds 25 NTU
  Shifts in fish community toward more sediment-tolerant species

  Decline in sunfish, bass, chub and catfish when month turbidity exceeds 100 NTU
  Reduces sight distance for trout, with reduction in feeding efficiency

  Reduces light penetration causing reduction in plankton and aquatic plant growth

  Adversely impacts aquatic insects, which are the base of the food chain
  Slightly increases the stream temperature in the summer

  Suspended sediments can be a major carrier of nutrients and metals
  Reduces anglers  chances of catching fish 

Table 23:  Summary of Impacts of Suspended Sediment on the
Aquatic Environment (Schueler and Holland, 2000)

Table 24: Summary of Impacts of Deposited Sediments on the Aquatic Environment
(Schueler and Holland, 2000)
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Sediment loads are also produced by washoff
of sediment particles from impervious areas
and their subsequent transport in stormwater
runoff sediment. Source areas include parking
lots, streets, rooftops, driveways and lawns.
Streets and parking lots build up dirt and grime
from the wearing of the street surface, exhaust
particulates, “blown on” soil and organic
matter, and atmospheric deposition. Lawn
runoff primarily contains soil and organic
matter. Urban source areas that produce the
highest TSS concentrations include streets,
parking lots and lawns (Table 26).

Parking lots and streets are not only respon-
sible for high concentrations of sediment but
also high runoff volumes. The SLAMM source
loading model (Pitt and Voorhees, 1989) looks
at runoff volume and concentrations of pollut-
ants from different urban land uses and pre-
dicts stream loading. When used in the Wis-
consin and Michigan subwatersheds, it demon-
strated that parking lots and streets were
responsible for over 70% of the TSS delivered
to the stream. (Steuer  et al., 1997;
Waschbusch et al., 2000).

Figure 31: TSS from Bank Erosion vs. IC in Texas Streams  (Daringuenave et al., 1997)

Sources Loading Source

Bank Erosion
75% of stream sediment budget Dartinguenave et al., 1997

66% of stream sediment budget Trimble, 1997

Overland Flow- Lawns

397 mg/l (geometric mean) Bannerman et al., 1993

 262 mg/l Steuer et al., 1997

11.5% (estimated; 2 sites) Waschbusch et al., 2000

Construction Sites 200 to 1200 mg/l Table 27

Washoff from Impervious
Surfaces

78 mg/l (mean) Table 16

Sources Loading Source

Bank Erosion
75% of stream sediment budget Dartinguenave et al., 1997

66% of stream sediment budget Trimble, 1997

Overland Flow- Lawns

397 mg/l (geometric mean) Bannerman et al., 1993

 262 mg/l Steuer et al., 1997

11.5% (estimated; 2 sites) Waschbusch et al., 2000

Construction Sites 200 to 1200 mg/l Table 27

Washoff from Impervious
Surfaces

78 mg/l (mean) Table 16

Table 25: Sources and Loading of Suspended Solids Sediment in Urban Areas
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The third major source of sediment loads is
erosion from construction sites. Several studies
have reported extremely high TSS concentra-
tions in construction site runoff, and these
findings are summarized in Table 27. TSS
concentrations from uncontrolled construction

Source
Mean Inflow TSS
Concentration

(mg/l)

Mean Outflow TSS 
Concentration 

(mg/l) 
Location

Uncontrolled Sites

Horner et al., 1990 7,363 281 PNW

Schueler and Lugbill,1990 3,646 501 MD

York and Herb, 1978 4,200 N/R MD

Islam et al., 1988 2,950 N/R OH

Controlled Sites

Schueler and Lugbill, 1990 466 212 MD

Simulated Sediment Concentrations

Jarrett, 1996 9,700 800 PA

Sturm and Kirby, 1991 1,500-4,500 200-1,000 GA

Barfield and Clar, 1985 1,000-5,000 200-1,200 MD

Dartiguenave et al., 1997 N/R 600 TX

N/R = Not Reported

sites can be more than 150 times greater than
those from undeveloped land (Leopold, 1968)
and can be reduced if erosion and sediment
control practices are applied to construction
sites.

Source Area Suspended Solids (mg/l)

Source (1) (2) (3)

Commercial Parking Lot 110 58 51

High Traffic Street 226 232 65

Medium Traffic Street 305 326 51

Low Traffic Street 175 662 68

Commercial Rooftop 24 15 18

Residential Rooftop 36 27 15

Residential Driveway 157 173 N/R

Residential Lawn 262 397 59

Sources: (1) Steuer et al., 1997; (2) Bannerman et al., 1993; (3) Waschbusch et al., 2000; N/R = Not
Reported

Table 26: Source Area Geometric Mean Concentrations for Suspended Solids in Urban Areas

Table 27: Mean TSS Inflow and Outflow at Uncontrolled, Controlled and
Simulated Construction Sites
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4.5 Nutrients

Nitrogen and phosphorus are essential nutrients
for aquatic systems. However, when they
appear in excess concentrations, they can exert
a negative impact on receiving waters. Nutrient
concentrations are reported in several ways.
Nitrogen is often reported as nitrate (NO

3
) and

nitrite (NO
2
), which are inorganic forms of

nitrogen; total nitrogen (Total N), which is the
sum of nitrate, nitrite, organic nitrogen and
ammonia; and total Kjeldhal nitrogen (TKN),
which is organic nitrogen plus ammonia.

Phosphates are frequently reported as soluble
phosphorus, which is the dissolved and reac-
tive form of phosphorus that is available for
uptake by plants and animals. Total phospho-
rus (Total P) is also measured, which includes
both organic and inorganic forms of phospho-
rus. Organic phosphorus is derived from living
plants and animals, while inorganic phosphate
is comprised of phosphate ions that are often
bound to sediments.

4.5.1 Concentrations

Many studies have indicated that nutrient
concentrations are linked to land use type, with

urban and agricultural watersheds producing
the highest nutrient loads (Chessman et al.
1992; Paul et al., 2001; USGS, 2001b and
Wernick et al.,1998). Typical nitrogen and
phosphorus EMC data in urban stormwater
runoff are summarized in Table 28.

Some indication of the typical concentrations
of nitrate and phosphorus in stormwater runoff
are evident in Figures 32 and 33. These graphs
profile average EMCs in stormwater runoff
recorded at 37 residential catchments across
the U.S. The average nitrate EMC is remark-
ably consistent among residential neighbor-
hoods, with most clustered around the mean of
0.6 mg/l and a range of 0.25 to 1.4 mg/l. The
concentration of phosphorus during storms is
also very consistent with a mean of 0.30 mg/l
and a rather tight range of 0.1 to 0.66 mg/l
(Schueler, 1995).

The amount of annual rainfall can also influ-
ence the magnitude of nutrient concentrations
in stormwater runoff. For example, both
Caraco (2000a) and Driver (1988) reported that
the highest nutrient EMCs were found in
stormwater from arid or semi-arid regions.

Pollutant 
EMCs (mg/l) Number of

Events
Source

Mean Median

Total P
0.315 0.259 3094 Smullen and Cave, 1998

0.337 0.266 1902 USEPA, 1983

Soluble P
0.129 0.103 1091 Smullen and Cave, 1998

0.1 0.078 767 USEPA, 1983

Total N
2.39 2.00 2016 Smullen and Cave, 1998

2.51 2.08 1234 USEPA, 1983

TKN
1.73 1.47 2693 Smullen and Cave, 1998

1.67 1.41 1601 USEPA, 1983

Nitrite &
Nitrate 

0.658 0.533 2016 Smullen and Cave, 1998

0.837 0.666 1234 USEPA, 1983
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0.658 0.533 2016 Smullen and Cave, 1998

0.837 0.666 1234 USEPA, 1983

Table 28: EMCs of Phosphorus and Nitrogen Urban Stormwater Pollutants
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4.5.2 Impacts of Nutrients
on Streams

Much research on the impact of nutrient loads
has been focused on lakes, reservoirs and
estuaries, which can experience eutrophication.
Nitrogen and phosphorus can contribute to
algae growth and eutrophic conditions, de-
pending on which nutrient limits growth
(USEPA, 1998). Dissolved oxygen is also
affected by eutrophication. When algae or
aquatic plants that are stimulated by excess
nutrients die off, they are broken down by

bacteria, which depletes the oxygen in the
water. Relatively few studies have specifically
explored the impact of nutrient enrichment on
urban streams. Chessman et al. (1992) studied
the limiting nutrients for periphyton growth in
a variety of streams and noted that the severity
of eutrophication was related to low flow
conditions. Higher flow rates in streams may
cycle nutrients faster than in slow flow rates,
thus diminishing the extent of stream eutrophi-
cation.

Figure 32: Nitrate-Nitrogen Concentration in Stormwater Runoff at 37
Sites Nationally (Schueler, 1999)

Figure 33: Total Phosphorus Concentration in Stormwater at 37
Sites Nationally (Schueler, 1999)
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4.5.3 Sources and Source
Areas of Nutrients

Phosphorus is normally transported in surface
water attached to sediment particles or in
soluble forms. Nitrogen is normally trans-
ported by surface water runoff in urban water-
sheds. Sources for nitrogen and phosphorus in
urban stormwater include fertilizer, pet waste,
organic matter (such as leaves and detritus),
and stream bank erosion. Another significant
source of nutrients is atmospheric deposition.
Fossil fuel combustion by automobiles, power
plants and industry can supply nutrients in both
wet fall and dry fall. The Metropolitan Wash-
ington Council of Governments (MWCOG,
1983) estimated total annual atmospheric
deposition rates of 17 lbs/ac for nitrogen and
0.7 lbs/ac for phosphorus in the Washington,
D.C. metro area.

Research from the upper Midwest suggests
“hot spot” sources can exist for both nitrogen
and phosphorus in urban watersheds. Lawns, in
particular, contribute greater concentrations of
Total N, Total P and dissolved phosphorus than
other urban source areas. Indeed, source
research suggests that nutrient concentrations

in lawn runoff can be as much as four times
greater than other urban sources such as
streets, rooftops or driveways (Bannerman et
al., 1993; Steuer et al., 1997 and Waschbusch
et al., 2000) (Table 29). This finding is signifi-
cant, since lawns can comprise more than 50%
of the total area in suburban watersheds. Lawn
care, however, has seldom been directly linked
to elevated nutrient concentrations during
storms. A very recent lakeshore study noted
that phosphorus concentrations were higher in
fertilized lawns compared to unfertilized
lawns, but no significant difference was noted
for nitrogen (Garn, 2002).

Wash-off of deposited nutrients from IC is
thought to be a major source of nitrogen and
phosphorus during storms (MWCOG, 1983).
While the concentration of nitrogen and
phosphorus from parking lots and streets is
lower than lawns, the volume of runoff is
significantly higher. In two studies using the
SLAMM source loading model (Pitt and
Voorhees, 1989), parking lots and streets were
responsible for over 30% of the nitrogen and
were second behind lawns in their contribu-
tions to the phosphorus load (Steuer et al.,
1997; Waschbusch et al., 2000).

Source Area Total N (mg/l) Total P (mg/l)

Source (1) (1) (2) (3)

Commercial Parking Lot 1.94 0.20 N/R 0.10

High Traffic Street 2.95 0.31 0.47 0.18

Med. Traffic Street 1.62 0.23 1.07 0.22

Low Traffic Street 1.17 0.14 1.31 0.40

Commercial Rooftop 2.09 0.09 0.20 0.13

Residential Rooftop 1.46 0.06 0.15 0.07

Residential Driveway 2.10 0.35 1.16 N/R

Residential Lawn 9.70 2.33 2.67 0.79

Basin Outlet 1.87 0.29 0.66 N/R

(1) Steuer et al., 1997; (2) Bannerman et al., 1993; (3) Waschbusch et al., 2000; N/R= Not Reported

Table 29: Source Area Monitoring Data for Total Nitrogen
and Total Phosphorous in Urban Areas
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Streambank erosion also appears to be a major
source of nitrogen and phosphorus in urban
streams. Both nitrogen and phosphorus are
often attached to eroded bank sediment, as
indicated in a recent study by Dartiguenave et
al. (1997) in Austin, Texas. They showed that
channel erosion contributed nearly 50% of the
Total P load shown for subwatersheds with IC
levels between 10 and 60 % (Figure 34). These
findings suggest that prevention or reduction of
downstream channel erosion may be an
important nutrient reduction strategy for urban
watersheds.

Snowmelt runoff generally has higher nutrient
EMCs, compared to stormwater runoff. Oberts
(1994) found that TKN and nitrate EMCs were
much higher in snowmelt at all sites. The same
pattern has also been observed for phosphorus
EMCs during snowmelt and stormwater runoff.
Zapf-Gilje et al. (1986) found that the first

20% of snowmelt events contained 65% of the
phosphorus and 90% of the nitrogen load.
Ayers et al. (1985) reported that a higher
percentage of the annual nitrate, TKN and
phosphorus load was derived from snowmelt
runoff compared to stormwater runoff in an
urban Minnesota watershed, which presumably
reflects the accumulation of nutrients in the
snowpack during the winter.

Figure 34: Total Phosphorus from Bank Erosion as a Function of IC in Texas Streams
(Dartiguenave et al., 1997)
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Metal Detection
Frequency(1)(1)

EMCs
(Fg/l)

Number
of

Events
 Source

Mean Median

Zinc 94%
162 129 2234 Smullen and Cave, 1998

176 140 1281 USEPA, 1983 

Copper 91%
13.5 11.1 1657 Smullen and Cave, 1998

66.6 54.8 849 USEPA, 1983

Lead 94%
67.5 50.7 2713 Smullen and Cave, 1998

175( 2) 131 (2) 1579 USEPA, 1983

Cadmium 48%

0.7 N/R 150 USEPA, 1983

0.5 N/R 100 USEPA, 1993

N/R
0.75 R
0.96 C
2.1 I

30 Baird et al., 1996

3 I
1U

N/R 9 Doerfer and Urbonas, 1993

Chromium 58%

4 N/R 32 Baird et al., 1996

N/R
2.1 R
10 C
7 I

30 Baird et al., 1996

N/R 7 164 Bannerman et al., 1993   

N/R = Not Reported; R- Residential, C- Commercial, I- Industrial; (1) as reprinted in USEPA, 1983; (2) Lead levels have
declined over time with the introduction of unleaded gasoline
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4.6  Trace Metals

Many trace metals can be found at potentially
harmful concentrations in urban stormwater.
Certain metals, such as zinc, copper, lead,
cadmium and chromium, are consistently
present at concentrations that may be of
concern. These metals primarily result from
the use of motor vehicles, weathering of metals
and paints, burning of fossil fuels and atmo-
spheric deposition.

Metals are routinely reported as the total
recoverable form or the dissolved form. The
dissolved form refers to the amount of metal
dissolved in the water, which excludes metals

attached to suspended particles that cannot
pass through a 0.45 micron filter. Total recov-
erable refers to the concentration of an unfil-
tered sample that is treated with hot dilute
mineral acid. In general, the toxicity of metals
is related more to the dissolved form than the
recoverable form.

4.6.1 Concentrations

Stormwater EMCs for zinc, copper, lead,
cadmium and chromium vary regionally and
are reviewed in Table 30. Regional differences
in trace metal concentrations and water quality
standard exceedence appears to be related to
climate. In general, drier regions often have a

Table 30: EMCs and Detection Frequency for Metals in Urban Stormwater
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higher risk of exceeding trace metal concentra-
tion standards.

Crunkilton et al. (1996) measured recoverable
and dissolved metals concentrations in Lincoln
Creek, Wisconsin and found higher EMCs
during storm events compared to baseflow
periods (Table 31). They also found that total
recoverable metal concentrations were almost
always higher than the dissolved concentration
(which is the more available form).

4.6.2 Impacts of Trace Metals
on Streams

Although a great deal is known about the
concentration of metals in urban stormwater,
much less is known about their possible
toxicity on aquatic biota. The primary concern
related to the presence of trace metals in
streams is their potential toxicity to aquatic
organisms. High concentrations can lead to
bioaccumulation of metals in plants and
animals, possible chronic or acute toxicity, and
contamination of sediments, which can affect
bottom dwelling organisms (Masterson and
Bannerman, 1994). Generally, trace metal
concentrations found in urban stormwater are
not high enough to cause acute toxicity (Field
and Pitt, 1990). The cumulative accumulation
of trace metal concentrations in bottom sedi-
ments and animal tissues are of greater con-
cern. Some evidence exists for trace metal
accumulation in bottom sediments of receiving
waters and for bioaccumulation in aquatic
species (Bay and Brown, 2000 and Livingston,
1996).

Relatively few studies have examined the
chronic toxicity issue. Crunkilton et al. (1996)
found that concentrations of lead, zinc and
copper exceeded EPA’s Chronic Toxicity
Criteria more than 75% of the time in
stormflow in stormwater samples for Lincoln
Creek in Wisconsin. When exposed to storm
and base flows in Lincoln Creek, Ceriodaphnia
dubia, a common invertebrate test species,
demonstrated significant mortality in extended
flow-through tests. Around 30% mortality was
recorded after seven days of exposure and 70%
mortality was recorded after 14 days.

Crunkilton et al. (1996) also found that signifi-
cant mortality in bullhead minnows occurred in
only 14% of the tests by the end of 14 days,
but mortality increased to 100% during expo-
sures of 17 to 61 days (see Table 32). In a
related study in the same watershed, Masterson
and Bannerman (1994) determined that cray-
fish in Lincoln Creek had elevated levels of
lead, cadmium, chromium and copper when
compared to crayfish from a reference stream.
The Lincoln Creek research provides limited
evidence that prolonged exposure to trace
metals in urban streams may result in signifi-
cant toxicity.

Most toxicity research conducted on urban
stormwater has tested for acute toxicity over a
short period of time (two to seven days).
Shorter term whole effluent toxicity protocols
are generally limited to seven days (Crunkilton
et al., 1996). Research by Ellis (1986) reported
delayed toxicity in urban streams. Field and
Pitt (1990) demonstrated that pollutants
deposited to the stream during storm events

Total Recoverable Dissolved

Metal (Fg/l) Storm Flow Baseflow Storm Flow Baseflow

Lead 35 3 1.7 1.2

Zinc 133 22 13 8

Copper 23 7 5 4

Cadmium 0.6 0.1 0.1 0.1

Table 31: Average Total Recoverable and Dissolved Metals for 13 Stormwater Flows
and Nine Baseflow Samples from Lincoln Creek in 1994 (Crunkilton et al., 1996)
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may take upwards of 10 to 14 days to exert
influence. The research suggests that longer
term in-situ and flow-through monitoring are
needed to definitively answer the question
whether metal levels in stormwater can be
chronically toxic.

An additional concern is that trace metals co-
occur with other pollutants found in urban
stormwater, and it is not clear whether they
interact to increase or decrease potential
toxicity. Hall and Anderson (1988) investi-
gated the toxicity and chemical composition of
urban stormwater runoff in British Columbia
and found that the interaction of pollutants
changed the toxicity of some metals. In labora-
tory analysis with Daphnia pulex, an aquatic
invertebrate, they found that the toxicity of
iron was low and that its presence reduced the
toxicity of other metals. On the other hand, the
presence of lead increased the toxicity of
copper and zinc.

Interaction with sediment also influences the
impact of metals. Often, over half of the trace
metals are attached to sediment (MWCOG,
1983). This effectively removes the metals
from the water column and reduces the avail-
ability for biological uptake and subsequent
bioaccumulation (Gavin and Moore, 1982 and
OWML, 1983). However, metals accumulated
in bottom sediment can then be resuspended
during storms (Heaney and Huber, 1978). It is

important to note that the toxic effect of metals
can be altered when found in conjunction with
other substances. For instance, the presence of
chlorides can increase the toxicity of some
metals. Both metals and chlorides are common
pollutants in snowpacks (see section 4.2 for
more snow melt information).

4.6.3 Sources and Source Areas of
Trace Metals

Research conducted in the Santa Clara Valley
of California suggests that cars can be the
dominant loading source for many metals of
concern, such as cadmium, chromium, copper,
lead, mercury and zinc (EOA, Inc., 2001).
Other sources are also important and include
atmospheric deposition, rooftops and runoff
from industrial and residential sites.

The sources and source areas for zinc, copper,
lead, chromium and cadmium are listed in
Table 33. Source areas for trace metals in the
urban environment include streets, parking
lots, snowpacks and rooftops. Copper is often
found in higher concentrations on urban
streets, because some vehicles have brake pads
that contain copper. For example, the Santa
Clara  study estimated that 50% of the total
copper load was due to brake pad wear (Wood-
ward-Clyde, 1992). Sources of lead include
atmospheric deposition and diesel fuel emis-
sions, which frequently occur along rooftops

Species Effect 
Percent of Tests with Significant (p<0.05) Toxic Effects as

Compared to Controls According to Exposure

48 hours 96 hours 7 days 14 days 17-61
days

D. magna Mortality 0 N/R 36% 93% N/R

Reduced
Reproduction 0 N/R 36% 93% N/R

P. promelas Mortality N/R 0 0 14% 100%

Reduced
Biomass

N/R N/R 60% 75% N/R

N/R = Not Reported

Table 32: Percentage of In-situ Flow-through Toxicity Tests Using Daphnia magna and
Pimephales promelas with Significant Toxic Effects from Lincoln Creek (Crunkilton et al., 1996)
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and streets. Zinc in urban environments is a
result of the wear of automobile tires (esti-
mated 60% in the Santa Clara study), paints,
and weathering of galvanized gutters and
downspouts. Source area concentrations of
trace metals are presented in Table 34. In
general, trace metal concentrations vary

Source Area Dissolved
Zinc

Total
Zinc

Dissolved
Copper

Total
Copper Dissolved Lead Total Lead

Source (1) (2) (1) (2) (2) (1) (3) (1) (3) (2)

Commercial
Parking Lot

64 178 10.7 9 15 N/R N/R 40 N/R 22

High Traffic
Street

73 508 11.2 18 46 2.1 1.7 37 25 50

Medium Traffic
Street

44 339 7.3 24 56 1.5 1.9 29 46 55

Low Traffic Street 24 220 7.5 9 24 1.5 .5 21 10 33

Commercial
Rooftop

263 330 17.8 6 9 20 N/R 48 N/R 9

Residential
Rooftop

188 149 6.6 10 15 4.4 N/R 25 N/R 21

Residential
Driveway 27 107 11.8 9 17 2.3 N/R 52 N/R 17

Residential Lawn N/R 59 N/R 13 13 N/R N/R N/R N/R N/R

Basin Outlet 23 203 7.0 5 16 2.4 N/R 49 N/R 32

Sources: (1) Steuer et al., 1997; (2) Bannerman et al., 1993; (3) Waschbusch, 2000; N/R = Not Reported

Table 34:  Metal Source Area Concentrations in the Urban Landscape (FFFFFg/l)

considerably, but the relative rank among
source areas remains relatively constant. For
example, a source loading model developed for
an urban watershed in Michigan estimated that
parking lots, driveways and residential streets
were the primary source areas for zinc, copper
and cadmium loads (Steuer et al., 1997).

Metal Sources Source Area Hotspots

Zinc tires, fuel  combustion, galvanized pipes,  roofs and
gutters, road salts *estimate of 60% from tires

parking lots, commercial and
industrial rooftops, and streets

Copper auto brake linings, pipes and fittings, algacides, and
electroplating *estimate of 50% from brake pad wear

parking lots, commercial roofs
and streets

Lead diesel fuel, paints and stains parking lots, rooftops, and streets 

Cadmium component of motor oil and corrodes from alloys and
plated surfaces

parking lots, rooftops, and streets

Chromium found in exterior paints and corrodes from alloys and
plated surfaces

most frequently found in industrial
and commercial runoff

Sources: Bannerman et al., 1993; Barr, 1997; Steuer et al., 1997; Good, 1993; Woodward - Clyde, 1992

Table 33: Metal Sources and Source Area “Hotspots” in Urban Areas
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4.7 Hydrocarbons:
PAH, Oil and Grease

Hydrocarbons are petroleum-based substances
and are found frequently in urban stormwater.
The term “hydrocarbons” is used to refer to
measurements of oil and grease and polycy-
clic-aromatic hydrocarbons (PAH). Certain
components of hydrocarbons, such as pyrene
and benzo[b]fluoranthene, are carcinogens and
may be toxic to biota (Menzie-Cura , 1995).
Hydrocarbons normally travel attached to
sediment or organic carbon. Like many pollut-
ants, hydrocarbons accumulate in bottom
sediments of receiving waters, such as urban
lakes and estuaries. Relatively few studies have
directly researched the impact of hydrocarbons
on streams.

4.7.1 Concentrations

Table 35 summarizes reported EMCs of PAH
and oil and grease derived from storm event
monitoring at three different areas of the U.S.
The limited research on oil and grease concen-
trations in urban runoff indicated that the
highest concentrations were consistently found
in commercial areas, while the lowest were
found in residential areas.

4.7.2 Impacts of Hydrocarbons
on Streams

The primary concern of PAH and oil and
grease on streams is their potential
bioaccumulation and toxicity in aquatic
organisms. Bioaccumulation in crayfish, clams
and fish has been reported by Masterson and
Bannerman (1994); Moring and Rose (1997);
and Velinsky and Cummins (1994).

Hydrocarbon
Indicator

EMC Number
of Events

Source Location
Mean

PAH 
(Fg/l)

3.2* 12 Menzie-Cura, 1995  MA

7.1 19 Menzie-Cura, 1995 MA

13.4 N/R Crunkilton et al., 1996  WI

Oil and
Grease 
(mg/l)

 1.7 R**
 9 C
3 I

30 Baird et al., 1996
TX

3 N/R  USEPA, 1983 U.S.

5.4* 8 Menzie-Cura, 1995 MA

3.5 10 Menzie-Cura, 1995 MA

3.89 R
13.13 C
7.10 I

N/R Silverman et al., 1988 CA  

2.35 R
5.63 C
4.86 I

107 Barr, 1997  MD

N/R = Not Reported; R = Residential, C = Commercial, I = Industrial; * = geometric mean, ** = median
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Table 35: Hydrocarbon EMCs in Urban Areas
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Moring and Rose (1997) also showed that not
all PAH compounds accumulate equally in
urban streams. They detected 24 different PAH
compounds in semi-permeable membrane
devices (SPMDs), but only three PAH com-
pounds were detected in freshwater clam
tissue. In addition, PAH levels in the SPMDs
were significantly higher than those reported in
the clams.

While acute PAH toxicity has been reported at
extremely high concentrations (Ireland et al.,
1996), delayed toxicity has also been found
(Ellis, 1986). Crayfish from Lincoln Creek had
a PAH concentration of 360 Fg/kg, much
higher than the concentration thought to be
carcinogenic (Masterson and Bannerman,
1994). By comparison, crayfish in a non-urban
stream had undetectable PAH levels. Toxic
effects from PAH compounds may be limited
since many are attached to sediment and may
be less available, with further reduction
occurring through photodegradation (Ireland et
al., 1996).

The metabolic effect of PAH compounds on
aquatic life is unclear. Crunkilton et al. (1996)
found potential metabolic costs to organisms,
but Masterson and Bannerman (1994) and
MacCoy and Black (1998) did not. The long-
term effect of PAH compounds in sediments of
receiving waters remains a question for further
study.

4.7.3 Sources and Source
Areas of Hydrocarbons

In most residential stormwater runoff, hydro-
carbon concentrations are generally less than
5mg/l, but the concentrations can increase to
five to 10 mg/l within some commercial,
industrial and highway areas (See Table 35).
Specific “hotspots” for hydrocarbons include
gas stations, commuter parking lots, conve-
nience stores, residential parking areas and
streets (Schueler and Shepp, 1993). These
authors evaluated hydrocarbon concentrations
within oil and grease separators in the Wash-
ington Metropolitan area and determined that
gas stations had significantly higher concentra-
tions of hydrocarbons and trace metals, as
compared to other urban source areas. Source
area research in an urban catchment in Michi-
gan showed that commercial parking lots
contributed 64% of the total hydrocarbon load
(Steuer et al., 1997).  In addition, highways
were found to be a significant contributor of
hydrocarbons by Lopes and Dionne (1998).
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4.8  Bacteria and Pathogens

Bacteria are single celled organisms that are
too small to see with the naked eye. Of particu-
lar interest are coliform bacteria, typically
found within the digestive system of warm-
blooded animals. The coliform family of
bacteria includes fecal coliform, fecal strepto-
cocci and Escherichia coli, which are consis-
tently found in urban stormwater runoff. Their
presence confirms the existence of sewage or
animal wastes in the water and indicates that
other harmful bacteria, viruses or protozoans
may be present, as well. Coliform bacteria are
indicators of potential public health risks and
not actual causes of disease.

A pathogen is a microbe that is actually known
to cause disease under the right conditions.
Two of the most common waterborne patho-
gens in the U.S. are the protozoans
Cryptosporidium parvum and Giardia lambia.
Cryptosporidium is a waterborne intestinal
parasite that infects cattle and domestic
animals and can be transmitted to humans,

causing life-threatening problems in people
with impaired immune systems (Xiao et al.,
2001). Giardia can cause intestinal problems in
humans and animals when ingested (Bagley et
al., 1998). To infect new hosts, protozoans
create hard casings known as oocysts
(Cryptosporidium) or cysts (Giardia) that are
shed in feces and travel through surface waters
in search of a new host.

4.8.1 Concentrations

Concentrations of fecal coliform bacteria in
urban stormwater typically exceed the 200
MPN/100 ml threshold set for human contact
recreation (USGS, 2001b). Bacteria concentra-
tions also tend to be highly variable from storm
to storm. For example, a national summary of
fecal coliform bacteria in stormwater runoff is
shown in Figure 35 and Table 36. The variabil-
ity in fecal coliform ranges from 10 to 500,000
MPN/100ml with a mean of 15,038 MPN/
100ml (Schueler, 1999). Another national
database of more than 1,600 stormwater events
computed a mean concentration of 20,000

Figure 35: Fecal Coliform Levels in Urban Stormwater ( Schueler, 1999)

Fecal Coliform Levels in Urban Stormwater:
A National Review

Stormwater runoff levels from 34 small catchments in
13 monitoring studies conducted:

AL, AZ, ID, KY, MD, NC, NH, NY, SD, TN, TX, WA, WI
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MPN/100ml for fecal coliform (Pitt, 1998).
Fecal streptococci concentrations for 17 urban
sites across the country had a mean of 35,351
MPN/100ml (Schueler, 1999).

Young and Thackston (1999) showed that
bacteria concentrations at four sites in metro
Nashville were directly related to watershed
IC. Increasing IC reflects the cumulative
increase in potential bacteria sources in the
urban landscape, such as failing septic systems,
sewage overflows, dogs, and inappropriate
discharges. Other studies show that concentra-
tions of bacteria are typically higher in urban
areas than rural areas (USGS, 1999a), but they
are not always directly related to IC. For
example, Hydroqual (1996) found that concen-
trations of fecal coliform in seven
subwatersheds of the Kensico watershed in
New York were generally higher for more
developed basins, but fecal coliform concentra-

tions did not directly increase with IC in the
developed basins (Figure 36).

There is some evidence that higher concentra-
tions of coliform are found in arid or semi-arid
watersheds. Monitoring data from semi-arid
regions in Austin, San Antonio, and Corpus
Christi, Texas averaged 61,000, 37,500 and
40,500 MPN/100ml, respectively (Baird et
al.,1996 and Chang et al. 1990). Schiff (1996),
in a report of Southern California NPDES
monitoring, found that median concentrations
of fecal coliform in San Diego were 50,000
MPN/100ml and averaged 130,000 MPN/
100ml in Los Angeles. In all of these arid and
semi-arid regions, concentrations were signifi-
cantly higher than the national average of
15,000 to 20,000 MPN/100ml.

Bacteria Type

EMCs
(MPN/100ml) Number of

Events
Source Location

Mean

Fecal Coliform

15,038 34 Schueler, 1999 U.S.

20,000 1600 Pitt, 1998 U.S.

7,653 27
Thomas and McClelland,

1995 GA

20,000 R*
 6900 C 
 9700 I

30* Baird et al., 1996 TX

77,970 21 watersheds Chang et al., 1990 TX

4,500 189 Varner, 1995 WA

23,500 3
Young and Thackston, 

1999 TN

Fecal Strep

35,351 17 Schueler, 1999 U.S.

28,864 R 27 Thomas and McClelland,
1995

GA

56,000 R *
18,000 C 
 6,100 I 

30* Baird et al., 1996 TX

N/R = Not Reported, R = Residential Area, C = Commercial Area, I = Industrial Area, * = Median
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Fecal Strep

35,351 17 Schueler, 1999 U.S.

28,864 R 27 Thomas and McClelland,
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56,000 R *
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 6,100 I 

30* Baird et al., 1996 TX

N/R = Not Reported, R = Residential Area, C = Commercial Area, I = Industrial Area, * = Median

Table 36: Bacteria EMCs in Urban Areas
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Concentrations of Cryptosporidium and
Giardia in urban stormwater are shown in
Table 37. States et al. (1997) found high
concentrations of Cryptosporidium and Giar-
dia in storm samples from a combined sewer in
Pittsburgh (geometric mean 2,013 oocysts/
100ml and 28,881 cysts/100ml). There is
evidence that urban stormwater runoff may
have higher concentrations of Cryptosporidium
and Giardia than other surface waters, as
reported in Table 38 (Stern, 1996). Both
pathogens were detected in about 50% of urban
stormwater samples, suggesting some concern
for drinking water supplies.

4.8.2 Impacts of Bacteria and
Pathogens on Streams

Fecal coliform bacteria indicate the potential
for harmful bacteria, viruses, or protozoans and
are used by health authorities to determine
public health risks. These standards were
established to protect human health based on
exposures to water during recreation and
drinking. Bacteria standards for various water
uses are presented in Table 39 and are all
easily exceeded by typical urban stormwater
concentrations. In fact, over 80,000 miles of
streams and rivers are currently in non-attain-

Pathogens Units 
EMCs Number

of Events
Source

Mean Median

Cryptosporidium oocysts 37.2 3.9 78 Stern, 1996

oocysts/100ml 2013 N/R N/R States et al., 1997

Giardia cysts 41.0 6.4 78 Stern, 1996

cysts/100ml 28,881 N/R N/R States et al., 1997

N/R= Not reported

Pathogens Units 
EMCs Number

of Events
Source

Mean Median

Cryptosporidium oocysts 37.2 3.9 78 Stern, 1996

oocysts/100ml 2013 N/R N/R States et al., 1997

Giardia cysts 41.0 6.4 78 Stern, 1996

cysts/100ml 28,881 N/R N/R States et al., 1997

N/R= Not reported

Table 37: Cryptosporidium and Giardia EMCs

Figure 36: Relationship Between IC and Fecal Coliform Concentrations in
New York Streams (Hydroqual, 1996)
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ment status because of high fecal coliform
levels (USEPA, 1998).

4.8.3 Sources and Source Areas of
Bacteria and Pathogens

Sources of coliform bacteria include waste
from humans and wildlife, including livestock
and pets. Essentially, any warm-blooded
species that is present in significant numbers in
a watershed is a potential culprit. Source
identification studies, using methods such as
DNA fingerprinting, have put the blame on
species such as rats in urban areas, ducks and
geese in stormwater ponds, livestock from

hobby farms, dogs and even raccoons
(Blankenship, 1996; Lim and Olivieri, 1982;
Pitt, 1998; Samadpour and Checkowitz, 1998).

Transport of bacteria takes place through direct
surface runoff, direct inputs to receiving
waters, or indirect secondary sources. Source
areas in the urban environment for direct
runoff include lawns and turf, driveways,
parking lots and streets. For example, dogs
have high concentrations of fecal coliform in
their feces and have a tendency to defecate in
close proximity to IC (Schueler, 1999).
Weiskel et al. (1996) found that direct inputs
of fecal coliform from waterfowl can be very

Source Water
Sampled 

Number of
Sources/

Number of
Samples

Percent Detection

Total
Giardia

Confirmed
Giardia

Total
Cryptosporidium 

Confirmed
Cryptosporidium

Wastewater
Effluent 8/147 41.5% 12.9% 15.7% 5.4%

Urban
Subwatershed 

5/78 41.0% 6.4% 37.2% 3.9%

Agricultural
Subwatershed 5/56 30.4% 3.6% 32.1% 3.6%

Undisturbed
Subwatershed 

5/73 26.0% 0.0% 9.6% 1.4%

Source Water
Sampled 

Number of
Sources/

Number of
Samples

Percent Detection

Total
Giardia

Confirmed
Giardia

Total
Cryptosporidium 

Confirmed
Cryptosporidium

Wastewater
Effluent 8/147 41.5% 12.9% 15.7% 5.4%

Urban
Subwatershed 

5/78 41.0% 6.4% 37.2% 3.9%

Agricultural
Subwatershed 5/56 30.4% 3.6% 32.1% 3.6%

Undisturbed
Subwatershed 

5/73 26.0% 0.0% 9.6% 1.4%

Water Use Microbial Indicator Typical Water Standard

Water Contact Recreation Fecal Coliform <200 MPN per 100ml

Drinking Water Supply Fecal Coliform <20 MPN per 100ml

Shellfish Harvesting Fecal Coliform <14 MPN/ 100ml

Treated Drinking Water Total Coliform
No more than 1% coliform positive

samples per month

Freshwater Swimming E.Coli <126 MPN per 100ml

Important Note: Individual state standards may employ different sampling methods, indicators, averaging periods,
averaging methods, instantaneous maximums and seasonal limits. MPN = most probable number. Higher or lower
limits may be prescribed for different water use classes. 

Table 39: Typical Coliform Standards for Different Water Uses (USEPA, 1998)

Table 38: Percent Detection of Giardia cysts and Cryptosporidium oocysts in
Subwatersheds and Wastewater Treatment Plant Effluent in the

New York City Water Supply Watersheds (Stern, 1996)
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important; these inputs accounted for as much
as 67% of the annual coliform load to Butter-
milk Bay, Massachusetts.

Indirect sources of bacteria include leaking
septic systems, illicit discharges, sanitary
sewer overflows (SSOs), and combined sewer
overflows (CSOs). These sources have the
potential to deliver high coliform concentra-
tions to urban streams. In fact, extremely high
bacteria concentrations are usually associated
with wastewater discharges. CSOs and SSOs
occur when the flow into the sewer exceeds the
capacity of the sewer lines to drain them. CSOs
result from stormwater flow in the lines, and
SSOs are a result of infiltration problems or
blockages in the lines.

Illicit connections from businesses and homes
to the storm drainage system can discharge
sewage or washwater into receiving waters.
Illicit discharges can often be identified by
baseflow sampling of storm sewer systems.
Leaking septic systems are estimated to
comprise between 10 and 40% of the systems,
and individual inspections are the best way to
determine failing systems (Schueler, 1999).

There is also evidence that coliform bacteria
can survive and reproduce in stream sediments
and storm sewers (Schueler, 1999). During a
storm event, they often become resuspended
and add to the in-stream bacteria load. Source
area studies reported that end of pipe concen-
trations were an order of magnitude higher
than any source area on the land surface;
therefore, it is likely that the storm sewer
system itself acts as a source of fecal coliform
(Bannerman et al., 1993 and Steuer et al.,
1997). Resuspension of fecal coliform from
fine stream sediments during storm events has
been reported in New Mexico (NMSWQB,
1999). The sediments in-stream and in the
storm sewer system  may be significant
contributors to the fecal coliform load.

Sources of Cryptosporidium and Giardia
include human sewage and animal feces.
Cryptosporidium is commonly found in cattle,
dogs and geese. Graczyk et al. (1998) found
that migrating Canada geese were a vector for
Cryptosporidium and Giardia, which has
implications for water quality in urban ponds
that support large populations of geese.



82                Impacts of Impervious Cover on Aquatic Systems

Chapter 4: Water Quality Impacts of Impervious Cover

4.9 Organic Carbon

Total organic carbon (TOC) is often used as an
indicator of the amount of organic matter in a
water sample. Typically, the more organic
matter present in water, the more oxygen
consumed, since oxygen is used by bacteria in
the decomposition process. Adequate levels of
dissolved oxygen in streams and receiving
waters are important because they are critical
to maintain aquatic life. Organic carbon is
routinely found in urban stormwater, and high
concentrations can result in an increase in
Biochemical Oxygen Demand (BOD) and
Chemical Oxygen Demand (COD). BOD and
COD are measures of the oxygen demand
caused by the decay of organic matter.

4.9.1 Concentrations

Urban stormwater has a significant ability to
exert a high oxygen demand on a stream or
receiving water, even two to three weeks after
an individual storm event (Field and Pitt,
1990). Average concentrations of TOC, BOD
and COD in urban stormwater are presented in
Table 40. Mean concentrations of TOC, BOD
and COD during storm events in nationwide
studies were 17 mg/l, 14.1 mg/l and 52.8 mg/l,
respectively (Kitchell, 2001 and Smullen and
Cave,1998).

4.9.2 Impacts of Organic
Carbon on Streams

TOC is primarily a concern for aquatic life
because of its link to oxygen demand in

streams, rivers, lakes and estuaries. The initial
effect of increased concentrations of TOC,
BOD or COD in stormwater runoff may be a
depression in oxygen levels, which may persist
for many days after a storm, as deposited
organic matter gradually decomposes (Field
and Pitt, 1990).

TOC is also a concern for drinking water
quality. Organic carbon reacts with chlorine
during the drinking water disinfection process
and forms trihalomethanes and other disinfec-
tion by-products, which can be a serious
drinking water quality problem (Water, 1999).
TOC concentrations greater than 2 mg/l in
treated water and 4 mg/l in source water can
result in unacceptably high levels of disinfec-
tion byproducts and must be treated to reduce
TOC or remove the disinfection byproducts
(USEPA, 1998). TOC can also be a carrier for
other pollutants, such as trace metals, hydro-
carbons and nutrients.

4.9.3 Sources and Source Areas of
Total Organic Carbon

The primary sources of TOC in urban areas
appear to be decaying leaves and other organic
matter, sediment and combustion by-products.
Source areas include curbs, storm drains,
streets and stream channels. Dartiguenave et
al. (1997) determined that about half of the
annual TOC load in urban watersheds of
Austin, TX was derived from the eroding
streambanks.

Organic Carbon Source
EMCs (mg/l) Number of

Events
Source

Mean Median

Total Organic Carbon (TOC)
32.0 N/R 423 Barrett and Malina, 1998

17 15.2 19 studies Kitchell, 2001

Biological Oxygen Demand (BOD)
14.1 11.5 1035 Smullen and Cave, 1998

10.4 8.4 474 USEPA, 1983

Chemical Oxygen Demand (COD)
52.8 44.7 2639 Smullen and Cave, 1998

66.1 55 1538 USEPA, 1983

N/R = Not Reported

Organic Carbon Source
EMCs (mg/l) Number of

Events
Source

Mean Median

Total Organic Carbon (TOC)
32.0 N/R 423 Barrett and Malina, 1998

17 15.2 19 studies Kitchell, 2001

Biological Oxygen Demand (BOD)
14.1 11.5 1035 Smullen and Cave, 1998

10.4 8.4 474 USEPA, 1983

Chemical Oxygen Demand (COD)
52.8 44.7 2639 Smullen and Cave, 1998

66.1 55 1538 USEPA, 1983

N/R = Not Reported

Table 40: EMCs for Organic Carbon in Urban Areas
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4.10 MTBE

Methyl tertiary butyl-ether (MTBE) is a
volatile organic compound (VOC) that is
added to gasoline to increase oxygen levels,
which helps gas burn cleaner (called an
oxygenate). MTBE has been used as a perfor-
mance fuel additive since the 1970s. In 1990,
the use of oxygenates was mandated by federal
law and concentrations of MTBE in gasoline
increased. Today, MTBE is primarily used in
large metropolitan areas that experience air
pollution problems. Since 1990, MTBE has
been detected at increasing levels in both
surface water and groundwater and is one of
the most frequently detected VOCs in urban
watersheds (USGS, 2001a). EPA has declared
MTBE to be a potential human carcinogen at
high doses. In March 2000, a decision was
made by EPA to follow California’s lead to
significantly reduce or eliminate the use of
MTBE in gasoline.

4.10.1 Concentrations

MTBE is highly soluble in water and therefore
not easily removed once it enters surface or
ground water. Delzer (1999) detected the

presence of MTBE in 27% of the shallow wells
monitored in eight urban areas across the
country (Figure 37). Detection frequency was
significantly higher in New England and
Denver, as shown in Table 41. In a second
study conducted in 16 metropolitan areas,
Delzer (1999) found that 83% of MTBE
detections occurred between October and
March, the time when MTBE is primarily used
as a fuel additive. The median MTBE concen-
tration was 1.5 ppb, well below EPA’s draft
advisory level of 20 ppb (Delzer, 1996).

4.10.2 Impacts of MTBE on Streams

The primary concerns regarding MTBE are
that it is a known carcinogen to small mam-
mals, a suspected human carcinogen at higher

Figure 37: MTBE Concentrations in Surface Water from Eight Cities (Delzer, 1996)

Location Detection
Frequency

Source Year

211 shallow wells in
eight urban areas

27% Delzer 1999

Surface water
samples in 16
metro areas

7% Delzer 1996

Table 41: MTBE Detection Frequency
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doses and may possibly be toxic to aquatic life
in small streams (Delzer, 1996). MTBE can
also cause taste and odor problems in drinking
water at fairly low concentrations. EPA issued
a Drinking Water Advisory in 1997 that
indicated that MTBE concentrations less than
20 ppb should not cause taste and odor prob-
lems for drinking water. However, the Asso-
ciation of California Water Agencies reports
that some consumers can detect MTBE at
levels as low as 2.5 ppb (ACWA, 2000).
Because MTBE is frequently found in ground-
water wells, it is thought to be a potential
threat to drinking water (Delzer, 1999). For
example, Santa Monica, California reportedly
lost half of its groundwater drinking water
supply due to MTBE contamination (Bay and
Brown, 2000). MTBE has also been detected in
human blood, especially in people frequently
exposed to gasoline, such as gas station
attendants (Squillace et al., 1995).

4.10.3  Sources and Source
Areas of MTBE

Since MTBE is a gasoline additive, its poten-
tial sources include any area that produces,
transports, stores, or dispenses gasoline,
particularly areas that are vulnerable to leaks
and spills. Leaking underground storage tanks
are usually associated with the highest MTBE
concentrations in groundwater wells (Delzer,
1999). Vehicle emissions are also an important
source of MTBE. Elevated levels are fre-
quently observed along road corridors and
drainage ditches. Once emitted, MTBE can
travel in stormwater runoff or groundwater.
Main source areas include heavily used multi-
lane highways. Gas stations may also be a
hotspot source area for MTBE contamination.

Another potential source of MTBE is water-
craft, since two cycle engines can discharge as
much as 20 to 30% of their fuel through the
exhaust (Boughton and Lico, 1998). MTBE
concentrations are clearly associated with
increased use of gas engines, and there is
concern that MTBE is an increasing compo-
nent of atmospheric deposition (Boughton and
Lico, 1998 and UC Davis, 1998).
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4.11 Pesticides

Pesticides are used in the urban environment to
control weeds, insects and other organisms that
are considered pests. EPA estimates that nearly
70 million pounds of active pesticide ingredi-
ents are applied to urban lawns each year as
herbicides or insecticides. Herbicides are used
on urban lawns to target annual and perennial
broadleaf weeds, while insecticides are used to
control insects. Many types of pesticides are
available for use in urban areas. Immerman
and Drummond (1985) report that 338 differ-

ent active ingredients are applied to lawns and
gardens nationally. Each pesticide varies in
mobility, persistence and potential aquatic
impact. At high levels, many pesticides have
been found to have adverse effects on ecologi-
cal and human health. Several recent research
studies by the USGS have shown that insecti-
cides are detected with the greatest frequency
in urban streams, and that pesticide detection
frequency increases in proportion to the
percentage of urban land in a watershed
(Ferrari et al., 1997; USGS, 1998, 1999a-b,
2001b). A national assessment by the USGS

Pollutant Detection
Frequency

Median
Concentration (Fg/l)

Number of
Samples 

Source

Insecticides

Diazinon

75% 0.025 326 USGS, 1998b

92% 0.55 76 Brush et al., 1995

17% 0.002
1795

 Ferrari et al., 1997

Chlorpyrifos
41% Non Detect 327 USGS, 1998b

14% 0.004 1218 Brush et al., 1995

Carbaryl 46% Non Detect 327 USGS, 1998b

22% 0.003 1128  Ferrari et al., 1997

Herbicides

Atrazine
86% 0.023 327 USGS, 1998b

72% 0.099 2076  Ferrari et al., 1997

Prometon
84% 0.031 327 USGS, 1998b

56% 0.029 1531  Ferrari et al., 1997

Simazine
88% 0.039 327 USGS, 1998b

17% 0.046 1995  Ferrari et al., 1997

2,4 -D 67% 1.1 11 Dindorf, 1992

17% 0.035 786  Ferrari et al., 1997

Dicamba 22% 1.8 4 Dindorf, 1992

MCPP 56% 1.8 10 Dindorf, 1992

MCPA 28% 1.0 5 Dindorf, 1992
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Table 42: Median Concentrations and Detection Frequency of Herbicides and
Insecticides in Urban Streams
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(2001a) also indicates that insecticides are
usually detected at higher concentrations in
urban streams than in agricultural streams.

4.11.1 Concentrations

Median concentrations and detection frequency
for common pesticides are shown in Table 42.
Herbicides that are frequently detected in
urban streams include atrazine; simazine;
prometon; 2,4-D; dicamba; MCPP; and
MCPA. Insecticides are also frequently en-
countered in urban streams,  including
diazinon, chlorpyrifos, malathion, and car-
baryl. A USGS (1996) study monitored 16
sites in Gills Creek in Columbia, South Caro-
lina over four days. This study reported that
pesticide detection frequency increased as
percent urban land increased.

Wotzka et al. (1994) monitored herbicide
levels in an urban stream in Minneapolis,
Minnesota during more than 40 storms. They
found herbicides, such as 2,4-D; dicamba;
MCPP; and MCPA in 85% of storm runoff
events sampled. Total herbicide EMCs ranged
from less than one to 70 µg/l. Ferrari et al.
(1997) analyzed 463 streams in the mid-
Atlantic region for the presence of 127 pesti-
cide compounds. At least one pesticide was
detected at more than 90% of the streams
sampled.

Diazinon is one of the most commonly de-
tected insecticides in urban stormwater runoff
and dry weather flow. Diazinon was detected
in 75% of National  Water Quality Assessment
(NAWQA) samples, 92% of stormflow
samples from Texas, and 100% of urban
stormflow samples in King County, Washing-
ton (Brush et al., 1995 and USGS, 1999b).
Diazinon is most frequently measured at
concentrations greater than freshwater aquatic
life criteria in urban stormwater (USGS,
1999a). USGS reports that diazinon concentra-
tions were generally higher during urban
stormflow (Ferrari et al., 1997).

4.11.2 Impacts of Pesticides
on Streams

Many pesticides are known or suspected
carcinogens and can be toxic to humans and
aquatic species. However, many of the known
health effects require exposure to higher
concentrations than typically found in the
environment, while the health effects of
chronic exposure to low levels are generally
unknown (Ferrari et al., 1997).

Studies that document the toxicity of insecti-
cides and herbicides in urban stormwater have
been focused largely on diazinon. Diazinon is
responsible for the majority of acute toxicity in
stormwater in Alameda County, California and
King County, Washington (S.R. Hansen &
Associates, 1995). Concentrations of diazinon
in King County stormwater frequently exceed
the freshwater aquatic life criteria (Figure 38).
Similarly, research on Sacramento, California
streams revealed acute toxicity for diazinon in
100% of stormwater samples using
Ceriodaphnia as the test organism (Connor,
1995). Diazinon has a half-life of 42 days and
is very soluble in water, which may explain its
detection frequency and persistence in urban
stormwater. Diazinon is also reported to attach
fairly readily to organic carbon; consequently,
it is likely re-suspended during storm events.

Insecticide concentrations exceeding acute and
chronic toxicity thresholds for test organisms
such as Ceriodaphnia have frequently been
found in urban stormwater in New York,
Texas, California, and Washington (Scanlin
and Feng, 1997; Brush et al., 1995; USGS,
1999b). The possibility exists that pesticides
could have impacts on larger bodies of water,
but there is a paucity of data on the subject at
this time.
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4.11.3 Sources and Source
Areas of Pesticides

Sources for pesticides in urban areas include
applications by homeowners, landscaping
contractors and road maintenance crews.
Source areas for pesticides in urban areas
include lawns in residential areas; managed
turf, such as golf courses, parks, and ball
fields; and rights-of-way in nonresidential
areas. Storage areas, which are subject to spills
and leaks, can also be a source area. A study in
San Francisco was able to trace high diazinon
concentrations in some streams back to just a

few households which had applied the
pesticide at high levels (Scanlin and Feng,
1997). Two herbicides, simazine and atra-
zine, were detected in over 60% of samples
in King County, WA stormwater but were
not identified as being sold in retail stores. It
is likely these herbicides are applied to
nonresidential areas such as rights-of-way,
parks and recreational areas (USGS, 1999b).
Because pesticides are typically applied to
turf, IC is not a direct indicator for pesticide
concentrations, although they can drift onto
paved surfaces and end up in stormwater
runoff.

Figure 38: Concentrations of Pesticides in Stormwater in King County, WA
(S.R. Hansen & Associates, 1995 and USGS, 1999b)
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4.12 Deicers

Deicers are substances used to melt snow and
ice to keep roads and walking areas safe. The
most commonly used deicer is sodium chlo-
ride, although it may also be blended with
calcium chloride or magnesium chloride. Other
less frequently used deicers include urea and
glycol, which are primarily used at airports to
deice planes. Table 43 summarizes the compo-
sition, use and water quality effects of common
deicers.

Chlorides are frequently found in snowmelt
and stormwater runoff in most regions that
experience snow and ice in the winter months
(Oberts, 1994 and Sherman, 1998). Figure 39
shows that the application of deicer salts has
increased since 1940 from 200,000 tons to 10
to 20 million tons per year in recent years (Salt
Institute, 2001). Several U.S. and Canadian
studies indicate severe inputs of road salts on
water quality and aquatic life (Environment
Canada, 2001 and Novotny et al., 1999).

Figure 39: U.S. Highway Salt Usage Data (Salt Institute, 2001)

Deicer Description Use Water Quality Effect

Chlorides 

Chloride based
deicer usually

combined with Na,
Ca or Mg 

Road Deicer and
Residential Use

Cl complexes can release heavy
metals, affect soil permeability,
impacts to drinking water, potential
toxic effects to small streams

Urea Nitrogen-based
fertilizer product

Used as
alternative to

glycol

Increased nitrogen in water and
potential toxicity to organisms 

Ethylene
Glycol

Petroleum based
organic compounds,
similar to antifreeze

Used at airports
for deicing planes

Toxicity effects, high BOD and COD,
hazardous air pollutant 

Ta Table 43:  Use and Water Quality Effect of Snowmelt Deicers
(Ohrel, 1995;  Sills and Blakeslee, 1992)
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Form of
Runoff

EMCs (mg/l) Number of
Events

Sources Location
Mean

Snowmelt

116* 49  Oberts, 1994 MN

2119 N/R  Sherman, 1998 Ontario

1267 R
474 U

N/R Novotny et al., 1999 NY

1612 N/R
Masterson and Bannerman,

1994 WI

397 282 Environment Canada, 2001
Ontario,
Canada

Non-
winter
Storm
Event

42 61 Brush et al., 1995 TX

45 N/R Sherman, 1998 Ontario

40.5 N/R
Masterson and Bannerman,

1994 WI

N/R = Not Reported, R = residential, U = urban, * = Median
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Non-
winter
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40.5 N/R
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4.12.1 Concentrations

Chloride concentrations in snowmelt runoff
depend on the amount applied and the dilution
in the receiving waters. Data for snowmelt and
stormwater runoff from several studies are
presented in Table 44. For example, chloride
concentrations in Lincoln Creek in Wisconsin
were 1,612 mg/l in winter snowmelt runoff, as
compared to 40 mg/l in non-winter runoff
(Novotny et al., 1999 and Masterson and
Bannerman, 1994). Chloride concentrations in
the range of 2,000 to 5,000 mg/l have been
reported for Canadian streams (Environment
Canada, 2001). Novotny et al. (1999) moni-
tored chloride concentrations in snowmelt near
Syracuse, New York and found that residential
watersheds had  higher chloride concentrations
than rural watersheds.

Concentrations of glycol in stormwater runoff
are also highly variable and depend on the
amount of deicer used, the presence of a
recovery system, and the nature of the precipi-
tation event. Corsi et al. (2001) monitored
streams receiving stormwater runoff from a
Wisconsin airport. They found concentrations

of propylene glycol as high as 39,000 mg/l at
airport outfall sites during deicing operations
and concentrations of up to 960 mg/l during
low-flow sampling at an airport outfall site.

4.12.2 Impacts of Deicers
on Streams

Chloride levels can harm aquatic and terrestrial
life and contaminate groundwater and drinking
water supplies (Ohrel, 1995). Generally,
chloride becomes toxic to many organisms
when it reaches concentrations of 500 to1,000
mg/l (Environment Canada, 2001). These
concentrations are common in small streams in
snow regions, at least for short periods of time.
Many plant species are relatively intolerant to
high salt levels in wetland swales and roadside
corridors. Fish are also negatively affected by
high chloride concentrations, with sensitivity
as low as 600 mg/l for some species (Scott and
Wylie, 1980).

Table 45 compares the maximum chloride
concentrations for various water uses in eight
states (USEPA, 1988). Snowmelt chloride
concentrations typically exceed these levels.

Table 44: EMCs for Chloride in Snowmelt and Stormwater Runoff in Urban Areas in
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Chloride is a concern in surface drinking water
systems because it can interfere with some of
the treatment processes and can cause taste
problems at concentrations as low as 250 mg/l.
Chloride is also extremely difficult to remove
once it enters the water.

Glycol-based deicers have been shown to be
highly toxic at relatively low concentrations in
streams receiving airport runoff. These deicers
contain many proprietary agents, which may
increase their toxicity and also make it very
difficult to set standards for their use (Hartwell
et al., 1995). Corsi et al. (2001) observed acute
toxicity of Ceriodaphnia dubia, Pimephelas
promelax, Hyalela azteca, and Chironimus
tentans in Wisconsin streams that experienced
propylene glycol concentrations of 5,000 mg/l
or more. Chronic toxicity was observed for
Ceriodaphnia dubia and Pimephelas promelax
at propylene glycol concentrations of 1,500
mg/l in the same study. In addition, glycol
exerts an extremely high BOD on receiving
waters, which can quickly reduce or eliminate
dissolved oxygen. Glycol can also be toxic to
small animals that are attracted by its sweet
taste (Novotny et al., 1999).

As with many urban pollutants, the effects of
chloride can be diluted in larger waterbodies.
In general, small streams are more likely to
experience chloride effects, compared to
rivers, which have a greater dilution ability.

4.12.3 Sources and Source
Areas of Deicers

The main sources for deicers in urban water-
sheds include highway maintenance crews,
airport deicing operations, and homeowner
applications. Direct road application is the
largest source of chloride, by far. Source areas
include roads, parking lots, sidewalks, storm
drains, airport runways, and snow collection
areas. Because deicers are applied to paved
surfaces, the primary means of transport to
streams is through stormwater and meltwater
runoff. Therefore, concentrations of deicer
compounds are typically associated with
factors such as road density or traffic patterns.

State Limiting Concentration (mg/l) Beneficial Use

CO 250* Drinking water

IL
500 General water supply

250 Drinking water

IN 500 Drinking water

MA 250 Class A waters

MN
250 Drinking water

500 Class A fishing and recreation

OH 250 Drinking water

SD
250 Drinking water

100 Fish propagation

VA 250 Drinking water

* Monthly average

State Limiting Concentration (mg/l) Beneficial Use

CO 250* Drinking water

IL
500 General water supply

250 Drinking water

IN 500 Drinking water

MA 250 Class A waters

MN
250 Drinking water

500 Class A fishing and recreation

OH 250 Drinking water

SD
250 Drinking water

100 Fish propagation

VA 250 Drinking water

* Monthly average

Table 45: Summary of State Standards for Salinity of Receiving Waters (USEPA, 1988)



 Impacts of Impervious Cover on Aquatic Systems 91

 Chapter 4: Water Quality Impacts of Impervious Cover

4.13 Conclusion

IC collects and accumulates pollutants depos-
ited from the atmosphere, leaked from ve-
hicles, or derived from other sources. The
pollutants build up over time but are washed
off quickly during storms and are often effi-
ciently delivered to downstream waters. This
can create water quality problems for down-
stream rivers, lakes and estuaries.

As a result of local and national monitoring
efforts, we now have a much better under-
standing of the nature and impacts of stormwa-
ter pollution. The typical sample of urban
stormwater is characterized by high levels of
many common pollutants such as sediment,
nutrients, metals, organic carbon, hydrocar-
bons, pesticides, and fecal coliform bacteria.
Other pollutants that have more recently
become a concern in urban areas include
MTBE, deicers, and the pathogens
Cryptosporidium and Giardia. Concentrations
of most stormwater pollutants can be charac-
terized, over the long run, by event mean storm
concentrations. Monitoring techniques have
also allowed researchers to identify source
areas for pollutants in the urban environment,
including stormwater hotspots, which generate
higher pollutant loads than normal develop-
ment.

In general, most monitoring data shows that
mean pollutant storm concentrations are higher
in urban watersheds than in non-urban ones.
For many urban pollutants, EMCs can be used
to predict stormwater pollutant loads for urban
watersheds, using IC as the key predictive
variable. While a direct relationship between
IC and pollutant concentrations does not
usually exist, IC directly influences the volume
of stormwater and hence, the total load. A few
exceptions are worth noting. MTBE, deicers,
and PAH appear to be related more to traffic or
road density than IC. Additionally, MTBE and
PAH concentrations may be greater at hotspot
source areas, which are not always widely or
uniformly distributed across a watershed.
Pesticides, bacteria and pathogens are often
associated with turf areas rather than IC.
Bacteria and pathogen sources also include
direct inputs from wildlife and inappropriate

sewage discharges that are not uniformly
distributed across a watershed and are not
directly related to IC.

Further research into the relationship between
stormwater pollutant loads and other watershed
indicators may be helpful. For example, it
would be interesting to see if turf cover is a
good indicator of stream quality for impacted
streams. Other important watershed indicators
worth studying are the influence of watershed
treatment practices, such as stormwater
practices and stream buffers.

The direct effects of stormwater pollutants on
aquatic systems appears to be a function of the
size of the receiving water and the initial health
of the aquatic community. For example, a
small urban stream receiving high stormwater
pollutant concentrations would be more likely
to experience impacts than a large river, which
is diluted by other land uses. Likewise, organ-
isms in sensitive streams should be more
susceptible to stormwater pollutants than
pollution-tolerant organisms found in non-
supporting streams.

Overall, the following conclusions can be
made:

• Sediment, nutrient and trace metal loads in
stormwater runoff can be predicted as a
function of IC, although concentrations are
not tightly correlated with watershed IC.

• Violations of bacteria standards are
indirectly associated with watershed IC.

• It is not clear whether loads of hydrocar-
bons, pesticides or chlorides can be
predicted on the basis of IC at the small
watershed level.

• More research needs to be conducted to
evaluate the usefulness of other watershed
indicators to predict stormwater pollutant
loads. For example, traffic, road density or
hotspots may be useful in predicting
MTBE, deicer and hydrocarbon loads.
Also, watershed turf cover may be useful
in predicting pesticide and bacterial loads.
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• Most research on pollutants in stormwater
runoff has been conducted at the small
watershed level. Additional research is
needed to evaluate the impact of watershed
treatment, such as stormwater and buffer
practices to determine the degree to which
these may change stormwater concentra-
tions or loads.

• Regional differences are evident for many
stormwater pollutants, and these appear to
be  caused by either differences in rainfall
frequency or snowmelt.
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Chapter 5: Biological Impacts of
Impervious Cover

This chapter reviews research on the impact of
urbanization on the aquatic community,
focusing on aquatic insects, fish, amphibians,
freshwater mussels, and freshwater wetlands.
Specifically, the relationship between the
health of the aquatic community and the
amount of watershed IC is analyzed within the
context of the Impervious Cover Model (ICM).

The chapter is organized as follows:

5.1 Introduction
5.2 Indicators and General Trends
5.3 Effects on Aquatic Insect1  Diversity
5.4 Effects on Fish Diversity
5.5 Effects on Amphibian Diversity
5.6 Effects on Wetland Diversity
5.7 Effects  on Freshwater Mussel

Diversity
5.8 Conclusion

5.1 Introduction

A number of studies, crossing different
ecoregions and utilizing various techniques,
have examined the link between watershed
urbanization and its impact on stream and
wetland biodiversity. These studies reveal that
a relatively small amount of urbanization has a
negative effect on aquatic diversity, and that as
watersheds become highly urban, aquatic
diversity becomes extremely degraded. As
documented in prior chapters, hydrologic,
physical, and water quality changes caused by
watershed urbanization all stress the aquatic
community and collectively diminish the
quality and quantity of available habitat. As a
result, these stressors generally cause a decline
in biological diversity, a change in trophic
structure, and a shift towards more pollution-
tolerant organisms.

Many different habitat conditions are critical
for supporting diverse aquatic ecosystems. For

example, streambed substrates are vulnerable
to deposition of fine sediments, which affects
spawning, egg incubation and fry-rearing.
Many aquatic insect species shelter in the large
pore spaces among cobbles and boulders,
particularly within riffles. When fine sediment
fills these pore spaces, it reduces the quality
and quantity of available habitat. The aquatic
insect community is typically the base of the
food chain in streams, helps break down
organic matter and serves as a food source for
juvenile fish.

Large woody debris (LWD) plays a critical
role in the habitat of many aquatic insects and
fish. For example, Bisson et al. (1988) contend
that no other structural component is more
important to salmon habitat than LWD,
especially in the case of juvenile coho salmon.
Loss of LWD due to the removal of stream
side vegetation can significantly hinder the
survival of more sensitive aquatic species.
Since LWD creates different habitat types, its
quality and quantity have been linked to
salmonid rearing habitat and the ability of
multiple fish species to coexist in streams.

The number of stream crossings (e.g., roads,
sewers and pipelines) has been reported to
increase directly in proportion to IC (May et
al., 1997). Such crossings can become partial
or total barriers to upstream fish migration,
particularly if the stream bed downcuts below
the fixed elevation of a culvert or pipeline.
Fish barriers can prevent migration and
recolonization of aquatic life in many urban
streams.

Urbanization can also increase pollutant levels
and stream temperatures. In particular, trace
metals and pesticides often bind to sediment
particles and may enter the food chain, particu-
larly by  aquatic insects that collect and filter
particles. While in-stream data is rare, some
data are available for ponds. A study of trace

1Throughout this chapter, the term “aquatic insects” is used rather than the more cumbersome but technically correct
“benthic macroinvertebrates.”



94                Impacts of Impervious Cover on Aquatic Systems

Chapter 5: Biological Impacts of Impervious Cover

Stream Change Effects on Organisms

Increased flow
volumes/ Channel
forming storms

Alterations in habitat complexity
Changes in availability of food organisms, related to timing of
emergence and recovery after disturbance
Reduced prey diversity
Scour-related mortality
Long-term depletion of LWD
Accelerated streambank erosion

Decreased base flows
Crowding and increased competition for foraging sites
Increased vulnerability to predation
Increased fine sediment deposition

Increase in sediment
transport 

Reduced survival of eggs and alevins, loss of habitat due to
deposition
Siltation of pool areas, reduced macroinvertebrate
reproduction

Loss of pools and riffles Shift in the balance of species due to habitat change
Loss of deep water cover and feeding areas

Changes in substrate
composition

Reduced survival of eggs
Loss of inter-gravel fry refugial spaces
Reduced aquatic insect production

Loss of LWD

Loss of cover from predators and high flows
Reduced sediment and organic matter storage
Reduced pool formation and organic substrate for aquatic
insects

Increase in
temperature

Changes in migration patterns
Increased metabolic activity, increased disease and parasite
susceptibility
 Increased mortality of sensitive fish

Creation of fish
blockages

Loss of spawning habitat for adults
Inability to reach overwintering sites
Loss of summer rearing habitat,
Increased vulnerability to predation

Loss of vegetative
rooting systems 

Decreased channel stability
Loss of undercut banks
Reduced streambank integrity 

Channel straightening
or hardening

Increased stream scour
Loss of habitat complexity 

Reduction in water
quality

Reduced survival of eggs and alevins
Acute and chronic toxicity to juveniles and adult fish
Increased physiological stress

Increase in turbidity
Reduced survival of eggs
Reduced plant productivity
Physiological stress on aquatic organisms

Algae blooms
Oxygen depletion due to algal blooms, increased
eutrophication rate of standing waters

metal bioaccumulation of three fish species
found in central Florida stormwater ponds
discovered that trace metal levels were signifi-
cantly higher in urban ponds than in non-urban
control ponds, often by a factor of five to 10
(Campbell, 1995; see also Karouna-Renier,
1995). Although typical stormwater pollutants
are rarely acutely toxic to fish, the cumulative
effects of sublethal pollutant exposure may
influence the stream community (Chapter 4).

Table 46 summarizes some of the numerous
changes to streams caused by urbanization that
have the potential to alter aquatic biodiversity.
For a comprehensive review of the impacts of
urbanization on stream habitat and
biodiversity, the reader should consult Wood
and Armitage (1997) and Hart and Finelli
(1999).

Table 46: Review of Stressors to Urban Streams and Effects on Aquatic Life
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5.2 Indicators and
General Trends

Stream indicators are used to gauge aquatic
health in particular watersheds. The two main
categories of stream indicators are biotic and
development indices. Biotic indices use
stream diversity as the benchmark for aquatic
health and use measures, such as species
abundance, taxa richness, EPT Index, native
species, presence of pollution-tolerant species,
dominance, functional feeding group compari-
sons, or proportion with disease or anomalies.
Development indices evaluate the relationship
between the degree of watershed urbanization
and scores for the biotic indices. Common
development indices include watershed IC,
housing density, population density, and
percent urban land use.

5.2.1 Biological Indicators

Biotic indices are frequently used to measure
the health of the aquatic insect or fish commu-
nity in urban streams. Because many aquatic
insects have limited migration patterns or a
sessile mode of life, they are particularly well-
suited to assess stream impacts over time.
Aquatic insects integrate the effects of short-
term environmental variations, as most species
have a complex but short life cycle of a year or
less. Sensitive life stages respond quickly to
environmental stressors, but the overall
community responds more slowly. Aquatic
insect communities are comprised of a broad
range of species, trophic levels and pollution
tolerances, thus providing strong information
for interpreting cumulative effects. Unlike fish,
aquatic insects are abundant in most small, first
and second order streams. Individuals are
relatively easy to identify to family level, and
many “intolerant” taxa can be identified to
lower taxonomic levels with ease.

Fish are good stream indicators over longer
time periods and broad habitat conditions
because they are relatively long-lived and
mobile. Fish communities generally include a
range of species that represents a variety of
trophic levels (omnivores, herbivores, insecti-
vores, planktivores, and piscivores). Fish tend

to integrate the effects of lower trophic levels;
thus, their community structure reflects the
prevailing food sources and habitat conditions.
Fish are relatively easy to collect and identify
to the species level. Most specimens can be
sorted and identified in the field by experi-
enced fisheries scientists and subsequently
released unharmed.

A review of the literature indicates that a wide
variety of metrics are used to measure the
aquatic insect and fish community. Community
indices, such as the Index of Biotic Integrity
(IBI) for fish and the Benthic Index of Biotic
Integrity (B-IBI) for the aquatic insect commu-
nity are a weighted combination of various
metrics that typically characterize the commu-
nity from “excellent” to “poor.” Common
metrics of aquatic community are often based
on a composite of measures, such as species
richness, abundance, tolerance, trophic status,
and native status. Combined indices (C-IBI)
measure both fish and aquatic insect metrics
and a variety of physical habitat conditions to
classify streams. Table 47 lists several com-
mon metrics used in stream assessments. It
should be clearly noted that community and
combined indices rely on different measure-
ments and cannot be directly compared. For a
comprehensive review of aquatic community
indicators, see Barbour et al.(1999).

5.2.2 Watershed Development
Indices

Watershed IC, housing density, population
density, and percent urban land have all been
used as indices of the degree of watershed
development. In addition, reverse indicators
such as percent forest cover and riparian
continuity have also been used. The majority
of studies so far have used IC to explore the
relationship between urbanization and aquatic
diversity. Percent urban land has been the
second most frequently used indicator to
describe the impact of watershed development.
Table 48 compares the four watershed devel-
opment indices and the thresholds where
significant impacts to aquatic life are typically
observed.
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Measurement Applied to: Definition of Measurement

Abundance Fish, Aquatic Insects
Total number of individuals in a sample; sometimes modified to exclude
tolerant species.

 Taxa Richness Fish, Aquatic Insects
Total number of unique taxa identified in a sample. Typically, an
increase in taxa diversity indicates better water and habitat quality. 

EPT Index Aquatic Insects

Taxa belonging to the following three groups: Ephemeroptera (mayflies),
Plecoptera (stoneflies), Trichoptera (caddisflies). Typically, species in
these orders are considered to be pollution-intolerant taxa and are
generally the first to disappear with stream quality degradation. 

Native Status Fish Native vs. non-native taxa in the community.

Specific Habitat
Fish

Riffle benthic insectivorous individuals. Total number of benthic
insectivores. Often these types of individuals, such as darters, sculpins,
and dace are found in high velocity riffles and runs and are sensitive to
physical habitat degradation.  

Minnow species Total number of minnow species present. Often used as
an indicator of pool habitat quality.  Includes all species present in the
family Cyprinidae, such as daces, minnows, shiners, stonerollers, and
chubs. 

Tolerant Species Fish, Aquatic Insects

The total number of species sensitive to and the number tolerant of
degraded conditions. Typically, intolerant species decline with
decreasing water quality and stream habitat.  A common high pollution-
tolerant species that is frequently used is Chironomids.

Dominance Fish, Aquatic Insects
The proportion of individuals at each station from the single most
abundant taxa at that particular station. Typically, a community
dominated by a single taxa may be indicative of stream degradation.

Functional
Feeding Group
Comparisons

Fish

Omnivores/ Generalists: The proportion of  individuals characterized as
omnivores or generalists to the total number of individuals. Typically,
there is a shift away from specialized feeding towards more
opportunistic feeders under degraded conditions as  food sources
become unreliable.

Insectivores: The proportion of individuals characterized as insectivores
to the total number of individuals. Typically, the abundance of
insectivores decreases relative to increasing stream degradation.

Aquatic Insects

Others: The proportion of individuals characterized as shredders,
scrapers, or filter feeders to the total number of individuals.  Typically,
changes in the proportion of functional feeders characterized as
shredders can be reflective of contaminated leaf matter. In addition, an
overabundance of scrapers over filterers can be indicative of increased
benthic algae.

 Disease/
Anomalies Fish

Proportion of individuals with signs of disease or abnormalities. This  is
ascertained through gross external examination for abnormalities during
the field identification process. Typically, this metric assumes that
incidence of disease and deformities increases with increasing stream
degradation.

* This table is not meant to provide a comprehensive listing of metrics used for diversity indices; it is intended to provide
examples of types of measures used in biological stream assessments (see Barbour et al., 1999).

Measurement Applied to: Definition of Measurement

Abundance Fish, Aquatic Insects
Total number of individuals in a sample; sometimes modified to exclude
tolerant species.

 Taxa Richness Fish, Aquatic Insects
Total number of unique taxa identified in a sample. Typically, an
increase in taxa diversity indicates better water and habitat quality. 

EPT Index Aquatic Insects

Taxa belonging to the following three groups: Ephemeroptera (mayflies),
Plecoptera (stoneflies), Trichoptera (caddisflies). Typically, species in
these orders are considered to be pollution-intolerant taxa and are
generally the first to disappear with stream quality degradation. 

Native Status Fish Native vs. non-native taxa in the community.

Specific Habitat
Fish

Riffle benthic insectivorous individuals. Total number of benthic
insectivores. Often these types of individuals, such as darters, sculpins,
and dace are found in high velocity riffles and runs and are sensitive to
physical habitat degradation.  

Minnow species Total number of minnow species present. Often used as
an indicator of pool habitat quality.  Includes all species present in the
family Cyprinidae, such as daces, minnows, shiners, stonerollers, and
chubs. 

Tolerant Species Fish, Aquatic Insects

The total number of species sensitive to and the number tolerant of
degraded conditions. Typically, intolerant species decline with
decreasing water quality and stream habitat.  A common high pollution-
tolerant species that is frequently used is Chironomids.

Dominance Fish, Aquatic Insects
The proportion of individuals at each station from the single most
abundant taxa at that particular station. Typically, a community
dominated by a single taxa may be indicative of stream degradation.

Functional
Feeding Group
Comparisons

Fish

Omnivores/ Generalists: The proportion of  individuals characterized as
omnivores or generalists to the total number of individuals. Typically,
there is a shift away from specialized feeding towards more
opportunistic feeders under degraded conditions as  food sources
become unreliable.

Insectivores: The proportion of individuals characterized as insectivores
to the total number of individuals. Typically, the abundance of
insectivores decreases relative to increasing stream degradation.

Aquatic Insects

Others: The proportion of individuals characterized as shredders,
scrapers, or filter feeders to the total number of individuals.  Typically,
changes in the proportion of functional feeders characterized as
shredders can be reflective of contaminated leaf matter. In addition, an
overabundance of scrapers over filterers can be indicative of increased
benthic algae.

 Disease/
Anomalies Fish

Proportion of individuals with signs of disease or abnormalities. This  is
ascertained through gross external examination for abnormalities during
the field identification process. Typically, this metric assumes that
incidence of disease and deformities increases with increasing stream
degradation.

* This table is not meant to provide a comprehensive listing of metrics used for diversity indices; it is intended to provide
examples of types of measures used in biological stream assessments (see Barbour et al., 1999).

Table 47: Examples of Biodiversity Metrics Used to Assess Aquatic Communities
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5.2.3 General Trends

Most  research suggests that a decline in both
species abundance and diversity begins at or
around 10% watershed IC (Schueler, 1994a).
However, considerable variations in aquatic
diversity are frequently observed from five to
20% IC, due to historical alterations, the
effectiveness of watershed management,
prevailing riparian conditions, co-occurrence
of stressors, and natural biological variation
(see Chapter 1).

Figures 40 through 42 display the negative
relationship commonly seen between biotic
indices and various measures of watershed
development. For example, stream research in
the Maryland Piedmont indicated that IC was
the best predictor of stream condition, based on
a combined fish and aquatic insect IBI
(MNCPPC, 2000). In general, streams with
less than 6% watershed IC were in “excellent”
condition, whereas streams in “good” condi-
tion had less than 12% IC, and streams in
“fair” condition had less than 20%. Figure 40
shows the general boundaries and typical
variation seen in MNCPPC stream research.

Figure 41 illustrates that B-IBI scores and
Coho Salmon/Cutthroat Trout Ratio are a
function of IC for 31 streams in Puget Sound,
Washington. The interesting finding was that
“good” to “excellent” B-IBI scores (greater

than 25) were reported in watersheds that had
less than 10% IC, with eight notable outliers.
These outliers had greater IC (25 to 35%) but
similar B-IBI scores. These outliers are unique
in that they had a large upstream wetland and/
or a large, intact riparian corridor upstream
(i.e. >70% of stream corridor had buffer width
>100 feet).

Figure 42 depicts the same negative relation-
ship between watershed urbanization and fish-
IBI scores but uses population density as the
primary metric of development (Dreher, 1997).
The six-county study area included the Chi-
cago metro area and outlying rural watersheds.
Significant declines in fish-IBI scores were
noted when population density exceeded 1.5
persons per acre.

The actual level of watershed development at
which an individual aquatic species begins to
decline depends on several variables, but may
be lower than that indicated by the ICM. Some
researchers have detected impacts for indi-
vidual aquatic species at watershed IC levels as
low as 5%. Other research has suggested that
the presence of certain stressors, such as
sewage treatment plant discharges (Yoder and
Miltner, 2000) or construction sites (Reice,
2000) may alter the ICM and lower the level of
IC at which biodiversity impacts become
evident.
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Land Use
Indicator

 Level at which
Significant Impact

Observed

Typical Value for
Low Density

Residential Use
Comments

% IC 10-20% 10%
Most accurate; highest level of effort
and cost

Housing
Density

>1 unit/acre 1 unit/acre

Low accuracy in areas of substantial
commercial or industrial
development; less accurate at small
scales

Population
Density

1.5 to 8+
people/acre 2.5 people/acre

Low accuracy in areas of substantial
commercial or industrial
development; less accurate at small
scales

% Urban
Land Use

33% (variable) 10-100%
Does not measure intensity of
development; moderately accurate
at larger watershed scales

Road Density 5 miles/square mile 2 miles/square mile
Appears to be a potentially useful
indicator

Figure 40: Combined Fish and Benthic IBI vs. IC in Maryland Piedmont Streams
(MNCPPC, 2000)

Table 48: Alternate Land Use Indicators and Significant Impact Levels
(Brown, 2000;  Konrad and Booth, 2002)
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Figure 41: Relationship Between B-IBI, Coho/Cutthroat Ratios, and
Watershed IC in Puget Sound Streams (Horner et al., 1997)

Figure 42: Index for Biological Integrity as a Function of Population Density in Illinois
(Dreher, 1997)
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5.3 Effects on Aquatic
Insect Diversity

The diversity, richness and abundance of the
aquatic insect community is frequently used to
indicate urban stream quality. Aquatic insects
are a useful indicator because they form the
base of the stream food chain in most regions
of the country. For this reason, declines or
changes in aquatic insect diversity are often an
early signal of biological impact due to water-
shed development. The aquatic insect commu-
nity typically responds to increasing develop-
ment by losing species diversity and richness
and shifting to more pollution-tolerant species.
More than 30 studies illustrate how IC and
urbanization affect the aquatic insect commu-
nity. These are summarized in Tables 49 and
50.

5.3.1 Findings Based on IC
Indicators

Klein (1979) was one of the first researchers to
note that aquatic insect diversity drops sharply
in streams where watershed IC exceeded 10 to
15%. While “good” to “fair” diversity was
noted in all headwater streams with less than
10% IC, nearly all streams with 12% or more
watershed IC recorded “poor” diversity. Other
studies have confirmed this general relation-
ship between IC and the decline of aquatic
insect species diversity. Their relationships
have been an integral part in the development
of the ICM. The sharp drop in aquatic insect
diversity at or around 12 to 15% IC was also
observed in streams in the coastal plain and
Piedmont of Delaware (Maxted and Shaver,
1997).

Impacts at development thresholds lower than
10% IC have also been observed by Booth
(2000), Davis (2001), Horner et al. (1997) and
Morse (2001). There seems to be a general
recognition that the high levels of variability
observed below 10% IC indicate that other
factors, such as riparian condition, effluent
discharges, and pollution legacy may be better
indicators of aquatic insect diversity (Horner
and May, 1999; Kennen, 1999; Steedman,
1988; Yoder et al., 1999).

The exact point at which aquatic insect diver-
sity shifts from fair to poor is not known with
absolute precision, but it is clear that few, if
any, urban streams can support diverse aquatic
insect communities with more than 25% IC.
Indeed, several researchers failed to find
aquatic insect communities with good or
excellent diversity in any highly urban stream
(Table 52). Indeed, MNCPPC (2000) reported
that all streams with more than 20% watershed
IC were rated as “poor.”

Several good examples of the relationship
between IC and B-IBI scores are shown in
Figures 43 through 45. Figure 43 depicts the
general trend line in aquatic insect diversity as
IC increased at 138 stream sites in Northern
Virginia (Fairfax County, 2001). The survey
study concluded that stream degradation
occurred at low levels of IC, and that older
developments lacking more efficient site
design and stormwater controls tended to have
particularly degraded streams. Figures 44 and
45 show similar trends in the relationship
between IC and aquatic insect B-IBI scores in
Maryland and Washington streams. In particu-
lar, note the variability in B-IBI scores ob-
served below 10% IC in both research studies.

Often, shift in the aquatic insect community
from pollution-sensitive species to pollution-
tolerant species occurs at relatively low IC
levels (<10%). This shift is often tracked using
the EPT metric, which evaluates sensitive
species found in the urban stream community
in the orders of Ephemeroptera (mayflies),
Plecoptera (stoneflies), and Trichoptera
(caddisflies). EPT species frequently disappear
in urban streams and are replaced by more
pollution-tolerant organisms, such as chirono-
mids, tubificid worms, amphipods and snails.

In undisturbed streams, aquatic insects employ
specialized feeding strategies, such as shred-
ding leaf litter, filtering or collecting organic
matter that flows by, or preying on other
insects. These feeding guilds are greatly
reduced in urban streams and are replaced by
grazers, collectors and deposit feeders. Maxted
and Shaver (1997) found that 90% of sensitive
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Index Key Finding (s) Source Location

Community
Index

Three years stream sampling across the state at 1000 sites found that when IC was
>15%, stream health was never rated good  based on a C-IBI.

Boward et al.,
1999 MD

Community
Index

Insect community and habitat scores were all ranked as poor  in five
subwatersheds that were greater than 30% IC.

Black and
Veatch, 1994

MD

Community
Index

Puget sound study finds that some degradation of aquatic invertebrate diversity
can occur at any level of human disturbance (at least as measured by IC). 65% of
watershed forest cover usually indicates a healthy aquatic insect community.

Booth, 2000 WA

Community
Index

In a Puget Sound study, the steepest decline of B-IBI was observed after 6% IC. 
There was a steady decline, with approximately 50% reduction in B-IBI at 45% IC.

Horner et al.,
1997

WA

Community
Index

B-IBI decreases with increasing urbanization in study involving 209 sites, with a sharp
decline at 10% IC.  Riparian condition helps mitigate effects.

Steedman, 
1988 Ontario

Community
Index 

Wetlands, forest cover and riparian integrity act to mitigate the impact of IC on
aquatic insect communities. 

Horner et al.,
2001

WA, MD,
TX

Community
Index B-IBI declines for aquatic insect with increasing IC at more than 200 streams. Fairfax Co., 

2001  VA

Community
Index

Two-year stream study of eight Piedmont watersheds reported B-IBI scores declined
sharply at an IC threshold of 15-30%. 

Meyer and
Couch,2000

GA

Community
Index

Montgomery County study; subwatersheds with <12% IC generally had streams in
good to excellent condition based on a combined fish and aquatic insect IBI. 
Watersheds with >20% IC had streams in poor  condition.

MNCPPC, 
2000

MD

Community
Index

Study of 1st, 2nd, and 3rd order streams in the Patapsco River Basin showed negative
relationship between B-IBI and IC.

Dail et al., 
1998

MD

Community
Index

While no specific threshold was observed, impacts were seen at even low levels of
IC. B-IBI values declined with increasing IC, with high scores observed only in
reaches with <5% IC or intact riparian zones or upstream wetlands. 

Horner and
May, 1999 WA

Community
Index

The C-IBI also decreased by 50% at 10-15% IC. These trends were particularly strong
at low-density urban sites (0-30% IC).

Maxted and
Shaver, 1997

DE

Diversity
In both coastal plain and Piedmont streams, a sharp decline in aquatic insect
diversity was found around 10-15% IC.

Shaver et al., 
1995 DE

Diversity In a comparison of Anacostia subwatersheds, there was significant decline in the
diversity of aquatic insects at 10% IC. 

MWCOG, 
1992

DC

Diversity In several dozen Piedmont headwater streams, aquatic diversity declined
significantly beyond 10-12% IC. Klein, 1979 MD

EPT Value In a 10 stream study with watershed IC ranging from three to 30%, a significant
decline in EPT values was reported as IC increased (r2 = 0.76). 

Davis, 2001 MO

Sensitive
Species

In a study of 38 wadeable, non-tidal streams in the urban Piedmont, 90% of sensitive
organisms were eliminated from the benthic community after watershed IC reaches
10-15%. 

Maxted and
Shaver, 1997

DE

Species
Abundance
EPT values

For streams draining 20 catchments across the state, an abrupt decline in species
abundance and EPT taxa was observed at approximately 6% IC.

Morse, 2001 ME

Table 49:  Recent Research Examining the Relationship Between IC and Aquatic Insect Diversity in Streams
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Biotic Key Finding (s) Source Location

Percent Urban Land use

Community
Index

Study of  700 streams in 5 major drainage basins found that the amount of urban
land and total flow of municipal effluent were the most significant factors in
predicting severe impairment of the aquatic insect community. Amount of
forested land in drainage area was inversely related to impairment severity.

Kennen, 1999 NJ

Community
Index

All 40 urban sites sampled had fair  to very poor  B-IBI scores, compared to
undeveloped reference sites. Yoder, 1991 OH

Community
Index

A negative correlation between B-IBI and urban land use was noted. Community
characteristics show similar patterns between agricultural and forested areas the
most severe degradation being in urban and suburban areas. 

Meyer and
Couch, 2000

GA

EPT Value,
Diversity,
Community
Index

A comparison of three stream types found urban streams had lowest diversity and
richness.  Urban streams had substantially lower EPT scores (22% vs 5% as number of
all taxa, 65% vs 10% as percent abundance) and IBI scores in the poor  range.

Crawford and
Lenat, 1989

NC

Sensitive
Species

Urbanization associated with decline in sensitive taxa, such as mayflies, caddisflies
and amphipods while showing increases in oligochaetes.

Pitt and
Bozeman, 1982 CA

Sensitive
Species

Dramatic changes in aquatic insect community were observed in most urbanizing
stream sections. Changes include an abundance of pollution-tolerant aquatic
insect species in urban streams.

Kemp and
Spotila, 1997

PA

Diversity As watershed development levels increased, the aquatic insect diversity declined.
Richards et al., 

1993 MN

Diversity Significant negative relationship between number of aquatic insect species and
degree of urbanization in 21 Atlanta streams.

Benke et al.,
1981

GA

Diversity Drop in insect taxa from 13 to 4 was noted in urban streams. Garie and
McIntosh, 1986 NJ

Diversity Aquatic insect taxa were found to be more abundant in non-urban reaches than
in urban reaches of the watershed.

Pitt and
Bozeman, 1982

CA

Diversity A study of five urban streams found that as watershed land use shifted from rural to
urban, aquatic insect diversity decreased.

Masterson and
Bannerman, 

1994
WI

Other Land Use Indicators

Community
Index

Most degraded streams were found in developed areas, particularly older
developments lacking newer and more efficient stormwater controls.

Fairfax Co., 
2001  VA

Diversity Urban streams had sharply lower aquatic insect diversity with human population
above four persons/acre in northern VA.

Jones and
Clark, 1987

VA

EPT Value

Monitoring of four construction sites in three varying regulatory settings found that
EPT richness was related to enforcement of erosion and sediment controls. The
pattern demonstrated that EPT richness was negatively affected as one moved
from upstream to at the site, except for one site.

Reice, 2000 NC

Sensitive
Species

In a Seattle study, aquatic insect community shifted to chironomid, oligochaetes
and amphipod species that are pollution-tolerant and have simple feeding guild.

Pedersen and
Perkins,1986

WA

Table 50:  Recent Research Examining the Relationship of Other Indices of Watershed
Development on Aquatic Insect Diversity in Streams
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species (based on EPT richness, % EPT
abundance, and Hilsenhoff Biotic Index) were
eliminated from the aquatic insect community
when IC exceeded 10 to 15% in contributing
watersheds of Delaware streams (Figure 46). In
a recent study of 30 Maine watersheds, Morse
(2001) found that reference streams with less

than 5% watershed IC had significantly more
EPT taxa than more urban streams. He also
observed no significant differences in EPT
Index values among streams with six to 27%
watershed IC (Figure 47).

Figure 45: IC and B-IBI at Stream Sites in the
Patapsco River Basin, MD

(Dail et al., 1998)

Figure 43: Trend Line Indicating Decline in
Benthic IBI as IC Increases in Northern VA

Streams (Fairfax County, 2001)

Figure 44: Relationship Between IC and B-IBI
Scores in Aquatic Insects in Streams of the

Puget Sound Lowlands (Booth, 2000)

 Figure 46: IC vs. Aquatic Insect Sensitivity -
EPT Scores in Delaware Streams

(Maxted and Shaver, 1997)
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5.3.2 Findings Based on Other
Development Indicators

Development indices, such as percent urban
land use, population density, and forest and
riparian cover have also been correlated with
changes in aquatic insect communities in urban
streams. Declines in benthic IBI scores have
frequently been observed in proportion to the
percent urban land use in small watersheds
(Garie and McIntosh, 1986; Kemp and Spotila,
1997; Kennen, 1999; Masterson and
Bannerman, 1994; Richards et al., 1993;
USEPA, 1982).

A study in Washington state compared a
heavily urbanized stream to a stream with
limited watershed development and found that
the diversity of the aquatic insect community
declined from 13 taxa in reference streams to
five taxa in more urbanized streams (Pedersen
and Perkins, 1986). The aquatic insect taxa that
were lost were poorly suited to handle  the
variable erosional and depositional conditions
found in urban streams. Similarly, a compari-
son of three North Carolina streams with
different watershed land uses concluded the
urban watershed had the least taxa and lowest
EPT scores and greatest proportion of pollu-
tion-tolerant species (Crawford and Lenat,
1989).

Jones and Clark (1987) monitored 22 streams
in Northern Virginia and concluded that
aquatic insect diversity diminished markedly
once watershed population density exceeded
four or more people per acre. The population
density roughly translates to ½ - 1 acre lot
residential use, or about 10 to 20 % IC. Kennen
(1999) evaluated 700 New Jersey streams and
concluded that the percentage of watershed
forest was positively correlated with aquatic
insect density. Meyer and Couch (2000)
reported a similar cover relationship between
aquatic insect diversity and watershed and
riparian forest cover for streams in the Atlanta,
GA region. A study in the Puget Sound region
found that aquatic insect diversity declined in
streams once forest cover fell below 65%
(Booth, 2000).

Figure 47: Average and Spring EPT Index Values vs.% IC in 20 Small Watersheds
in Maine (Morse, 2001)
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5.4  Effects on Fish Diversity

Fish communities are also excellent environ-
mental indicators of stream health. In general,
an increase in watershed IC produces the same
kind of impact on fish diversity as it does for
aquatic insects. The reduction in fish diversity
is typified by a reduction in total species, loss
of sensitive species, a shift toward more
pollution-tolerant species, and decreased
survival of eggs and larvae. More than 30
studies have examined the relationship be-
tween watershed development and fish diver-
sity; they are summarized in Tables 51 and 52.
About half of the research studies used IC as
the major index of watershed development,
while the remainder used other indices, such as
percent urban land use, population density,
housing density, and forest cover.

5.4.1 Findings Based on
IC Indicators

Recent stream research shows a consistent,
negative relationship between watershed
development and various measures of fish
diversity, such as diversity metrics, species
loss and structural changes.

Typically, a notable decline in fish diversity
occurs around 10 to 15% watershed IC
(Boward et al., 1999; Galli, 1994; Klein, 1979;
Limburg and Schmidt, 1990; MNCPPC, 2000;
MWCOG, 1992; Steward, 1983). A somewhat
higher threshold was observed by Meyer and
Couch (2000) for Atlanta streams with 15 to
30% IC; lower thresholds have also been
observed (Horner et al., 1997 and May et al.,
1997). A typical relationship between water-
shed IC and fish diversity is portrayed in
Figure 48, which shows data from streams in
the Patapsco River Basin in Maryland (Dail et
al., 1998). Once again, note the variability in
fish-IBI scores observed below 10% IC.

Wang et al. (1997) evaluated 47 Wisconsin
streams and found an apparent threshold
around 10% IC. Fish-IBI scores were “good”
to “excellent” below this threshold, but were
consistently rated as “fair” to “poor.” Addi-
tionally, Wang documented that the total
number of fish species drops sharply when IC
increases (Figure 49). Often, researchers also
reported that increases in IC were strongly
correlated with several fish metrics, such as
increases in non-native and pollution-tolerant
species in streams in Santa Clara, California
(EOA, Inc., 2001).

Figure 48: Fish-IBI vs. Watershed IC for Streams in the Patapsco River Basin, MD
(Dail et al., 1998)
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Biotic Key Finding (s) Source Location

Abundance Brown trout abundance and recruitment declined sharply at 10-15% IC. Galli, 1994 MD

 Salmonids Seattle study showed marked reduction in coho salmon populations noted at 10-15%
IC at nine streams.

Steward, 
1983 WA

Anadromous Fish
Eggs

Resident and anadromous fish eggs and larvae declined in 16 subwatersheds
draining to the Hudson River with >10% IC area.

Limburg and
Schmidt,

1990
NY

Community
Index

1st, 2nd, and 3rd order streams in the Patapsco River Basin showed negative
relationship between IBI and IC.

Dail et al., 
1998 MD

Community
Index

Fish IBI and habitat scores were all ranked as poor  in five subwatersheds that were
greater than 30% IC.

Black and
Veatch,1994 MD

Community
Index

In the Potomac subregion, subwatersheds with < 12% IC generally had streams in
good  to excellent  condition based on a combined fish and aquatic insect IBI. 

Watersheds with >20% IC had streams in poor  condition.

MNCPPC,
2000 MD

Community
Index

In a two-year study of Piedmont streams draining eight watersheds representing
various land uses in Chattahochee River Basin, fish community quality dropped
sharply at an IC threshold of 15-30%.   

Meyer and
Couch, 

2000
GA

Diversity
Of 23 headwater stream stations, all draining <10% IC areas, rated as good  to
fair;  all with >12% were rated as poor.  Fish diversity declined sharply with

increasing IC between 10-12%.  

Schueler
and Galli,

1992
MD

Diversity, 
Sensitive Species

Comparison of 4 similar subwatersheds in Piedmont streams, there was significant
decline in the diversity of fish at 10% IC.  Sensitive species (trout and sculpin) were lost
at 10-12%. 

MWCOG, 
1992 MD

Diversity,
Community
Index

In a comparison of watershed land use and fish community data for 47 streams
between the 1970s and 1990s, a strong negative correlation was found between
number species and IBI scores with effective connected IC.  A threshold of 10% IC
was observed with community quality highly variable below 10% but consistently low
above 10% IC. 

Wang et al.,
1997 WI

Diversity In several dozen Piedmont headwater streams fish diversity declined significantly in
areas beyond 10-12% IC. Klein, 1979 MD

Diversity ,
Abundance,
Non-native
Species

IC strongly associated with several fisheries species and individual-level metrics,
including number of pollution-tolerant species, diseased individuals, native and non-
native species and total species present

EOA, Inc., 
2001 CA

Juvenile Salmon
Ratios

In Puget Sound study, the steepest decline of biological functioning was observed
after six percent IC.  There was a steady decline, with  approximately 50% reduction
in initial biotic integrity at 45% IC area.

Horner et
al., 1997 WA

Juvenile Salmon
Ratio

Physical and biological stream indicators declined most rapidly during the initial
phase of the urbanization process as total IC area exceeded the five to 10% range.

May et al., 
1997 WA

Salmonoid Negative effects of urbanization (IC) with the defacto loss of non-structural BMPs
(wetland forest cover and riparian integrity) on salmon ratios

Horner et
al., 2001 WA, MD, TX

Salmonoid,
Sensitive Species

While no specific threshold was observed (impacts seen at even low levels of IC),
Coho/cutthroat salmon ratios >2:1 were found when IC was < 5%.  Ratios fell below
one at IC levels below 20 %.

Horner and
May, 1999 WA

Sensitive species,
Salmonid

Three years stream sampling across the state (approximately 1000 sites), MBSS found
that when IC was >15%, stream health was never rated good  based on CBI, and
pollution sensitive brook trout were never found in streams with >2% IC.

Boward et
al., 1999 MD

Sensitive
Species,
Salmonids

Seattle study observed shift from less tolerant coho salmon to more tolerant cutthroat
trout population between 10 and 15% IC at nine sites.

Luchetti and
Feurstenburg

1993
WA

Table 51:  Recent Research Examining the Relationship Between Watershed IC and the Fish Community
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Sensitive fish are defined as species that
strongly depend on clean and stable bottom
substrates for feeding and/or spawning. Sensi-
tive fish often show a precipitous decline in
urban streams. The loss of sensitive fish
species and a shift in community structure
towards more pollution-tolerant species is
confirmed by multiple studies. Figure 50
shows the results of a comparison of four
similar subwatersheds in the Maryland Pied-
mont that were sampled for the number of fish
species present (MWCOG, 1992). As the level
of watershed IC increased, the number of fish
species collected dropped. Two sensitive
species, including sculpin, were lost when IC
increased from 10 to 12%, and four more
species were lost when IC reached 25%.
Significantly, only two species remained in the
fish community at 55% watershed IC.

Salmonid fish species (trout and salmon) and
anadromous fish species appear to be particu-
larly impacted by watershed IC. In a study in
the Pacific Northwest, sensitive coho salmon
were seldom found in watersheds above 10 or
15% IC (Luchetti and Feurstenburg, 1993 and
Steward, 1983). Key stressors in urban
streams, such as higher peak flows, lower dry
weather flows, and reduction in habitat com-
plexity (e.g. fewer pools, LWD, and hiding
places) are believed to change salmon species
composition, favoring cutthroat trout popula-
tions over the natural coho populations
(WDFW, 1997).

A series of studies from the Puget Sound
reported changes in the coho/cutthroat ratios of
juvenile salmon as watershed IC increased
(Figure 51). Horner et al. (1999) found Coho/
Cutthroat ratios greater than 2:1 in watersheds
with less than 5 % IC. Ratios fell below 1:1
when IC exceeded 20%. Similar results were
reported by May et al. (1997). In the mid-
Atlantic region, native trout have stringent
temperature and habitat requirements and are
seldom present in watersheds where IC ex-
ceeds 15% (Schueler, 1994a). Declines in trout
spawning success are evident above 10% IC.
In a study of over 1,000 Maryland streams,
Boward et al. (1999) found that sensitive brook
trout were never found in streams that had more
than 4% IC in their contributing watersheds.

Figure 49: Fish-IBI and Number of Species vs. % IC in
Wisconsin Streams (Wang et al., 1997)

Figure 50: IC and Effects on Fish Species Diversity in Four
Maryland Subwatersheds (MWCOG, 1992)

Imperviousness (%)

Fish Diversity
Anacostia River Basin
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Biotic Key Finding (s) Source Location

Urbanization

Community
Index

All 40 urban sites sampled had fair  to very poor  IBI scores, compared to
undeveloped reference sites.

Yoder, 1991 OH

Community
Index

Negative correlations between biotic community and riparian conditions and
forested areas were found. Similar levels of fish degradation were found
between suburban and agricultural; urban areas were the most severe.  

Meyer and
Couch,  2000 GA

Community
Index

Residential urban land use caused significant decrease in fish-IBI scores at 33%. 
In more urbanized Cuyahoga, a significant drop in IBI scores occurred around
8% urban land use in the watershed. When watersheds smaller than 100mi2 were
analyzed separately, the level of urban land associated with a significant drop
in IBI scores occurred at around 15%. Above one du/ac, most sites failed to
attain biocriteria regardless of degree of urbanization.

Yoder et al.,
1999

OH

Community
Index,
Abundance

As watershed development increased to about 10%, fish communities simplified
to more habitat and trophic generalists and fish abundance and species
richness declined. IBI scores for the urbanized stream fell from the good  to
fair  category.

Weaver, 1991 VA

Diversity A study of five urban streams found that as land use shifted from rural to urban,
fish diversity decreased.

Masterson
and

Bannerman, 
1994

WI

Diversity,
Community
Index

A comparison of three stream types found urban streams had lowest diversity
and richness. Urban streams had IBI scores in the poor  range.

Crawford
and Lenat,

1989
NC

Salmon
Spawning,
Flooding
Frequency

In comparing three streams over a 25-year period (two urbanizing and one
remaining forested), increases in flooding frequencies and decreased trends in
salmon spawning were observed in the two urbanizing streams, while no
changes in flooding or spawning were seen in the forested system.

Moscript and
Montgomery, 

1997
WA

Sensitive
Species 

Observed dramatic changes in fish communities in most urbanizing stream
sections, such as absence of brown trout and abundance of pollution-tolerant
species in urban reaches.  

Kemp and
Spotila,1997

PA

Sensitive
Species,
Diversity

Decline in sensitive species diversity and composition and changes in trophic
structure from specialized feeders to generalists was seen in an urbanizing
watershed from 1958 to 1990.  Low intensity development was found to affect
warm water stream fish communities similarly as  more intense development.

Weaver and
Garman,

1994
VA

Warm Water
Habitat
Biocriteria

25-30% urban land use defined as the upper threshold where attainment of
warm water habitat biocriterion is effectively lost. Non-attainment also may
occur at lower thresholds given the co-occurrence of stressors, such as pollution
legacy, WTPs and CSOs. 

Yoder and
Miltner, 2000 OH

Community
Index, Habitat

The amount of urban land use upstream of sample sites had a strong negative
relationship with biotic integrity, and there appeared to be a threshold between
10 and 20% urban land use where IBI scores declined dramatically. Watersheds
above 20% urban land invariably had scores less than 30 ( poor  to very
poor ). Habitat scores were not tightly correlated with degraded fish community
attributes.

Wang et al., 
1997

WI

Community
Index

A study in the Patapsco Basin found significant correlation of fish IBI scores with
percent urbanized land over all scales (catchment, riparian area, and local
area).

Roth et al., 
1998  MD

Table 52: Recent Research Examining Urbanization and Freshwater Fish Community Indicators
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Biotic Key Finding (s) Source Location

Urbanization

Sensitive
Species

Evaluated effects of runoff in both urban and non-urban streams; found that
native species dominated the non-urban portion of the watershed but
accounted for only seven percent of species found in the urban portions of the
watershed.  

Pitt, 1982 CA

Other Land Use Indicators

Community
Index, Habitat

Atlanta study found that as watershed population density increased, there was
a negative impact on urban fish and habitat. Urban stream IBI scores were
inversely related to watershed population density, and once density exceeded
four persons/acre, urban streams were consistently rated as very poor.

Couch et al., 
1997 GA

Community
Index

In an Atlanta stream study, modified IBI scores declined once watershed
population density exceeds four persons/acre in 21 urban watersheds

DeVivo et al.,
1997

GA

Community
Index

In a six-county study (including Chicago, its suburbs and outlying
rural/agricultural areas), streams showed a strong correlation between
population density and fish community assessments such that as population
density increased, community assessment scores went from the better  -
good  range to fair  - poor.  Significant impacts seen at 1.5 people/acre. 

Dreher, 1997 IL

Community
Index

 Similarly, negative correlations between biotic community and riparian
conditions and forested areas were also found. Similar levels of fish degradation
were found between suburban and agricultural; urban areas were the most
severe. 

Meyer and
Couch, 2000

GA

Community
Index

Amount of forested land in basin directly related to IBI scores for fish community
condition.

Roth et al., 
1996

MD

Salmonid,
Sensitive
Species

Species community changes from natural coho salmon to cutthroat trout
population with increases in peak flow, lower low flow, and reductions in stream
complexity.

WDFW, 1997 WA

Table 52 (continued): Recent Research Examining Urbanization and Freshwater Fish Community Indicators

Figure 51: Coho Salmon/Cutthroat Trout Ratio for Puget Sound Streams (Horner et al., 1997)
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Many fish species have poor spawning success
in urban streams and poor survival of fish eggs
and fry. Fish barriers, low intragravel dissolved
oxygen, sediment deposition and scour are all
factors that can diminish the ability of fish
species to successfully reproduce. For ex-
ample, Limburg and Schmidt (1990) discov-
ered that the density of anadromous fish eggs
and larvae declined sharply in subwatersheds
with more than 10% IC.

5.4.2 Findings Based on Other
Development Indicators

Urban land use has frequently been used as a
development indicator to evaluate the impact
on fish diversity. Streams in urban watersheds
typically had lower fish species diversity and
richness than streams located in less developed
watersheds. Declines in fish diversity as a
function of urban land cover have been docu-
mented in numerous studies (Crawford and
Lenat, 1989; Masterson and Bannerman, 1994;
Roth et al., 1998; Yoder, 1991, and Yoder et
al., 1999). USEPA (1982) found that native
fish species dominated the fish community of
non-urban streams, but accounted for only 7%
of the fish community found in urban streams.
Kemp and Spotila (1997) evaluated streams in
Pennsylvania and noted the loss of sensitive

species (e.g. brown trout) and the increase of
pollution-tolerant species, such as sunfish and
creek chub (Figure 52).

Wang et al. (1997) cited percentage of urban
land in Wisconsin watersheds as a strong
negative factor influencing fish-IBI scores in
streams and observed strong declines in IBI
scores with 10 to 20% urban land use. Weaver
and Garman (1994) compared the historical
changes in the warm-water fish community of
a Virginia stream that had undergone signifi-
cant urbanization and found that many of the
sensitive species present in 1958 were either
absent or had dropped sharply in abundance
when the watershed was sampled in 1990.
Overall abundance had dropped from 2,056
fish collected in 1958 to 417 in 1990. In
addition, the 1990 study showed that 67% of
the catch was bluegill and common shiner, two
species that are habitat and trophic “general-
ists.” This shift in community to more habitat
and trophic generalists was observed at 10%
urban land use (Weaver, 1991).

Yoder et al. (1999) evaluated a series of
streams in Ohio and reported a strong decrease
in warm-water fish community scores around
33% residential urban land use. In the more
urbanized Cuyahoga streams, sharp drops in

Figure 52: Mean Proportion of Fish Taxa in Urban and Non-Urban Streams, Valley
Forge Watershed, PA (Kemp and Spotila, 1997)
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fish-IBI scores occurred around 8% urban land
use, primarily due to certain stressors which
functioned to lower the non-attainment thresh-
old. When watersheds smaller than 100mi2

were analyzed separately, the percentage of
urban land use associated with a sharp drop in
fish-IBI scores was around 15%. In a later
study, Yoder and Miltner (2000) described an
upper threshold for quality warm-water fish
habitat at 25 to 30% urban land use.

Watershed population and housing density
have also been used as indicators of the health
of the fish community. In a study of 21 urban
watersheds in Atlanta, DeVivo et al. (1997)

observed a shift in mean fish-IBI scores from
“good to fair” to “very poor” when watershed
population density exceeded four people/acre
(Figure 53). A study of Midwest streams in
metropolitan Illinois also found a negative
relationship between increase in population
density and fish communities, with significant
impacts detected at population densities of 1.5
people or greater per acre (Dreher, 1997). In
the Columbus and Cuyahoga watersheds in
Ohio, Yoder et al. (1999) concluded that most
streams failed to attain fish biocriteria above
one dwelling unit/acre.

Figure 53: Relationship Between Watershed Population Density and Stream
IBI Scores in Georgia Streams (DeVivo et al., 1997)
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5.5  Effects on
Amphibian Diversity

Amphibians spend portions of their life cycle
in aquatic systems and are frequently found
within riparian, wetland or littoral areas.
Relatively little research has been conducted to
directly quantify the effects of watershed
development on amphibian diversity. Intu-
itively, it would appear that the same stressors
that affect fish and aquatic insects would also
affect amphibian species, along with riparian
wetland alteration. We located four research
studies on the impacts of watershed urbaniza-
tion on amphibian populations; only one was
related to streams (Boward et al., 1999), while
others were related to wetlands (Table 53).

A primary factor influencing amphibian
diversity appears to be water level fluctuations
(WLF) in urban wetlands that occur as a result
of increased stormwater discharges. Chin
(1996) hypothesized that increased WLF and
other hydrologic factors affected the abun-

dance of egg clutches and available amphibian
breeding habitat, thereby ultimately influenc-
ing amphibian richness. Increased WLF can
limit reproductive success by eliminating
mating habitat and the emergent vegetation to
which amphibians attach their eggs.

Taylor (1993) examined the effect of water-
shed development on 19 freshwater wetlands
in King County, WA and concluded that the
additional stormwater contributed to greater
annual WLF. When annual WLF exceeded
about eight inches, the richness of both the
wetland plant and amphibian communities
dropped sharply. Large increases in WLF were
consistently observed in freshwater wetlands
when IC in upstream watersheds exceeded 10
to 15%. Further research on streams and
wetlands in the Pacific northwest by Horner et
al. (1997) demonstrated the correlation be-
tween watershed IC and diversity of amphibian
species. Figure 54 illustrates the relationship
between amphibian species abundance and
watershed IC, as documented in the study.
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Indicator Key Finding(s) Reference Year Location

% IC

Reptile and Amphibian
Abundance

In a three-year stream sampling across the state
(approximately 1000 sites), MBSS found only
hardy pollution-tolerant reptiles and amphibians
in stream corridors with >25% IC drainage area. 

Boward et al.,
1999

MD

Amphibian Density
Mean annual water fluctuation inversely
correlated to amphibian density in urban
wetlands. Declines noted beyond 10% IC.

Taylor, 1993 WA

Other Studies

Species Richness

In 30 wetlands, species richness of reptiles and
amphibians was significantly related to density of
paved roads on lands within a two kilometer
radius.

Findlay and
Houlahan,1997

Ontario

Species Richness

Decline in amphibian species richness as wetland
WLF increased. While more of a continuous
decline rather than a threshold, WLF = 22
centimeters may represent a tolerance boundary
for amphibian community.

Horner et al., 
1997

WA

Amphibian Density
Mean annual water fluctuation inversely
correlated to amphibian density in urban
wetlands. 

Taylor, 1993 WA

Table 53: Recent Research on the Relationship Between Percent Watershed
Urbanization and the Amphibian Community

Figure 54: Amphibian Species Richness as a Function of Watershed IC in
Puget Sound Lowland Wetlands (Horner et al., 1997)
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5.6  Effects on
Wetland Diversity

We found a limited number of studies that
evaluated the impact of watershed urbanization
on wetland plant diversity (Table 54). Two
studies used IC as an index of watershed
development and observed reduced wetland
plant diversity around or below 10% IC (Hicks
and Larson, 1997 and Taylor, 1993). WLF and
road density were also used as indicators
(Findlay and Houlahan, 1997; Horner et al.,
1997; Taylor, 1993).

Horner et al. (1997) reported a decline in plant
species richness in emergent and scrub-shrub
wetland zones of the Puget Sound region as
WLF increased.  They cautioned that species
numbers showed a continuous decline rather
than a threshold value; however, it was indi-
cated that WLF as small as 10 inches can
represent a tolerance boundary for wetland
plant communities. Horner further stated that
in 90% of the cases where WLF exceeded 10
inches, watershed IC exceeded 21%.

Watershed
Indicator Key Finding(s) Reference Location

Biotic

% IC

Insect
Community 

Significant declines in various indicators of
wetland aquatic macro-invertebrate
community health were observed as IC
increased to 8-9%.

Hicks and
Larson, 1997

CT

WLF, Water
Quality

There is a significant increase in WLF,
conductivity, fecal coliform bacteria, and
total phosphorus in urban wetland as IC
exceeds 3.5%.

Taylor et al., 
1995 WA

Plant Density Declines in urban wetland plant density
noted in areas beyond 10% IC.

Taylor, 1993 WA

Other Watershed Indicators

Plant Density
Mean annual water fluctuation inversely
correlated to plant density in urban wetlands. Taylor, 1993 WA

Plant Species
Richness

Decline in plant species richness in emergent
and scrub-shrub wetland zones as WLF
increased. While more of a continuous
decline, rather than a threshold, WLF=22
centimeters may represent a tolerance
boundary for the community

Horner et al., 
1997

WA

Plant Species
Richness

In 30 wetlands, species richness was
significantly related to density of paved roads
within a two kilometer radius of the wetland.
Model predicted that a road density of
2kilometers per hectare in paved road within
1000 meters of wetland will lead to a 13%
decrease in wetland plant species richness.

Findlay and
Houlahan,1997 Ontario

Watershed
Indicator Key Finding(s) Reference Location

Biotic

% IC

Insect
Community 

Significant declines in various indicators of
wetland aquatic macro-invertebrate
community health were observed as IC
increased to 8-9%.

Hicks and
Larson, 1997

CT

WLF, Water
Quality

There is a significant increase in WLF,
conductivity, fecal coliform bacteria, and
total phosphorus in urban wetland as IC
exceeds 3.5%.

Taylor et al., 
1995 WA

Plant Density Declines in urban wetland plant density
noted in areas beyond 10% IC.

Taylor, 1993 WA

Other Watershed Indicators

Plant Density
Mean annual water fluctuation inversely
correlated to plant density in urban wetlands. Taylor, 1993 WA

Plant Species
Richness

Decline in plant species richness in emergent
and scrub-shrub wetland zones as WLF
increased. While more of a continuous
decline, rather than a threshold, WLF=22
centimeters may represent a tolerance
boundary for the community

Horner et al., 
1997

WA

Plant Species
Richness

In 30 wetlands, species richness was
significantly related to density of paved roads
within a two kilometer radius of the wetland.
Model predicted that a road density of
2kilometers per hectare in paved road within
1000 meters of wetland will lead to a 13%
decrease in wetland plant species richness.

Findlay and
Houlahan,1997 Ontario

Table 54: Recent Research Examining the Relationship Between Watershed
Development and Urban Wetlands
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5.7 Effects on Freshwater
Mussel Diversity

Freshwater mussels are excellent indicators of
stream quality since they are filter-feeders and
essentially immobile. The percentage of
imperiled mussel species in freshwater
ecoregions is high (Williams et al., 1993). Of
the 297 native mussel species in the United
States, 72% are considered endangered,
threatened, or of special concern, including 21
mussel species that are presumed to be extinct.
Seventy mussel species (24%) are considered
to have stable populations, although many of
these have declined in abundance and distribu-
tion. Modification of aquatic habitats and
sedimentation are the primary reasons cited for
the decline of freshwater mussels (Williams et
al., 1993).

Freshwater mussels are very susceptible to
smothering by sediment deposition. Conse-
quently, increases in watershed development
and sediment loading are suspected to be a
factor leading to reduced mussel diversity. At

sublethal levels, silt interferes with feeding and
metabolism of mussels in general (Aldridge et
al., 1987). Major sources of mortality and loss
of diversity in mussels include impoundment
of rivers and streams, and eutrophication
(Bauer, 1988). Changes in fish diversity and
abundance due to dams and impoundments can
also influence the availability of mussel hosts
(Williams et al., 1992).

Freshwater mussels are particularly sensitive to
heavy metals and pesticides (Keller and Zam,
1991). Although the effects of metals and
pesticides vary from one species to another,
sub-lethal levels of PCBs, DDT, Malathion,
Rotenone and other compounds are generally
known to inhibit respiratory efficiency and
accumulate in tissues (Watters, 1996). Mussels
are more sensitive to pesticides than many
other animals tested and often act as “first-
alerts” to toxicity long before they are seen in
other organisms.

We were unable to find any empirical studies
relating impacts of IC on the freshwater mussel
communities of streams.
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5.8 Conclusion

The scientific record is quite strong with
respect to the impact of watershed urbanization
on the integrity and diversity of aquatic
communities. We reviewed 35 studies that
indicated that increased watershed develop-
ment led to declines in aquatic insect diversity
and about 30 studies showing a similar impact
on fish diversity. The scientific literature
generally shows that aquatic insect and fresh-
water fish diversity declines at fairly low levels
of IC (10 to 15%), urban land use (33%),
population density (1.5 to eight people/acre)
and housing density (>1 du/ac). Many studies
also suggest that sensitive elements of the
aquatic community are affected at even lower
levels of IC. Other impacts include loss of
sensitive species and reduced abundance and
spawning success. Research supports the ICM,
although additional research is needed to
establish the upper threshold at which water-
shed development aquatic biodiversity can be
restored.

One area where more research is needed
involves determining how regional and cli-
matic variations affect aquatic diversity in the
ICM. Generally, it appears that the 10% IC
threshold applies to streams in the East Coast
and Midwest, with Pacific Northwest streams
showing impacts at a slightly higher level. For
streams in the arid and semi-arid Southwest, it
is unclear what, if any, IC threshold exists
given the naturally stressful conditions for
these intermittent and ephemeral streams

(Maxted, 1999). Southwestern streams are
characterized by seasonal bursts of short but
intense rainfall and tend to have aquatic
communities that are trophically simple and
relatively low in species richness (Poff and
Ward, 1989).

Overall, the following conclusions can be
drawn:

• IC is the most commonly used index to
assess the impacts of watershed urbaniza-
tion on aquatic insect and fish diversity.
Percent urban land use is also a common
index.

• The ICM may not be sensitive enough to
predict biological diversity in watersheds
with low IC. For example, below 10%
watershed IC, other watershed variables
such as riparian continuity, natural forest
cover, cropland, ditching and acid rain may
be better for predicting stream health.

• More research needs to be done to deter-
mine the maximum level of watershed
development at which stream diversity can
be restored or maintained. Additionally,
the capacity of stormwater treatment
practices and stream buffers to mitigate
high levels of watershed IC warrants more
systematic research.

• More research is needed to test the ICM on
amphibian and freshwater mussel diver-
sity.
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Glossary

1st order stream: The smallest perennial stream. A stream that carries water throughout the
year and does not have permanently flowing tributaries.

2nd order stream: Stream formed by the confluence of two 1st order streams.

3rd order stream: Stream formed by the confluence of two 2nd order streams.

Acute toxicity: Designates exposure to a dangerous substance or chemical with sufficient
dosage to precipitate a severe reaction, such as death.

Alluvial:  Pertaining to processes or materials associated with transportation or deposition by
running water.

Anadromous: Organisms that spawn in freshwater streams but live most of their lives in the
ocean.

Annual Pollutant Load: The total mass of a pollutant delivered to a receiving water body in a
year.

Bankfull: The condition where streamflow just fills a stream channel up to the top of the bank
and at a point where the water begins to overflow onto a floodplain.

Baseflow: Stream discharge derived from ground water that supports flow in dry weather.

Bedload: Material that moves along the stream bottom surface, as opposed to suspended
particles.

Benthic Community: Community of organisms living in or on bottom substrates in aquatic
habitats, such as streams.

Biological Indicators: A living organism that denotes the presence of a specific environmen-
tal condition.

Biological Oxygen Demand (BOD): An indirect measure of the concentration of biologi-
cally degradable material present in organic wastes. It usually reflects the amount of
oxygen consumed in five days by bacterial processes breaking down organic waste.

Carcinogen: A cancer-causing substance or agent.

Catchment: The smallest watershed management unit. Defined as the area of a development
site to its first intersection with a stream, usually as a pipe or open channel outfall.

Chemical Oxygen Demand (COD): A chemical measure of the amount of organic sub-
stances in water or wastewater. Non-biodegradable and slowly degrading compounds that
are not detected by BOD are included.

Chronic Toxicity: Showing effects only over a long period of time.

Combined Sewer Overflow (CSO): Excess flow (combined wastewater and stormwater
runoff) discharged to a receiving water body from a combined sewer network when the
capacity of the sewer network and/or treatment plant is exceeded, typically during storm
events.
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Combined Indices (C-IBI or CSPS): Combined indices that use both fish and aquatic insect
metrics and a variety of specific habitat scores to classify streams.

Cryptosporidium parvum: A parasite often found in the intestines of livestock which con-
taminates water when animal feces interacts with a water source.

Deicer: A compound, such as ethylene glycol, used to melt or prevent the formation of ice.

Dissolved Metals: The amount of trace metals dissolved in water.

Dissolved Phosphorus: The amount of phosphorus dissolved in water.

Diversity: A numerical expression of the evenness and distribution of organisms.

Ecoregion: A continuous geographic area over which the climate is uniform to permit the
development of similar ecosystems on sites with similar geophysical properties.

Embeddedness: Packing of pebbles or cobbles with fine-grained silts and clays.

EPT Index: A count of the number of families of each of the three generally pollution-sensitive
orders:  Ephemeroptera (mayflies), Plecoptera (stoneflies), and Trichoptera (caddisflies).

Escherichia coli (E. coli): A bacteria that inhabits the intestinal tract of humans and other
warm-blooded animals. Although it poses no threat to human health, its presence in
drinking water does indicate the presence of other, more dangerous bacteria.

Eutrophication: The process of over-enrichment of water bodies by nutrients, often typified by
the presence of algal blooms.

Fecal coliform: Applied to E. coli and similar bacteria that are found in the intestinal tract of
humans and animals. Coliform bacteria are commonly used as indicators of the presence
of pathogenic organisms. Their presence in water indicates fecal pollution and potential
contamination by pathogens.

Fecal streptococci: Bacteria found in the intestine of warm-blooded animals. Their presence
in water is considered to verify fecal pollution.

Fish Blockages: Infrastructures associated with urbanization, such as bridges, dams, and
culverts, that affect the ability of fish to move freely upstream and downstream in
watersheds. Can prevent re-colonization of resident fish and block the migration of
anadromous fish.

Flashiness: Percent of flows exceeding the mean flow for the year. A flashy hydrograph would
have larger, shorter-duration hydrograph peaks.

Geomorphic: The general characteristic of a land surface and the changes that take place in the
evolution of land forms.

Giardia lamblia: A flagellate protozoan that causes severe gastrointestinal illness when it
contaminates drinking water.

Herbicide: Chemicals developed to control or eradicate plants.

Hotspot: Area where land use or activities generate highly contaminated runoff, with concentra-
tions of pollutants in excess of those typically found in stormwater.

Hydrograph: A graph showing variation in stage (depth) or discharge of a stream of water over
a period of time.

Illicit discharge: Any discharge to a municipal separate storm sewer system that is not com-
posed entirely of storm water, except for discharges allowed under an NPDES permit.
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Impervious Cover: Any surface in the urban landscape that cannot effectively absorb or
infiltrate rainfall.

Impervious Cover Model (ICM): A general watershed planning model that uses percent
watershed impervious cover to predict various stream quality indicators. It predicts
expected stream quality declines when watershed IC exceeds 10% and severe degrada-
tion beyond 25% IC.

Incision: Stream down-cuts and the channel expands in the vertical direction.

Index of Biological Integrity (IBI): Tool for assessing the effects of runoff on the quality of
the aquatic ecosystem by comparing the condition of multiple groups of organisms or
taxa against the levels expected in a healthy stream.

Infiltration: The downward movement of water from the surface to the subsoil. The infiltration
capacity is expressed in terms of inches per hour.

Insecticide: Chemicals developed to control or eradicate insects.

Large Woody Debris (LWD): Fundamental to stream habitat structure. Can form dams and
pools; trap sediment and detritus; provide stabilization to stream channels; dissipate  flow
energy and promote habitat complexity.

Mannings N: A commonly used roughness coefficient; actor in velocity and discharge formulas
representing the effect of channel roughness on energy losses in flowing water.

Methyl Tertiary-Butyl Ether: An oxygenate and gasoline additive used to improve the effi-
ciency of combustion engines in order to enhance air quality and meet air pollution
standards. MTBE has been found to mix and move more easily in water than many other
fuel components, thereby making it harder to control, particularly once it has entered
surface or ground waters.

Microbe: Short for microorganism. Small organisms that can be seen only with the aid of a
microscope. Most frequently used to refer to bacteria. Microbes are important in the
degradation and decomposition of organic materials.

Nitrate: A chemical compound having the formula
 
NO

3
.  Excess nitrate in surface waters can

lead to excessive growth of aquatic plants.

Organic Matter: Plant and animal residues, or substances made by living organisms. All are
based upon carbon compounds.

Organic Nitrogen: Nitrogen that is bound to carbon-containing compounds. This form of
nitrogen must be subjected to mineralization or decomposition before it can be used by
the plant community.

Overbank Flow: Water flow over the top of the bankfull channel and onto the floodplain.

Oxygenate: To treat, combine, or infuse with oxygen.

Peak Discharge: The maximum instantaneous rate of flow during a storm, usually in reference
to a specific design storm event.

Pesticides: Any chemical agent used to control specific organisms, for example, insecticides,
herbicides, fungicides and rodenticides.

Piedmont: Any plain, zone or feature located at the foot of a mountain. In the United States, the
Piedmont (region) is a plateau extending from New Jersey to Alabama and lying east of
the Appalachian Mountains.
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Pool: A stream feature where there is a region of deeper, slow-moving water with fine bottom
materials. Pools are the slowest and least turbulent of the riffle/run/pool category.

Protozoan: Any of a group of single-celled organisms.

Rapid Bioassessment Protocols (RBP): An integrated assessment, comparing habitat, water
quality and biological measures with empirically defined reference conditions.

Receiving Waters: Rivers, lakes, oceans, or other bodies of water that receive water from
another source.

Riffle: Shallow rocky banks in streams where water flows over and around rocks disturbing the
water surface; often associated with whitewater. Riffles often support diverse biological
communities due to their habitat niches and increased oxygen levels created by the water
disturbance. Riffles are the most swift and turbulent in the riffle/run/pool category.

Roughness: A measurement of the resistance that streambed materials, vegetation, and other
physical components contribute to the flow of water in the stream channel and flood-
plain. It is commonly measured as the Manning’s roughness coefficient (Manning’s N).

Run: Stream feature characterized by water flow that is moderately swift flow, yet not particu-
larly turbulent. Runs are considered intermediate in the riffle/run/pool category.

Runoff Coefficient: A value derived from a site impervious cover value that is applied to a
given rainfall volume to yield a corresponding runoff volume.

Salmonid: Belonging to the family Salmonidae, which includes trout and salmon.

Sanitary Sewer Overflow (SSO): Excess flow of wastewater (sewage) discharged to a
receiving water body when the capacity of the sewer network and/or treatment plant is
exceeded, typically during storm events.

Semi-arid: Characterized by a small amount of annual precipitation, generally between 10 and
20 inches.

Simple Method: Technique used to estimate pollutant loads based on the amount of IC found
in a catchment or subwatershed.

 Sinuosity: A measure of channel curvature, usually quantified as the ratio of the length of the
channel to the length of a straight line along the valley axis. It is, in essence, a ratio of the
stream’s actual running length to its down-gradient length.

Soluble Phosphorus: The amount of phosphorus available for uptake by plants and animals.

Stormwater: The water produced as a result of a storm.

Subwatershed: A smaller geographic section of a larger watershed unit with a drainage area of
between two to 15 square miles and whose boundaries include all the land area draining
to a point where two 2nd order streams combine to form a 3rd order stream.

Total Dissolved Solids (TDS): A measure of the amount of material dissolved in water (mostly
inorganic salts).

Total Kjeldhal Nitrogen (TKN): The total concentration of nitrogen in a sample present as
ammonia or bound in organic compounds.

Total Recoverable Metals: The amount of a metal that is in solution after a representative
suspended sediment sample has been digested by a method (usually using a dilute acid
solution) that results in dissolution of only readily soluble substances).
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Total Maximum Daily Load (TMDL):  The maximum quantity of a particular water pollutant
that can be discharged into a body of water without violating a water quality standard.

Total Nitrogen (Total N): A measure of the total amount of nitrate, nitrite and ammonia
concentrations in a body of water.

Total Organic Carbon (TOC): A measure of the amount of organic material suspended or
dissolved in water.

Total Phosphorous (Total P): A measure of the concentration of phosphorus contained in a
body of water.

Total Suspended Solids (TSS): The total amount of particulate matter suspended in the water
column.

Trophic Level: The position of an organism in a food chain or food pyramid.

Turbidity: A measure of the reduced transparency of water due to suspended material which
carries water quality and aesthetic implications. Applied to waters containing suspended
matter that interferes with the passage of light through the water or in which visual depth
is restricted.

Volatile Organic Compounds (VOC): Chemical compounds which are easily transported
into air and water. Most are industrial chemicals and solvents. Due to their low water
solubility they are commonly found in soil and water.
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Executive Summary 
Steelhead trout (Onchorhynchus mykiss) populations on the Santa Clara and Santa Ynez rivers 

were historically two of the largest runs in southern California.  These two runs also represent 

some of the best possibilities for restoration and preservation for southern steelhead, the only 

federally endangered steelhead taxon.  Smolt survival into and through estuaries can be a critical 

factor for the long-term health of salmonid populations.  Southern steelhead smolts were tagged 

with acoustic and PIT tags on the Santa Clara and Santa Ynez Rivers during the spring of 2008.  

On the Santa Clara River, 133 smolts were counted and 81 were successfully tagged.  Forty-eight 

smolts tagged smolts survived the migration on the Santa Clara River resulting in a 59% survival 

rate.  On the Santa Ynez River, 56 smolts were counted overall, 46 before water releases to the 

ocean were ended on April 11th.  Eight of these 45 smolts were tagged on the Santa Ynez River 

(unfortunately tagging personnel were unavailable on this river during the peak of the migration).  

Two of the 8 tagged smolts on the Santa Ynez River survived resulting in a 25% survival rate, 

although there were potential problems with detections on that river (theft of one receiver, 

downward orientation of receivers from river action).  Predation likely accounts for the low 

survival rates, and several stressors, such as trapping and translocation by humans, water 

temperature, and lack of cover may have affected smolt survival, especially on the SCR.  

Contrary to expectation, larger smolts had lower survival rates that smaller ones, perhaps as a 

result of disproportionate predation rates.  Smolts generally resided in the estuaries for less than 

three days.  Surveys of water quality, potential smolt prey, and cover in both estuaries revealed 

that the major potential problems for smolts are high turbidity, high water temperatures, 

insufficient cover to hide from predators, and resident populations of avian predators.  Given the 

high annual variability both of rainfall in southern California and of the numbers of smolts 

migrating, multiple years of monitoring smolt survival and estuary conditions would provide a 

more complete picture of the health of these populations.  However, currently too few smolts are 

emigrating or surviving their migration on the Santa Clara and Santa Ynez rivers to recover these 

steelhead runs.  Recommendations for improving and assessing the runs are proposed, including 

management actions such as increasing water releases, further monitoring of smolt survival and 

estuary conditions in conjunction with management actions (adaptive management), and further 

research into the life-history of this important and critically endangered, but poorly understood 

fish.   
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Introduction 
Species in the family Salmonidae are a culturally important and ecologically diverse group of 
fish that often are of great management and conservation significance.  Salmonids generally 
endure long migrations to spawn, spend their life cycle in both fresh and salt water, and have a 
variety of life forms within a single species.  Many populations or subspecies of chinook, coho, 
chum, and sockeye salmon, and steelhead trout are endangered or threatened along the U.S. 
Pacific coast.  Currently southern steelhead trout (Oncorhynchus mykiss) are the only endangered 
population of steelhead on the west coast.  Southern steelhead exist at the edge of the species 
range and consequently appear to possess distinctive tolerances and adaptations to environmental 
conditions that are particular to these runs. Southern O. mykiss can exhibit greater temperature 
tolerance (Matthews and Berg 1997, Spina 2007) and may display different life stage timing and 
life history behavior than other O. mykiss populations.  Recognizing the uniqueness, importance, 
and precarious status of southern steelhead trout, the National Marine Fisheries Service (NMFS) 
listed them as endangered under the federal Endangered Species Act in August of 1997.   
 
Historically, the Santa Ynez and Santa Clara Rivers had the two largest O. mykiss  runs in 
southern California (NMFS undated).  The Technical Recovery Team convened by the National 
Marine Fisheries Service ranked the Santa Clara and Santa Ynez Rivers as two of the potentially 
most viable rivers for restoring southern steelhead trout populations (Boughton et al. 2006), yet 
we understand little about those populations (NMFS 2007).  We also understand little about O. 
mykiss use of the estuaries at the mouths of both of these rivers.   
 
The size and survival of smolt populations (the seaward migrating life stage of salmon) is critical 
to determining future sizes of adult runs, and estuaries can play an important role in smolt 
survival and growth (Coots 1973, Smith 1990, Marston 1992).  Estuaries may provide habitat 
diversity, large quantities of food, and shelter from predation.  There are indications that juvenile 
salmonids not provided the opportunity to adjust to saline environments may experience a high 
degree of stress attempting to suddenly adapt to salt water (Macdonald et al. 1988).  The use of 
estuaries by southern steelhead smolts was undocumented prior to this project.   
 
This project addresses two high priority tasks in the California Department of Fish and Game’s 
Steelhead Restoration and Management Plan:  assessing the steelhead population in southern 
California (Task number SC-30), and investigating and evaluating the suitability of the Santa 
Clara River estuary to support steelhead smolts (Task number SC-08).    
 
In order to better understand southern steelhead smolt survival and use of estuaries, smolts were 
tagged during their seaward migration on the Santa Clara and Santa Ynez Rivers using both 
acoustic and PIT (Passive Integrated Transponder) tags.  In northern California and the Pacific 
Northwest acoustic tracking technology is being used to understand salmonid migrations and 
movement both within watersheds and in the ocean (Welch et al. 2003, Melnychuk et al. 2007).  
The acoustic tags were used to assess smolt survival and residence time in estuaries.  The PIT 
tags can be used in the future to evaluate return rates of adult steelhead.  In addition to tagging 
smolts, we surveyed the Santa Clara and Santa Ynez River estuaries for water quality, cover 
availability, and the smolt prey base in order to assess the potential ability of the estuaries to 
support smolts.   
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Watersheds 
The Santa Clara River (SCR) and Santa Ynez River (SYR) watersheds located in southern 
California (Figure 1) are 1,600 and 900 square miles in area, respectively.  Rainfall is variable 
year-to-year due to the semi-arid, Mediterranean climate.  Streamflow on both rivers can rise and 
fall quickly in response to winter rainstorms.    

The Santa Clara River 
Landuse in the SCR floodplain has historically been predominantly agricultural.  Large tracts of 
the watershed are located in the Los Padres and Angeles National Forests where vegetation cover 
is scrub, grassland, and occasional forest.  The river’s headwaters are in Los Angeles County and 
the river flows westward into Ventura County.  There is increasing population growth and 
development in the floodplain within towns such as Santa Paula and Fillmore, resulting in 
mounting urban influences on the river.  The river receives runoff from urban and agricultural 
sources as well as wastewater effluent from several treatment plants.  In the past five years there 
has been a significant effort by The Nature Conservancy and The California Coastal 
Conservancy to purchase riverine property for conservation and to allow the river to regain its 
natural floodplain.   
 
The Vern Freeman Diversion (VFD) managed by United Water Conservation District (UWCD) 
is the largest water diversion project on the mainstem.  When no migration corridor exists below 
the VFD, smolts on the Santa Clara are trapped at the Vern Freeman Diversion and then 
transported by truck to the estuary.  Annual counts of migrating O. mykiss have been taking place 
on the Santa Clara River at the VFD since 1993.  There are also smaller diversions on the 
mainstem and tributaries that may have an impact on smolt survival and migration.  The most 
significant dam in the Ventura County section of the river is Santa Felicia Dam on Piru Creek, a 
major tributary.  
 
The Santa Clara River Estuary (SCRE) historically encompassed approximately 121 hectares of 
open water habitat, but is currently limited to approximately 12 hectares a reduction of 90% 
since the turn of the century (Nautilus Environmental 2005).  The estuary is bordered on the 
north by the city of Ventura’s Wastewater Reclamation Facility (VRWF) and to the south by 
McGrath State Beach and campground.  An impermeable clay layer and the consequent 
groundwater near the surface (Environmental Science Associates 2003) affect the filling and 
breaching of the estuary.   Special status species of the SCRE are listed in Appendix I.     

The Santa Ynez River 
Ranching and farming predominate along the lower Santa Ynez River with single families 
owning large tracts of land.  There are three major dams (the Bradbury, Gibraltar, and Juncal) on 
the mainstem that supply water to Santa Barbara County for residential, industrial, and 
agricultural use.  These dams and water demands in Santa Barbara County mean that the 
migration corridor for smolts can disappear when water releases from the dams cease.  The lower 
river passes the City of Lompoc several miles upstream of the estuary and is the recipient of the 
town’s runoff and wastewater effluent.  Steelhead use of the watershed has historically been in 
the upper watershed (U.S. Bureau of Reclamation 1999) above what is now Lake Cachuma 
behind Bradbury Dam.  Counts of migrating populations of O. mykiss have been taking place on 
the Santa Ynez River since 1997 by the Cachuma Operations and Maintenance Board (COMB).  
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FIGURE 1:  Location of project watersheds 
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The Santa Ynez River Estuary (SYRE) is less than 100 hectares (250 acres) in area, and remains 
in a relatively natural state.  It is bordered on the north by Vandenberg Air Force Base, and on 
the south by Ocean Park, a Santa Barbara County park.  Special status species of the SYRE are 
listed in Appendix I.  

Field Personnel 
Sarah Green, the field technician for the project, and I conducted the smolt tagging and fieldwork 
on the project except for the smolt tagging on the Santa Ynez River.  Scott Engblom and Scott 
Volan conducted the tagging for that river.   
 
Tagging and Receivers 

Receivers 
Prior to smolt tagging, acoustic receivers were moored in various locations for each river.  The 
placement of the receivers and the moorings were adapted to the character of each river and to 
the environmental conditions off each river’s mouth.   

The Santa Clara River 
In January of 2008 nine receiver moorings were deployed in the SCR estuary and three weeks 
later only four were recovered.  Displacement and burial of some of the moorings indicated that 
sediment movement resulted in the loss of the moorings, despite there being no rainfall or storm 
events.  Because there often is no migration corridor below the VFD, no receivers were deployed 
in the mainstem.  It was recommended by the acoustic receiver manufacturer as well as 
experienced acoustic receiver users that the receivers be deployed in the ocean in order to 
increase the likelihood of tag detection (Matthew Holland and David Welch pers. comm.).  The 
acoustic receivers for the SCR were deployed in two lines of seven and eight receivers off the 
river mouth in February 2008 (Table 1).  The receivers were deployed approximately 200 meters 
apart (Figure 2) just past the surf zone approximately 400-500 meters offshore (see Receiver 
range discussion below).  A smolt reaching any of these receivers would be considered to have 
survived the migration.  Placement of the receivers was started across from the river mouth with 
receivers first deployed southward and then northward both to cover smolt movement as well as 
any potential late season breaches of the estuary.  Two receivers came free of their moorings 
(either from rusting or being pulled free by ocean forces), and were recovered by Vessel Assist 
from Ventura Harbor.  One of the recovered receivers was replaced (creating the 16th mooring).  
Boat availability, cost, and the need to tag smolts permitted only one boat trip during the 
migration season to download two receivers (by retrieving and replacing them); the 16th mooring 
was deployed at that time.  This resulted in a total of 18 deployed receivers over the course of the 
project.  Another receiver was lost and its mooring anchor was found bent at a 45º angle 
indicating that the receiver was pulled out by a strong force.  Lack of recovery of this latter 
receiver is not surprising since algal biofouling was extensive on all receivers, difficult to 
remove, and obscured the labeling and phone number.    
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FIGURE 2:  Locations of acoustic receivers (with serial numbers) for the Santa Clara River, 2008. 

 

Approximate location of river mouth
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TABLE 1.   Numbers of receivers deployed and recovered on the Santa Clara and Santa Ynez Rivers, 2008. 
 Santa Clara River Santa Ynez River 
Number of receivers deployed in the mainstem 0 2 
Number of receivers deployed in upper estuary 0 2 
Number of receivers deployed in lower estuary 0 2 
Number of receivers deployed in ocean 18 0 
Number of moorings 16 6 
Number of receivers recovered 17 5 
Number of receivers lost 1 1 
 

The Santa Ynez River 
It was neither practical nor cost effective to place receivers in the ocean off the Santa Ynez river 
mouth.  The surf is noted to be treacherous making it difficult to deploy or retrieve receivers.  
Additionally there are no nearby harbors and boating costs are prohibitively high.  All six 
receivers were therefore deployed in the mainstem and estuary (Table 1).  The two receivers 
placed in the mainstem were in “The Narrows” approximately 22 km upstream from the river 
mouth.  At the time of deployment the Santa Ynez River mainstem had sufficient water depth for 
acoustic receivers to function.  In April a reduction in the amount of water released from 
Bradbury Dam eliminated the smolt migration corridor in the lower river.   
 
There was sufficient water depth (and little sediment movement) in the estuary to deploy four 
acoustic receivers.  These were deployed in February and March when the river mouth was 
already open.  Water remained in the Santa Ynez estuary thalweg due to inputs from upstream 
and from ocean inflow.  Two receivers were placed in the upper estuary to record smolts as they 
entered the estuary and two at the river mouth to detect smolts on their final exit to the ocean 
(Figure 3).  Smolts reaching these last two receivers were assumed to have survived their 
migration and emigrated to sea.   
 
Overall the placement of the receivers on the SYR worked well, however the mooring design 
was of necessity different from that for the Santa Clara River, and may have resulted in poorer 
detection of tagged smolts.   The Santa Clara receivers could be placed at the base of the 
mooring line with the hydrophone pointed upward to detect any tag signals.  The best placement 
of the receivers on the mooring lines for the SYR was near the water’s surface with the 
hydrophone pointing downward.  The receivers were tightly zip tied to the mooring line near the 
buoys.  However, the effects of water, salinity, tidal action, and temperature eventually slid the 
receivers to the bottom considerably reducing the effective range of the hydrophones.  This may 
mean that the receivers did not detect some smolts.  For the purposes of these analyses, it is 
assumed that the receivers recorded all migrating smolts, and that a lack of detection at the river 
mouth indicates mortality.  Also, one of the receivers at the Narrows on the mainstem was not 
retrieved (the cut zip ties around the mooring indicated that it was stolen).   
 
Additional zip ties through the buoy and the bottom hole in the receiver would solve the problem 
with the mooring design on the Santa Ynez.  Alternate designs may also work that would allow 
the receiver to sit at the bottom of the mooring line.  The theft of receivers is less easily solved.  
One problem was that we could not get to the SYR when the water dropped because we were 
conducting smolt tagging on the Santa Clara.  An option would be to have an estuary team that 
monitors smolt location and movement with a mobile hydrophone in each estuary, monitors 
estuary conditions, and also regularly downloads receiver data during the smolt season.  
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FIGURE 3:  Locations of acoustic receivers (with serial numbers) for the Santa Ynez River, 2008. 

 

The Narrows 
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Receiver range 
Receiver range tests were conducted in the Santa Clara River estuary in the winter of 2008.  The 
effective range of receivers in the highly turbid waters was 40 meters (in freshwater the range 
can be up to 350 meters).  Forty meters was assumed to be the effective range for the Santa Ynez 
estuary as well.  The receivers in the SYR were at most 60 meters from each other, and less than 
40 meters from either shore.     
 
Receiver range tests were conducted in the ocean off the Santa Clara River also in the winter.  
The water offshore of the SCR has very low visibility and this interfered with detection.  Tags 
were detected up to 100 meters from the receivers, but there was decreasing signal strength and 
less likelihood of detection at ranges over 100 meters.  The receivers needed to be placed outside 
the surf zone but in water deep enough for the boat to maneuver in, which resulted in the 
receivers being deployed 400-500 meters offshore.  Noise from the surf or from passing boats 
can interfere with detection.  Therefore, receivers on the Santa Clara were less likely to detect 
smolts if they swam parallel to the shore directly outside the surf zone rather than straight out to 
sea from the surf zone.  Smolts who didn’t move straight out to sea had to swim parallel to shore 
for 500 meters moving southeast or for over 800 meters moving northwest to escape detection. 
 
In most aquatic systems where acoustic technology has been used, non-detections have been 
assumed to be mortalities (Welch et al. 2004), however other researchers have been able to 
conduct additional range tests that we could not conduct due to time and boat availability issues.  
The problems with the moorings on the Santa Ynez, and the need to place the SYR receivers 
farther offshore than their detection range, means that it is possible some smolts survived but 
weren’t recorded.  Therefore rather than referring to undetected smolts as mortalities, they will 
be referred to as non-detections.  Non-detections are discussed in the context of predation and 
other potential effects on survival because the most conservative approach is to assume that non-
detections are mortalities.  

Tagging 
From March 27 - May 5, 2008 wild, steelhead smolts were tagged with acoustic and PIT tags on 
the SCR and SYR.  Tagging of smolts on the Santa Clara and Santa Ynez Rivers was conducted 
according to scientific permit #1593 issued by NMFS.  Trapping on the SCR took place at the 
VFD (Figure 4).  Smolts on the SYR were trapped and tagged on Salsipuedes Creek (Figure 5), a 
tributary to the SYR, by employees of the CCRB.  Smolts were tagged by the following 
(abbreviated) procedure: 

1. Smolts are retrieved from the trap. 
2. One smolt at a time is sedated in a bath of light anesthesia (MS-222, conc. 10-25 mg/l), 

sodium bicarbonate (buffer), and Vidalife® (a mucus protectant). 
3. Once sedated, the smolt is moved to an anesthesia bath (MS-222, conc. 70-105 mg/l, 

buffer, and Vidalife®). 
4. Smolt fork length (FL) is measured, and if 150 mm or larger the smolt is fully 

anesthetized.  If the smolt is not large enough, it is placed in recovery bath of fresh, 
oxygenated, river water. 

5. The anesthetized smolt is placed on a surgical cradle with oxygenated, anesthesia water 
flowing over its gills and skin while acoustic and PIT tags are implanted through an 
incision in the belly.  The incision was sutured closed.  Smolts were in surgery for an 
average of 4-5 minutes..
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FIGURE 4:  Locations of estuary and trapping location for the Santa Clara River, 2008. 
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FIGURE 5:  Locations of estuary and trapping location for the Santa Ynez River, 2008.  The Bradbury, Gibralter, and Juncal dams are upstream of the trap site.   
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6. The smolt was then placed in an oxygenated bath of fresh, river water for recovery.   
 
Once recovered, a smolt on the Santa Ynez would be released back into the river to complete its 
migration.  On the Santa Clara the smolt was placed in a dark, oxygenated cooler with other 
smolts and kept quietly until the smolts were placed on a truck to be transported to the estuary 
and released.   
 
In studies of tag mortality it has generally been fish smaller than 130 mm that have had problems 
with acoustic tags (Welch et al. 2006).  The required size for tag implantation under the NMFS 
permit associated with this project is 150 FL mm or larger.  The tagging of wild smolts on this 
project was preceded by two practice sessions on hatchery rainbow trout in which no mortality 
resulted from 25 tag implantations. 
 
During the 2008 season, one wild smolt (154 mm FL) died after surgery and prior to release on 
April 11, 2008.  After this mortality, no fish smaller than 165 mm FL was tagged.  A second 
mortality occurred on April 27th while a smolt was in anesthesia.  All surgeries were halted until 
a probable explanation for the death was determined.  It is likely that the anesthesia powder (MS-
222) had been exposed to heat greater than 85ºF and had become unreliable.  New MS-222 was 
obtained, and smolts showed no further signs of distress.  In addition to the two smolt mortalities 
from tagging, six smolts were found expired in the VFD trap but appeared to have been dead for 
at least a day prior to entering the trap.     
 
In general smolts were in sedation for shorter times, and in anesthesia for longer times on the 
SCR than the SYR.  This may be an effect from the different trap types.  For the SCR the density 
of smolts in the trap and the artificiality of the trap itself may cause stress that is not present for 
SYR smolts, which are caught in smaller traps that remain instream.  The VFD trap is a heavy 
trap raised from a holding pool by a winch and which loses all but approximately six inches of 
water depth as it is being raised.  The mechanical movement, crowding if there are many smolts 
or other species in the trap, noise, and loss of water can all be stressors that may adversely affect 
smolts. 
 
Smolt Survival 
In 2007, there was no smolt tagging on either river.  The 2006 - 2007 rainfall year (starting July 
2006) was one of the driest on record with rainfall in Ventura County generally below 25% of 
normal and Santa Barbara County 30-45% of normal (NOAA 2007).  Smolt movement was 
likewise low.  UWCD counted 12 smolts in their trap at the VFD on the Santa Clara River in 
2007 from January 4 to June 15.   One smolt was counted on the SYR in Salsipuedes Creek but 
there was no connection from the tributaries to the estuary, so no smolts emigrated.   
 
The 2008 smolt run for the Santa Clara River totaled 133 fish.  Of these 81 smolts were tagged 
and released.  Of the 81 smolts, 48 survived to enter the ocean (Table 2); a survival rate of 59%.  
The pattern of smolt detections indicates that fewer smolts were detected on the northern 
receivers but that detections in that area were fairly steady (Figures 6 and 7).  
 
The 2008 smolt run on the SYR totaled 56 fish.  The greater proportion of the run occurred from 
March 29 – April 15 when over 40 smolts were trapped.  Unfortunately, the surgical team who 
had other job responsibilities and were out of town part of the time, missed this peak.  The team 
was able to tag eight smolts upon their return, but shortly afterward the Cachuma Operations and 
Maintenance Board (COMB) stopped releasing water from Bradbury Dam.  There continued to 
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be smolts available for tagging on the Santa Ynez River after April 10th, but without water the 
project and migration of smolts that remained in the tributaries was halted (smolts that are unable 
to emigrate eventually desmolt and revert to being juvenile, Hoar 1976).   
 
A total of five smolts were tagged on April 9th on the SYR, and three on April 10th.  The April 
10th smolts and one of the April 9th smolts were not detected on any receivers.  Of the four April 
9th smolts that were detected two were recorded at the Narrows but nowhere further downstream, 
and the other two were not detected at the Narrows but were recorded both in the upper and 
lower estuary (Figure 8).  One of the smolts spent a disproportionate amount of time in the upper 
estuary (12 hours) within range of the two receivers (Figure 9), while the other passed by in less 
than five minutes.   
 
Table 2.  Number of smolts that were trapped, tagged, and detected on the Santa Clara and Santa Ynez Rivers in 

2008. 
 Santa Clara River Santa Ynez River 
Number of smolts trapped 133 56 
Number of smolts measured 95 56 
Total number of smolts tagged 82 8 
Total number of smolts released 81 8 
Number of tags undetected  33 4 
Number of smolts recorded at estuary mouth/ocean 48 2 
Smolt survival/detection rate 59% 25%* 
Number of smolts not tagged 51 48 

*If all tagged fish were detected 

Smolt size and survival 
On the SCR, smolt size affected survival - smaller smolts survived in higher numbers than larger 
smolts (Χ² = 0.0035; Figure 10).  Smolts under 17 cm survived the best with smolt size classes 
above 19 cm having the worst survival rates (Table 3).  This was somewhat surprising since 
smaller smolts are often noted to have lower survival rates than larger smolts.  Ward and Slaney 
on the Keogh River in British Columbia (1989) found that smolts that survived to adulthood had 
an average FL of 192 mm compared to an average size during migration of 176 mm.   Bond 
(2006) working on Scott Creek near Santa Cruz, CA found that steelhead trout with a mean 
smolt FL of approximately 200 mm comprised the majority of the adult run. However, Collis et 
al (2001) suggested that terns and cormorants may preferentially predate upon larger smolts, 
possibly because larger smolts are easier to catch and have higher energy content.
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FIGURE 6:  Number of tag detections by receiver for the Santa Clara River, 2008. 
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FIGURE 7:  Number of smolts detected by each receiver for the Santa Clara River, 2008. 
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FIGURE 8: Number of smolts detected by each receiver for the Santa Ynez River, 2008 
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FIGURE 9:  Number of tag detections by receiver for the Santa Ynez River, 2008 
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FIGURE 10.  Santa Clara River smolt survival (in blue) and non-detections (in red) by size class, 2008.   

Smolt survival by size class

0

2

4

6

8

10

12

14

16

15-16.0 16.0-17.0 17.1-18.0 18.1-19.0 19.1 -
20.0

20.1 -
21.0

21.1 -
22.0

22.1 -
23.0

Size of smolts, cm

N
um

be
r o

f s
m

ol
ts

 
 
TABLE 3.  Smolt survival by size class for the Santa Clara and Santa Ynez Rivers, 2008. 
Fork length, 

cm 
Number of 
survivals 

Number of  
non-detections 

Total size 
class 

Percent survival by 
size class 

15-16.0 2 0 2 100.0% 
16.0-17.0 16 2 18 88.9% 
17.1-18.0 12 13 25 48.0% 
18.1-19.0 11 6 17 64.7% 
19.1 - 20.0 3 9 12 25.0% 
20.1 - 21.0 5 6 11 45.5% 
21.1 - 22.0 0 1 1 0.0% 
22.1 - 23.0 1 2 3 33.3% 

Smolt survival rates 
Smolt migration survival rates for some Pacific Northwest watersheds are shown in Table 4. The 
survival rate on the SCR is low even for smolts completing a migration of 15+ kms.  

24 



Kelley 2008 • Smolt Survival and Estuary Project  

 
TABLE 4.  Smolt migration survival rates before entering salt water in various years and watersheds. 
Watershed State/Region Survival 

rate 
Year Distance 

migrated 
Source 

Nehalem 
River Oregon 71% 2002 20.2 km Clements and Schreck 2003 

Squamish 
River 

British 
Columbia 

75% 
86% 

2004 
2005 >15 km Melnychuk et al. (2007) 

Keogh 
River 

British 
Columbia 77% 2004/ 

2005 n/a Ward and McCubbing (2005) 

Santa Clara 
River California 59% 2008 < 500 

meters This report 

Avian predators 
Common smolt predators such as cormorants and terns (Collis et al. 2001, Clements & Schreck 
2003) were frequently present on both the SCRE and the SYRE (Table 5).  The birds were 
observed and counted during water quality surveys, however these observations were casual and 
not an official bird count.  Peter Gaede conducted the one official bird survey on April 25, 2008, 
on the SYRE.  His numbers and identifications are combined with the other observations in 
Table 5.  A discussion of avian predators and impacts is in the Synthesis and Implications 
section. 
 
Smolt Residence and Migration  
Depending upon water availability and ocean sediment movement, an estuary may be closed off 
from the ocean before the smolt migration is complete.  For 2008, the SYRE stayed open 
throughout the migration season.  The SCRE was open until late April at which point it began to 
open and close with tidal influence and the force of the water in the estuary.  While the majority 
of the run was finished by the end of April, there was a small, late run of smolts in mid-May and 
a single and final smolt on June 3rd.  The river mouth opening and closing potentially affected a 
third of the SCR smolts.  Delay of emigration may result in increased mortality from predation or 
fromadverse conditions in the estuary (see Synthesis and Implications).     

Residence time 
The residence times for SCR smolts assumes there is no delay between when the smolt exited the 
estuary and when it was first detected by an ocean receiver.  On the SCR, the majority of smolts 
spent less than three days in the estuary before exiting to the ocean and ½ of the smolts on the 
SCR migrated to the ocean within two days of release (Table 6).  The shortest time a smolt spent 
in the SCRE was 16 hours and 27 minutes.  The longest was 12 days, 15 hours, and 11 minutes.  
 
  TABLE 6.  Residence time for smolts in the Santa Clara and Santa Ynez River estuaries, 2008. 

 Number of SCR smolts Number of SYR smolts 
 Less than a day 10 2 
 1-2 days 14 0 
 2-3 days 13 0 
 3-4 days 5 0 
 Greater than 4 days 6 0 

 

25 



Kelley 2008 • Smolt Survival and Estuary Project  

TABLE 5.  Observations of piscivorous and non-piscivorous bird species in the Santa Clara River and Santa Ynez River estuaries.  Observations were made June – 
December 2007, and April and May 2008.  Blue highlights the most frequent count for that species.  The number of individuals sighted during each day are 
divided into categories, and the number of times that category was recorded is shown in the Number sighted column.  The number of days that the birds were 
sighted is divided by the total number of possible observation days to obtain the frequency of observation. 

  SANTA YNEZ RIVER ESTUARY SANTA CLARA RIVER ESTUARY 
 Number sighted  Number sighted  
  <10 10-25 25-50 >50 # Days sighted*

Observation
Frequency <10 10-25 25-50 >50 # Days sighted**

Observation
Frequency

SMOLT PREDATORS             
Black-crowned Night-Heron 2 3 5 45% 12 12 71%
Double-crested Cormorant 6 1     1 1 9 82% 9 6     15 88%
Great Blue Heron 8 8 73% 14 14 82%
Great Egret 8 1     9 82% 6 6 35%
Gull (various spp.) 1 1  6 8   73% 1 2 12 15  88%
Tern (various spp.) 1 1 1      3 27% 1 2 3 3 9  53%
PISCIVOROUS***       0%       
American Avocet 1 1 9% 4 3     7 41%
American Coot 2 2 18% 7 1     2 10 59%
Brown Pelican 3 1 2 5 11   100% 2 2 2 11 17  100%
Grebe (Clark's, Western, Pied-
billed) 6 3     1 1 11 100% 4 4 24%

Green Heron 1 1 9% 1 1 6%
Snowy Egret 4 4 36% 8 1     9 53%
Red-breasted Merganser 1 1 9% 0 0%
Red-throated Loon 1 1 9% 0 0%
Ruddy Duck 7 1 8 73% 7 3     1 1 12 71%
NON-PISCIVOROUS      0%       
Black-necked Stilt 3 2     5 45% 4 1     5 29%
Brant      0 0% 2 2 12%
Canadian Goose     0 0% 1 1 6%
Eared Grebe 2    2 18% 5 5 29%
Mallard 1  1 1 3 27% 2 1     1 4 24%
Mute Swan†       0 0% 4 4 24%
Red-necked Phalarope     0 0% 3 2     1 1 7 41%
Surf Scoter 1 1 9% 1 1 6%

         

          
     

     
     

     

          
     
           
           
     

     
     
     

     

          26 *Number of observation days on the SYRE = 11, **Number of observation days on the SCRE = 17,  ***Includes opportunistically piscivorous birds or birds that only occasionally eat fish. 
†Verified by photo.                             Sources of species information:  www.audubon.org, birdweb.org, and www.birds.cornell.edu.     
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On the Santa Ynez, it was less than a day’s travel for the two smolts from the upper estuary to 
the estuary mouth, though it was approximately 24 hours after they entered the upper estuary 
before they exited (one spent approximately eight hours near the estuary mouth before exiting, 
and the other approximately four hours).  While based on a small sample size, this observation is 
consistent with other reports of steelhead smolts moving continuously downstream and out into 
the ocean rather than milling about in the estuary (Clements & Schreck 2003, Welch et al. 2004).  
However, exceptions have been noted to this behavior in steelhead smolts smaller than 15 cm on 
Scott Creek on the central coast of California.  Bond (2006) found that smolts with an average 
fork length of 112 mm stayed in the estuary until the following winter.  By the time of their 
emigration to the ocean the smolts had generally doubled in fork length.   

Migration rate and time at receivers 
For the two known smolts on the SYR that completed the approximately 30 km migration to the 
ocean, it was two to three days from the time of release in Salsipuedes Creek to the first time 
they were recorded at the river mouth indicating migration speeds of 0.41 km/hr and 0.64 km/hr 
respectively. 
 
In the ocean, Santa Clara smolts typically spent less than an hour within range of the receivers 
(21 of 48, 44%; Figure 11).  A total of 41 smolts were within range of the receivers for less than 
24 hours.  Four smolts were around the receivers for one to five days, and another three smolts 
were around the receivers for more than 19 days.     
 
FIGURE 11.  Time that SCR smolts spent near the ocean receivers from the first detection until the last detection, 

2008. 
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Timing of smolt emigration from the estuaries 
Salmonid smolts have been observed emigrating from estuaries both at night and during the day 
(McCormick et al. 1998, Quinn 2005).  For this evaluation night is defined as the hours between 
8 pm and 6 am.  The majority of SCR smolts migrated during the day (39) as opposed to at night 
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(9).  On the SYR, both recorded smolts exited the estuary during the day.   Tides did not appear 
to influence emigration.  Nearly equal numbers of smolts migrated on incoming and outgoing 
tides (Table 7). 
 
TABLE 7. The number of smolts that exited the Santa Clara and Santa Ynez River estuaries during incoming, 

outgoing, and slack tides, 2008 

 Number of smolts that migrated 
 Incoming Tide 20 
 Outgoing Tide 21 
 Slack Tide 9 

 

Rainfall and run timing 
Several UWCD employees have discussed with me the possibility that SCR smolt movement 
correlates with rainfall.  From 1995 through 2000 there does appear to be a correlation between 
these two factors (Figure 12), however in subsequent years the number of smolts has been 
consistently low, potentially confounding the correlation.  
   
FIGURE 12.  Rainfall and smolt data for the Santa Clara River, 1995 – 2006.  There is some indication that rainfall 
may correlate with smolt movement but the pattern disappears when smolt count is consistently low.   
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Data sources:  Ventura County and United Water Conservation District. 

 
The smolt run on the Santa Clara River when including all smolt run data, appears to be bimodal 
with one peak occurring in early to mid-April, and another in late April/early May (Figure 13).   
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FIGURE 13.  Number of smolts on the Santa Clara River trapped at the Vern Freeman Diversion from February – 
July, 1995 – 2008.   
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evaluate the river mouths daily during the smolt season, and to arrange to be notified when the 
estuary breaches.   

Water quality 
Both the SCRE and the SYRE receive effluent from wastewater treatment plants.  The city of 
Lompoc treats sewage at an advanced secondary level (includes screening, primary clarification, 
infiltration, aeration, secondary clarification, and disinfection; Parsons Corporation 2008), and 
discharges to the river approximately 13 km upstream of the estuary.  The plant has a capacity of 
5 million gallons of wastewater per day.   
 
The city of Ventura’s Wastewater Reclamation Facility (VWRF) has an outfall directly into the 
SCRE.  The sewage is treated at a tertiary level (effluent undergoes an additional stage of 
filtering either through sand, a lagoon, treatment wetlands, ponds or a nutrient removal process) 
and the facility processes approximately 9 million gallons of wastewater per day (City of 
Ventura 2008).  There is currently a Santa Clara River Estuary Stakeholders group that is 
discussing the effects of this effluent, and examining potential alternatives to the effluent directly 
entering the estuary.   
 
A Hanna multimeter was used to measure salinity, dissolved oxygen, pH, and temperature.  The 
dissolved oxygen (DO) probe initially malfunctioned, so that only DO data collected after July 
25, 2007 is reliable.  Depth was measured using a meter tape and weight.  Turbidity was 
measured using a Secchi disk.   
 
Each estuary had nine sample points (Figures 14 and 15):  sample points 1-3 are in the lower 
section (Zone 1) of each estuary, sample points 4-6 are in the middle section (Zone 2), and 
sample points 7-9 are in the upper section (Zone 3).  Samples at each point were taken at 0.5-
meters and at each successive 0.5 meter depth until the bottom.     
 
In general, both estuaries are deeper near the mouth and shallower upstream (Table 8).  The 
SYRE is significantly deeper than the SCRE (χ2

1= 16.6, p<0.0001) with a maximum depth at 
sample point 8 of 5.55 meters.  The deepest measurement taken on the SCRE was 2.32 meters in 
December 2007 just one week before it breached (see Breaching section).   

TABLE 8.  Averages of water parameters, by zone, for the Santa Clara River and Santa Ynez River estuaries, 2008. 
 Santa Clara River Estuary Santa Ynez River Estuary 
Parameter, units Zone 1 Zone 2 Zone 3 Zone 1 Zone 2 Zone 3 
Depth, m 1.71 1.17 0.50 2.02 2.19 1.87 
DO, ppm 12.14 15.39 11.56 7.92 8.16 8.82 
pH 8.93 9.14 8.43 8.69 8.69 8.86 
Salinity, psu 2.65 1.61 1.74 7.68 7.68 7.34 
Secchi depth, m 0.39 0.20 0.11 0.24 0.25 0.24 
Temperature, ºC 20.78 21.27 19.98 19.42 19.71 20.22 

Salinity 
Measurement of salinity was in practical salinity units (psu), which are equivalent to parts per 
thousand (ppt; i.e. 35 ppt = 35 psu).   The SYRE was significantly more saline (χ2

1= 23.0, 
p<0.0001) with an average of 7.56 psu, while the SCRE had an average salinity of 2.14 psu.  
While both estuaries qualify as brackish, they are still close to freshwater (freshwater salinity is 
<0.5 ppt while ocean salinity is 35 ppt).  No saltwater lens formed in either estuary.  A salinity  
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FIGURE 14.  Water quality sample points in the Santa Clara River estuary, 2008 
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FIGURE 15.  Water quality sample points in the Santa Ynez River estuary, 2008 
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gradient exists between the lower/mid and upper estuary in the SYRE with the lower estuary 
(Zones 1 and 2) being significantly more saline than the upper estuary (χ2

1= 10.5, p<0.0012 for 
Zones 1 and 3, and χ2

1= 11.29, p<0.0008 for Zones 2 and 3).  On the SYRE salinity was 
significantly higher during high tide than between tides (χ2

1= 24.8, p<0.0001).  However there 
wasn’t any significant difference in salinity between high and low tides.  There was no 
significant difference in salinity associated with tides on the SCRE.  Salinity did not vary by 
depth for either estuary.  The impacts of salinity are discussed in the Synthesis and Implications 
section. 

Dissolved Oxygen 
There were not sufficient samples on the SYRE to compare DO by depth or zone.  There were no 
differences found in DO by depth in the SCRE.  The middle SCRE (Zone 2) has significantly 
higher DO levels than either the lower (χ2

1= 9.39, p<0.0022) or upper estuary (χ2
1= 5.72, 

p<0.0167).   It was not possible to compare the levels of dissolved oxygen between the estuaries, 
however neither estuary appeared to be anoxic (i.e. lacking in oxygen).   

Temperature 
There were no temperature differences between the zones in the SCRE.  The lowest depths in 
Zones 1 and 2 of the SYRE are  colder than water closer to the surface but not significantly so.   
The lower estuary on the SYRE was also significantly colder than the upper estuary (χ2

1= 31.14, 
p<0.0001).  Overall, the SCRE is significantly warmer than the SYRE (χ2

1= 132.17, p<0.0001). 

pH 
The pH in the upper estuary of the SYRE is significantly higher than that in either the lower 
(χ2

1= 24.04, p<0.0001) or middle (χ2
1= 24.87, p<0.0001) sections of the estuary.  The opposite is 

true in the SCRE with the upper estuary having significantly lower pH than either the lower or 
middle estuary (χ2

1= 17.38, p<0.0001 for Zone 1; χ2
1= 31.47, p<0.0001 for Zone 2).  The SCRE 

has significantly higher pH than the SYRE (χ2
1= 52.86, p<0.0001).  Overall both estuaries are 

basic rather than acidic.  

Turbidity 
In the SCRE upper estuary is significantly clearer and less turbid than the lower estuary (χ2

1= 
12.15, p<0.0005).  Zone 1 is closest to the wastewater outfall and it is not surprising it would be 
more turbid.  There were no differences in turbidity by zone on the SYRE, but overall the SYRE 
was significantly more turbid than the SCRE (χ2

1= 4.09, p<0.0430). 

Sampling after a breach 
In general, estuary sampling occurred on days when the river mouths were closed (please see 
Breaching section).  There was one day on each river when sampling occurred while the mouth 
was open.      
 
On the SCRE, dissolved oxygen was lower (9.93 mg/L versus 12.79 mg/L), salinity was 
considerably higher (14.33 psu vs. 1.58 psu), and temperature was lower (17.18ºC versus 21.25º) 
in the lower estuary when the mouth was open.  DO levels were extremely high in the SCRE 
when the mouth was closed which may be an artifact of the wastewater treatment process (Paul 
Fabbits, pers.comm.).  pH was not affected.  These data are consistent with measurements by the 
VWRF from 2000 – 2007 (City of Ventura, unpublished data). 
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For the SYRE dissolved oxygen and salinity were much higher with the mouth open and 
temperature was lower.  At depths greater than 0.5 meters, water was both colder and more 
saline when the mouth was open indicating that the colder, saltier water of the ocean settled 
below that of the warmer freshwater.   pH was not affected.   

Prey base 
We collected the first macro invertebrate samples in June 2007 for both the SCRE and SYRE.  
The second sampling was conducted in May 2008 for both estuaries.  A total of 46 samples were 
collected and submitted to a UC Santa Barbara lab for identification in late May 2008.  However 
only 11 samples had been processed by the time of this report.  The samples were retrieved from 
the lab, and five 2008 benthic samples were submitted to Ecology Consultants, Inc. for 
identification.  One of the 2008 benthic samples processed by the UCSB lab was used in the 
following analysis (Table 9). 
 
TABLE 9.  O. mykiss relative prey abundance and diversity on the Santa Clara and Santa Ynez Rivers, May 2008.  

All capital letters are used for taxonomic orders; Capital and small letters are used for taxonomic families.  
Prey Items Santa Clara River Santa Ynez River
AMPHIPODA 0.0% 7.9% 
Chironomidae (DIPTERA) 32.7% 4.0% 
CLADOCERA 4.7% 0.0% 
COPEPODA 33.4% 63.9% 
Corixidae (HEMIPTERA) 21.7% 0.0% 
Ephydridae (DIPTERA) 0.7% 0.0% 
ISOPODA 0.0% 0.4% 
Muscidae (DIPTERA) 0.6% 0.0% 
MYSIDACEA 0.0% 2.6% 
OLIGOCHAETA 3.2% 0.0% 
OSTRACODA (Cyprididae) 0.0% 21.2% 
Tipulidae (DIPTERA) 2.9% 0.0% 

 
The invertebrate identification report from Jeff Brinkman at Ecology Consultants, Inc. stated the 
following: 
 

BMIs collected from the Santa Clara River and Santa Ynez River estuaries consisted of 
epibenthic crustaceans, insects, and oligochaete worms that live at the sediment/water 
interface.  While the composition of BMIs from the two estuaries was somewhat 
different (more insects in the Santa Clara, more crustaceans in the Santa Ynez), overall 
diversity was similar, and similar to what has been found in other studies of estuaries in 
the region. 

 
BMIs collected from the Santa Ynez River estuary consisted mostly of crustaceans 
including Copepods, Ostracods, Chironomids, Amphipods, and Mysid shrimp.  
Chironomid midge larvae from the insect order Diptera comprised a significant portion 
of the sample near the upstream end of the estuary.  The presence of a large proportion 
of Chironomids likely reflects lower salinity at this location compared to samples near 
the ocean outlet.    
 
Compared to the Santa Ynez, BMIs collected from the three sampling points in the 
Santa Clara River estuary consisted of greater proportion and diversity of insect taxa, 
and lesser proportion and diversity of crustaceans.  Insects were comprised mostly of 
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Chironomid midge larvae.  Other Diptera larvae included Tipulidae (crane flies), 
Ephydridae (shore flies), and Muscidae (house flies).  Saltmarsh water boatmen 
(Corixidae), an insect from the order Hemiptera, were found in significant numbers.   
Crustaceans included Copepods and Cladocera.  Oligochaete worms were found in the 
lower estuary.  Based on the BMIs found, there did appear to be a gradient in the 
estuary at the time of the sampling, from higher salinity near the mouth to lower salinity 
at the upstream end.  The sample located near the ocean outlet consisted mostly of small 
crustaceans with some Chironomids.  The sample located more in the middle of the 
estuary was composed of approximately half small crustaceans and half insects 
including Chironomidae, Ephydridae, Tipulidae, and Corixidae.  The sample from the 
upper estuary was entirely composed of insects including Chironomidae, Ephydridae, 
Tipulidae, and Corixidae.    

 
Because most invertebrates are at least somewhat sensitive to salinity, the species 
occurring in these estuaries likely transition to some degree seasonally.  Freshwater-
oriented forms are likely to be more common in winter months when salinity is low due 
to substantial freshwater inputs, and nearer the upstream end of the estuaries where 
salinity is typically lower.  Marine-oriented forms are probably more common in 
summer and fall months when freshwater inputs are lower and salinity is higher, and 
nearer to the ocean outlets.  Forms that are fairly tolerant of fluctuations in salinity such 
as copepods, ostracods, amphipods, and saltmarsh water boatmen are probably fairly 
ubiquitous.  

 
Many of the invertebrates found in the estuaries are prey for O. mykiss including amphipods, 
isopods, chironomids, copepods, and mysid shrimp (Shapovalov & Taft 1954, Bratovich & 
Kelley 1988, Salamunovich & Ridenhour 1990, Martin 1995, Quinn 2005).   In addition to 
benthic samples, sampling was conducted at the surface and 1-meter depth though few of these 
were processed.  Of the samples that were processed, the surface layer tended to be free of 
invertebrates, while the 1-meter depth samples had either few invertebrates or were dominated 
by Daphnia (planktonic crustaceans in the Order Cladocera).   

  

Cover surveys 
In both estuaries regardless of water level, fallen trees, overhanging vegetation, manmade objects 
(such as concrete block), and aquatic vegetation provide some amount of cover while turbidity 
provides most of the cover in open water (pers. obs. February 2008 – May 2008).  Water levels 
in the estuaries changed during the smolt season and available cover altered with changing water 
levels.  The cover surveys were undertaken as soon as possible after the smolt migration.   
 
For the cover surveys, we sampled 19 locations along the shore on the SCRE and 20 on the 
SYRE.  The locations were started from a random point along the shore and continued every 100 
meters on the SCRE and every 150 meters on the SYRE.  A minimum water depth of 20 cm was 
required to conduct a survey at a sample point.  A 1.5 x 0.5 meter polyvinyl chloride (PVC) 
sampling frame was divided into quarters.  Cover within the frame was visually estimated and 
could add up to greater than 100% (including overhead and instream cover).  For sampling, the 
frame edge was placed on the shore at the waterline with the remainder of the frame upstream.    
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The percent cover within the PVC frame for the following categories was recorded: 
• Algae/turbidity  
• Algal mats 
• Aquatic vegetation (emergent) 
• Boulders 
• Bubble curtain 
• Cement chunks 
• Hanging roots from bank 
• Large Woody Debris (LWD) - large trees or parts of trees > 30 cm in dia., any length  
• Manmade structures or debris 
• Overhanging vegetation 
• Rootwad 
• Undercut bank (overhanging bank) 
• Wrack - includes woody debris smaller than 30 cm dia., dead arundo or other dead veg. 
• Other 

 
Overhead vegetation and algae/turbidity on the SCRE provided the most amount of cover (Table 
10).  Wrack and aquatic vegetation provided additional cover.  On the SYRE, algae/turbidity 
provided the most amount of cover, with overhead vegetation, wrack, algal mats, rootwads, and 
large woody debris providing the remaining observed cover.  Overall, there isn’t much cover 
along either estuary’s shoreline for migrating smolts, and the percentages of cover in Table 10 
are likely close to the highest that would have been available during the 2008 smolt season.     
 
TABLE 10.  Types and percentages of cover on the Santa Clara and Santa Ynez river estuaries, 2008.  

 Santa Ynez River Estuary Santa Clara River Estuary
Algae/turbidity 23.0% 22.4% 
Aquatic vegetation 0.0% 7.7% 
Large Woody Debris 1.3% 0.0% 
Overhanging vegetation 5.8% 27.9% 
Rootwad 1.5% 0.0% 
Algal mats 3.8% 0.0% 
Undercut bank 0.0% 1.1% 
Wrack 5.3% 16.6% 
Percent sample sites without cover 45.0% 26.3% 

 

Breaching 
The SCRE berm breached on January 25, 2007 and closed on April 20, 2007.  It breached again 
on December 19, 2007 and stayed relatively open until May 6, 2008.  This is a total of two 
breaches over an 11-month period.  Compared to the historical data this is not typical.  From 
1999 – 2007 (VWRF data) the average number of breaches per year was four, and the average 
number of days the estuary was open was 229.  In most years the estuary was open during the 
entire smolt run (Table 11).  Historical data on the breaching of the SYRE are not readily 
available, and it is not clear who would maintain such a database.  The SYRE did not breach at 
all in 2007.  It breached on January 6, 2008 and was still open as of May 2008.    
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TABLE 11.  Number of smolts that were migrating on the Santa Clara River when the river mouth is open or closed, 
by year.   

Year Number of smolts, mouth open Number of smolts, mouth closed 

1999 3 0 
2000 839 0 
2001 119 0 
2002 0 3 
2003 37 4 
2004 2 0 
2005 - - 
2006 13 0 
2007 10 2 
2008 92 41 

 
In this year’s smolt run just over 2/3 of the smolts were released when the mouth was open.  This 
may mean that the phenomenon we saw this year of the mouth opening and closing during the 
run is relatively rare, however the endangered status of this steelhead run means that assuring 
emigration for all smolts is important.  Further, during years when there has been no water in the 
estuary or the mouth has been closed, smolts have sometimes been directly released into the 
ocean or into the Ventura River estuary to complete their migration (Steve Howard pers. comm.).  
Studies on salmonid homing abilities (McCormick et al 1998) indicate this could reduce adult 
returns to the Santa Clara River.  Recent hypotheses propose that salmon may imprint on their 
freshwater locations in a sequential manner, suggesting that smolts released into the Ventura 
River may return to the Ventura River, and then, unable to detect further olfactory cues leading 
to their rearing site, lose their stimulus for further migration (Dittman and Quinn 1996 in 
McCormick et al 1998).  In light of this, it is likely important to steelhead recovery on these 
rivers to allow SYR and SCR smolts to complete their natural migration and to keep the river 
mouth open during the migration. 
 
Synthesis and Implications  
The two objectives of this project were to assess smolt survival on the Santa Clara and Santa 
Ynez Rivers and to assess the capacity of each river’s estuary to support steelhead smolts.  There 
are four stressors likely affecting smolt survival:  predation, temperature, turbidity, and handling 
by humans.  The levels of pH and dissolved oxygen within the estuaries do not appear to be a 
concern for smolts.    

Salinity 
The higher salinity of the SYRE likely has little effect on smolt acclimation to seawater since its 
levels are closer to freshwater (see Salinity in Estuarine Habitat).  The lack of a saltwater lens in 
both estuaries is a positive habitat feature for smolts since warm salt water trapped at the bottom 
of an estuary can produce conditions of anoxia.  Some salmonids use estuaries to prepare for sea 
entry (Thorpe 1994) and some move directly into the ocean (McCormick et al. 1998).  The best 
means of evaluating the effects on SYR and SCR smolts short of physiological studies would be 
to measure post-smolt survival in the ocean, where their ability to perceive and avoid predators 
may be compromised by osmotic stress (Jarvi 1989).   
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Turbidity 
The high levels of turbidity in both estuaries likely result from biosolids in the wastewater 
effluent.  This was evident on the SCRE when the estuary mouth was open.  The freshwater 
channel from upstream was clear to the bottom until it mixed with the outfall from the 
wastewater treatment plant, at which point it became obscure at a depth of 0.55 cm.  The outfall 
channel’s turbidity was higher at a Secchi depth of 0.15 cm.  Based on our observations, the 
wastewater treatment plant effluent in the SCRE appears responsible for the opaque SCRE 
waters during non-storm flow.  The SYRE’s turbidity likely results from upstream secondary-
treated effluent and ranching inputs.  Anthropogenic inputs contribute to an unknown degree to 
the proliferation of biological organisms, which can increase turbidity.  Bratovich and Kelley 
(1988) found that given the opportunity, smolts in Lagunitas Creek estuary would choose to wait 
in clearer, cooler waters rather than turbid ones prior to their exit to the ocean.  Gregory (1993) 
noted that turbidity reduced juvenile chinooks’ perception of danger from predators, perhaps 
reducing their stress levels but also making them more vulnerable to predation. 
 
While turbid water may not be preferred smolt habitat, it could provide some protection from 
predators (Lloyd 1987).  Working with juvenile chinook salmon, Gregory and Northcote (1993) 
indicated that moderately turbid conditions may enhance protection from predators.  
Understanding the composition of the turbidity (silt, sediment, algae, etc.) found in the SYRE 
and SCRE would help determine whether it is beneficial or detrimental to smolts.  Turbidity 
levels of 0.4 – 3 g/L caused by ash, clay, and topsoil resulted in sublethal effects (including stress 
and susceptibility to disease) in yearling O. mykiss (Redding et al. 1987).  In tests of clear versus 
turbid waters, Sigler et al. (1984) found that turbidity as low as 25 NTUs reduced growth in 
juvenile steelhead and coho.  Noggle (1978) found that juvenile salmonids were more sensitive 
to sediment loads in the spring and summer indicating that smolting may reduce salmonid 
tolerance for turbidity.  An investigation into the sources and composition of turbidity in each 
estuary would permit evaluation of its harm or benefit to steelhead smolts.   

Temperature 
Water temperatures present a potentially serious problem in the estuaries especially in the SCRE.  
On the day when the SCR mouth was open and we could clearly measure effluent and flow from 
upstream, the effluent temperature was 20.29ºC and the flow from upstream was 21.94ºC.  
During this project, SCR smolts were often released in the late afternoon and cooler evening 
hours but even so, water temperatures ranged as high as 24.2ºC.   On April 13th, the daytime 
water temperature in the SCRE reached 28ºC.  It is not unknown for southern O. mykiss to utilize 
habitat with temperatures of up to 28.9ºC when access to groundwater seeps and coldwater 
refugia is available (Matthews & Berg 1997).  It has also been observed that O. mykiss in 
southern California streams can tolerate temperatures up to 32ºC (Spina 2007).  This may be 
possible due to acclimatization and temperature cycling.  Currie et al (2004) studied high 
temperature tolerance for O. mykiss exposed to temperature cycling (highs and lows). They 
found that fish acclimatized to thermal cycles had maximum temperature tolerances of 27.3ºC to 
29.6ºC.  However the length of exposure to high temperatures must be short, and smolts have a 
lower tolerance for such extremes than other lifestages.  Richter and Kolmes (2005) note that 
high temperatures during the smolt phase can result in decreased survival in the marine 
environment or outright death.  One sublethal effect includes desmolting (Duston 1991, 
McCormick 1996) which on both these rivers would likely result in mortality due to the lack of 
connection to rearing habitat in the tributaries.  Schneider and Conner (1982) found that while 
juvenile rainbow trout swimming speeds were not affected at lower temperatures, above 25ºC 
swimming performance was significantly reduced.  For smolts in these high temperature 
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estuaries, compromised swimming ability could mean the difference between survival and being 
preyed upon.  Much is often made of southern O. mykiss abilities to tolerate warm temperatures, 
and while this may be appropriate for other life stages it is not appropriate to assume that smolts 
possess the same temperature tolerance, or that high temperatures will not have sublethal effects 
that reduce smolts’ ability to escape predation.  Due to its depth the SYRE may provide thermal 
refugia unavailable to smolts in the SCRE.  
 
Two changes could potentially help with the high temperatures and turbidity in both estuaries. 
One is maintenance of upstream flows during the smolt runs.  In years when smolts are 
emigrating, UWCD and COMB should maintain flows to the estuaries.  Maintaining these flows 
would provide water for the smolts to complete their migration, potentially cooler inputs into the 
estuaries, and sufficient water to keep the estuary open during the migration.  In the Final 
Biological Opinion issued for the VFD by the National Marine Fisheries Service (NMFS 2008) 
the reasonable and prudent alternative includes the restoration of a smolt freshwater migration 
corridor below the diversion.  An evaluation of smolt ocean survival would be appropriate since 
smolts trapped and released into the estuary may have lower survival rates in the ocean than 
those who complete a natural migration.  Likewise a migration corridor for smolts should be 
maintained on the SYR for the duration of their run.  The shutting down of flow on the SYR and 
prevention of smolt migration is detrimental to recovery of that steelhead run. 
 
Another change that could help with both turbidity and temperature in the SCRE is a current 
proposal being considered by VWRF to direct their outfall into created wetlands.  This would 
reduce the turbidity in the estuary and likely result in cooler water releasing into the estuary 
through the soil and groundwater.  Zedler et al (1992) indicate that a twice-daily pulsed 
discharge rather than a constant outfall into a treatment wetlands is more effective at removing 
nutrients and heavy metals from the water.   
 
On the SYR, the city of Lompoc is currently renovating their wastewater treatment plant to treat 
water to a tertiary level.  This should reduce the amount of biosolids in the SYR, however the 
VWRF currently releases tertiary treated water into the SCRE and turbidity remains an issue 
there.  It would be helpful to measure levels of turbidity and water temperature upstream and 
downstream of the Lompoc facility before and after the renovation. 

Predation 
The conditions found in the estuaries, especially the SCRE, may cause smolts to be particularly 
vulnerable to predation.  For some smolts this may be the first time they have encountered 
predators such as cormorants and terns, and they could react slowly.  High temperatures can also 
affect smolt responsiveness (discussed below).  While smolts generally seemed fit post-surgery, 
the combination of surgery and transportation could have an impact on smolt survival (Welch et 
al. 2004).   In addition, the lack of cover in both estuaries may make smolts more vulnerable to 
predation.   
 
Predators may also have cued into the SCRE release site, resulting in higher mortality numbers 
(David Welch pers. comm.).  However the choices for release sites on the SCRE when the mouth 
is open are limited.  Without input from upstream, smolts must be released in the impounded 
(and highly bird populated) area toward the bottom of the estuary.  Most predatory bird species 
tend to be in the lower and middle sections of the estuaries.  Greater flow from upstream on the 
SCR might provide smolts with deeper water for migration from the upper estuary to the exit and 
a holding area in the upper estuary where predatory birds do not tend to congregate.  Larger 
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flows would also likely reduce predation by allowing smolts to enter the estuary during times 
and conditions of their choosing.   

Other considerations 
Smolts are not adult steelhead nor are they juveniles, but are physiologically different from other 
lifestages of this species.  Overall O. mykiss is a hardy species, but smolts have particular 
vulnerabilities to environmental disturbances that can impact their survival including:  altered 
flows and temperature regimes, reduced water quality, exposure to pollution, dams and 
impoundments, and altered estuarine habitat (McCormick et al 1998).  Smolts are also more 
sensitive than other life stages to a variety of contaminants (Digiulio and Tillitt 1999), including 
endocrine disruptors (Kime 1998), which are known to occur in wastewater.   
 
It isn’t possible to determine from this one year of data whether smolts do not spend time in the 
estuaries because they are inhospitable or because it is in their nature to emigrate to sea as soon 
as possible.  The larger size of the smolts in both these rivers suggests that they are less likely to 
over-summer in an estuary (Bond 2006), but this cannot be concluded based on one season of 
data. 
 
While resident O. mykiss populations in the Santa Clara River are often considered to be the 
major contributors to the smolt run, there is evidence that ocean-going progeny of resident trout 
have a lower survival rate than those arising from anadromous parents, and that even one 
generation of close inbreeding can reduce marine survival (Hard et al. 2002).   Consequently, 
while resident O. mykiss may contribute to the steelhead run, ocean-run adults are needed for 
recovery of these runs.  Donohue et al (2008) found that anadromous O. mykiss females were the 
predominate progenitors of anadromous adults (compared to resident females) and are therefore 
more likely to give rise to the numbers of ocean-going juveniles that could help recover southern 
steelhead runs. 
 
The small smolt runs on both these rivers indicate that there is insufficient production or that too 
few juveniles undergo smolting.  This may mean that a focus on habitat improvements to 
increase production would make sense, or that greater amounts of spawning and rearing habitat 
are needed to increase production.  The lack of anadromous males in a salmon run may increase 
the importance of male parr (Valiente et al. 2005) in spawning and production.  Male parr have 
been shown to increase population sizes in small populations lacking sufficient numbers of 
anadromous males.  Parr maturation can be chemically induced and environmental determination 
of parr maturation argues for conservation and promotion of environmental features that increase 
maturation rates and enhanced spawning opportunities.    
 
Lastly, the varied life history expressed in steelhead likely represents an evolutionary strategy 
that allows O. mykiss to adapt to environmental variation (McPhee et al. 2007), an especially 
important consideration for southern California.  The separation of O. mykiss into Distinct 
Population Segments that protects only the anadromous life form may hinder recovery, and 
efforts should be made to include O. mykiss located above dams in steelhead population planning 
and recovery (McPhee et al. 2007) .  Additionally, the life form plasticity expressed by O. mykiss 
suggests that restoration should focus on habitat features that promote the expression of life-
history diversity (McPhee et al 2007).    
 

40 



Kelley 2008 • Smolt Survival and Estuary Project  

Conclusion 
There are too few smolts surviving the migration on the Santa Clara and Santa Ynez Rivers to 
produce sustainable adult runs or to meet the criteria for recovery (NMFS 2007).  Larger smolt 
runs and greater smolt survival is needed if these stocks are to be recovered.     
 
Recommendations 
Recommendations for improving steelhead smolt management and knowledge about the smolt 
life stage are made below.  They are not necessarily in order of priority.        

Category A:  Management Actions 
1. Negotiate a permit with the Army Corps of Engineers (ACOE), U.S. Fish and Wildlife 

Service (USFWS), and the California Department of Fish and Game (DFG) to allow 
small, environmental breaches if an estuary mouth closes during the smolt run. 

Importance:  This action would allow smolts from the SCR and SYR to exit the 
estuaries and complete their natural run.    

Management Implications:  Allowing smolts to emigrate quickly from their rivers 
may increase survival and adult returns.  There are potential impacts on 
the tidewater goby, although if the breaching occurs before the berm has 
built up, the breach is minor, and it occurs prior to their main breeding 
season, the impacts are likely to be negligible.  Further consultation with a 
tidewater goby expert to set parameters is recommended.  Given that the 
environmental breaches will occur near the ocean and in the same general 
location as the initial breach this is not expected to have any impacts on 
least terns or snowy plovers.   

2. Investigate options for housing remote PIT tag recorders and frames within a mile of each 
estuary in the mainstem of the rivers.   

Importance:  Remote recorders would provide data on returning adults.  Multiple 
PIT tag recorder locations would provide information on swim speed, 
adult migration survival, and adults’ ability to negotiate barriers to 
migration.   

Management Implications:  Data on the in-river migration for adults may provide 
information on adult steelhead’s ability to successfully negotiate man-
made barriers such as the ladders on the Vern Freeman Diversion and the 
Harvey Dam on Santa Paula Creek.  Speed of migration may indicate 
areas to focus on restoration in the rivers.  Data on adult return rates is of 
special importance for population recovery.   

3. Talk with Lompoc Regional Wastewater Reclamation Plant (on the SYR) about the 
monitoring that will take place after their plant renovation is complete.  Suggest inclusion 
of steelhead habitat monitoring, measuring parameters such as temperature and turbidity, 
if they are not already being considered.   Monitoring would include samples upstream of 
the wastewater outfall. 

Importance:  This will provide monitoring data on turbidity, temperature, and 
other parameters that may affect steelhead. 

Management Implications:  The data should provide some basic information on 
the sources of turbidity in the river, and eventually on whether restoration 
efforts to reduce turbidity and temperature are warranted and where they 
should take place. 
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4. Consult with avian biologists about the likelihood of observing fishing success among 
cormorants, terns, herons, and other smolt predators in both estuaries. 

Importance:  If feasible, the observations will provide a low-cost estimate of 
smolt predation.   

Management Implications:  If birds are preying heavily upon smolts, then options 
for protecting smolts from predation (such as providing additional cover, 
etc.) could be investigated.   

Category B:  Adaptive Management and Monitoring  
1. Increase flows from upstream into both estuaries during the smolt runs.  Evaluate smolt 

survival, water temperatures, predation rates, available cover, and the timing of the 
opening and closing of the estuary mouth during these flows.   

Importance:  Increased flows have several potential ways to increase smolt 
survival including providing a natural migration corridor, reducing the 
stress of transportation/trapping, providing a holding area with fewer 
predatory birds, allowing a more gradual acclimation to the estuarine 
habitat, maintaining an open river mouth, and providing thermal refugia.     

Management Implications:  This may improve smolt survival rates, and indicate 
areas for potential habitat restoration on the river or estuary.   

2. Continue to conduct tagging while concurrently monitoring estuary conditions, bird 
predation, and smolt migration.   

Importance:  This is likely to be especially helpful on the SYRE where much less 
data is collected than on the SCRE.  The factors that might influence how 
long smolts remain in the estuary include:  life-history, clarity of water, 
temperature of water, degree of predation, and force of water flow.  The 
effects of these factors on smolt emigration cannot be determined from 
one year of data.    

Management Implications:  Further data will help with management decisions 
regarding flow, estuary habitat, and predation management. 

3. Continue tagging effort and purchase an acoustic mobile hydrophone to track smolt 
presence and location in each estuary.   

Importance/Management Implications:  This will provide information on where 
smolts are spending their time in the estuary and where best to focus 
restoration. 

4. On the SCR, if insufficient water is provided for the smolts to complete their run, then the 
VFD downstream trap should be redesigned to reduce smolt stress. 

Importance:  There are several stressors associated with this trap including 
crowding, noise, loss of water as the trap is lifted from the water, and the 
mechanical movement of the trap. 

Management Implications:  This may increase smolt survival since smolts are 
particularly susceptible to stress, and since the stress of the trap is 
compounded by smolts being trucked to the estuary and released into a 
warm, unfamiliar environment.   

Category C:  Filling Life History Knowledge Gaps 
1. Conduct surveys for O. mykiss prior to and during the smolt season above the dams on 

the SCR and SYR to assess smolt production.   
Importance:  We don’t know the carrying capacity of either watershed or whether 

O. mykiss above dams are smolting and could contribute to recovery.  

42 



Kelley 2008 • Smolt Survival and Estuary Project  

Management Implications:  Assessing production on both rivers is important in 
understanding factors affecting steelhead recovery.    

2. Evaluate components of O. mykiss habitat and how these interact to influence male parr 
maturation. 

Importance:  Recovery of southern steelhead may depend upon promoting 
features within the environment that encourages life form diversity and 
early maturation of male parr. 

Management Implications:  Identification of environmental features that promote 
production can determine appropriate management actions and restoration 
projects. 

3. Evaluate the smolt life cycle on the SYR and SCR including the environmental 
conditions that may trigger smolting and migration.  Important factors to consider 
include:  temperature, photoperiod, rainfall, and density of each age class.    

Importance:  In general environmental triggers that promote smolting are not well 
understood and may differ in southern populations.   

Management Implications:  Understanding the smolt life cycle and potential 
environmental triggers may permit managers to better predict smolt run 
size and to manage habitat and migration corridors to increase smolt 
numbers and survival. 

4. Conduct long-term monitoring of instream conditions, juvenile production, and smolt 
production in the tributaries of the SYR and SCR.   

Importance:  Provides baseline data to predict smolt population size and capacity 
of the tributaries to produce smolts.  

Management Implications:  Predicting smolt population sizes and the percentage 
of smolts that arise from the juvenile population can provide data for 
preserving and restoring rearing habitat.  

5. Collect genetic samples from resident O. mykiss to determine whether they are of 
anadromous ancestry, and how much resident individuals are contributing to the smolt 
populations on both rivers. 

Importance:  Plasticity between life forms of O. mykiss is not well understood 
especially in southern California.   

Management Implications:  If resident O. mykiss are giving rise to successful 
migrants at greater rates in southern California, this could make a 
difference in recovery planning.   

6. Continue tagging effort but move operations upstream on the SCR and monitor migration 
times to the VFD.   

Importance:  This will provide migration times for the smolts, as well as allowing 
them the opportunity to recover from the stress of trapping and surgery 
prior to their encounter with either the diversion or the estuary. 

Management Implications:  This could become a non-issue if the UWCD supplies 
enough flow for smolts to complete their migration naturally. 

7. Evaluate ocean survival by gradually increasing the acoustic receiver array and 
evaluating swimming direction.  Join the Pacific Ocean Salmon Tracking (POST) project 
and gain access to their acoustic listening stations.   

Importance:  This would constitute the first ocean movement data on southern O. 
mykiss.  Becoming members of POST might provide further information 
on southern steelhead ocean feeding grounds.    

Management Implications:  Provides additional information for recovery planning 
and for understanding the species’ life history. 
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Category D:  Other Investigations  
1. Explore the sources of water coming into each estuary, and conduct in-depth water 

quality assessments to evaluate each source’s cleanliness and temperature.  Measure 
pollutants from all sources including: nitrates, nitrites, biosolids, heavy metals, 
silt/sediment, estrogen, and estrogen mimickers.  Assess effects of these pollutants 
(proliferation of biological organisms, turbidity levels, etc.) on smolts.  If appropriate, 
consider planting native flora to cleanse and cool water.  Evaluate whether a treatment 
wetland would be beneficial on the SYR.   

Importance:  Improving the estuary environment may increase smolt residence 
times and increase survival.     

Management Implications:  Information could direct restoration and management 
of the SYR and SCR estuaries.  May also provide information for 
constructively managing other southern California estuaries used by 
steelhead smolts.     
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 Special status species that occur on the Santa Clara and Santa Ynez river estuaries 
       

Common Name Scientific Name Status Source Occurs SCRE? Source Occurs SYRE? Source 

Arroyo chub Gila orcutti State Special 
Concern ESA 2003 Y 

ESA 2003; 
Court et al. 

(2000) 
Y 

U.S. Bureau of Reclamation, 
Cachuma Project Authority 
and Santa Barbara County 

Water Agency 1995 

Bald Eagle Haliaeetus 
leucocephalus Threatened 

United States 
Department of the 
Interior Fish and 
Wildlife Service 

2008 

  Y 

U.S. Bureau of Reclamation, 
Cachuma Project Authority 
and Santa Barbara County 

Water Agency 1995 

Beldings savannah 
sparrow 

Passerculus 
sandwichensis 

beldingi 

State 
Endangered ESA 2003 Y 

ESA 2003; 
Court et al. 

(2000) 

nonendangered 
subspecies Mahrdt et al. (1976) 

Brown pelican Pelecanus 
occidentalis 

Federal species 
of concern 

Environmental 
Science Associates 

2003 
Y ESA 2003 Y Collins et al. (1999); Dames 

and Moore (1984) 

California least tern Sterna antillarum 
browni 

Federal 
Endangered, 
State Fully 
Protected 

ESA 2003 Y 
ESA 2003; 
Court et al. 

(2000) 
Y 

U.S. Bureau of Reclamation, 
Cachuma Project Authority 
and Santa Barbara County 

Water Agency 1995; Dames 
and Moore (1984) 

California red-
legged frog 

Rana aurora 
draytonii 

Federal 
Threatened, 
State Special 

Concern 

ESA 2003 Y 
ESA 2003; 
Court et al. 

(2000) 
Y Dames & Moore (1984) 

Least bell’s vireo Vireo bellii pusillus 
Federal 

Endangered, 
Critical Habitat

ESA 2003, Santa 
Clara River Project 
Steering Committee 

1996, 

Y 
ESA 2003; 
Court et al. 

(2000) 
  

Light-footed 
clapper rail 

Rallus longirostris 
levipes 

Federal 
Endangered, 

State 
Endangered and 
Fully Protected

ESA 2003 Y ESA 2003   

Long-billed curlew Numenius 
americanus 

State Special 
Concern ESA 2003 Y 

ESA 2003; 
Court et al. 

(2000) 
  

Northern Harrier Circus cyaneus State Special 
Concern ESA 2003 Y 

ESA 2003; 
Court et al. 

(2000) 
Y 

U.S. Bureau of Reclamation, 
Cachuma Project Authority 
and Santa Barbara County 

Water Agency 1995; Collins 
et al. (1999); Dames and 

Moore (1984) 

Osprey Pandion haliaetus State Special 
Concern ESA 2003 Y ESA 2003 Y Collins et al. (1999); Dames 

and Moore (1984) 

Salt Marsh Bird's-
Beak 

Cordylanthus 
maritimus 
maritimus 

Endangered 

United States 
Department of the 
Interior Fish and 
Wildlife Service 

2008 

Y Court et al. 
(2000)   

San Diego horned 
lizard 

Phyrnosoma 
coronatum 
blainvillei 

State Special 
Concern ESA 2003 Y 

ESA 2003; 
Court et al. 

(2000) 
Y Dames & Moore (1984) 

Silvery Legless 
Lizard 

Anniella pulchra 
pulchra 

State Special 
Concern ESA 2003 Y 

ESA 2003; 
Court et al. 

(2000) 
  

South coast garter 
snake 

Thamnophis 
sirtallis spp. 

State Special 
Concern ESA 2003 Y ESA 2003 Y Dames & Moore (1984) 
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Common Name Scientific Name Status Source Occurs SCRE? Source Occurs SYRE? Source 

Southern Steelhead Oncorhynchus 
mykiss 

Federal 
Endangered 

United States 
Department of the 
Interior Fish and 
Wildlife Service 

2008 

Y Court et al. 
(2000) Y SYR Draft (2007) 

Southwestern pond 
turtle 

Clemmys 
marmorata pallida 

State Special 
Concern ESA 2003 Y ESA 2003   

Southwestern 
willow flycatcher 

Empidonax trallii 
extimus Endangered 

United States 
Department of the 
Interior Fish and 
Wildlife Service 

2008 

Y 

Santa Clara 
River Project 

Steering 
Committee 

1996; Court et 
al. (2000) 

Y Farmer et al. (2003) 

Tidewater goby Eucyclogobius 
newberryi 

Federal 
endangered ESA 2003 Y 

ESA 2003; 
Court et al. 

(2000) 
Y 

U.S. Bureau of Reclamation, 
Cachuma Project Authority 
and Santa Barbara County 

Water Agency 1995, Mahrdt 
et al. (1976); Dames and 

Moore (1984) 
Townsend’s 

(western) big-eared 
bat 

Corynorhinus 
townsendii 

State Special 
Concern ESA 2003 Y ESA 2003   

Two-striped garter 
snake 

Thamnophis 
hammondii 

State Special 
Concern ESA 2003 Y 

ESA 2003; 
Court et al. 

(2000) 
Y Dames & Moore (1984) 

Unarmored 
threespine 
stickleback 

Gasterosteus 
aculeatus 

williamsoni 
Endangered 

United States 
Department of the 
Interior Fish and 
Wildlife Service 

2008 

Y Court et al. 
(2000) 

only nonend. 
armored 

stickleback 

U.S. Bureau of Reclamation, 
Cachuma Project Authority 
and Santa Barbara County 

Water Agency 1995; Dames 
& Moore (1984) 

Ventura marsh 
milkvetch 

Astragalus 
pycnostachyus 
lanosissimus 

Threatened Court et al. (2000) Y Court et al. 
(2000)   

Western least 
bittern Ixobrychus exilis State special 

concern ESA 2003 Y 
ESA 2003; 
Court et al. 

(2000) 
  

Western snowy 
plover 

Charadrius 
alexandrinus 

nivosus 

Federal 
Threatened, 

Critical Habitat, 
State Special 

Concern 

ESA 2003 Y 
ESA 2003; 
Court et al. 

(2000) 
Y 

U.S. Bureau of Reclamation, 
Cachuma Project Authority 
and Santa Barbara County 

Water Agency 1995, Mahrdt 
et al. (1976); Dames and 

Moore (1984) 

Yellow warbler Dendoica petechia State Special 
Concern ESA 2003 Y 

ESA 2003; 
Court et al. 

(2000) 
  

Yellow-breasted 
chat Icteria virens State Special 

Concern ESA 2003 Y 
ESA 2003; 
Court et al. 

(2000) 
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General habitat categories are described below and followed by plant community lists for each 
estuary. 
 

Dunes:  characterized by sparse to moderate cover and low-lying vegetation occurring on 
beach dunes. 

Marsh and Wetlands:  frequently inundated by fresh water. 
Riparian Scrub and Woodland:  mid-succession, riparian woodland 
Riverwash:  may at times be in the active channel 
Other:  additional habitats 

Santa Clara River Estuary 
Plant species and habitats for the SCRE (Tables A –D) come from recent vegetation surveys 
conducted by Nautilus Environmental (2005), and Stillwater Sciences and URS Corporation 
(2007).    
 
TABLE A.  DUNE VEGETATION 

Common Name Scientific Name 
Beach primrose Camissonia cheiranthifolia 
Beach-bur Ambrosia chamissonis 
Coast buckwheat Eriogonum parvifolium 
Giant reed Arundo donax 
Hottentot fig Calistygia macrostegia 
Iceplant Carpobrotus spp. 
Lotus Lotus junceus 
Pink sand verbena Abronia umbellate 
Salt grass Distichlis spicata 
Sand verbena Abronia maritima 
Sea rocket Cakile maritima 
Silver burweed Ambrosia chamissonsis 
Sources:  Greenwald et al 1999, Nautilus 2005, Stillwater/URS 2007 

 
TABLE B.  MARSH AND WETLANDS VEGETATION 

Common Name Scientific Name 
Bristly ox tongue Picris echioides 
Broadleaved cattail Typha latifolia 
Bulrushes Scirpus sp. 
Cocklebur Xanthium stumarium 
Creeping wild rye Leymus triticoides 
Curly dock Rumex crispus 
Dwarf and hoary nettle Urtica urens; U. diocia ssp. holosericea 
Fleshy jaumea Jaumea carnosa 
Narrow-leaved cattail Typha angustifolia 
Pacific silverweed Potentilla anserina ssp. pacifica 
Pickleweed Salicornia bigelovii 
Rabbit’s foot grass Polypogon monspeliensis 
Rushes Juncus sp. 
Salt grass Distichlis spicata 
Sedges Carex sp. 
Western ragweed Ambrosia psilostachya 
Yerba mansa Anemopsis californica 

Sources:  Greenwald et al 1999, Nautilus 2005, Stillwater/URS 2007 
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C.  RIPARIAN SCRUB AND WOODLAND 
Common Name Scientific Name 
Arroyo willow Salix lasiolepis 
Black cottonwood Populus balsamifera ssp. trichocarpa 
Fremont cottonwood Populus fremontii 
Giant reed Arundo donax 
Mulefat Baccharis salicifolia 
Narrow-leaved willow Salix exigua 
Ngaio Tree Myoporum laetum 
Poison oak Toxicodendron diversilobum 
Red willow Salix laevigata 
Tamarisk Tamarix sp. 
Western sycamore Platanus racemosa 

Sources:  Greenwald et al 1999, Nautilus 2005, Stillwater/URS 2007 
 
D.  RIVERWASH 

Common Name Scientific Name 
Annual rabbitsfoot grass Polypogon monspeliensis 
Barnyard grass Echinochloa crus-galli 
Fremont cottonwood Populus fremontii 
Giant reed Arundo donax 
Knotweed Polygonum spp 
Mulefat Baccharis salicifolia 
Sprangletop Leptochloa uninervia 
Water speedwell Veronica anagallis-aquatica 
Watercress Rorippa nasturtium-aquaticum 
White sweetclover Melilotus alba 
Willows Salix exigua, S. laevigata, S. lucida ssp. lasiandra, and S. lasiolepis 

Sources:  Greenwald et al 1999, Nautilus 2005, Stillwater/URS 2007 

Santa Ynez River Estuary 
The SYRE has had fewer complete plant surveys than the SCRE.  The species listed from these 
surveys have been placed into the habitat categories (Tables AA-CC) where such could be 
determined.  If a habitat is generic or unknown the species was placed in an “Other” category 
(Table DD).   
 
AA. DUNE VEGETATION 

Common Name Scientific Name 
Beach-burr Ambrosia chamissonis 
Crystal iceplant Gasoul crystallium 
Hottentot fig Mesembryanthemum edulis 
Salt grass Distichlis spicata 
Sea rocket Cakile maritime 
Sources: Mahrdt et al 1976, Moore 1984, Santa Barbara County 1988, California Polytechnic State University San Luis Obispo 1995, 

Paterson 1995. 
 

BB.  MARSH AND WETLANDS VEGETATION 
Common Name Scientific Name 
Alkali heath Frankenia salina 
Australian saltbrush Atriplex semibaccata 
Bristly ox tongue Picris echioides 
Bulrushes Scirpus sp. 
California sealavender Limonium californicum 
Cattails Typha spp. 
Cocklebur Xanthium stumarium 
Common brassbuttons Cotula coronopifolia 
Creeping wild rye Leymus triticoides 
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Curly dock Rumex crispus 
Fleshy jaumea Jaumea carnosa 
Heliotrope Heliotropium curassavicum 
Hen bit Atriplex patula 
Italian wild rye Lolium multiflorum 
Menzies' goldenbush Isocoma mensiezii 
New Zealand spinach Tetragonia tetragonioides 
Pacific silverweed Potentilla anserina ssp. pacifica 
Pickleweed Salicornia bigelovii 
Rabbit’s foot grass Polypogon monspeliensis 
Rushes Juncus sp. 
Salt grass Distichlis spicata 
Salt marsh baccharis Baccharis douglasi 
Salt marsh pickleweed Salicornia virginica 
Salt marsh sand-spurrey Spergularia marina 
Salt marsh dodder Cuscuta salina 
Sickle grass Parapholis incurve 
Silverweed Potentilla egedii 
Watercress Rorippa nasturtium-aquaticum 
Western ragweed Ambrosia psilostachya 
Yerba mansa Anemopsis californica 

Sources: Mahrdt et al 1976, Moore 1984, Santa Barbara County 1988, California Polytechnic State University San Luis Obispo 1995, 
Paterson 1995. 

 
CC.  RIPARIAN SCRUB AND WOODLAND 

Common Name Scientific Name 
Cottonwoods Populus ssp. 
Ngaio Tree Myoporum laetum 
Tamarisk Tamarix sp. 
Willows Salix spp. 

Sources: Mahrdt et al 1976, Moore 1984, Santa Barbara County 1988, California Polytechnic State University San Luis Obispo 1995, 
Paterson 1995, 
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DD.  OTHER 
Common Names  Scientific Name Habitat 
Alkali wild rye Elymus triticoides Not given 
Black mustard Brassica nigra Not given 
Brass buttons Cotula australis Disturbed 
Coastal isocoma Haplopappus venetus Valley grassland 
Common iceplant Mesembryanthemum crystalinum Coastal 
Common sow thistle Sonchus oleraceus Disturbed 
Coulter's conyza Conyza coulteri Valley grassland 
Coyote brush Baccharis pilularis Coastal 
English rye grass Lolium perenne Wetlands, non-wetlands 
Everlasting Cudweed Gnaphalium luteo-album Not given 
Fat Hen Atriplex triangularis Not given 
Fennel Foeniculum vulgare Disturbed 
Foxtail barley Hordeum leporinum Disturbed 
Mediterranean Hoary Mustard Hirschfeldia incana Non-wetlands 
Mock parsley  Apiastrum angustifolium Slopes 
Poison hemlock Conium maculatum Disturbed 
Ripgut brome Bromus diandrus Disturbed 
Russian thistle Salsola kali Disturbed, poss. dunes 
Slender wild oats Avena barbata Disturbed 
Soft Brome Bromus hordeaceus Disturbed 
Spiny sowthistle Sonchus asper Disturbed 
Summer mustard Brassica geniculata Disturbed, wetlands 
Tocolote Centaurea melitensis Disturbed 
White sweetclover Melilotus alba Not given 
Yellow sweet-clover Melilotus indicus Not given 

Sources:  (Paterson 1995)California Polytechnic State University San Luis Obispo 1995, Paterson 1995, CalFlora 2008 
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Estimated Total Project Budget and Expenditures  
Department of Fish and Game 

  Budget Expended Remaining
PERSONNEL       
Project Manager  $110,864.00 $103,903.44 $6,960.56
Staff Benefits @ 23.99967% $26,607.00 $19,248.09 $7,358.91
Field Tech. $20,251.00 $18,784.60 $1,466.40
Staff Benefits @ 7.21939% $1,462.00 $1,056.16 $405.84
Subtotal Personnel $159,184.00 $142,992.29 $16,191.71
OPERATING EXPENSES       
Subcontractors       
Fish Surgeon*  $4,680.00 $5,600.00 -$920.00
GIS Tech. & Invertebrate Tech. (lump sum) $4,000.00 $4,000.00 $0.00
Subtotal Subcontractors $8,680.00 $9,600.00 -$920.00
Anchoring $17,360.00 $19,200.00 -$1,840.00
Subsurface buoys (6 ea. @ $6/ea.) $36.00 $36.00 $0.00
Modified Earth Auger Anchors $2,940.00 $2,925.75 $14.25
Leadline  $200.00 $200.00 $0.00
Anti-fouling paint $187.00 $173.98 $13.02
Anchoring Subtotal $3,363.00 $3,335.73 $27.27
Surgical Supplies (tables,fish measur. bd.,etc.) $8,057.00 $8,104.67 -$47.67
Estuary Supplies       
Waders $180.00 $172.56 $7.44
Transducer $1,200.00 $1,200.00 $0.00
Salinity, Temp. & D.O. meter (lump sum) $3,000.00 $2,967.64 $32.36
Boat Rental $2,700.00 $2,700.00 $0.00
Estuarine survey supplies $531.00 $747.32 -$216.32
Subtotal Estuary Supplies $7,611.00 $7,787.52 -$176.52
Other Operating Expenses       
Laptop Computer Rental $3,749.00 $3,730.94 $18.06
V8 Acoustic Tags $59,205.00 $59,205.00 $0.00
PC Interface $165.00 $165.00 $0.00
Vemco Shipping $250.00 $250.00 $0.00
Pit Tags $1,650.00 $1,650.00 $0.00

Travel       
Mileage  $5,610.00 $5,104.90 $505.10
Fish Surgeon Travel  $680.00 $0.00 $680.00
Fish Surgeon Hotel $420.00 $0.00 $420.00
Per Diem  $200.00 $0.00 $200.00
Supplies, printing, copying, telecomm., $2,000.00 $1,766.81 $233.19
Field camera $250.00 $250.00 $0.00
Final report production $550.00 $550.00 $0.00
Subtotal Other Operating Expenses $74,729.00 $72,672.65 $2,056.35
Tagging Equipment & Supplies       
VR2 Acoustic Receivers $21,150.00 $21,150.00 $0.00
PIT Readers and software $5,020.00 $5,001.39 
Dummy tags $600.00 $600.00 $0.00
Acoustic range tags $580.00 $580.00 $0.00
Subtotal Tagging Equipment & Supplies $27,350.00 $27,331.39 $18.61
Overhead $43,346.00 $41,330.07 $2,015.93
Total $332,320.00 $313,154.32 $19,165.68

$18.61

*The complete budget for the Fish Surgeon includes line items under travel, but expenditure was entered as one  
  sum on this line. 
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California Department of Fish and Game Grant Information 

Grant Number:  P0550008  00 
Geographic Area:  Santa Clara and Santa Ynez Rivers 
Location of Work:  See Figures 1, 4, 5, and Appendix VII 
 
Geospatial Reference (in decimal degrees): 

Location Latitude Longitude 
Santa Clara River Estuary 34.23392 -119.25834 
Vern Freeman Diversion 34.299695 -119.10905 
Santa Ynez River Estuary 34.692783 -120.59841 
Salsipuedes Creek 34.596865 -120.41031 

 

Project Start/End Dates:  September 1, 2006 – August 31, 2008 
Number of person hours expended:  6304 
Total of DFG Fund Source:  $332,320.00 
Total of TNC and Santa Clara River Trustee Council Fund Source:  $3155.00 

 
Organizations cooperating on the project include:  Cachuma Conservation and Release Board, 
California State Parks, City of San Buenaventura, NOAA Fisheries, Santa Barbara County Parks, 
The Nature Conservancy, United Water Conservation District, U. S. Fish and Wildlife Service, 
and Vandenberg Air Force Base.  
 

Stream length assessed each year: 
Santa Clara River – 0.06 miles (Santa Clara River Estuary) 
Santa Ynez River – 1.50 miles (Santa Ynez River Estuary)   

 
 
 
 
 

Funding from: 
The Nature Conservancy and The Santa Clara River Trustee Council 

Budget and Expenditures 
 

  Budget Expended Remaining 
Technician Salary $2,163.00 $2,723.87 -$560.87

Technician Benefits $705.00 $138.56 $566.44

TOTAL DIRECT COSTS: $2,868.00 $2,862.43 $5.57

TOTAL INDIRECT COSTS @ 10% on TDC: $287.00 $286.25 $0.75

TOTAL FUNDING: $3,155.00 $3,148.68 $6.32
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Santa Clara River estuary and trapping site 
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Introduction 
The findings in this report reflect a 9-month investigation into the state of steelhead trout 
(Oncorhynchus mykiss) in the Santa Clara River of southern California.  Prior to the 
1940s, the Santa Clara River was the site of a large southern steelhead trout run each 
year. Southern steelhead are now listed as endangered by the National Marine 
Fisheries Service (NMFS) under the Endangered Species Act (ESA), and very few run 
up the Santa Clara.  The recovery of this species will depend upon the re-establishment 
of viable spawning runs on rivers and creeks in southern California.  The intent of this 
study was to understand the state of steelhead on the Santa Clara River, and to devise 
a list of actions that would lead to rehabilitation of a steelhead trout run on the river.   
 
Information relevant to the restoration of southern steelhead trout was collected -
including written and on-line materials, as well as interviews and conversations with 
people familiar with the Santa Clara River.  The summary and findings are organized as 
follows: 
 

1. Executive Summary – provides an overview of the findings of the study. 
2. Methods and Sources – discusses the methods and sources used during the 

investigation. 
3. Analysis and Priorities – presents an overview of all possible actions that could 

benefit steelhead and prioritizes them. 
4. Appendix – summarizes and details the information obtained during the 

investigation. 
 
 

Executive Summary 
 
Prior to 1940, the Santa Clara River is estimated to have had more than 8,000 
adult steelhead run its waters every year. 
Next to the Santa Ynez River the Santa Clara was one of the largest steelhead runs in 
southern California.  Fewer than 100 adult fish run either of these rivers’ waters now.  
Unlike other major rivers in southern California, the Santa Clara retains much of its 
natural features, including major undamned tributaries, and could play an important role 
in the recovery of southern steelhead.   
 
One of the major problems that steelhead face on the Santa Clara River is 
artificially reduced flows during migration periods.  
The river reach between the estuary and the Vern Freeman Diversion (located 
approximately 14 miles above the estuary) is often reduced to shallow sheet flows, or 
becomes dewatered; the connectivity between the mainstem and tributaries is 
ephemeral and provides inadequate opportunity for either the upstream passage of 
adult, or the downstream passage of juvenile steelhead.   Water is removed from both 
the surface flow and from groundwater basins for residential, commercial, and 
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agricultural use.  Insufficient information is publicly available regarding the flows in the 
river, how much and where water is removed, and whether flows could be adjusted to 
provide sufficient water for migrations while still meeting human needs.     
 
A second major difficulty during migrations is the anthropogenic and natural 
barriers to migration such as water diversions, road-crossings, and channel 
modifications for sand and gravel extraction or flood control purposes.   While it is 
known these barriers and impediments exist, almost nothing is known about how 
significant these barriers are or what solutions there are to the migration difficulties they 
present.    
 
The tributaries provide the majority of spawning and rearing habitat, while the 
mainstem of the Santa Clara River is primarily a migration corridor. 
Santa Paula and Sespe Creeks are the main steelhead spawning tributaries, though 
Hopper Creek may also provide some spawning habitat.  Piru Creek historically was a 
major spawning tributary but Santa Felicia Dam now blocks steelhead access.  Little is 
documented about the resident trout populations in the tributaries, their location, the 
quality, quantity, or location of habitat, or the extent of the exotic fish predator threat 
from bullhead catfish, bullfrogs, green sunfish, and small and large mouth bass.     
 
The Santa Clara River estuary has been significantly altered, and these changes 
may be impacting steelhead smolt survival. 
A significant portion of the original Santa Clara estuary has been filled by adjacent 
development.  Additionally, between seven to ten million gallons of nutrient-rich effluent 
are released per day into the estuary from the City of San Buenaventura’s Wastewater 
Treatment Plant.   While it is unknown to what extent Santa Clara River smolts used the 
estuary historically, it has been demonstrated that northern and central coast steelhead 
smolts use estuaries to gain size and acclimate to the higher concentrations of salt in 
ocean water.  The impact of these changes on Santa Clara River steelhead smolt 
survival is unknown.      
 
There are very few adult steelhead trout that have been counted making their way 
upstream in the Santa Clara River over the past ten years.   
However, the number of smolts observed emigrating out of the system has increased by 
an order of magnitude over the same period.  This indicates that there is natural 
reproduction of Oncorhynchus mykiss in the Santa Clara River watershed, and that if 
migration and habitat issues can be addressed there is a good possibility this fish stock 
can be rehabilitated.   
 
Southern steelhead trout ecology and biology are generally unknown.   
There is little data or information on life history, habitat usage, historical numbers, length 
of time required for up-stream migration, timing of downstream emigration, or the 
population age-class structure for southern steelhead.  The majority of information and 
data regarding steelhead are the result of studies of northern pacific stocks.  While the 
steelhead in southern California have been shown to be genetically and physiologically 
different from their northern counterparts, there is very little data or studies on southern 
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steelhead ecology or biology.  

The LA-Regional Water Quality Control Board is establishing TMDLs (Total 
Maximum Daily Loads) for the Santa Clara River in order to lower the amounts of 
excess chlorides and other pollutants in the river.    
A chloride TMDL of 100 mg/L, has been established for the upper river.  Other TMDLS 
scheduled to be determined are:  toxaphene, fecal coliform, and nitrate.   

Methods and Sources 
The sources for the documents and data obtained during this investigation included the 
Mark H. Capelli Southern California Steelhead Watershed Archive at the University of 
California at Santa Barbara’s Davidson Library, the United Water Conservation District’s 
(UWCD) library in Santa Paula, various websites on the Internet, and a variety of 
individuals.  The documents that are a part of this summary are listed in the 
bibliography.     
 
In addition to the documents, in-person or telephone interviews were conducted with 17 
individuals who were familiar either with the Santa Clara River or southern steelhead.  
The findings from these interviews are incorporated into the Appendix.   
 
The information from these documents and interviews were collated and organized into 
the various sections of the Appendix.  The following section discusses the topical areas 
evaluated and potential actions for rehabilitating southern steelhead in the Santa Clara 
River.  The actions discussed below were derived from individual suggestions, from 
work on other rivers, or are the result of conceptual analysis on the part of the author.   
 

Analysis and Priorities 
Potential issues for steelhead on the Santa Clara River were eventually organized into 
four categories:  physical impediments to steelhead passage, steelhead ecology, water 
flow and balance, and point source and non-point source pollution.  The issues 
discussed are either possible challenges that face steelhead on the Santa Clara River, 
ways to address challenges that face steelhead, or represent a lack of knowledge 
regarding steelhead and their environment.   
 
These issues were reviewed and revised at a meeting at the University of California at 
Santa Barbara on May 28, 2003.  Present at that meeting were Mark Capelli, Dr. 
Ramona Swenson, E.J. Remson, Dr. Elise Kelley, and Dr. Mark Reynolds and Dr. Scott 
Morrison via phone.  Each of the issues was discussed in depth and prioritized.  
Reasons for an issue receiving either a high or low priority rating had to do with timing 
associated with it, the capacity of the organizations involved to address the issue, and 
the likelihood that resolution of the issue would increase the number of steelhead 
utilizing the Santa Clara River.   
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Dr. Peter Kareiva, Mark Capelli, Dr. Leal Mertes, Dr. Mark Reynolds, Dr. Scott Morrison, 
Dr. Elise Kelley, and E.J. Remson conducted a final review of the prioritized issues at 
the University of California at Santa Barbara on June 3, 2003. 
 
In general it was realized that there was insufficient information in several areas to 
develop a steelhead restoration plan for the river, and that additional basic information 
was needed.  Issues discussed at the June 3rd meeting are presented below within 
their category and as action items.  The items determined as having the highest priority 
are discussed in greater depth following the initial presentation.   
 

I.  Physical Impediments To Steelhead Passage  
The items in this category are focused on assessing anthropogenic and natural barriers 
to steelhead passage that occur on the river. 
 
The action items are:  
 

1. Encourage California Department of Transportation (Caltrans) to modify the 
apron of the Highway 150 bridge at Thomas Aquinas College.  It has been noted 
that this apron is impassable to steelhead at certain flows, with some jump pools 
being too shallow among other problems.   

2. Encourage the Army Corps of Engineers (ACOE) to repair and/or modify the fish 
passage facility in its flood control project on Santa Paula Creek.  Currently the 
first jump pool in the “ladder” structure of this flood control project is too shallow 
to allow up-stream migrating adult steelhead to enter the facility.   

3. Conduct a Steelhead Cumulative Impact Analysis.  Given the challenges that 
steelhead encounter in their migrations it would be useful to know the amount of 
energy steelhead expend overcoming anthropogenic and natural barriers during 
their migration, and whether that energy expenditure adversely affects their 
reproductive success.  This analysis would include the probability of steelhead 
making it past all barriers and spawning.   

4. Monitor structures on the river to make sure that steelhead can get past these 
barriers. 

5. Evaluate the benefits on steelhead passage of reducing sedimentation to Santa 
Paula Creek from Mud Creek.  

6. Evaluate the role of sediment transport in the mainstem of the Santa Clara River, 
in steelhead migration. 

7. Inventory and assess all physical barriers to steelhead passage within the 
mainstem of the Santa Clara River and on all major tributaries. 

 
Of these potential actions, three have been selected as priorities.   
 
Encourage Caltrans to modify the apron for the Highway 150 bridge at Thomas 
Aquinas College.   
As of spring 2003, Caltrans had the funding available to correct this problem; however 
no action has been taken to remedy the situation.   
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Encourage ACOE to repair the first step in the ladder for the flood control project 
near the mouth of Santa Paula Creek. 
At least an interim solution to the problem does not appear to be involved or costly.  The 
first jump pool needs to be deepened by drilling and then reformed to prevent sediment 
accumulation.   
 
Inventory and assess all physical barriers to steelhead passage. 
It is unclear how much of a barrier the various diversions, flood control projects, and 
other facilities along the mainstem of the river or its major tributaries, present to 
steelhead passage.  There is also the potential for natural barriers to occur.  A barriers 
analysis would provide an understanding of the obstacles that affect the steelhead run, 
and a list of the actions that could be taken to eliminate or modify those obstacles.   
 

II.  Steelhead Ecology 
The primary objective of these actions is to increase the understanding of southern 
steelhead trout ecology, especially the populations within the Santa Clara River 
watershed.  
 
The eleven actions discussed include: 
 

1. Assess the steelhead and rainbow trout population structure (age-class numbers 
and distribution, genetic make-up, etc.). 

2. Study the in- and out-migration ecology of southern steelhead (timing and 
duration of adults and smolts, acclimation time in estuary, etc.). 

3. Characterize and evaluate steelhead habitats (spawning, rearing, and refugia) on 
Santa Paula, Hopper, Sespe Creek, and Piru Creeks. 

4. Identify non-native and native predators of southern steelhead, and survey 
population numbers, sources, and locations. 

5. Assess smolt utilization and survival in the estuary.   
6. Evaluate how the fish counters work at the Harvey and Freeman diversions and 

what, if anything, can interfere with a reliable count being obtained. 
7. Compare how many adults spawn in other southern California rivers, along with 

egg, fry, and smolt numbers.  This would provide general information regarding 
the southern steelhead population and would help put fish counts on the Santa 
Clara into perspective.   

8. Study the ocean ecology of southern steelhead and their degree of straying from 
their natal streams. 

9. Acquire properties in the tributaries that contain pristine or restorable steelhead 
habitat in order to protect spawning and rearing areas. 

10. Assess the native gene pool of resident fish to determine the degree of 
introgression between native southern steelhead and descendants of hatchery 
trout.   

11. Research historical evidence regarding steelhead runs in the Santa Clara River 
prior to 1955.  
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Of these eleven actions, six were selected as priorities.   One other is discussed 
because it is going to be conducted by the NMFS. 
 
Assess steelhead and rainbow trout population structure. 
Locate and evaluate habitat on Santa Paula, Hopper, Sespe, and Piru Creeks. 
Assess smolt utilization of and survival in the estuary. 
Identify non-native and native predators, population numbers, sources, and 
locations. 
 
These four actions were condensed into the single action of conducting habitat and 
population surveys in three of the tributaries (Santa Paula, Hopper and Sespe Creeks) 
and the estuary.  The surveys will provide baseline information on trout survival, threats, 
and actions necessary to reduce those threats.  It will provide the location of land within 
the tributaries that are good candidates for restoration.  These actions were selected as 
priorities and are therefore discussed in the later section on habitat and population 
analyses in more detail.   
 
Evaluate how the fish counters work at the Freeman and Harvey diversions. 
It would be helpful to understand more clearly how effectively the fish counters operate, 
and what, if anything, might interfere with a reliable fish count.  
 
Assess native gene pool in resident fish. 
The NMFS will be conducting genetic studies of steelhead trout throughout southern 
California in the summer of 2003 and in the future.  The Santa Clara River will be 
included in these genetic assessments with collections being conducted in Piru, Sespe, 
and Santa Paula Creeks. 
 

III.  River Water Flow and Balance 
The objective of these actions is to evaluate water flow and balance in the river and 
determine sufficient flows for steelhead passage. 
 
1. Assess and model water flow and usage for the mainstem and tributaries 

a. Determine when and for how long connectivity exists between the 
tributaries and the mainstem. 

b. Determine the amount of flow from Sespe, Santa Paula, and Piru creeks. 
c. Determine the amount of water historically available to steelhead from 

November to May. 
d. Determine the location and number of wells and diversions, and the 

amount diverted or pumped from the mainstem and the major spawning 
tributaries. 

e. Develop a water budget:  determine how much surface water flow there is 
in normal years and in drought years, how much comes from the State 
Water Project; and how much water has been appropriated to support out-
of-stream uses. 

f. Determine how much water is used residentially, agriculturally and 
industrially. 
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g. Determine the effects on surface flows in the mainstem of the Santa Clara 
River resulting from the current pattern of releases from Santa Felicia 
dam. 

h. Model the amount of water necessary for steelhead to make it up and 
down the river and over what time periods. 

2. Evaluate the suitability of different levels of flow downstream of the Vern 
Freeman Diversion to pass adult steelhead, with particular attention to flow depth 
and width.  Until 2003 after a major storm when the river had dropped below 415 
cfs, UWCD released 40 cfs for the first 24 hours post-storm, and 20 cfs for the 
second 24 hours after a storm.  However it is unclear that this is enough water for 
a long enough period of time to allow steelhead migration to occur from the 
estuary (the distance from the estuary to the diversion itself is approximately 11 
miles).   UWCD has begun changing its flow regime to release more water post-
storm, and this action will provide an evaluation of the ability of fish to make it 
from the estuary to the Vern Freeman Diversion. 

3. Consider buying water rights on the mainstem and tributaries.  Buying water 
rights might position The Nature Conservancy (TNC) to negotiate with UWCD to 
allow that water to remain in the river for fish passage, or to allow UWCD to take 
that water in the summer, but pass more along in the winter when steelhead are 
migrating.  This idea has not been discussed yet with UWCD, and the details of 
whether and how it could work are unknown.     

4. Inventory the types of crops in the valley (which are increasing or decreasing) 
and determine the amounts of water used by each. 

5. Once the types of crops and water usage are determined, assess whether a 
demonstration project using soil sensitive irrigation equipment would be 
appropriate. 

6. Assess potential for water saving measures such as xeriscaping; use of 
reclaimed water; water metering where it isn't currently being used; and 
consumer water saving fixtures. 

7. Assemble a diverse working group that would evaluate sustainable water 
management in the Santa Clara River valley. 

 
Of these eight actions only the first one was determined to be both a priority and within 
the scope of The Nature Conservancy.  This action would be conducted in two parts.  
The first being a water balance and assessment of inflows and outflows to the Santa 
Clara surface and groundwater resources.  The second would be a hydrological 
analysis with models to assess the amount of water flow necessary in all lower 
segments of the river in order to provide sufficient water for steelhead passage during 
the winter months.   
 
For the purposes of re-licensing the hydro-facility at Santa Felicia Dam, UWCD is 
studying the effects of different levels of water releases.  While the scope of this work is 
limited and is unlikely to provide a comprehensive review of fish flow requirements for 
the Santa Clara River, it should provide some data on the effects of certain release 
levels.    
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IV.   Point source and non-point source pollution 
The objective of these actions would be identify and evaluate the sources of pollutants 
into the mainstem of the Santa Clara River, and major tributaries. 
 
The potential actions include: 

1. Conduct water testing near landfills and wastewater recovery plants (WRPs) to 
determine if there is pollution or leaching.   

2. Determine where and when water quality assessments are taking place in the 
tributaries. 

3. Support the Los Angeles Regional Water Quality Control Board’s designation of 
the Santa Clara River as a Significant Natural Resource.  Obtaining such a 
designation for the Santa Clara River would be akin to a beneficial use 
designation and would limit the permissible hydrologic and water quality impacts 
of further urbanization on the watershed. 

4. Assess contribution of non-point sources of pollution, including fine sediments 
stemming from various land use practices such as developments and agricultural 
crops on steep slopes. 

5. Conduct a survey for evidence of species existing in the estuary prior to the 
presence of the wastewater treatment plant.  

6. Summarize all water quality assessments on the Santa Clara River and identify 
gaps in collecting areas and tests. 

 
Of these five actions, none was identified as being as critical to steelhead trout 
restoration as those prioritized above.  Non-point sources of pollution, particularly find 
sediments, may limit rearing in some tributaries.  These are issues that should be 
investigated, but were determined to be beyond The Nature Conservancy’s current 
scope.   
 

The Priority Actions 
The three major actions that were selected as high priorities and that merit a more 
detailed discussion are habitat and population assessments, a steelhead barriers 
assessment, and water flow and management.   
 

Habitat and Population Assessments  
The objective of these assessments would be to provide baseline information regarding 
steelhead populations and habitat within the lower sections of the Santa Clara River, 
and major tributaries.   Currently there is no baseline information on steelhead habitat or 
population structure that can be used for decision-making or to promote change in the 
facilities or activities that adversely affect steelhead within the watershed.   
 
The main purpose of the assessments would be to document steelhead ecology.  This 
would include gathering information on:  
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 Steelhead and resident rainbow trout age-class structure, density, genetic 
structure, and location 
 Numbers and locations of predator species 
 Location, quality and quantity of habitat, and habitat carrying capacity 
 Quality and state of estuarine habitat 
 Smolt utilization of and survival in the estuary 

 
These assessments would be from the county line to the mouth of the river, including 
the tributaries and the mainstem.   
 
This information would provide the foundation for monitoring the state of steelhead 
within the Santa Clara watershed, the basis for generating a list of potential lands for 
acquisition and/or restoration, and a list of activities related to improving the steelhead 
run.  
 
Some of the issues that could arise with this study are gaining access to lands in order 
to conduct the surveys, difficulty conducting surveys on Sespe Creek due to the rugged 
terrain, and finding a cost-effective method of evaluating smolt utilization and survival in 
the estuary. 
 

River Barriers Assessment 
The objective of a river barriers assessment would be to identify both anthropogenic 
and natural impediments to steelhead passage.  There are a number of known partial 
and potential anthropogenic barriers to steelhead passage on the mainstem and on the 
tributaries.  There are also potential natural barriers within the mainstem and at the 
confluences of the mainstem and each tributary.  A barriers analysis would provide: 
 

 An inventory of all barriers, natural and manmade.  
 An analysis of each individual barrier and specific problems related to that 

barrier.  
 
The information from this assessment would be the first thorough, independent 
evaluation of the barriers to steelhead migration on the Santa Clara River.  The likely 
biggest challenge facing steelhead on the Santa Clara River is being able to complete 
their migration runs, both as adults migrating to spawning areas, and as juveniles 
emigrating to the estuary and the ocean.  Without an understanding of the challenges 
and obstacles that steelhead encounter during their migrations, it will be very difficult to 
rehabilitate a significant run of steelhead in the Santa Clara River.   
 

Water Balance and Flow 
Another obstacle to steelhead migration is a lack of adequate surface flows (timing, 
level and duration) during the migration season.  The water balance and hydrology of 
the Santa Clara River have not been studied outside of a commercial or human use 
context.  A study of water flow and the natural and anthropogenic impacts on water 
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availability would assist in the development of a hydrologic regime that meets both 
steelhead and human needs.    
 
Information on rainfall and pumping would be available from Ventura County Watershed 
Protection District and UWCD.  UWCD has also done some modeling of groundwater 
and surface water interactions.  A cooperative working relationship with the water 
agencies is important if we are to find a workable solution for all.   
 
The deliverables associated with this work would be: 
 

1. A mass water balance spreadsheet checked against existing data and 
information that encompasses the current flow scenario including information on 
water rights, inputs, outputs, wells, diversions, and trading.  Alternative scenarios 
would also be considered for critical high and low water years.   
 

2. A hydrologic model of flows on the Santa Clara River and scenarios for water 
management.  These scenarios will determine amount of water needed for fish 
passage up to and including Hopper Creek.   

 

Conclusion 
A significant amount of information regarding the Santa Clara River and its steelhead 
populations has been compiled and synthesized through this effort.  The main 
conclusions from that effort are that steelhead face three major challenges to increasing 
their population size and spawning runs.  The first is a lack of adequate flows to reach 
prime spawning and rearing areas in major tributaries.  The second is impacts on 
migratory, spawning, and rearing habitats from anthropogenic changes to the river such 
as flood control structures, water extraction facilities, the alteration of the estuary, and 
the introduction of exotic fish predators.  The third challenge is a general lack of detailed 
information on the amount, location, and quality of spawning and rearing habitat.  In 
order to assess the level of threats that these challenges represent, and to establish a 
foundation of knowledge regarding steelhead in this river the following it is proposed 
that the following be done: 
 

1. An analysis of barriers to steelhead migration, 
2. An assessment of the water balance and amount of water flow needed for 

steelhead passage, and  
3. A steelhead habitat and population density survey. 
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A Brief Introduction 
 
This appendix synthesizes information gathered during a 9-month investigation into the 
state of steelhead trout on the Santa Clara River.   Much of the information contained 
here is directly quoted from the original material.  Seventeen people were also 
interviewed and their comments along with comments from other conversations and 
emails are noted as “personal communication”.   
 
Citations are provided for almost all the material with the references listed in the 
bibliography.  The citation for a source generally follows the last sentence in a bulleted 
paragraph when all the information is from one source.  Where different sources are 
used in a paragraph, the citations are contained within the relevant sentence.   
 
In general, the Appendix chapters conform to the following format:   
 

1. Issues – a summary of the most important issues related to that topic.  Issues 
are not listed in any particular order. 

2. Potential research questions – a list of research areas and action items for that 
topic 

3. Section I. Santa Clara River – information specific to that topic and the Santa 
Clara River 

4. Section II. General Information – information specific to that topic, but more 
general in geography or scope than Section I.  

 
Subheadings are contained within both Sections I and II, in order to better organize the 
material. 
 
The information presented here was gathered from a variety of sources and these 
sources do not always agree with each other.  The purpose of the Appendix is not to 
choose amongst these sources, but rather to present published reports or informed 
opinions regardless of their agreement.   
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Conceptual Model of Steelhead Trout on the SCR
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Santa Clara River Timeline 
1769 Observations by Father Juan Crespi of tall and thick cottonwoods and 

oaks in the Santa Clara riverbed.  He described it as an arroyo with a 
great deal of water which runs in a moderately wide valley, well grown 

with willows and cottonwoods. 1 
1769 Father Juan Crespi names the river after Saint Clare of Assisi who had 

an upcoming feast day.1 
1785 San Buenaventura Mission established by Spanish priests.1 

1820s – 1860s Livestock raised on large rancheros. 1 
1842 Gold mining begins. 1 

Mid-1800s 870 acres of estuary are estimated to have existed at the mouth of the 
river. 1 

1850s Timber and willows along the creek filled the whole valley between the 
ridges on either side; freshwater marsh in the same region.1 

1860s Euro American immigrants began arriving. 1 
1870s Agriculture and oil; dry farming techniques. 1 

1870’s through 
the end of WWI 

Arrival of Euro-American immigrants results in increasing control of 
water usage and land for agriculture. 1 

1870s First artesian wells drilled in the Oxnard Plain.1 
1876 Main line of the Southern Pacific railroad completed.1 
1883 Water quality lowered by livestock waste; increased erosion resulting 

from grazing of riparian groundcover.  Lowell Hardison recalled, “the 
valley was so full of dust that South Mountain was only an outline 

against the sky.  The SCR became a dry bed of sand.”1 
1887 A Southern Pacific branch line extended from Newhall west down the 

length of the river to Ventura.1 
1890s Demand for water in Oxnard reduces water pressure and first pumps 

are installed.1 
Early 1900s Over 16,000 acres irrigated by the surface flows.1 

Prior to 1910 Harvey Dam built.2 
1917 29,000 acres of orchard land in Ventura County.1 

Before 1920 Lowlands in the Oxnard Plain had a high water table.1 
1918 – 1934 Increased use of groundwater.1 
Mid-1920s Water rights becoming an issue.1 

1920s Increased urban demand for dairy products led to increased planting 
of alfalfa for cattle feed.1 

March 12, 1928 St. Francis Dam disaster.1 Reshaped the topography of valley lands.3 
1928  Water diversion commences east of Saticoy; precursor to Vern 

Freeman Diversion12 
1930s Seawater intrusion becomes an issue on Oxnard Plain.1 
1938 Large flood, over 100, 000 cfs.1 

1939 - 1969 Harvey Dam fish ladder operational.2 
Early 1940’s Fish hatchery at Fillmore opened.1 

1944 21,000 steelhead from Santa Ynez river were planted in the Santa 
Clara lagoon.4 

1930s and 1940s SCR estuary large; fresh/saline mixture; surrounding vegetation/ 
saltgrass, etc. variety of flora and fauna including smelt/grunion, etc.5 

1930’s to today Loss of riparian thickets along gravel bars and floodplain; especially 
near aggregate extraction operations downstream because of lowered 

water tables from mining and natural scouring.1 
Pre-1946 Large numbers of huge basking sharks started arriving in Pierpont Bay 

during the summer months.6 
1946 Basking sharks in Pierpont Bay killed for industrial use (fertilizers, 

vitamins, etc.).6 
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1946 Water district started diverting water at the Saticoy Spreading Grounds 
during the winter months.7 

1949 107,689 irrigated acres in Ventura County.1 
Late 1940s Many farms were under 100 acres.1 

1950 66,000 acres of orchard land in Ventura County.1 
1955 Santa Felicia Dam is constructed. 1 
1956 Fillmore WRP comes on-line.8 
1958 Ventura WRP comes on-line. 8 

Post 1950s River bed lowering occurred; sand and gravel extraction intensified.1 
1960s Surface flow had diminished and use of groundwater replaced earlier 

sources.1 
1964 Interstate 5 constructed; Valencia development announced.1 
1965 SCR surface flows irrigated 2,500 acres because of reduction of 

surface flow.   Same amount irrigated in 1969. 1 
1966 Valencia WRP comes on-line.8 
1969 Urban use of water along SCR is 39% of local water service.1 
1969 Largest natural flood on the river.9 

1970s/80s A red line was created that limited mining in the river.1 
Pre-1977 Cool, nutrient-rich ocean phase with high ocean salmon productivity.10 
Post 1977 Low-production warm ocean phase.10 

1978 Large flood, over 100, 000 cfs.9 
1980 UWCD proposes the Pumping-Trough-Pipeline and the permanent 

Freeman Diversion to solve seawater intrusion problem.1 
1983 Large flood, over 100, 000 cfs.9 
1989 Vern Freeman Diversion fish ladder and intake screens installed.2 
1986 Department of Water Resources – protested that the finding of three 

adult steelhead did not constitute a “run” and that all water should be 
diverted from the river to UWCDs percolation grounds.11 

1991 VFD fish ladder and screen become operational.12 
1991 Mobil spill.  Pipeline ruptured most likely from poor maintenance, oil 

flowed toward and into the river, in same general area as the later 
Arco spill.  Settlement recently arrived at with Exxon/Mobil.  ~$2.7M 1 

1992 Large flood, over 100, 000 cfs.9 
1992 31.5 miles of the Sespe is designated as Wild and Scenic.13 
1992 Saugus WRP comes on-line.8 
1994 Arco spill.  Pipeline rupture as result of Northridge Earthquake.  

Settlement ~7.5M, at $9M as of 1995 due to interest accumulation.1 
1995 Large flood, over 100, 000 cfs.9 

As of 1995 There were cattle operations near Piru and in Los Angeles County with 
occasional cattle drives crossing the river.1 

References 
1. Schwartzberg and Moore 1995 
2. National Oceanic and Atmospheric Administration and National Marine Fisheries Service 

2000 
3. Taylor 1994, as cited in Schwartzberg and Moore 1995 
4. Carpanzano 1996 
5. Henke 1995 
6. Henke 1970 
7. Outland 1971 
8. Pers. comm. with respective WRP agencies/departments, 2003 
9. Santa Clara River Project Steering Committee 1996 
10. Reinard 2002 
11. Kennedy April 1986 
12. Pers. comm.  Murray McEachron 
13. Blecker 1997 
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Santa Clara River Watershed Factsheet 
 

Headwaters Pacifico Mountain in the San Gabriel Mountains 

Watershed Area: 1,600 square miles 

Naturally Occurring Waterways:  2623.92 miles 

Percentage of Free Flowing River Miles:  94 
Size 

Percentage of River Miles in Protected Lands:  21 

  Agua Blanca Creek                         Aliso Canyon                         Bouquet Canyon 
  Canada De Los Alamos                 Castaic Creek                         Elizabeth Lake Canyon 

  Gormon Creek                                Lockwood Creek                    Mint Canyon  

  Piru Creek                                      Santa Paula Creek                 Sespe Creek 

Main tributaries 

  Seymour Creek                              Snowy Creek                          Hopper Creek 

Average annual precipitation Mean annual precipitation ranges from approximately 8 inches in the easternmost part of the watershed 
to more than 34 inches near the headwaters of Sespe Creek. 

Protected Lands: 20% 
Land   47 percent, or 480,000 acres of land in the watershed is publicly owned (the Los Padres and 

Angeles National Forests) 

7 
Vern Freeman, a diversion dam 

Bouquet Canyon Reservoir (1934; 628 acres) 
Pyramid and Castaic dams control about 37% of the watershed.   Castaic Lake is created via an 

earthen dam across Castaic Creek (324,000 AF) 
Lake Piru (used for groundwater replenishment) 

Castaic Lagoon (197 acres) 

Dams  

Dry Canyon Reservoir (1,313 AF) is the terminus for the West Branch of the California Aqueduct. 

Species Number of Special Status Species: 26 
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Faults Santa Clara River Valley Fault Lines: San Gabriel and Holser 

Sea water intrusion New facilities and management practices introduced in the 1980s and 1990s slowed seawater intrusion
Harbor Blvd. to the U.S. Highway 101 Bridge:   

riparian woodland 
riparian scrub 

small pockets of Arundo donax 
Highway 101 to Saticoy 

vegetation sparse 
small pockets of riparian/oak woodland habitat 

 areas infested with Arundo donax 
Saticoy to Santa Paula 

southern willow riparian woodland 
coastal sage scrub 

coast live oak woodland 
 large Arundo donax infested areas 

Santa Paula to Fillmore 
vegetation changes to large concentrations of alluvial scrub 

watercress 
southern willow scrub 

 large concentrations of Arundo donax 
Fillmore to Piru 

alluvial scrub  
Piru to the Ventura/Los Angeles County line  

southern willow scrub 
southern willow riparian woodland 

Habitat 

Los Angeles County line to the upper reaches 
alluvial scrub 

southern willow riparian woodland 
alluvial scrub 

 southern willow scrub 
*Main data sources for table were the Southern California Wetlands Recovery Project Information Station on-line at http://www.wrpinfo.scc.ca.gov/, Santa Clara River Enhancement 
and Management Plan (SCREMP) documents, and the McGrath State Beach Natural Resources Management Plan (April 2003). 

 26

http://eureka.regis.berkeley.edu/wrpinfo


 

Sespe Creek Subwatershed Factsheet 
 

Headwaters Northwestern corner of the Ojai Ranger District near Ventura/SB County boundary 

Size 207,700 acres 

Major tributaries Lion Canyon, Hot Springs Canyon, Timber Creek, West Fork Sespe Creek  

Small tributaries Abadi, Adobe, Cherry, Ladybug, and Burro Creeks 

Average annual volume 
Near Wheeler Springs was 10,000 AF from 1947 to 1985. 

Near Fillmore was 86,220 AF from 1927 to 1985. 
Sespe Creek contributes 40% of the total natural runoff in the Santa Clara River Basin 

Campgrounds 
Land uses 

Urban (the City of Fillmore) and agricultural development 

Water quality Affected by the older marine sedimentary rocks.  Hot Springs Creek is a major source of fluoride, chlorine, and 
boron. 

Habitat 
Established in 1992, the 219,700-acre Sespe Wilderness Area encompasses 31.5 miles of Sespe Creek and 
contains a 53,000-acre Sespe Condor Sanctuary.  31.5-mile reach of Sespe Creek from its confluence with 

Rock Creek and Howard Creek downstream to where Sespe Creek leaves Section 26, Township 5 N., Range 
20 W. of the Fillmore USGS Quadrangle map. 

Common wildlife species observed within the subwatershed include black bears, deer, mountain lions, bobcats, 
coyotes, rattlesnakes, red-tailed hawks, and golden eagles. Black bear populations have maintained their 

numbers at a relatively constant level over the past few decades. 
Arroyo toad largest surviving populations:  15 miles of Sespe Creek from the mouth of the Tule Creek 

downstream to the Hot Springs Canyon vicinity 
Vireo and Flycatcher recovery:  efforts have been focused at the mouth of Sespe Creek near the Fillmore Fish 

Hatchery 

Cowbird control:  brood parasitism by cowbirds fell to less than 10%, with none detected since 1993 

Species 

Southwestern willow flycatcher:  recovery team under leadership of the USFWS. 

Fillmore Wastewater 
Treatment Plant 

Discharges 1.33 million gallons per day of treated domestic and industrial wastewaters, and constitutes a threat 
to surface water quality in the lower Sespe Creek and Santa Clara River 

*Main data sources for table were the Southern California Wetlands Recovery Project Information Station on-line http://www.wrpinfo.scc.ca.gov/, and Santa Clara River Enhancement 
and Management Plan (SCREMP) documents. 
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Santa Paula Creek Subwatershed Factsheet 
 

Headwaters Springs are on the southern slopes of the Topatopa Mountains in Los Padres National Forest.  The headwaters 
are located near Hines Peak at an elevation of approximately 6,704 feet above MSL 

Size 45-square miles or 75,050 acres 
Tributaries Sisar Creek, Mud Creek 

Average annual 
precipitation 17.43 inches 

112 AF from 1927 to 1932 
300 AF from 1949 to 1985. Average 

annual volume 
No flows were recorded for long periods in most years 

Land Uses Residential development, campgrounds, fishing, swimming, hiking 

Good but not considered potable. 

High amounts of suspended clays, presence of natural oil and sulphur seeps (Sulphur Springs area). Surface water 
quality High biological oxygen demand believed to originate from anthropogenic sources (septic system leacheate and 

recreational uses at Steckel Park). 

Habitat The natural communities present in the Santa Paula Creek subwatershed include riparian woodland, riparian 
scrub, coast live oak-walnut woodland, coastal sage scrub-grassland, and chaparral.  

CalTrans bridge for highway 150 near the Thomas Aquinas College.  Footings for bridge are in a concrete 
apron just below the confluence of Santa Paula and Sisar Creeks. 

Harvey Diversion:  Santa Paula Water Works, Ltd. Recently sold this diversion to Canyon Irrigation District.  
The diversion occurs approximately 1,000 feet south of Steckel Park just below a USGS gauging station and 

just upstream of the confluence with Mud Creek. It is a source of water for the City of Santa Paula.   The 
diversion was built in 1923 and the fish ladder was recently rebuilt in 2000 on the southern wall of the 

approximately 30-foot dam. Downstream of the dam, the creek is deeply eroded for approximately one mile. 

A flood control channel built and operated by the ACOE.  Occurs just prior to the confluence with the mainstem.

Structures 

Three road crossings consisting of fill with culverts occur within the streambed of the Santa Paula Creek 
*Main data sources for table were the Southern California Wetlands Recovery Project Information Station on-line at http://www.wrpinfo.scc.ca.gov/ and Santa Clara River 
Enhancement and Management Plan (SCREMP) documents. 
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Piru Creek Subwatershed Factsheet 
 

Headwaters Lockwood Valley located northwest Los Angeles and approximately 25 miles northeast of the City of Ventura.

Size 318,000 acres 

Tributaries Lockwood, Alamo, Seymour, Amargosa, San Guillermo, Agua Blanca, and Fish Creeks 

Average annual volume Above Lake Piru, from 1956 – 2001, average annual streamflow:  66.8 cfs  

Land uses Camping, cattle grazing, urban development, citrus, avocado, pasture, small grains, and alfalfa 

Water Quality 
Threats include waste discharges from the Gorman Water Pollution Control Plant and Pyramid Power Plant; 

agricultural returns to the Pico Formation near the mouth of Piru Creek. Approximately 60,000 gallons of 
domestic wastewater is treated and discharged per day to the Peace Valley area. 

The upper portion of the subwatershed is rugged, undisturbed terrain located in the Los Padres National Forest.
Open valleys and steep gorges before the Pyramid Lake Reservoir. Below Pyramid Dam scattered riffle-pool 

formations.   
Habitat Oaks, pines, fir, and juniper species occur above 5,000 feet while cottonwood, and willow communities occur 

within the streambed and near springs. Seasonal grasses are dominant on the soils formed on finer grained 
sedimentary rocks and alluvium. Adjacent upland terraces are relatively arid, supporting oaks, grassland and 

chaparral. 

Dams 
Pyramid Dam built in 1973; impounds water from the State Water Project (SWP) and subwatershed runoff.  

Santa Felicia Dam was built in 1955 and impounds runoff from the subwatershed. Approximately 87,000 acre-
feet (AF) of water are stored in Lake Piru. 

Vegetation throughout lower Piru creek consists of white alders (Alnus rhombifolia), California sycamores 
(Platanus racemosa), arroyo willows (Salix lasiolepis), coast live oak (Quercus agrifolia) and mule fat 

(Baccharis salicifolia). The dominant overstory is alders and sycamores, with some portions being dominated by
coast live oaks. The midstory is composed of smaller willows, mule fat, and poison oak (Toxicodendron 
diversilobum), with and understory of the aforementioned species as well as California wild rose (Rosa 

californica), California blackberry (Rubus californicus), cattails (Typha sp.), and other herbaceous species. 
Middle section of Piru creek (between Pyramid and Lake Piru) contains a wide diversity of aquatic species 

including abundant rainbow trout. Piru Creek has been stocked by the CDFG with small rainbow trout 
(Oncorhynchus mykiss) since the early 1950s.  Stocking of fingerling brown trout (Salmo trutta) stopped in the 

late 1970s. 

Species 

Black bear; southwestern willow flycatcher, least Bell's vireo, Cooper's hawk (Accipiter cooperii), arroyo toad, 
and California red-legged frog are either known to occur or potentially occur within subwatershed.  

Hydrology Flow on Piru Creek is controlled by Pyramid and Santa Felicia Dams, which serve as both flood control and 
water supply reservoirs. 

*Main data sources for table were the Southern California Wetlands Recovery Project Information Station on-line http://www.wrpinfo.scc.ca.gov/, the California Department of Water 
Resources, and Scott, K., J. Ritter, and J. Knott. 1968. Sedimentation in the Piru Creek Watershed, Southern California: U.S. Geological Survey, Water-Supply Paper 1798-E, 48 p. 
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Ecology and Population of Steelhead 
Issues 

1. Steelhead ecology and biology are poorly known in this river.  There is 
little current data or information on life history, habitat usage, historical 
numbers, length of time to migrate, etc.   

2. The utilization of the estuary by smolts is undocumented.  Currently the 
estuary is shallow, lacks cover, is ¼ of its historical size, and the gravel 
bed has been covered by silt - removing food sources for smolts.   

3. Southern steelhead ocean ecology is virtually unknown. 
4. The most likely major cause of steelhead population decline in the SCR 

was the increase in water diverted at the Vern Freeman Diversion 
beginning in 1950s when it was operated without a fish screen (i.e. a 
significant majority of smolts and spawned adults were diverted into the 
percolation ponds and died) until 1991.  Other potential impacts were 
increased use of water by agriculture and increased aggregate mining. 

5. Sespe Creek harbors the largest and highest quality spawning opportunity 
for steelhead on this river.   

 

Potential Research Questions 
 Assess habitat quantity and quality in Santa Paula Creek, Sespe Creek, 

and Piru Creek including summer water temperatures, oxygen levels, etc. 
 Assess carrying capacity of each of the tributaries in terms of food, habitat 

and water temperature. 
 Investigate steelhead tolerances to turbidity, and water temperature. 
 Assess historical use of river and estuary by smolts.   

o How has the changing water chemistry in the estuary likely affected 
smolt utilization?   

o What is the overall condition of the estuary? 
o How much suitable estuarine habitat is available for smolts?   
o How easily and quickly do smolts adapt to the estuary and then to 

the ocean?   
o How much time do smolts spend in the estuary?   
o What is an optimal size for ocean-going smolts?  Do smolts in the 

SCR reach the necessary size in one year or do they need 
additional time in the estuary?   

o Is there a beneficial level of freshwater input to the estuary? 
 A count at the estuary of the number of smolts making it to the ocean, by 

size and sex.  
 Where in the ocean do steelhead trout go?  How well do they survive?  

What affects their population/survival? 
 What is SCR’s transportation efficiency?  Do adults/juveniles get caught in 

shallows or hydrologically disconnected reaches and experience high 
mortality rates?   
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Section I.  Santa Clara River 

Fish Counts 
 In 1997 there was a high kill of smolts in the out migrant trap at the VFD.  

UWCD and DFG took scales and used the opportunity to sex fish.  There 
was an extremely skewed sex ratio with females making up 85 - 90%.  
The normal ratio in other rivers has been 1:1.  Similar results to these 
found at VFD have also been found in Central Valley Coho salmon.  It is 
unclear why the skewness occurred – it could have been an 
unrepresentative sample, or it could have been some effect of 
temperature that caused the females to smoltify and emigrate 
downstream, but not the males, etc.  (Robert Titus, California Fish and 
Game, pers. comm. November 2002) 

 Probably more than 1% of smolts make it back to spawn in general 
(Robert Titus, California Fish and Game, pers. comm. November 2002).  
Shapovalov and Taft (1954) stated that 3.5% made it back on Waddell 
Creek. 

 Prior to 1954 the DFG required a screen over the VFD headworks to 
prevent the induction of downstream migrant steelhead.  However after 
Jack White, the DFG warden who worked on the Santa Clara, retired the 
seasonal installation and maintenance of the screen was allowed to lapse.  
This change in operations, plus the enlargement of the diversion works, 
increased groundwater pumping, and the construction of reservoirs on the 
Piru and Castaic Creek tributaries led to a sharp decline in the SCR 
steelhead fishery in the late 1950s.  (Capelli 1983) 

 The size of the SCR drainage has been used to make some run-size 
estimates.  A reasonable estimate is on the order of 1,000s of fish.  
(Robert Titus, California Fish and Game, pers. comm. November 2002) 

 About 1946 the UWCD district started diverting water at the Saticoy 
Spreading Grounds during the winter months.  Local historian Charles 
Outland never personally saw a native run trout after that time.  (Outland 
1971).   

 1946 was the beginning of one of the worst droughts on record (Murray 
McEachron, United Water Conservation District, pers. comm.  January 
2004).   

Migration timing   
 In general, upstream migration of adult steelhead occurs from January 

through March.  Downstream emigration of smolts and spawned out adult 
steelhead occurs from April through June.  (Moore 1980c) 

 Flow and hydrology are historically inconsistent throughout the SCR 
watershed.  Both upstream and downstream migrating fish have likely 
developed migration behavior that accounts for the relatively short 
“migration windows” common to Southern California river systems (Rick 
Rogers, pers. comm. December 2003) 
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Return spawners 
 It is unknown how likely SCR steelhead are to return to the SCR.  

Shapovalov and Taft (1954) found 98% of Waddell Creek spawned 
steelhead returned to their natal creek.  However, flows in southern 
streams like the SCR are less reliable, and make it more likely that these 
fish seek whatever river openings they can find.   

Habitat 
 The mainstem of the SCR acts as a fish migratory corridor.  Adults swim 

upstream and do not linger in the mainstem.  
 Monitoring-oriented instream habitat surveys are difficult to execute in the 

SCR because the channel(s) shift(s) from year to year, along the 
mainstem.  Not a static channel.  Difficult to monitor.  (Matt Carpenter, 
Entrix, pers. comm. November 2002) 

 From above the estuary to the VFD the river is mostly low flows with warm 
water; lacks instream cover and deep pools.  Predominantly sand 
substrate (Matt Carpenter, Entrix, pers. comm. November 2002). 

 Main tributaries on the SCR provided 89 miles of spawning and rearing 
habitat prior to 1948 (Moore 1980c):   

 
Drainage SP creek Sespe Creek Piru Creek 
Mile of historical habitat 11 53 25 
Miles of current habitat 2 47 0 

 

Santa Paula Creek 
 Due to its smaller watershed size, SP creek was historically a minor 

contributor in steelhead runs compared to Sespe and Piru. (Rick Rogers, 
National Marine Fisheries Service, pers. comm. January 2003) 

 Adult steelhead still occur but in low numbers.  Heavily fished.  About 10 –
11 miles of good habitat occurs above the Harvey Dam diversion.  East 
Fork’s habitat limiting factor is turbidity due to extensive mass wasting 
from unstable canyon walls.  (The National Oceanic and Atmospheric 
Administration and the National Marine Fisheries Service 2000) 

 ACOE did a wildlife assessment (invertebrates, fish, birds, etc.) from the 
mouth of SP Creek to Thomas Aquinas College.  Pools, riffles, and glides 
probably not assessed.   

 
 
Sespe Creek  

 Sespe Basin is good rearing and spawning habitat up as far as Cherry 
Creek.   (Buck Yedor, United Water Conservation District, pers. comm.  
December 2002) 

 Sespe is naturally high in total dissolved solids (TDS), which makes for a 
productive aquatic environment.  It is high in calcium and phosphorus.  
Rich macroinvertebrate community.  Stream clears up quickly from a rain.  
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(Mark Moore, California Department of Fish and Game, pers. comm. 
December 2002)  

 Timber Canyon creek is a cool water addition to Sespe.  It has barriers in 
its middle section.  (The National Oceanic and Atmospheric Administration 
and the National Marine Fisheries Service 2000) 

 Coolest tributaries to the Sespe include Pine Canyon, Coldwater, and 
West Fork Creeks with summer temps generally staying below 64F.  
(Blecker et al. 1997) 

 Maintaining migration access to Sespe creek is essential to restoration 
and recovery of southern California steelhead (Matt Carpenter, Entrix, 
pers. comm. November 2002).  Sespe is the main spawning opportunity 
and is regarded as the crown jewel of the system (Rick Rogers, National 
Marine Fisheries Service, pers. comm. January 2003).  

 Below Vantrees property, the Lower Sespe is probably only a migration 
corridor.  (Mark Moore, California Department of Fish and Game, pers. 
comm. December 2002) 

 On Sespe Creek, the most suitable steelhead spawning areas are the 
riffles of the mid to upper section of the Sespe, Lion and Tule Creeks.  
These areas support the highest trout fry densities.  (Blecker et al. 1997) 

 Sespe creek water chemistry suggests a moderately productive aquatic 
community with insects in moderate densities.  (Blecker et al. 1997) 

 On the Sespe there is 134,004 m2 of available spawning habitat, and 
242,270 m2 rearing habitat.  Therefore an estimated 94,772 smolts could 
potentially be supported to smoltification.  These fish would equate to 
approximately 9,472 adults or 2% of the spawning potential of the creek.  
In drought years rearing capacity would be less.  (Blecker et al. 1997) 

 In the Sespe dead wood does not play a significant role as in-stream fish 
cover but it does contribute to the erosion potential of floods.  (Blecker et 
al. 1997) 

 Landslides do not play a long-term beneficial role in supplying the stream 
with bedload materials.  (Blecker et al. 1997) 

 1992 – a major section of Sespe was given protection as a federally 
designated wilderness area, and at the same time a 31.5-mile section was 
given protected status as a Wild and Scenic River.  (Blecker et al. 1997) 

 Sespe watershed includes an unusually high concentration of perennial 
creeks and streams for Southern California.  (Blecker et al. 1997) 

 There is currently no active grazing within Sespe.  (Blecker et al. 1997) 
 There are 6 birds, 1 reptile, and 2 amphibian species listed or proposed as 

threatened, endangered or sensitive, known to potentially occur within the 
Sespe watershed.  (Blecker et al. 1997) 

 There is a general trend of declining riparian vegetation along the 
mainstem Sespe as a result of fires, roads, and trails. (Blecker et al. 1997) 

 Efforts to return the watershed to a more natural or desirable cycle of fire 
return (i.e., more frequent, less large/hot) may be the most significant 
contribution to restoration of steelhead habitat.  Siltation would be 
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lessened and hydrology could be improved to lessen the effects of drought 
and scouring floods.  (Blecker et al. 1997) 

 Water temperatures exceed 60F on the potential steelhead spawning 
areas approximately 20% of the days in Feb – June.  Water temperatures 
regularly rise above 68F during July – September.  Riparian canopies are 
not adequate to moderate summer water temperatures.  (Blecker et al. 
1997) 

 Large boulder material frequently plays the role of large woody debris, and 
water temperatures are locally influenced by upwelling of cooler spring 
water. (Mark Capelli, National Marine Fisheries Service, pers. comm. 
January 2004) 

 Sespe creek and its tributaries (Dvorsky 2000): 
o The dominant habitat variable in the nine subwatersheds 

influencing fish densities was pool depth, and to a certain degree, 
pool volume.   

o Some Sespe tributaries may produce a large number of fry but 
show very few large individuals suggesting the spawning quality of 
the creek is good but other habitat characteristics are poor such as 
food production or temperature.  

o Alder Creek for example has low densities for the smaller trout 
sizes indicating that spawning success was relatively low yet 
densities for higher classes were fairly high suggesting that habitat 
is able to support adult rainbow trout populations in Alder Creek but 
that production of fry and juveniles is low.   Creeks lined by alder 
trees are often associated with year-round surface flow, but 
sediment storage characteristics may limit the supply of gravel 
creating insufficient spawning habitat.   

o In Trout Creek small trout densities are relatively high, yet the 
larger size classes have small amounts of representation.  This 
suggests that Trout Creek provides adequate spawning habitat as 
indicated by its sediment storage characteristics but may provide 
poor rearing and adult habitat.   

 The middle reach of the Sespe is a demanding area to survey because of 
its very ruggedness and inaccessibility.  Hasn't been done utilizing 
systematic survey methods such as the Habitat Suitability Index method.  
Middle reach is the main spawning area, from above and below Alder 
Creek downstream to Devil’s Gate.  Big water, deep ponds.  May require 
diving.  Smolt population is high.  (Maurice Cardenas, California 
Department of Fish and Game, pers. comm. December 2002; Mark 
Capelli, National Marine Fisheries Service, pers. comm.  January 2004) 

 Bear Canyon Creek -1979 - Good habitat (summer nursery) and trout 
numbers in the lower river.  (The National Oceanic and Atmospheric 
Administration and the National Marine Fisheries Service 2000) 

 Lion Creek -1979 - rainbow trout abundant.  (The National Oceanic and 
Atmospheric Administration and the National Marine Fisheries Service 
2000) 
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Pole Creek 
 Natural impassable 30 ft waterfall 3.9 miles upstream of Fillmore city 

limits.  Potential artificial barrier 0.8 miles above Hwy 126.  No fish 
observed in 1992 survey. (The National Oceanic and Atmospheric 
Administration and the National Marine Fisheries Service 2000) 

Hopper Canyon Creek 
 RT observed 1992.   Fair to good spawning and rearing habitat throughout 

upper portions (The National Oceanic and Atmospheric Administration and 
the National Marine Fisheries Service 2000) 

 Hopper Canyon has great wildlife habitat.  Hopper Creek is a good creek, 
but there’s no size to it.  However, the creek has good potential to support 
trout and smolts.  (Maurice Cardenas, California Department of Fish and 
Game, pers. comm. December 2002) 

Piru Creek 
 No steelhead were found below Santa Felicia Dam in 1978 seining survey.  

Abundance of naturally-reproduced RT found in 1987 in reaches near old 
Hwy 99. (The National Oceanic and Atmospheric Administration and the 
National Marine Fisheries Service 2000) 

 Historical data on Piru Creek is spotty at best, but the current headwaters 
(above both Piru and Pyramid Lakes) contain stretches of suitable 
steelhead spawning and rearing habitat.  (Rick Rogers, National Marine 
Fisheries Service, pers. comm. January 2003) 

  Piru Creek contains approximately 30% of the total amount of historic 
steelhead spawning and rearing habitat in the Santa Clara River 
watershed.  (Moore 1980c) 

 

Estuary 
 Estuary is shallow due to siltation; recent seining found no steelhead; lack 

of cover minimizes chances of a successful out-migration of smolts 
(National Oceanic and Atmospheric Administration and National Marine 
Fisheries Service 2000).  Estuarine conditions in the SCR lagoon have 
changed dramatically over the past fifty years (Mark Capelli, National 
Marine Fisheries Service, pers. comm.  January 2004).  In particular the 
natural frequency of lagoon breaching has been disrupted.  Levees, 
decreased river flows, and pollution have impacted the lagoon 
environment (Comstock 1992).   

 The Santa Clara River Estuary formerly consisted of a series of shifting 
river mouths that have now been restricted by development to a single 
location and reduced to approximately 1/4 of its previous aerial extent.  
Prior to the late 1940s when upstream diversions altered the flow regime 
in the lower river, smolts were commonly seen in the estuary waiting for 
the sand bar to breach and allow their emigration to the ocean.  The 
estuary bottom consisted of more coarse sediments than today, which 
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provided a suitable substrate for benthic organisms upon which smolts 
could feed.  Currently, the silt-covered bottom of the estuary provides 
more suitable habitat for marine species of fish such as stripped mullet, 
which were not common before, but are now seen more frequently and in 
increasing numbers. (Mark Capelli, National Marine Fisheries Service, 
pers. comm.  October 2003) 

 Estuary lost part of its earthen levee on the east bank in 1995, and the 
rest of it is eroding back.  Sediment is building up along the east 
(downcoast) bank.   (Virginia Gardner, California State Parks, pers. 
comm., October 2003).   

 Currently there is no authorized, artificial breaching of the levee by either 
California State Parks or the City of Ventura.  (Virginia Gardner, California 
State Parks, pers. comm., October 2003) 

 The Army Corps of Engineers has rejected McGrath Farms’ claim that 
they have a right to breach the estuary.  The Ventura County Resource 
Management Agency’s Environmental Health Department has suggested 
artificial breaching of the sandbar as a means of mosquito control, 
however the California Department of Parks and Recreation manages the 
majority of the estuary as a Natural Preserve and does not support the 
practice.  (Waln 2004) 

 The City of Ventura’s wastewater treatment plant’s effluent is currently in 
violation of the copper limits established for a saltwater environment (i.e., 
for the estuary).  The City commissioned a study of the estuary that 
showed that the majority of the species in this environment were either 
freshwater species tolerant of brackish conditions or brackish water 
species.   (Entrix 2002) 

 The Santa Clara River estuary is unique among other estuaries found in 
the Southern California Bight (Point Conception south to the 
California/Mexico border). Published information on invertebrate 
communities and hydrologic conditions was found on seven estuaries of 
similar size to the Santa Clara River estuary within the Southern California 
Bight. Among these estuaries, the SCR estuary is unique in that it 
receives constant year-round freshwater flows and does not have its 
mouth manually dredged for water quality purposes. The seven estuaries 
examined generally share many benthic invertebrate taxa in common. 
With the exception of San Dieguito Lagoon, the Santa Clara River estuary 
shares very few invertebrate taxa with these other estuaries. The species 
compositions of the other estuaries are in general more estuarine and 
marine than the SCR estuary.  (Entrix 2002) 

 During a recent water quality profile of the estuary, low salinities (1 to 
4ppt) were observed near the discharge channel and upper estuary, 
where the Santa Clara River flows in. Brackish conditions (5 to 10 ppt) 
were observed in the middle of the Estuary. More marine-like (>10 ppt) 
conditions were isolated to the area near the mouth and far southwestern 
portion of the estuary, the highest salinity measurement being 30 ppt.  
(Entrix 2002) 
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 The temperature of the reclaimed water discharge (treatment plant 
effluent) is essentially identical to the temperature of upstream river flows.  
The city of Ventura has available extensive temperature, nutrient and 
chlorophyll A data that they have collected for upstream flow, estuary 
waters, and reclaimed water discharge.  The upstream sampling sites for 
the City of Ventura are at the Harbor Blvd. bridge and 0.5 miles upstream 
of the Harbor Blvd. bridge.  There are also four sampling sites within the 
estuary.  (Waln 2004; Don Davis, City of Ventura, pers. comm. March 
2004) 

 UWCD no longer releases smolts near the outfall for the City of Ventura’s 
wastewater treatment plant.  Sampling from February through April of 
2001 revealed the outfall water temperature to be 5°C warmer than that at 
the Vern Freeman Diversion.  (Buck Yedor and Murray McEachron, United 
Water Conservation District, pers. comm.  March 2004)  

 The City of Ventura WRP’s discharge directly to the Santa Clara River 
estuary has substantially altered the water chemistry and quality of the 
estuary.  (Mark Capelli, National Marine Fisheries Service, pers. comm. 
January 2004) 

Aggregate Mining 
 During the time when poorly-regulated, active gravel mining occurred in 

the active river channel and for as long as excavations remained, fish 
perished as a result of mining operations.  Mining would disrupt surface 
flow continuity creating holes into which the surface water (and fish) would 
disappear.  (Mark Moore, California Department of Fish and Game, pers. 
comm. December 2002) 

Climate 
 The Upper Santa Clara River is characterized by semi-arid Mediterranean-

type climate and temperature ranges from 100° F to 30° F.  Eighty percent 
of the average annual precipitation occurs between November and March.  
(United Water Conservation District and Castaic Lake Water Agency 
1996)  

 Lower Santa Clara River temperature ranges from 69° F near the coast to 
61° F inland.  Most precipitation occurs between December and March.  
Average annual rainfall from 1950 – 1992 was from 13.7 inches to 18.7 
inches.  (United Water Conservation District and Castaic Lake Water 
Agency 1996) 

 

Section II. General Information 

Southern Steelhead 
 South of Point Conception the climate is much more hostile to steelhead.  

It is generally hotter, drier, and more variable, etc.  Most habitat criteria 
developed for steelhead (i.e., temperature, instream shelter, etc.) are not 
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always applicable to streams south of Point Conception.  (Matt Carpenter, 
Entrix, pers. comm. November 2002) 

 Steelhead were listed before systematic population and habitat monitoring 
studies were able to begin on southern steelhead, thus our ability to 
understand and recover the population is diminished due to a lack of long 
term monitoring data (Matt Carpenter, Entrix, pers. comm. November 
2002).   

 Southern steelhead show unique genetic characteristics as well as high 
genetic diversity, suggesting that they developed from a population that 
survived in a Baja California refuge during the Pleistocene and that has 
recently come into contact with steelhead of more northern origin (Nielsen 
1999).  This ESU’s high diversity may help to explain its remarkable 
capacity to persist in seemingly unfavorable environments. 

 Due to drought and/or human-related activities, southern steelhead are 
often impeded or blocked from accessing their natal streams due to low-
flow conditions. It appears that when faced with this prospect southern 
steelhead adapt, and either delay their upstream spawning migration until 
adequate flows exist or enter and ascend another suitable stream nearby. 
This action of straying from their stream of birth appears to be an 
important survival technique for a species whose freshwater habitat is 
characterized by extremely variable climatic conditions and human 
competition for resources, which may effectively eliminate upstream 
migration for a number of years.  (Stoecker 2002) 

 Studies by Moore (1980b) and others have shown that length of residency 
decreases in the more southern drainages.  This variety in time to reach 
the smolting stage is probably related directly to growth rates, which in 
turn are influence by the length of the growing season, water 
temperatures, and the abundance of aquatic food materials.   Moore’s 
(1980b) study on the Ventura River indicated that a juvenile steelhead 
might reach the smolting stage in a single growing season.  (Capelli 1983; 
Moore 1980b). 

 Biologically and genetically we don't know how resilient these fish are.  
Migration windows are tiny. (Mark Moore, California Department of Fish 
and Game, pers. comm. December 2002) 

 In 1999 on the Santa Ynez River eight adult steelhead were counted 
below Bradbury Dam.  While there are few rivers monitoring the number of 
steelhead that run each year, steelhead have been sighted in rivers 
ranging from the Santa Maria southward into Orange County.    

Regulation 
 In 1989 both the genus name and species name of the rainbow trout were 

changed from Salmo gairdneri to Oncorhynchus mykiss. 
 Southern ESU declared endangered in 1997 (National Oceanic and 

Atmospheric Administration and National Marine Fisheries Service 2000). 
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Habitat Qualities 
 Escape cover can exist in the form of boulders, logs, undercut banks and 

trees, root wads, and overhead riparian vegetation (Hager 2001).  In 
southern California rivers, boulder debris can serve the same function as 
large woody debris in providing refugia for migrating and rearing steelhead 
(Mark Capelli, National Marine Fisheries Service, pers. comm, January 
2004) 

 Loss of riparian vegetation reduces shade, cover, food supply, and 
streambank stability.   Vegetation provides habitat for insects upon which 
steelhead feed, nutrients to streams via detritus, and cover for predator 
avoidance.  Vegetation also prevents erosion by slowing runoff rates and 
reducing soil loss.  (Hager 2001) 

 Habitats with increased current speeds and turbulence usually contain 
higher dissolved oxygen and food levels, and when steelhead have 
access they preferred such habitat, particularly under conditions of oxygen 
stress at higher temperatures.  (White 1991, as cited in Stoecker 2002; Hill 
and Grossman 1993, as cited in Stoecker 2002) 

 Juvenile steelhead require living space (different combinations of water 
depth and velocity), shelter from predators and harsh environmental 
conditions, food resources, and suitable water quality and quantity for 
development and survival.  (Lent 2001) 

 Wetlands, estuaries and lagoons provide critical nursery habitat for all 
juvenile salmonids migrating to the ocean, as a feeding area and in their 
acclimatization to higher salinities.  The ocean survival for juvenile 
salmonids is greatly increased if rearing fish are able to attain larger size 
for an extended period in the estuary.  (Bryant and Lynch 1996) 

 In other southern California rivers, sewer treatment plant effluent has been 
noted to supply more surface water than was available historically.  The 
water is often much warmer than natural waters emerging from 
underground sources.  Its high nutrient load encourages a different suite 
of species and can put the native fauna (and flora) at a competitive 
disadvantage (Swift et al. 1993; Morris 1991 as cited in Swift et al. 1993).   

Migration and Spawning 
 Migration and life history patterns of southern California steelhead depend 

more strongly on rainfall and stream flow than is the case for steelhead 
populations further north (Moore 1980, as cited in Lent 2001).   

 The CFG Salmonid Stream Habitat Restoration Manual (Flosi et al. 1998) 
reports that an adult steelhead can maintain a maximum swim speed of 
6.0 ft/sec. for 30 minutes until exhaustion and a maximum burst speed of 
10.0 ft/sec. For 5 seconds until exhaustion. The maximum leap, or jump, 
speed is listed as 12 ft/sec. Jumping upstream of a structure becomes 
difficult or impossible when the jump pool depth becomes less than 1.25 
times the jump height of the structure from the pool surface. 

 When migrating upstream, steelhead use up to 80% of their energy 
reserve.  Any major changes in steelhead energy expenditure, such as 
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overcoming barriers, may prevent the success of migration and spawning.  
Steelhead are capable of leaping 6 to 10 feet, however this requires 
adequate pools for resting above and below the obstacle. (Hager 2001) 

 Shapovalov and Taft (1954) caught steelhead with four age type 
combinations at maturity.  The relative abundance of these types varies 
from river to river, but Shapovalov and Taft’s abundances were: 
 

Years in fresh water Years in salt water % of fish 
2 1 30 
2 2 27 
3 1 11 
1 2 8 

 
 

 Waddell Creek in Santa Cruz County (Shapovalov and Taft 1954): 
o 82.8% = 1st time spawners 
o 15.0% = 2nd time spawners 
o 2.1% = 3rd time spawners 
o 0.1% = 4th time spawners 

 Adult males predominate in the early portions of the run while females 
predominate in the latter portions. 

 After spawning spent steelhead often move gradually downstream and 
hang out in pools for periods of time during the downstream migration. 

Feeding 
 After steelhead leave their home streams they feed on estuarine 

invertebrates and marine krill, but as they increase in size, fish gradually 
become more important to their diet (Moyle 2002). 

 Spent adult steelhead typically do not resume feeding while in fresh water 
(Shapovalov and Taft 1954). 

Native fish and hatchery stock 
 Native fish are less susceptible to disease than hatchery fish (Bryant and 

Lynch 1996) 
 Steward and Bjornn (1990, as cited in Bryant and Lynch 1996) found that 

hatchery stocks might produce fewer smolts and returning adults.  

Effects of sediment and turbidity 
 Effects of increased sedimentation include:  clogging and abrasion of gills 

and other respiratory surfaces; adherence of grains to the chorion of eggs; 
increase in conditions conducive to entry and persistence of disease-
related organisms; the inducement of behavioral modifications; the 
entombing of different life stages; alteration of water chemistry by the 
adsorption of chemicals; degradation of useable habitat by scouring and 
filling of pools and riffles and changing bedload composition; reduction in 
photosynthetic growth and primary production; and an affect on intergravel 
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permeability and dissolved oxygen.  (Bryant and Lynch 1996; Cordone 
and Kelley 1961; Walters 1995) 

 Turbidity reduces drift feeding (Barrett et al. 1992). 
 In a small coastal California stream, Cross (1975, as cited in Stoecker 

2002) found that 67%-96% of young-of-the-year steelhead resided in 
pools. Similar results were reported by Spina (2003). Loss of pools due to 
excessive sediment input and filling can greatly reduce a streams capacity 
to rear steelhead to smolt size.  Barnhart and Parson (1986) observed that 
dissolved oxygen be, at least, 80% of saturation for successful spawning 
to occur. Embryonic and alevin survival is highly dependent on intragravel, 
dissolved oxygen and concentrations of less than 7.2 mg/L can cause total 
mortality. 

 Turbidity can reduce aquatic plant life by limiting photosynthetic growth, 
therefore reducing the number of aquatic invertebrates which are the 
primary food source for steelhead.  An excess of sediment in spawning 
gravel can fill the interstitial spaces preventing water and oxygen from 
entering the redd.  Egg survival increases with permeability.  Sediment 
concentrations greater than 4,000 mg/L have been found to cause 
migration to cease. (Hager 2001) 

 Sigler et al. (1984, as cited in Stoecker 2002) observed that chronic 
turbidity in streams during emergence and rearing of steelhead negatively 
affects the number and quality of fish produced. Suspended sediments 
can cause physiological damage to steelhead at concentrations of 3,000 
parts per million or greater; when sediments settle out of suspension they 
frequently cover essential spawning sites, cover eggs, prevent emergence 
of recently hatched young, and decrease the amount of shelter available 
to fry that were able to hatch. Deposited sediment also reduces the 
production of aquatic insects that are essential prey to steelhead survival 
(Mark Capelli, National Marine Fisheries Service, pers. comm. 2004). 

Ocean Life 
 Southern steelhead are rarely caught by commercial or recreational 

fishers in the ocean, principally because adults do not tend to swim in 
large schools as do other pacific salmonids (Mark Capelli, National Marine 
Fisheries Service, pers. comm. 2004).  However, high seas driftnet fishing 
has been implicated as a cause for decline of steelhead from coastal 
streams along the Pacific Coast since high seas steelhead distribution and 
driftnet fisheries overlap.  Unauthorized high seas driftnet fisheries harvest 
between 2 percent (32,000) and 28 percent (448,000) of the steelhead 
that are destined to return to the Pacific Coast.  Even the combined 
authorized and unauthorized take of steelhead in the open seas, at the 
highest estimate of 31%, cannot account for the greater than 50% decline 
observed in North American steelhead runs from 1986 – 1991.  (Bryant 
and Lynch 1996) 

 When northern steelhead smolts enter the Pacific Ocean they begin a 
directed movement into offshore waters of the Gulf of Alaska.  California 
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steelhead stocks may have more restricted western migrations than do 
more northerly stocks due to sea surface isotherm temperatures.  (Bryant 
and Lynch 1996). 

 Steelhead experience most of their marine phase mortality soon after they 
enter the ocean.  Ocean mortality is poorly understood however because 
few studies have been conducted.  Predation is likely the primary cause of 
mortality among juveniles.  (McEwan and Jackson 1996) 

 There may be a tendency for populations of steelhead in the Southern 
California ESU to remain in close proximity to their natal streams within 
nearshore waters, which are vulnerable to upland runoff (Capelli 1999) 

Ocean Climate 
 El Nino is an environmental condition often cited as a cause for the 

decline of west coast salmonids.  El Nino is an unusual warming of the 
Pacific Ocean off South America caused by atmospheric changes in the 
tropical Pacific Ocean (Southern Oscillation-ENSO).  El Nino events occur 
when there is a decrease in the surface atmospheric pressure gradient 
from the normal-steady trade winds, there is a drop in pressure in the east 
off South America and a rise in the pressure in the western Pacific.   The 
resulting decrease in the pressure gradient across the Pacific Ocean 
causes the easterly trade winds to relax, and even reverse in some years.  
When the trade winds weaken, sea level in the western Pacific Ocean 
drops, and a plume of warm sea water flows from west to east toward 
South America.  Coast currents are changed as is upwelling. (Bryant and 
Lynch 1996) 

 Good fish catches in Alaska generally reflect poor catches for the west 
coast of the U.S. and vice versa. One set of ocean conditions here, 
different from those in Alaska, persist 20 to 30 years. Then the conditions 
become reversed. The entire process of these cycling events is called the 
Pacific Decadal Oscillation. The abrupt reversal in a short time period is 
called a regime shift.  (Reinard 2002) 

 Before a 1977 regime shift occurred, the U.S. had a cool, nutrient-rich 
ocean phase with high ocean salmon productivity. The 1977 shift brought 
the low-production warm ocean phase to us. Meanwhile, pristine Alaska 
suffered alarmingly low salmon populations before the 1977 shift, after 
that, salmon productivity prospered.  (Reinard 2002) 
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Fish surveys and counts on the Santa Clara River 
Smolt Counts 

Month Year # of days Count Source Pub. Notes 

Apr - May 1981 12 21 CFG 
1981 3 month survey on lower SCR; June 

1981 

May 1981 2 30 CFG 
1981 Same study as above but at UWCD 

spreading grounds 
Jan - June 1983 150 1 Puckett and Villa 1985 - 
Feb - Apr 1984 60 1 Puckett and Villa 1985 - 
Feb - May 1994 74 81 Entrix  1994  Vern Freeman Diversion; partial count
Jan - June 1995 141 111 Entrix  1995 Vern Freeman Diversion; partial count
Mar - Apr 1996 33 82 Entrix 1996 Vern Freeman Diversion; partial count

Nov - June 1997 187 414 Entrix 1999 Vern Freeman Diversion; partial count
Apr - July 1998 88 2 Entrix 2000 Vern Freeman Diversion; partial count

- 1999 - 5 UWCD - Vern Freeman Diversion; partial count
- 2000 - 876 UWCD - Vern Freeman Diversion; partial count

Nov - June 2003 - 35 UWCD - Vern Freeman Diversion; partial count

Adult Counts 
Month Year # of days Count Source Pub. Notes 

- 1978 - 0 Titus 2002 Bell 1978;  mainstem only 
May 1980 14 0 Titus 2002 Areta and Willsrud, 1980; mainstem 

only; sampling was done in 
backwaters, side streams, pools, etc. 

i.e., habitats that steelhead do not 
frequent. 

Apr - May 1981 12 0 CFG 1981 3 month survey on lower SCR; June 
1981 

Jan - June 1983 150 2 Puckett and Villa 1985 Sespe creek: weir and hook and line
Nov - Apr 1983 - 84 152 1 Puckett and Villa 1985 weir 

Apr 1986 ? 0 McEwan - Sespe Canyon. Phone interview. 
March 1987 

- 
2 

Titus 
2002 USFWS electrofishing survey SP 

creek 
- 1987 - 1988 - several Comstock 1992 Kaufman 1989 

Mar - Apr 1991 7 0 Entrix 1994 SCR didn't open to ocean until March
June 1992 30 0 Parmenter & McEwan 1999 Hopper, Pole and Santa Paula Creeks

Dec - Jan 1992 3 0 Entrix 1994 at Vern Freeman Diversion 
Feb - May 1993 90 0 Entrix 1994 at Vern Freeman Diversion 
Feb - Apr 1994 32 1 Entrix 1994 at Vern Freeman Diversion 
Jan - May 1995 135 1 Entrix 1995 at Vern Freeman Diversion 
Feb - Mar 1996 25 2 Entrix 1996 at Vern Freeman Diversion 
Nov - Feb 1997 51 0 Entrix 1999 at Vern Freeman Diversion 

- 1998 0 0 Entrix 2000 Upstream trap not operated 
April 1999 - 1 UWCD - seen  in  bay area at Vern Freeman 

March 2000 - 2 UWCD - seen in fish ladder 
April 2001 - 2 UWCD - seen in fish ladder 

- 2002 - - UWCD - too dry 
- 2003 - - UWCD - fish counter operational 
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Mainstem:  Hydrology and Human Impacts 
  

Issues 
1. Artificially altered surface flow is most likely the principal problem for 

steelhead in the Santa Clara River.  It is probable that steelhead do not 
have an adequate opportunity to complete their upstream and 
downstream migrations.     

2. There is no control over wells along the Santa Clara River or its tributaries, 
or how much water is removed through them.  Nor is the total amount of 
surface water diverted from the river known, in part due to illegal 
diversions (though the amount is believed to be small).  

 
 

Potential Research Questions 
 How much water is being diverted (rates and timing) and by whom?  
 An accurate accounting is needed of the amount of permitted water that is 

being removed, by both major and minor diverters, and an estimate of how 
much non-permittees are drawing from the river.  

 How could discharges from Santa Felicia be modified to benefit the 
migration, spawning, and rearing of steelhead in both the Santa Clara 
River and Piru Creek? 

 
 

Section I.  Santa Clara River 

Diverted Water 
 UWCD is mandated by the State Water Resources Control Board to divert 

the maximum flow available for groundwater augmentation and to mitigate 
seawater intrusion into aquifers on the Oxnard Plain that are pumped for 
agricultural, industrial, and municipal uses.  UWCD can also divert SCR 
flows during the winter months, notwithstanding requirements to maintain 
migration continuity, pursuant to approval/agreements with CFG and 
NMFS. (Matt Carpenter, Entrix, pers. comm. November 2002)    

 The UWCD operates Santa Felicia Dam on Piru Creek conjunctively with 
the VFD.  Generally water is only temporarily stored in the reservoir during 
winter, spring and summer months, and then released during the fall in a 
manner which allows the released water to either naturally percolate into 
the Santa Clara River aquifers, or be diverted through the VFD for 
percolation via the series of percolation ponds at Saticoy.  (Mark Capelli, 
National Marine Fisheries Service, pers. comm. January 2004) 

 The highest average daily amount diverted at VFD for the years shown 
(Moore 1980c):   

 

 45



Years Cfs/day 
1932 - 1954 32 
1955 - 1974 112 

 
 The 1999 water year: 49,591 acre-feet of water was released from Lake 

Piru.  The Piru spreading grounds received 3.5% of the released water.  
The upper basins of Piru, Fillmore and Santa Paula received 33.6% of the 
release water, which was naturally recharged, and the remaining 62.9% 
flowed to the VFD. (United Water Conservation District 2000) 

 

In-stream Flow 
 Annual mean outflow at the County Line gauging station has increased 

from 25,700 acre feet in 1972 (20 year mean) to 35,360 acre feet in 1988 
(36 year mean).  A difference of 9,660 acre-feet.  Most likely all of it is 
from WRP effluent. (United Water Conservation District and Castaic Lake 
Water Agency 1996) 

 Effluent from the Saugus and Valencia WRPs comprise a majority of the 
total flow in the upper SCR during summer months.  Forty years of stream 
data indicate that effluent accounts for 40% of total stream flow during the 
wet season and 90% during the dry season. (United Water Conservation 
District and Castaic Lake Water Agency 1996)  

 No record of streamflow was recorded at Montalvo during 1933 – 1950 
(Taylor et al. 1977).  This was due to the gauging station being 
inoperative, or non-existent; this time period experienced some record 
flood flows, e.g., 1938,  (Mark Capelli, National Marine Fisheries Service, 
pers. comm. January 2004). 

 Five cfs or natural stream inflow to Lake Piru, whichever is less, is 
required to outflow from Lake Piru (Murrray McEachron, United Water 
Conservation District, pers. comm. January 2004).  

 Generally the channel of the SCR upstream from Bouquet Junction is dry 
except following storms.  Downstream from Bouquet Junction, the 
combination of shallow bedrock, a reduced cross-sectional flow area and 
wastewater discharge to the streambed from two water reclamation plants 
creates a perennial flow condition in the river westward from the Saugus 
water reclamation plant past the LA – Ventura County Line.  (United Water 
Conservation District and Castaic Lake Water Agency 1996) 

 Castaic Dam seems to have little effect in reducing the annual flow at 
Montalvo due to percolation between Castaic Reservoir and Saticoy 
Taylor et al. 1977). 

 Bouquet Dam is used primarily for storage of imported water.  It controls 
less than 1% of the total drainage area and its influence on the streamflow 
at Montalvo has been considered negligible. (Taylor et al. 1977) 

 The cumulative effects of the combined operation of Pyramid, Castaic, 
Bouquet, and Santa Felicia dams on the natural pattern of surface flows 
(level, duration, frequency, and timing) on the mainstem of the Santa 
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Clara River has not be investigated, or modeled. (Mark Capelli, National 
Marine Fisheries Service, pers. comm. January 2004) 

 Opinion differs on the flow available to the mainstem with the construction 
of the Santa Felicia dam.  Taylor et al. (1977) state that all inflow to Lake 
Piru has been prevented from reaching Montalvo (with rare exceptions 
such as 1969 water year).  UWCD states that on average Santa Felicia 
has spilled every six years (1969, 1978, 1979, 1980, 1983, 1993, 1995, 
1998, and 2001 - essentially during big water years) (Murray McEachron, 
United Water Conservation District, pers. comm. January 2004). 

 

Groundwater Basins 
 The groundwater basins of the Santa Clara River starting in Los Angeles 

County and moving west into Ventura County are:  Acton, Eastern, Piru, 
Fillmore, Santa Paula and Mound Basins.  Moving south from the Santa 
Paula and Mound Basins are the Montalvo, Oxnard Plain and Pleasant 
Valley Basins.  (United Water Conservation District and Castaic Lake 
Water Agency 1996; United Water Conservation District 1999) 

Rising Groundwater 
 Rising groundwater occurs at several points along the SCR.  Rising 

groundwater is an area where groundwater is forced to the surface by 
some type of flow barrier and thus becomes surface water flow.  Rising 
areas of groundwater are (United Water Conservation District and Castaic 
Lake Water Agency 1996 United Water Conservation District 1999): 

o At the mouth of Soledad Canyon caused by buried bedrock highs in 
the alluvium 

o Just west of the Los Angeles/Ventura County line 
o Just east of Fillmore at the Fillmore Fish Hatchery; considered to be 

the boundary between the Piru and Fillmore groundwater basins. 
o Just east of the city of Santa Paula in the vicinity of Willard Road 
o East of the unincorporated area of Saticoy near the toe of South 

Mountain. 
 

How groundwater basins get replenished 
 Acton Basin – deep percolation of rainfall and infiltration of surface water 

runoff; lawn and agricultural runoff; septic tank and leachfield system 
percolation.  (United Water Conservation District and Castaic Lake Water 
Agency 1996; United Water Conservation District 1999) 

 Eastern Basin – surface water runoff from SCR; rainfall; tributaries. 
 Piru Basin – percolation of surface flows; rainfall; irrigation returns; 

spreading grounds located adjacent to Piru Creek just upstream of the 
confluence of Piru Creek and the Santa Clara River; water conservation 
releases from Santa Felicia Dam by UWCD.  (United Water Conservation 
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District and Castaic Lake Water Agency 1996; United Water Conservation 
District 1999) 

 Fillmore Basin  - percolation of surface water from SCR and Sespe Creek 
and releases from Santa Felicia Dam; rainfall penetration; irrigation 
returns; effluent from sewage treatment plants.  (United Water 
Conservation District and Castaic Lake Water Agency 1996; United Water 
Conservation District 1999) 

 Santa Paula Basin – percolation of surface flows of SCR (including 
releases from Santa Felicia Dam), Santa Paula Creek and other 
tributaries; underflow from the Fillmore Groundwater Basin; agriculture 
returns.  (United Water Conservation District and Castaic Lake Water 
Agency 1996; United Water Conservation District 1999) 

 Montalvo Basin – UWCD’s spreading grounds at Saticoy and El Rio; 
percolation of SCR flows; underflow from the Santa Paula Basin; rainfall; 
irrigation returns.  (United Water Conservation District and Castaic Lake 
Water Agency 1996) 

 Oxnard Plain Basin – Montalvo Basin.  (United Water Conservation 
District and Castaic Lake Water Agency 1996; United Water Conservation 
District 1999) 

 

Groundwater in the Oxnard Plain 
 The Fox Canyon Groundwater Management Agency was established in 

the 1970s to deal with the problem of high chloride levels in Oxnard Plain 
groundwater.  The solution chosen was additional yield from Vern 
Freeman Diversion supplied via the Pumping Trough Pipeline, and shifting 
pumping to the lower aquifer system from the upper aquifer system, which 
is determined to have 100 years of supply.  A moratorium was established 
on new upper aquifer system wells, meters were installed on wells, rolling 
cutbacks were implemented of 25% over 20 years, and waivers or credits 
were established for cutbacks.  The cutbacks started in the early 1990’s 
and are in 5% increments every 5 years.  If a users pumpage exceeds the 
cutback amount, there is a tiered penalty structure of up to $600/AF.  
(United Water Conservation District and Castaic Lake Water Agency 
1996) 

 Groundwater aquifers in the Oxnard Plain are in critical state of overdraft.  
Over the last 50 years, groundwater pumping from these aquifers has 
exceeded natural and artificial recharge.  (Lent 2001) 

Groundwater Overdrafts 
 Annual overdraft = how much more water is taken out than put in during 

one water year. (United Water Conservation District Groundwater 
Department 2001) 

 Accumulated overdraft = amount of water necessary to prevent seawater 
intrusion, or subsidence of land.  (United Water Conservation District 
Groundwater Department 2001) 
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 For the eight groundwater basins that lie wholly or partially within UWCDs 
jurisdiction, and for the water year 2001, the (United Water Conservation 
District Groundwater Department 2001): 

o Average annual overdraft for prior 10 years was 600 AF. 
o Annual overdraft for 2002 was estimated to be 0 – 600 AF. 
o Accumulated overdraft is 30,000 – 35,000 AF. 
o Water needed to replenish the groundwater basins is estimated to 

be 846,000 AF. 

Groundwater Usage 
 Agriculture was estimated to use 155,300 AF in 2002 (United Water 

Conservation District Groundwater Department 2001). 
 The concept of “safe yield” was discussed with Santa Clara River water 

agencies during the SCREMP process.  Safe yield of an aquifer is the 
amount of water, usually expressed in acre-feet that may safely be 
withdrawn annually from an aquifer without causing depletion or long-term 
harm to the aquifer.  However, water agencies would not agree to a safe 
yield level.  (Ron Bottorff, Friends of the Santa Clara River, pers. comm. 
December 2002)   

 

Geomorphology 
 The upper river has typical braided stream deposits and a relatively wide 

floodplain area.  The particle sizes of sediment in the streambed generally 
range from coarse sand sizes to gravel (pebble, cobble and boulder size). 
(United Water Conservation District and Castaic Lake Water Agency 
1996) 

 The SCR along its entire course consists of typical braided stream 
geomorphological characteristics such as point bar deposits, gravelly 
stream bottoms, and broad, wide washes. (United Water Conservation 
District and Castaic Lake Water Agency 1996)  

 The SCR has been formed largely by stormwater flows emanating from 
highland areas caused by storms of short duration but great rainfall 
intensity. (United Water Conservation District and Castaic Lake Water 
Agency 1996)   

 Where the SCR runs adjacent to South Mountain and has cut into 
sedimentary formations scour pools have formed with retain water through 
sub-surface flows during the during periods where continuous surface 
flows is otherwise non-existent.  (Mark Capelli, National Marine Fisheries 
Service, pers. comm. January 2004) 

 

Water Use and Availability 
 Nearly 10.7 million gallons of water are pumped through the raceways 

daily from the Fillmore Fish Hatchery's four wells. Some of the water is 
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cycled back through the facility, and some is piped out and used for crop 
irrigation.  (Whitnall 2003) 

 FOSCR is in disagreement with several water agencies over the actual 
amount of water that is available to cities and those agencies.  The 
agencies and cities claim there is more water available than FOSCR 
believes there is. (Ron Bottorff, Friends of the Santa Clara River, pers. 
comm. December 2002)   

 There is no enforceable regulatory mechanism over how much water gets 
pumped out of the SCR aquifers by wells, nor is there monitoring of the 
level of groundwater extraction.  (Mark Capelli, National Marine Fisheries 
Service, pers. comm. January 2004) 

 Trailer and RV parks along the river engage in unregulated or illegal 
activities that no agency oversees such as damming the river for 
swimming holes, etc. (Ron Bottorff, Friends of the Santa Clara River, pers. 
comm. December 2002;  (Mark Capelli, National Marine Fisheries Service, 
pers. comm. January 2004). 

 It is unknown how much water is taken from the upper SCR.  UWCD has 
some information on water withdrawals from the lower river.   

 The County of Ventura has transferred it long-term State Water Project 
(SWP) water supply contract for 20,000 acre-feet of water annually to the 
Casitas Municipal Water District.  This water is available to UWCD (5,000 
acre-feet), Casitas Municipal Water District (5,000 acre-feet), and the City 
of San Buenaventura (10,000 acre-feet).  Only UWCD has taken delivery 
of SWP water. (United Water Conservation District and Castaic Lake 
Water Agency 1996; Ventura County Resource Management Agency 
1994) 

 Before the drilling of wells and production of underground water, the valley 
ground water basins were full to overflowing, resulting in a perennial 
surface flow in the river channel throughout the valley (Henke 1995).   
Other sources have noted that the flow was in some sections of the river 
channel, or below the Sespe Creek confluence (Mark Capelli, National 
Marine Fisheries Service, pers. comm. January 2004; Murray McEachron, 
United Water Conservation District, pers. comm. January 2004). 

 

Urbanization Effects 
 Impervious surfaces increase runoff, creating a greater flood hazard. 
 Flood control and land drainage schemes may increase the flood risk 

downstream by concentrating runoff.  A flashy discharge pattern results in 
increased bank erosion with subsequent loss of riparian vegetation, 
undercut banks and stream channel widening. (Bryant and Lynch 1996) 

 Sediments washed from the urban areas and deposited in river waters 
include trace metals such as copper, cadmium, zinc and lead, as well as 
pesticides, herbicides, fertilizers, gasoline and other petroleum products.  
(Bryant and Lynch 1996) 
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 CSWRCB (1991, as cited in Bryant and Lynch 1996) reported that NPS 
(non point source) pollution is the cause of 50 – 80 percent of impairment 
of water bodies in CA. 

 Increases in urban development are expected to result in an approximate 
10 percent increase in peak discharges in the Santa Clara River (Ventura 
County Flood Control District and Los Angeles County Department of 
Public Works 1996).    

 Proposed major projects as of 1996 (United Water Conservation District 
and Castaic Lake Water Agency 1996):  

o Newhall Ranch – 25,000 homes.  Includes new wastewater 
treatment facility.  Wastewater will be used to irrigate the golf 
course and other landscaped areas.   

o Tesoro del Valle – master planned community of 3,000 units.  North 
of the City of Santa Clarita and south of the Angeles National 
Forest.  Castaic Lake is to the northwest of the site.  Consumption 
will be 2,800 AF per year. 

o Chiquita Canyon Landfill Expansion – near city of Santa Clarita.  
154 acres.  Located on Newhall property and operated by Laidlaw.   

o Reclaimed water system by Castaic Lake Water Assn. That will be 
used to serve Magic Mountain, golf courses and misc. irrigation 
uses. 1,700 less gallons of effluent will go into the SCR per year. 

o Aggregate mining and reclamation of a site known as Sycamore 
Ranch.  Would enable continued operation of S.P. Milling’s 
processing plant.  Simultaneous agricultural, mining and 
reclamation activities.  North of SCR at confluence with Sespe. 

o Toland Road Landfill Expansion – unincorporated area of Ventura 
County between Santa Paula and Fillmore.  Serves the SC valley, 
which includes the communities of Santa Paula, Fillmore, Piru and 
other unincorporated areas of the county.  Would increase capacity 
from 2.5 million tons of solid waste to 15 million tons.  Would 
expand service to Oxnard, Port Hueneme, Ventura, Camarillo and 
Ojai. 

o Expansion of Valencia WRP 
 

Agricultural Effects 
 Citrus and irrigated agriculture in the SCR valley have overtaken earlier 

crops that required less water.   Higher profits and yields come from 
irrigated crops (Schwartzberg and Moore 1995).  Farmers are currently 
losing money on citrus.  Some are switching over to avocado orchards.   

 Fields were “tiled” starting at the turn of the century to deal with the 
problem of alkali accumulation.  Tiling provides improved drainage and 
now underlies a vast portion of the Oxnard Plain and part of the river 
valley.  Many ditches drain into the Pacific Ocean or McGrath Lake but a 
number runoff into the SCR.  The nature/quality of this run-off differs from 
the river’s water. (Schwartzberg and Moore 1995) 
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 Some agriculture like watercress farming and gathering is done within the 
riverbed itself. (Schwartzberg and Moore 1995)  

 The harvesting of the exotic, invasive species Arundo donax is another 
use of river bottomland.  The SCR is reputed to contain the finest reed 
source in the United States. (Gilday 1994, as cited in Schwartzberg and 
Moore 1995) 

 The area generally referred to as the Oxnard Plain is actually part of a 
large marine deltaic formation which has been created by the periodic shift 
of the lower Santa Clara River channel, and the deposition sediments in 
the river's lower reaches and at its mouth at the Pacific Ocean.  The 
arcuate shaped marine face of the Santa Clara River Delta extends along 
the coast between the Santa Monica Mountains on the east to the Ventura 
Foothills on the west, while the apex of the delta extends inland to the 
area around Saticoy.  (Mark Capelli, National Marine Fisheries Service, 
pers. comm. October 2003) 

 Primarily as a result of agricultural return waters there has been a general 
increase in TDS in groundwater basins.  Few groundwaters in the Piru, 
Fillmore, Santa Paula, and Montalvo basins are now less than 1000 parts 
per million total dissolved solids, the maximum concentration permitted 
under United States Public Health Service Drinking Water Standards.  
(Mann 1975) 

 The aquifers for the Santa Clara River Valley are marine deposits so we 
would always expect to see a certain concentration of TDS.  Other 
potential causes for an increase of TDS could include an increase in the 
outfall of the sewage treatment plants along the river.  (Murray 
McEachron, United Water Conservation District, pers. comm. February 
2004)  

 

Effects of Recreation 
 Recreational use has included fishing, duck ponds/clubs, birding, hiking, 

golf courses, RV parks, ATVs in the river bottom and on surrounding 
lands, motocross racing at Indian Dunes on Newhall land took place in the 
river bottom, trail rides, and fishing/boating/camping/swimming at 
reservoirs. (Schwartzberg and Moore 1995; Mark Capelli, National Marine 
Fisheries Service, pers. comm. January 2004)   

 

Homelessness 
 The riverbed has been a de facto housing community for many years for 

the homeless. (Schwartzberg and Moore 1995)     
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Aggregate Mining Effects 
 The river produces the best aggregate material in the county and much of 

the county’s roads and other structures were built out of materials 
extracted from the river. (Schwartzberg and Moore 1995)     

 Aerial photos of the river in the 1960s demonstrate the extent of mining in 
the Santa Clara River.  Evidence of roads crossing the river bottom is 
pervasive, trucks are often present in the river bottom and extraction 
operations are clearly visible. (Schwartzberg and Moore 1995)     

 Curtis Sand and Gravel has an in-river mining operation east of Santa 
Clarita.  There is one inactive in-river operation in the Saugus-Newhall 
section of the Santa Clara River, and eight inactive in-river operations in 
western Ventura County.  P. W. Gillibrand has an active out-of-river 
mining operation in the Saugus-Newhall area. (AMEC 2003) 

 CEMEX, a giant cement company in Mexico recently purchased 
Southdown Corporation.  Southdown’s subsidiary Transit Mixed Concrete 
is planning to open an aggregate strip mine on 460 acres of public land 
just east of Santa Clarita’s city limits in Soledad Canyon.  Part of this mine 
project site is within the 500-year floodplain of the River.   The proposed 
mining operation is planned to span 20 years in its initial phase and 
process 78 million tons of material.  Excavation is planned to be six days a 
week, sixteen hours a day.  Blasting is planned to occur twice a week for 
10 years, then double for the subsequent 10 years.  Materials transport is 
an estimated 694 trips per day mostly via the 14 Freeway.  Currently there 
are about 9,600 residential units within a five-mile radius of the site. 
(AMEC 2003) 

 

Section II.  General Information  

Habitat and water flow 
 In California, diversion and transfer of water has resulted in depleted river 

flows necessary for migration, spawning, rearing, flushing of sediment 
from spawning gravels, gravel recruitment, and transport of large woody 
debris. (Bryant and Lynch 1996)     

 It has been reported that 7 inches is the minimum depth required for 
successful migration of adult steelhead (Thompson 1972, as cited in 
McEwan 2001), although the distance fish must travel through shallow 
water areas is also critical.  

 A primary characteristic of high quality aquatic ecosystems is an 
abundance of large pool habitats (particularly important for over-
summering juvenile steelhead).  Loss occurs by:  filling by sediments, loss 
of pool-forming structures such as boulders and large wood, and loss of 
sinuosity by channelization. (Stoecker 2002; Mark Capelli, National Marine 
Fisheries Service, pers. comm. January 2004)   

 Stream depth provides steelhead with shelter from extreme water 
temperatures, excessive water velocities, and predation. Southern 
California streams are often subjected to low flow conditions due to 
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drought, water extractions, and the annual summer-fall dry season. 
Survival during dry season stream conditions is believed to be a major 
limitation to steelhead and adequate depth is essential for survival 
(Douglas 1995, as cited in Stoecker 2002). Pools provide depth and 
habitat that is critical to steelhead survival during the dry season. An 
abundance of large pools has been shown to be an important 
characteristic in healthy aquatic ecosystems. (Stoecker 2002)   

 Warmer water temperatures due to water diversion, water development 
and habitat modification may affect steelhead mortality from predation 
directly or indirectly through stress and disease associated with wounds 
inflicted by pinnipeds or piscivorous predators. (Bryant and Lynch 1996)     

 Agricultural practices in general have contributed to the degradation of 
salmonid habitat through irrigation diversions, overgrazing in riparian 
areas, sedimentation, loss of riparian vegetation, loss of habitat complexity 
(Bryant and Lynch 1996). 
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List of Major Water users along the Santa Clara River 
(United Water Conservation District and Castaic Lake Water Agency 1996) 

 
 California Watercress, Inc. 
 Camulos Ranch 
 Fillmore Irrigation Company 
 Newhall Blue Cut and Isola Diversions 
 Piru Mutual 
 Ray and Elizabeth Billet 
 Rio Dulce Ranch 
 Santa Clarita Water Company 
 Santa Paula Water Works 
 Southside Improvement 
 Transit Mixed Concrete Co 
 Turner/Richardson Ditch 
 United Water Conservation District 

 
 
 

Smaller Diversions 
(United Water Conservation District and Castaic Lake Water Agency 1996) 

 
 Alfred and Francis Martinez, Pole Creek 
 Central Coast Production Credit Assn., SCR 
 CF&G, SCR 
 Flying A Ranch, Pole Creek 
 Pajaro Partners Inc, Santa Paula Creek 
 Robert Asimow, Hopper Creek 
 Sanford Drucker, Sespe Creek 
 Santa Clara Water and Irr. District, SCR 
 Steven and Robin Smith, Santa Paula Creek 
 The Nature Conservancy, Hopper Creek  
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Graphic of Lower Santa Clara Flow of Water 
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Amount of rainfall in the Lower Santa Clara River 
December through March, by decade 
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Amount of water diverted at the Vern Freeman Diversion 
December through March, by decade 
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Average Acre-Feet diverted at VFD 
  April through November, by decade 
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Fish Passage 
Issues 

1. It is unclear how steelhead passage into and out of the tributaries from the 
mainstem is affected by flow regulation, flood control project/activities, or 
other types development. 

2. There is no independent evaluation or assessment of the fish passage 
structures on the mainstem or tributaries.  Opinions conflict regarding how 
well the fish ladder at VFD operates or how easily fish find the ladder, but 
the number of adult steelhead detected over the last 10 years since the 
commencement of the operation of the ladder is extremely low (<10).   

 

Potential Research Questions 
 What are the fish passage problems in the mainstem, between the 

mainstem and the tributaries, into the tributaries, and within the 
tributaries?   

o Do transverse bars occur in the river?  What is the impact of 
multiple ladders or passage difficulties on reproduction?  What can 
be done to minimize the number of days it takes for fish to get up or 
down river?  In what condition do fish arrive at the spawning areas 
after passing problem areas? 

 For how long after storm flow do Santa Paula and Sespe creeks maintain 
a passable steelhead connection with the mainstem of the Santa Clara 
River?     

 

Section I.  Santa Clara River  

The Vern Freeman Diversion Fish Ladder 
 Discharge from VFD in the recent past has been 40 cfs for the 1st 24 hours 

and 20 cfs for the 2nd 24 hours post-storm.  However, the National Marine 
Fisheries Services has indicated that increased levels and duration of 
flows are necessary to provide adequate opportunities for steelhead to 
reach the VFD and pass to upstream spawning and rearing areas.  (Mark 
Capelli, National Marine Fisheries Service, pers. comm 2004. 

 The VFD ladder incorporates a denil design, which operates at a 
maximum flow of approximately 40 cfs, with an additional artificial 
attraction flow capacity of approximately 80 cfs.  As a consequence of 
these design limitations, the ladder operates over a relatively narrow 
range of natural river flows (approximately 200 to 1,200 cfs), based upon 
the attraction flow criteria used by the California Department of Fish and 
Game and the National Marine Fisheries Service (i.e., attraction flow 
associated with a ladder should not be less than 10% of the natural river 
flows).  Its design does not allow for good trapping method, and the trap 
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that was used in the late 1990s caused problems.  Currently, velocities 
can drop out and sediment can get into ladder shutting it down during the 
most critical time. (Maurice Cardenas, California Department of Fish and 
Game, pers comm. December 2002; Mark Capelli, National Marine 
Fisheries Service, pers. comm. January 2004) 

 There are varying opinions on issues and/or functionality of the Vern 
Freeman diversion and the location of the ladder.  Two of those opinions 
are: 

o VFD is a wide structure.  Main channel tends to stick to opposite 
side of the river from the ladder. The fish swim up the opposite 
side and then have to traverse the face of the dam to get to the 
fish ladder.  A second ladder or a fish ramp usable by fish 
during higher flow events may provide a means of 
supplementing the limited fish passage opportunities afforded 
by the current ladder.  Problems with installing a second ladder 
are a productive marsh area that has been established above 
the VFD. (Rick Rogers, National Marine Fisheries Service, pers. 
comm. January 2003; Mark Capelli, National Marine Fisheries 
Service, pers. comm. January 2004) 

o The main channel above the Vern Freeman has always been on 
the fish ladder side.  Only storms great than 50,000 cfs have 
caused water to go to the other side.  Downstream of the 
diversion the main channel was almost in the middle prior to the 
Freeman, but has since moved to the fish ladder side.  (Murray 
McEachron, United Water Conservation District, pers. comm. 
January 2004). 

Santa Paula Creek 
 DFG actively assisted ACOE in development of a fish passage at the 

transition between the upper end of the Santa Paula Creek Flood Control 
Project, and the unimproved portion of lower Santa Paula Creek.  In 
general there are adequate jump pools, but the 1st jump pool is too 
shallow and needs to be fixed.  A large boulder could block one of the low 
flow passage channels.  (Mary Larson, California Department of Fish and 
Game, pers. comm.; Mark Capelli, National Marine Fisheries Service, 
pers. comm. January 2004) 

 Harvey Diversion was built prior to 1910, the original fish ladder was built 
in 1939 and effective until 1969 floods made it unusable.  The Canyon 
Irrigation District built a new fish ladder on the Harvey Diversion in the late 
1990s.  This second ladder requires a lot of maintenance. The area 
located directly downstream of the Harvey Diversion has highly erosive 
conditions and scoured out in 2000 - 2002.  To keep the downstream 
entrance of the fish ladder in place and functioning properly, it has been 
anchored, and large boulders have been placed along the downstream 
bank to reduce scouring.  “Rock glue”, drill, and cable were used to keep 
rocks in place.  The bank underneath the fish ladder would be undermined 
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without this.  DFG helped design and pay for the diversion ladder.   A fish 
counter was installed on the ladder in 2003.  (Rick Rogers, National 
Marine Fisheries Service, pers. comm. January 2003; Mary Larson, 
California Department of Fish and Game, pers. comm.; Buck Yedor, 
United Water Conservation District, pers. comm.  December 2002; 
National Oceanic and Atmospheric Administration and National Marine 
Fisheries Service, 2000) 

 The Highway 150 Bridge near Thomas Aquinas College presents 
steelhead passage problems.  The supports are in a concrete apron.  
There are steps in the apron, and the modifications necessary are minor.  
The free-flowing oil seeps need to be channeled around the step pools.  
Some exposed rebar needs to be removed, an interim step pool needs to 
be built to correct one large jump, and the shape of another bowl needs to 
be changed so a deep pool is formed.  (Mary Larson, California 
Department of Fish and Game, pers. comm.) 

 DFG wants the city of Santa Paula to develop a restoration plan for the 
area from the debris basin upstream to the top of the Harvey diversion.  
(Mary Larson, California Department of Fish and Game, pers. comm.) 

Sespe Creek 
 Sespe has tremendous potential for steelhead production.  There are no 

dams.  The main obstacle is the correct management of the “window of 
opportunity” (i.e., sufficient duration and volume of streamflow) for adult 
steelhead to migrate between the estuary and the Vern Freeman Fish 
Ladder; and the control of introduced aquatic species (fish and 
amphibians) that prey upon juvenile steelhead. (Rick Rogers, National 
Marine Fisheries Service, pers. comm. January 2003; Mark Capelli, 
National Marine Fisheries Service, pers. comm. January 2004) 

 Surface flow from Sespe Creek doesn't reach the mainstem during 
normal, baseflow (summer and fall) conditions.  Water coming out of the 
Sespe usually disappears into a porous flood plain before it reaches the 
mainstem.  There is a lack of connectivity between the Sespe and the 
mainstem, and Santa Paula Creek and the mainstem, except during storm 
events.  (Steve Lee, University of California at Los Angeles, pers. comm. 
November 2002) 

 Fillmore Diversion may impound juveniles in artificial pond, but its 
significance to adult passage is unknown.  (Mark Capelli, National Marine 
Fisheries Service, pers. comm. January 2004)   

 There is a gravel operator on the lower Sespe who as of early 2003 was 
interested in extracting from the creek; this operation has the potential to 
further reduce steelhead passage from the mainstem to Sespe Creek  
(Rick Rogers, National Marine Fisheries Service, pers. comm. January 
2003; Mark Capelli, National Marine Fisheries Service, pers. comm. 
January 2004).  However, this operator would need to obtain a new permit 
from Ventura County, with adequate CEQA review (Ron Bottoroff, Friends 
of the Santa Clara River, pers. comm. January 2004).   

 61



Piru Creek 
 Owner of the lower section, Rancho Temescal, bought the property in 

2000 and is developing it for agriculture and other commercial uses, e.g. 
an Equestrian Center for thoroughbred training and racing.  The value of 
the 5cfs which is currently released from Santa Felicia Dam to protect 
aquatic resources in the lower two miles of Piru Creek from the dam to the 
confluence of the Santa Clara River may be compromised by proposed 
development and related activities.  (Rick Rogers, National Marine 
Fisheries Service, pers. comm. January 2003; Mark Capellli, National 
Marine Fisheries Service, pers. comm. January 2004) 

 
 

Section II.  General Information  

Dams/Barriers  
 Dams can result in increased water temperatures, changes in fish 

community structure, and increased travel time by migrating adult and 
juvenile salmonids. (Bryant and Lynch 1996)     

 Types of barriers include dams, culverts, diversions, flood control 
channels, flow dynamics, water quality, and natural features such as 
waterfalls (Stoecker 2002).   
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Exotic Species Predation and Competition 
 

Issues 
1. The impact of exotic species on different life stages of steelhead has been 

poorly documented.  
2. Green sunfish and black bullhead catfish are known to prey on steelhead 

fry and eggs.   
 

Potential Research Questions 
 How many exotic species exist and what are their population numbers?   
 What likely impact are they having on the different life stages of 

steelhead? 
 What overall/accumulative effect do exotic species have?  What are the 

impacts of predation and competition? 
 

Section I.  Santa Clara River  
 Bullheads can be extremely voracious egg eaters.  Bullheads are in high 

abundance in the middle Sespe from Timber to Lion Creeks and appear to 
be rapidly expanding in population and distribution into the lower Sespe; 
within the last 5 years black bullheads have spread down through the 
Sespe Gorge to Devils gate, and now dominate many of the shallow 
pools. (Blecker et al. 1997; Mark Capelli, National Marine Fisheries 
Service, pers. comm. January 2004) 

 

Section II.  General Information  

Predation 
 Low flow conditions in southern California streams can enhance predation 

opportunities where adult steelhead may congregate at the mouth of 
streams waiting for high flows. (Bryant and Lynch 1996) 

 Most investigators believe that marine predation is a minor factor in 
steelhead declines.  (Bryant and Lynch 1996) 

 Two striped garter snakes (a native species) are highly effective 
predators, taking juvenile salmonids of up to 5 inches in length.  Their 
impacts on local fish populations can be substantial.  (Blecker et al. 1997) 

 Bullfrogs (a non-native species) may also prey upon young trout and 
steelhead.  (Blecker et al. 1997) 

 During drought years green sunfish densities seem to increase and trout 
densities decline.  Sunfish are better able to withstand higher 
temperatures and will prey upon large numbers of trout fry if they are 
crowded into the same habitat.  (Blecker et al. 1997) 
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Competition 
 Green sunfish are likely competitors with trout and juvenile steelhead, 

feeding on the limited caddisflies and terrestrial insects.  The may also 
feed on salmonid eggs and very young fry.    (Blecker et al. 1997) 
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Water Quality 
Issues 

1. The Stormwater program has found that copper, lead, nickel, selenium, 
and fecal coliform exceed allowable limits in the SCR. 

2. The LA-RWQCB is establishing TMDLs (Total Maximum Daily Loads) for 
the Santa Clara River.   A chloride TMDL of 100 mg/L, has been 
established for the upper river.  Other TMDLS scheduled are:  toxaphene, 
fecal coliform, and nitrate. 

3. Many of the smaller communities in this watershed remain unsewered.  In 
particular in the Auga Dulce area of the upper watershed and near the city 
of Acton.   

4. Increase in urban areas has led communities to build sewage treatment 
plants along the river, adding flood protection structures and effluent to the 
river. 

5. There are eight Wastewater Treatment Plants (or Water Reclamation 
Plants) along the river that are releasing at least 25 million gallons per day 
of effluent into the river or nearby percolation basins.   

6. Over time there have been 14 landfills/dumps both legal and illegal 
associated with the river.  It is unknown if contaminants are leaching into 
the surface or ground water.  

 

Potential Research Questions 
 How significant a problem is pollution in the Santa Clara River? 
 What is the impact of agricultural chemicals on the river?  How much is 

released into the river? 
 Which WRPs are contributing excessive pollution to the river?   
 What are the impacts of the WRPs impact on the estuarine environment at 

the mouth of the Santa Clara River? 
 Are there pollutants/runoff in the tributaries?  
 How do different pollutants impact steelhead adults, smolts, fry, and eggs? 
 Are landfills contaminating surface and groundwater?  What and how 

much? 
 

Section I.  Santa Clara River  

Mainstem 
 In the past LA-RWQCB considered the designation of the SCR as a 

Significant Natural Resource.  This category would be similar to the 
unique natural resource designation at the federal level that declares a 
resource unlike any other in the region.  A major component of the 
designation would be limiting the hydrologic and water quality impacts of 
further urbanization in the watershed.  However, the LA Sanitation District 
said that LA-RWQCB didn’t go through sufficient legal processes that such 
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a designation would require more legal development of the category, and 
established strong adversarial legal challenge.   Continuing this effort is 
beyond the staffing capabilities that LA-RWQCB has now.   To make this 
happen the category would have to be adopted by the regional board, 
then the state board.  They would also have to go through the process of a 
new beneficial use designation at the federal level.   

 

Tributaries 
 Since 1971, Piru Creek (between Pyramid Reservoir and Santa Felicia 

Reservoir) has shown improvements in water quality as a result of 
discharges from Pyramid Reservoir.  (United Water Conservation District 
and Castaic Lake Water Agency 1996) 

 Sespe Creek has a lower overall Total Dissolved Solids (TDS) and is a 
good source of higher quality water.  (United Water Conservation District 
and Castaic Lake Water Agency 1996) 

Estuary 
 Water quality issues within the estuary are (United Water Conservation 

District and Castaic Lake Water Agency 1996):   
 Water level management – the estuary has been mechanically 

breached when it reaches 9 ft above sea level.  Questions 
remain whether natural breaching is sufficient to avoid water 
quality problems at other times. 

 Eutrophication – high nutrient levels entering estuary from point 
source and non point source discharges could cause algal 
blooms and lead to eutrophication [not clear if this has actually 
happened]. 

 Coliform bacteria – bacteria levels exceeding recreational 
standards have been recorded at receiving stations in the 
estuary and nearby ocean monitoring stations.  High levels 
appear to be associated with non-point sources.   

 Pesticides – Agricultural activities may result in contamination of 
sediments in the estuary.  Further investigation is needed.  
Agricultural runoff can alter chemistry of the water and may 
destroy aquatic life by adding pesticides, herbicides and 
fertilizers to the water. 

 Wastewater treatment plant effluent is not a source of coliform bacteria in 
the estuary.  Populations of native and migrating birds who use the 
estuary for feeding, resting, and breeding are a potential source of 
coliform.  (Waln 2004) 
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Surface water quality monitoring occurs 
 At the Vern Freeman Diversion for Ventura County Stormwater Program 

(the SCR receives municipal storm drain discharges from Fillmore, 
Oxnard, Ventura, Santa Paula and unincorporated Ventura County).  
(Darla Wise, Ventura County Flood Control District, pers. comm.)  

 In the upper SCR by LA Sanitation District for Saugus and Valencia 
treatment plants.  (Los Angeles Regional Water Quality Control Board 
date unavailable) 

 Between Piru and Saticoy by UWCD. (Los Angeles Regional Water 
Quality Control Board date unavailable) 

 At Santa Paula, for mid-river receiving water. (Los Angeles Regional 
Water Quality Control Board date unavailable) 

 At Fillmore when they discharge to surface waters. (Los Angeles Regional 
Water Quality Control Board date unavailable) 

 

Discharge Permits granted by the Los Angeles RWQCB  
(Los Angeles Regional Water Quality Control Board date unavailable): 

 47 NPDES discharges – 33 go into mainstem, 14 go into tributaries 
 4 major discharges (POTWs, one discharging to estuary, one to middle 

reaches, two into upper watershed. 
 13 minor discharges 
 30 discharges covered under general permits 
 72 dischargers covered under an industrial storm water permit.  Largest 

number of dischargers is located in the cities of Santa Paula and Valencia.  
Many of these businesses are involved with auto wrecking and food 
packing. 

 188 dischargers are covered under a construction storm water permit.   
The majority of these are located in the upper watershed especially within 
Santa Clarita and Valencia. 

Pollution/contamination 
 Natural oil seeps discharge significant amounts of oil into Santa Paula 

Creek.  (Los Angeles Regional Water Quality Control Board date 
unavailable) 

 In 1997, ammonium perchlorate was discovered in four Saugus Aquifer 
wells (Castaic Lake Water Agency 1997).  Ammonium perchlorate is an 
inorganic chemical that is used in solid rocket propellants, fireworks and 
explosives (Castaic Lake Water Agency 1997). All currently contaminated 
Saugus wells are located south of the San Gabriel fault, many near the 
location of the former Whittaker-Bermite site where the perchlorate 
contamination originated (Castaic Lake Water Agency 1997).  The five 
shut wells are located along San Fernando Road, Magic Mountain 
Parkway, and Soledad Canyon Road in the Santa Clarita Valley (Worden 
2003). 
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 An oil spill occurred in Lake McGrath in 1993.  Subsequent sampling after 
cleanup revealed no residual oil contamination remaining in the lake.  
Water sampling has demonstrated however, that pesticides are a problem 
particularly historically used pesticides such as DDT.  California State 
Parks is the lead trustee agency for restoration planning efforts related to 
the oil spill settlement from the 1993 spill.  (Denise Steurer, U.S. Fish and 
Wildlife Service, pers. comm. January 2004) 

 Nitrates in specific areas  (El Rio, Bardsdale near Fillmore and an area 
west of Fillmore) are in excess of the state drinking water standard of 45 
mg/l. (United Water Conservation District and Castaic Lake Water Agency 
1996) 

 Higher water quality is present with higher in-stream flows, and lower 
water quality with lower in-stream flows.  (United Water Conservation 
District and Castaic Lake Water Agency 1996) 

 Potential sources of water quality problems in the lower Santa Clara River 
are:  natural oil seeps in the Santa Paula Area, impacts from urbanization, 
impacts from agriculture, and effects of imported and reclaimed water. 
(United Water Conservation District and Castaic Lake Water Agency 
1996) 

Stormwater program 
 On August 22, 1994 the California Regional Water Quality Control Board 

(RWQCB), Los Angeles Region, issued a NPDES permit to the Ventura 
County Flood Control District (VCFCD), the County of Ventura, and the 
cities of Camarillo, Fillmore, Moorpark, Ojai, Oxnard, Port Hueneme, San 
Buenaventura, Santa Paula, Simi Valley, and Thousand Oaks as Co-
permittees, for discharges of stormwater and urban runoff into the 
receiving waters of the Santa Clara River.  (Ventura County Flood Control 
District 2002) 

 The presence of the following constituents are measured as part of the 
stormwater program (Ventura County Flood Control District 2002).  Tables 
are shown as they appear in the 2003 mid-year monitoring report: 
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Constituents that exceeded water quality objectives under either dry or wet 
conditions in 2003 are:  

 
Constituent Most Likely Sources 

Copper WRPs (residential plumbing materials) 

Lead and Nickel Urban storm water runoff, industrial, or domestic wastewater 
discharges, oil and gas production, mining or farming. 

Selenium ? 

Fecal Coliform 
Unknown.  Possible sources include poorly functioning 
wastewater treatment plants, ranches (with horses, cattle or 
hogs), dogs, cats, wildlife (raccoons, coyotes, birds, etc.). 

Total Dissolved Solids Can have both natural and anthropogenic sources. 

Chromium Urban storm water runoff, industrial, or domestic wastewater 
discharges, oil and gas production, mining or farming. 

Zinc Urban storm water runoff, industrial, or domestic wastewater 
discharges, oil and gas production, mining or farming. 
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TMDLs 
 The LA-RWQCB is establishing TMDLs for the Santa Clara River (Los 

Angeles Regional Water Quality Control Board date unavailable).  A 
TMDL is the sum of the allowable loads of a single pollutant from all 
contributing point and nonpoint sources. The schedule for setting TMDLs 
is listed below though it is subject to change: 

 
Constituent Area 

Affected 
Standard or 
scheduled 

year 

Probable 
Source 

Most Likely 
Cause 

Chloride Upper SCR 100 mg/l Saugus and 
Valencia WRPs 

Residential water 
softeners 

Toxaphene Estuary 2007 Historical 
pesticide  

Fecal Coliform Upper SCR 
and Estuary 2006 Unknown  

Nitrate Upper and 
Lower SCR 2004 Unknown WRPs, livestock, 

fertilizers 

Eutrophication, 
fish kills, 

algae, trash 

Lakes 
Elizabeth, 
Hughes, 

Munz 

2004 Unknown Recreational 
users.  Other. 

 
 

Sewage 
 Sewage alters dissolved oxygen concentrations leading to near anaerobic 

conditions.  (Hager 2001) 
 Secondary water source usually sewer treatment plant effluent provide 

more surface water than was available historically.  This water is often 
detrimental.  It is much warmer than natural waters emerging from 
underground sources.  Its high nutrient load encourages a different suite 
of species and can put the native fauna and flora at a competitive 
disadvantage.  These conditions favor introduced aquatic vertebrates like 
red shiners, grass carp, goldfish, and clawed frogs.  (Swift et al. 1993)   

 Many of the smaller communities in this watershed remain unsewered.  In 
particular, in the Auga Dulce area of the upper watershed, and near the 
city of Acton.  (Los Angeles Regional Water Quality Control Board date 
unavailable) 

 The effects of septic system use in the Oxnard Forebay area is also of 
concern.  (Los Angeles Regional Water Quality Control Board date 
unavailable) 

 Increase in urban areas has led communities to build sewage treatment 
plants along the river, adding flood protection structures and effluent to the 
river.  (Schwartzberg and Moore 1995) 
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 The amount of sewage that plants along the river are capable of treating 
and releasing as effluent are (United Water Conservation District 2000; 
pers. comm. with respective facilities):  

 
 

Location of Plant Capacity 
Saugus 5.43 million gallons per day (MGD) 
Fillmore 0.15 MGD 

Piru 0.11 MGD 
Valencia 10.56 MGD.  Expansion planned as of 1996. 
Ventura 10.3 MGD.  Significant upgrades are underway to 

increase capacity to14 MGD 
Santa Paula 2.55 MGD 

Newhall (proposed) 6.90 MGD 
 

 Piru, Fillmore and Montalvo percolate secondary treated effluent into the 
ground near the Santa Clara riverbed (United Water Conservation District 
and Castaic Lake Water Agency 1996).  Fillmore also has an NDPES 
permit to discharge directly into the river. 

 Saticoy percolates primary treated effluent from a community septic tank.  
(United Water Conservation District and Castaic Lake Water Agency 
1996) 

 Santa Paula discharges tertiary treated water directly to the SCR. (United 
Water Conservation District and Castaic Lake Water Agency 1996) 

 

Landfills/Dumps 
 There have been huge landfills associated with the river (see following 

landfill table).  
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Table of present and past landfills located on or near the Santa Clara River 
(Schwartzberg and Moore 1995; United Water Conservation District 2000) 

 
Name Present Historic Location Serves/served/notes 
Chiquita 
Canyon X  Near Santa 

Clarita 
Valencia, Newhall and eastern 

Ventura County 
Elkins 
Ranch X    

Toland Rd X  
Between Santa 

Paula and 
Fillmore 

SC valley:  Santa Paula, 
Fillmore, Piru and other 

unincorporated areas of the 
county.  Oxnard, Port 

Hueneme, Ventura, Camarillo 
and Ojai. 

 

Illegal dump 
site X  South Mountain 

Road 

A large amount of trash, 
including cars, boats and 

trailers have been found in the 
river’s bed 

Illegal dump 
site X  

Between 
Bailard Landfill 

and Ventura 
Marina 

Casual dumping of trash on 
both sides of the river. 

Torrey Rd  X Piru Piru 
Highway 23  X Near Fillmore  
12th St. and 

South 
Mountain 

 X Santa Paula Santa Paula 

Saticoy 
Avenue  X Saticoy Saticoy 

Wagon 
Wheel  X Wagon Wheel Oxnard, Ventura 

Southern 
California 
Coastal 
landfill 

 X 

Ventura Road 
to the Victoria/ 

River Ridge 
Golf Course 

Ventura? Oxnard? 

Borchard 
dump  X Victoria Ave Ventura? Oxnard? 

Bailard 
Landfill  X 

South of the 
SCR,  approx. 
1,500 feet west 
of Victoria Ave. 

Ventura Regional Sanitation 
District 

Sears-
Walker  X Site of Ventura 

Marina 

Sea burn dump where trash 
was often bulldozed into the 

ocean. 
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Sediment Regime 
 

Issues 
1. Santa Felicia Dam has had the greatest impact on altering the SCR 

sediment regime and preventing delivery of sediment to beaches.   
2. Total reduction in sand transport to the coast from 1928 – 1975 is 

estimated to be 15 million tonnes. 
 
 

Section II.  Santa Clara River  

Sediment  
 From 1928 to 1955 suspended sediment delivery to the ocean was 

reduced by only 6% due to anthropogenic influences.  Since 1956 annual 
deliveries of sand sized material by have been reduce by about 37% or 15 
million metric tonnes due to man-made upstream control structures.  The 
Lower River Diversion Dam built in 1929, and Santa Felicia Dam built in 
1956 on Piru Creek are the structures whose operations have been 
primarily responsible for this reduced shoreline sediment delivery. (Taylor 
et al. 1977) 

 Total sediment discharge of the basin computed from records of SCR at 
Montalvo for water years 1968 – 75 was 63.5 million tons of which 59.5 
million tons was carried in suspension.  (Williams 1979) 

 Total reduction in suspended sediment transport to the coast from 1928 – 
1975 has been on the order of 50M tonnes.  A ballpark estimate of the 
total reduction in sand transport to the coast during this period can be 
made as 30% of the suspended load, for a total of 15M tonnes. (Taylor et 
al. 1977) 

 The major difference between natural and actual sediment discharges of 
the Santa Clara River Basin is the sediment intercepted upstream from 
Lake Piru behind the Santa Felicia Dam.  The combined trap efficiency of 
Lake Piru and Pyramid Lake approaches 100 percent.  Sediment 
deposited in these reservoirs resulted in about a 12 percent reduction of 
sediment to the SCR basin during the period 1953 – 75.  (Williams 1979) 

 VFD and the Santa Felicia dam are the main structures that reduce 
delivery of sediment to the beach.  (Taylor et al. 1977) 

 Sediment losses by gravel mining, diversion of flows and interception of 
sediment in the Castaic Creek basin resulted in additional reductions of 4 
percent during the period 1953 – 75.  (Williams 1979) 

 Most of the sediment from the SCR was transported during only a few 
days of floodflow.  The long-term average annual sediment discharge of 
the SCR is estimated at 3.67 million tons.  (Williams 1979) 
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 Development on steep slopes (residential, industrial, and agricultural) can 
elevate the background levels of fine sediments in tributaries, particularly, 
Santa Paula, Pole, Hopper, and lower Piru Creeks, affecting steelhead 
spawning and rearing success.  (Mark Capelli, National Marine Fisheries 
Service, pers. comm. January 2004) 

 Forest fires can have temporary, but substantial effects on sediment 
regimes in tributaries, particularly the Sespe and Santa Paula Creeks; 
their frequency and intensity have been significantly modified by forest 
management practices. (Mark Capelli, National Marine Fisheries Service, 
pers. comm. January 2004) 

 
 

Section II.  General Information  
 Excessive sedimentation alters the entire hydrology of a watershed 

leading to channel widening, loss of the pool-riffle sequence, reduced pool 
depth, and decreased stability of substrate and banks.  (Barnhart 1986, as 
cited in Stoecker 2002; Cordone and Kelley 1961; Walters 1995) 
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A partial list of Santa Clara River Species 
 
Birds 

Common Name Genus Species Native? Special Status?

California least tern Sterna antillarum browni Y Y 

Least Bell's vireo Vireo bellii pusillus Y Y 

Loggerhead shrike Lanius ludovicianus Y Y 

Southwestern willow flycatcher Empidonax trailii extimus Y Y 

Western least bittern Ixobrychus exilis hesperis Y Y 

Western snowy plover Charadrius alexandrinus nivosus Y Y 

Yellow warbler Dendroica petechia breshteri Y Y 

Brown-headed cowbird   N - 

 

Fish 
Common Name Genus Species Native? Special Status?

Pacific Lamprey Lampetra tridentata Y  

Pacific staghorn sculpin Leptocottus armatus Y  

Prickly sculpin Cottus asper   

Rainbow trout Salmo gairdneri Y N 

Santa Ana sucker Catostomus santaanae Y but 
invasive Y 

Southern steelhead trout Oncorhynchus mykiss Y Y 

Tidewater goby Eucyclogobius newberryi Y Y 

Unarmored threespine stickleback Gasterosteus aculeatus 
williamsoni Y Y 

Black Bullhead Ameiurus melas N  

Sacramento sucker Catostomus occidentalis N  

Green sunfish Lepomis cyanellus   

Largemouth bass Micropterus salmoides   

Owens sucker Catostomus fumeiventris   

Threadfin shad Dorosoma peteneses   
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Plants 
Common Name Genus Species Native? Special Status?

Mule fat Baccharis salicifolia Y  

Nevin's barberry Berberis nevinii Y Y 

Ojai fritillary Fritillaria ojaiensis Y Y 

Slender-horned spineflower Dodecahema leptoceras Y Y 

Ventura marsh milkvetch Astragalus pycnostchyus Y Y 

Bull Thistle   N - 

Castor Bean Ricinus communis N - 

Fennel   N - 

Giant Cane Arundo donax N - 

Pampas grass   N - 

Tamarisk Tamarix sp. N - 

 

Reptiles and Amphibians 
Common Name Genus Species Native? Special Status?

Arroyo toad Bufo microscaphus 
californicus Y Y 

California red-legged frog Rana aurora draytonii Y Y 

South coast garter snake Thamnophis sirtalis sp. Y Y 

Southwestern pond turtle Clemmys marmorata pallida Y Y 

Two striped garter snake Thamnnophis hammondii Y N 

African clawed frog Xenopus laevis N - 

Bullfrog Rana catesbiana N  
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Current Santa Clara River Studies  
 

Name Org Date 
Begin

Date 
End Summary 

Watershed Plan ACOE Jan-04 Jan-07 

Also referred to as the Feasibility study.  Approximately ½ of 
the cost is being paid by ACOE with Ventura and Los Angeles 

Counties paying the other ½ mostly with in-kind services. 
Major components of the study include:  surveys and mapping 

of the watershed; hydrologic, hydraulic, sediment, water 
quality, and coastal investigations; engineering and design 

analysis to identify flood control, erosion, sedimentation and 
environmental restoration projects; socioeconomic studies; 

environmental studies; and cultural resource studies.  The six 
planning steps are: 1) specify problems and opportunities, 2) 

inventory and forecast conditions, 3) formulate alternative 
plans, 4) evaluate effects of alternative plans, 5) compare 

alternative plans, and 6) select recommended plan.  The study 
will take 3 years to complete. 

SCREMP Ventura 
County   

A management plan for the river up to the 500 year floodplain. 
Covers from the 500 - 25 year flood line for bank 

improvements and stabilization. 

SCR EIR and 
Mapping 

Arundo Task 
Force   

EIR and mapping to match $1.3M Prop 13 funding that was 
given to the LA portion of the SCR for EIR, mapping and 

Arundo removal. 

Steelhead 
Recovery Plan NMFS   

An endangered species recovery plan that will encompass the 
Southern California ESU and will address restoring southern 

steelhead trout. 

Regional 
Wetlands and 

Watershed 
Management Plan 

for Southern 
California 

Environment 
Now/ 

Wetlands 
Recovery 

Project 

Apr 02 Nov 04 

Funded by Environment Now. Watershed Coordinators, hired 
under the Wetlands Recovery Project Local Assistance 

Program, are focusing on project management and assistance 
for projects that are already on the Wetlands Recovery Project 

workplan.  They will also promote the contribution of local 
resources to the development of watershed management 

planning tools under development by the Wetlands Recovery 
Project.    

Steelhead Habitat 
and Barriers 
Assessment  

UC Santa 
Barbara and 
The Nature 

Conservancy 

Oct 03 Sept 05
Assessing steelhead habitats, populations, and barriers to 

migration.  Evaluating and modeling hydrology as it relates to 
steelhead migration. 
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A partial list of potential funding sources 
Sources of 

funding 
Title Contact Type of funding Amt  Notes 

CA Water Quality 
Control Board NPS    Prop 40. 

CA Water Quality 
Control Board Stormwater    

Prop 40. Dry weather flow; 
diversions, acquisition and 
development of wetlands, 
implementation of BMPs 

CA Wildlife 
Conservation 

Board 

Habitat 
Enhancement and 

Restoration 
Program 

    

CFG 
Fisheries 

Restoration Grant 
Program 

Mary 
Larson 

Barrier modification 
and removal, fish 

ladders, monitoring, 
education, demo 

projects. 

 

Very competitive.  Funding is 
not provided until the following 

summer, i.e. approved 
proposals from May 2003 will 

receive funds in summer 2004. 
$$ needs to be spent in 1 - 2 

years. 

Dept of Water 
Resources 

Flood protection 
Corridor Program  Buy land, flood 

control   

National Fish and 
Wildlife foundation 

Bring back the 
Natives Don Glaser Restoration Projects  On the ground habitat 

restoration projects for natives

National Fish and 
Wildlife foundation Challenge Grants Anna 

Weinstein
Cooperative 
parnerships  To conserve fish, wildlife, plants 

and their habitats. 

National Fish and 
Wildlife foundation 

Native Plant 
Conservation 

Initiative 

Beth 
deCarolis

Conservation 
Projects  

On the ground conservation 
projects that protect, enhance 

or restore native plant 
communities. 

NOAA 
Community Based 

Restoration 
Program 

 Cooperative   
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Sources of 
funding 

Title Contact Type of funding Amt  Notes 

NRCS Wetlands Reserve 
Program 

Alan 
Forkey Wetland restoration  

To establish long-term 
conservation practices and 

protection.  Private landowners 
only. 

NRCS 
Wildlife Habitat 

Incentives 
Program (WHIP) 

Lisa 
Roberts Wildlife Habitat  

Develop and improve habitat.  
75% cost-share assistance. 
Like to fund multiple partner 

projects. 

USFWS ARCO oil spill Denise 
Steurer 

For land acquisition, 
invasive non-native 

species control, 
restoration projects, 

information and 
education, and  

watershed 
evaluation and 

monitoring 

$7.1M  

USFWS Private 
Stewardship  

On the ground 
conservation 

projects 
$10K  

USFWS Partners for Fish 
and Wildlife 

Kate 
Symonds Projects  Conserve/protect fish and 

wildlife and their habitats 
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4.4 WATERQUALITY 

4.4.1 INTRODUCTION 

This section provides an overview of the existing conditions for surface water and groundwater quality, 
and evaluates the potential direct, indirect, and secondary impacts of the proposed Project and alternatives 
to both surface water quality in the Santa Clara River Corridor from I-5 to approximately 3.5 miles 
downstream of the Specific Plan boundary to the area known as the "Dry Gap," and to groundwater 
quality. This section also evaluates direct impacts to water quality from both the proposed Project, which 
is comprised of the Newhall Ranch RMDP and the SCP, and its alternatives. Implementation of the 
proposed RMDP and SCP would indirectly facilitate County-approved development on the Specific Plan 
site, the VCC planning area, and in a portion of the Entrada planning area. Therefore, potential impacts to 
water quality from build-out of these areas are evaluated as indirect impacts. Impacts to surface water 
quality in the Santa Clara River Corridor and groundwater quality outside the footprint of the Project area 
are evaluated as secondary impacts. 

The proposed Project's RMDP component consists of a resource management plan to be implemented in 
conjunction with the infrastructure required to implement the Specific Plan. The RMDP also includes a 
variety of infrastructure Project Design Features (PDFs)1 and other infrastructure that would reduce, 
minimize, and avoid the impacts of development of the previously approved Specific Plan. The SCP 
component is a conservation and mitigation strategy for the spineflower that identifies measures for the 
conservation, permitting, and management of spineflower on the applicant's land holdings with known 
spineflower populations. 

Impacts to surface water hydrology and flood control are evaluated in Section 4.1, Surface Water 
Hydrology and Flood Control. Section 4.2, Geomorphology and Riparian Resources, provides an 
overview of the existing conditions for geomorphology and riparian resources, and evaluates the potential 
hydraulic and hydromodification impacts on sensitive aquatic/riparian resources in the Santa Clara River 
Corridor and tributary drainages. Species-specific impacts in riparian and aquatic habitats are analyzed in 
Section 4.5, Biological Resources. Impacts to jurisdictional waters through direct removal, filling, 
hydrological interruption, or other means are assessed in Section 4.6, Jurisdictional Waters and Streams. 

4.4.1.1 Relationship of Proposed Project to Newhall Ranch Specific Plan Program EIR 

This section (Section 4.4) provides a stand-alone assessment of the potentially significant water quality 
impacts associated with the proposed Project; however, the previously certified Newhall Ranch 
envirornnental documentation provides important information and analysis pertinent to this EIS/EIR. The 
Project components would require federal and state permitting, consultation, and agreements that are 
needed to facilitate development of the approved land uses within the Specific Plan site and that would 
establish spineflower preserves within the Project area, also facilitating development in the Specific Plan, 
VCC, and a portion of the Entrada planning area. Due to this relationship, the Newhall Ranch 

Project Design Features (PDFs) for water quality include site design, source control, and 
treatment control Best Management Practices (BMPs) that will be incorporated into the Specific Plan 
projects and are considered a part of the projects for the impact analysis. The water quality PDFs are 
listed in Table 4.4-12. 
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4.4 WATERQUALITY 

environmental documentation, findings, and mitigation, as they relate to water quality, are summarized 
below to provide context for the proposed Project and alternatives. 

Section 4.11 of the Newhall Ranch Revised Draft EIR (March 1999) assessed the existing water quality 
conditions and potential impacts as a result of the Specific Plan's capacity to substantially degrade water 

quality levels, and identified mitigation measures for these impacts. In addition, Section 5.0 of the 
Revised Draft EIR (March 1999) analyzed and identified the water quality impacts and mitigation 
measures associated with construction and operation of the approved Water Reclamation Plant (WRP), 
which would treat the wastewater generated by the Specific Plan. 

The Newhall Ranch Specific Plan Program EIR recommended implementation of Mitigation Measure SP-
4.2-7 to ensure that water quality impacts would remain less than significant2 In addition, to lessen the 
water quality impacts resulting from construction and operation of the approved WRP, the Newhall 
Ranch Specific Plan Program EIR recommended implementation of Mitigation Measure SP-5.0-52 
through SP-5.0-56. The Specific Plan and WRP mitigation measures are summarized below. The Board 

of Supervisors found that adoption of these mitigation measures would reduce the identified significant 
impacts of the Specific Plan and WRP to less-than-significant levels. The Newhall Ranch mitigation 
program was adopted by Los Angeles County in findings and in the revised Mitigation Monitoring Plans 
for the Specific Plan and WRP. 

Table 4.4-1 summarizes the Specific Plan's and the WRP's water quality impacts, the applicable 
mitigation measures, and the significance findings after the mitigation is implemented. 

Table 4.4-1 
Impacts to Water Quality Caused by Implementation of the Specific Plan and WRP 

Impact Description 

Specific Plan Water Quality Impacts - The 
Specific Plan would not degrade the water quality 
of the Saugus aquifer; in fact, the Specific Plan's 
injection of water from the Castaic Lake Water 
Agency into this aquifer generally would improve 
the water quality for its intended use, and result in a 
beneficial impact. The Specific Plan also would not 
degrade the water quality of the Alluvial aquifer. 
Finally, the Specific Plan would not significantly 
affect the water quality of the Santa Clara River as a 
result of pumping activities. Accordingly, water 
quality impacts would be less than significant. 

Mitigation Measures (MM) 
Finding 

After 
Mitigation 

• SP-4.2-7: The applicant for any Less than 
subdivision map permitting construction Significant 
must satisfy all applicable Los Angeles 
County requirements of the NPDES 
Program to the satisfaction of the County 
of Los Angeles Department of Public 
Works. These requirements currently 
include preparation of an Urban Storm 
Water Mitigation Plan (USWMP) and a 
Stormwater Management Pollution 
Prevention Plan (SWPPP) both of which 
must contain design features and BJ\!!Ps 
appropriate and applicable to the 
subdivision. The County of Los Angeles 
Department of Public W arks also must 

2 Reference to mitigation measures included in the Newhall Ranch Specific Plan Program EIR are 
preceded by "SP" in this EIS/EIR to distinguish them from other mitigation measures discussed herein. 
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Table 4.4-1 
Impacts to Water Quality Caused by Implementation of the Specific Plan and WRP 

Impact Description 

Specific Plan Cumulative Water Quality 
Impacts-The Specific Plan would result in less
than-significant cumulative impacts because all 
related projects would be required to meet Federal 
Clean Water Act standards (among others) for 
drinking water and site runoff 

WRP Water Quality Impacts - The WRP's 
discharges to the Santa Clara River would comply 
with the Water Quality Control (Basin Plan) for the 
Los Angeles Region (approved February 23, 1995). 
This compliance ensures that the WRP also would 
meet state and federal requirements for water 
quality. Therefore, impacts would be less than 
significant. 

Mitigation Measures (MM) 

monitor compliance with those NPDES 
requirements. 

Finding 
After 

Mitigation 

• No mitigation recommended. Less than 
Significant 

• SP-5.0-52: Requires creation of a new Less than 
County sanitation district to administer Significant 
operation of the WRP. 

• SP-5.0-53: Requires satisfaction of Title 
22's standards, which regulate the use of 
reclaimed water. 

• SP-5.0-54: Requires the WRP to satisfy 
the State Regional Water Quality Control 
Board, Los Angeles Region, discharge 
limits for reclaimed water and water used 
to irrigate landscaped areas. 

• SP-5.0-55: Requires the WRP to obtain a 
National Pollutant Discharge Elimination 
System perm it. 

• SP-5.0-56: Requires the sanitary sewer 
system to be designed and constructed for 
maintenance m accordance with 
applicable manuals, criteria, and 
requirements. 

Source: Newhall Ranch Revised Draft EIR (March 1999); Newhall Ranch Revised Additional Analysis (May 2003). 

4.4.1.2 Relationship ofProposed Project to vee and Entrada Planning Areas 

4.4.1.2.1 vee Planning Area 

The SCP component of the proposed Project, if approved, would facilitate development in the VCC 

planning area. The VCC is reliant on the SCP and associated take authorizations, and would not be 

developed without the take authorizations due to grading constraints. The VCC planning area is the 

remaining undeveloped portion of the VCC commercial/industrial complex currently under development 

by the applicant. The VCC was the subject of an EIR certified by Los Angeles County in April 1990 

(SCH No. 1987-123005). The applicant has recently submitted to Los Angeles County the last tentative 

parcel map (TPM No. 18108) needed to complete build-out of the remaining undeveloped portion of the 

VCC planning area. The County will require preparation of an EIR in conjunction with the parcel map 
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and related project approvals; however, the County has not yet issued a Notice of Preparation (NOP) of 
the EIR or released the EIR. The previously certified VCC EIR (April 1990) did not address impacts 
relating to water quality, as there was no substantial evidence that water quality would be impacted from 
implementation ofthe vee. 

4.4.1.2.2 Entrada Planning Area 

The applicant is seeking approval from Los Angeles County for planned residential and nonresidential 
development within the Entrada planning area. The SCP component of the proposed Project would 
designate an area within Entrada as a spineflower preserve. If approved, the SCP component would 
include take authorization of spineflower populations in Entrada that are located outside of the designated 
spineflower preserve area. Thus, the planned development within portions of the Entrada planning area is 
reliant on the SCP and associated take authorizations, and those portions would not be developed without 
the take authorizations. The applicant has submitted to Los Angeles County Entrada development 
applications, which cover the portion of the Entrada planning area facilitated by the SCP component of 
the proposed Project. However, as of this writing, the County has not yet issued a NOP of an EIR or 
released an EIR for Entrada. As a result, there is no underlying local envirornnental documentation for the 
Entrada planning area at this time. 

4.4.2 METHODOLOGY 

This EIS/EIR analyzes whether substantial additional sources of polluted runoff may result from the 
proposed Project or the alternatives based on the results of water quality modeling and qualitative 
assessments. PDFs for water quality impacts include site design, source control, and treatment control 
Best Management Practices (BMPs) that will be incorporated into the Specific Plan projects and are 
considered project components for impact analysis purposes. The water quality evaluations include the 
Project's implementation of proposed PDFs intended to avoid and minimize the potential for water quality 
impacts. Any increases in pollutant concentrations or loads in runoff resulting from the development of 
the proposed Project or alternatives are considered an indication of a potentially significant adverse water 
quality impact. The increase would then be assessed for significance. If loads and concentrations 
resulting from development are predicted to stay the same or to be reduced when compared with existing 
conditions, it is concluded that the proposed Project or alternatives would not cause a significant adverse 
impact to the ambient water quality of the receiving waters for that pollutant. 

If pollutant loads or concentrations are expected to increase during the post-development and construction 
phases, impacts are assessed by evaluating compliance of the proposed Project and alternatives with 
applicable regulatory requirements. Further, post-development increases in pollutant loads and 
concentrations are evaluated by comparing the magnitude of the increase to relevant water quality 
benchmarks provided by applicable regulatory programs that are described below. 

The description of existing surface water quality and the impact analysis utilizes the results of a technical 
analysis prepared by Geosyntec Consultants, Inc. (Geosyntec ). The Geosyntec analysis is contained in a 
report entitled, Newhall Ranch Specific Plan Sub-Regional Stormwater Mitigation Plan (Sub-Regional 
Plan) (April 2008). This Sub-Regional Plan sets forth the urban runoff management program that will be 
implemented for the Newhall Ranch Specific Plan subregion, consistent with the Los Angeles County 
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Municipal Separate Storm Sewer System (MS4) National Pollutant Discharge Elimination System 
(NPDES) Permit. and the Standard Urban Stormwater Mitigation Plan (SUSMP). Stormwater 
management. including planning water quality and hydromodification control. is central to assuring the 
long-term viability of beneficial uses. including important habitat systems and species dependent upon 
those systems. The Sub-Regional Plan assesses potential water quality and hydromodification impacts 
associated with the Specific Plan development. and proposes BMPs and other control measures to 
mitigate potential impacts and ensure beneficial uses. The Sub-Regional Plan is found in Appendix 4.4 
of this EIS/EIR. 

The scope of the surface water and groundwater quality impact analysis corresponds with Santa Clara 
River Reach 5. which extends from I-5 to the "Blue Cut." and downstream within Reach 4 to the "Dry 
Gap" in the Santa Clara River (see Figure 4.4-1). The Santa Clara River is a perennial stream (contains 
water on a year-round basis) in the study reaches. Beginning about 3.5 miles downstream of the Los 
Angeles County/Ventura County jurisdictional boundary line. the river is dry most of the year. with water 
present only when rainfall events create sufficient stormwater runoff in the River. The "Dry Gap" starts at 
about 3.5 miles downstream of the Los Angels County/Ventura County line (western limit of the Project 
boundary) and extends downstream of the Piru Creek confluence with the Santa Clara River and the lower 
limit of the Piru groundwater basin. between the communities of Piru and Fillmore. 3 The Santa Clara 
River watershed is 1.634 square miles in area. The portion of the Santa Clara River watershed that is 
located generally upstream or east of the Los Angeles County/Ventura County line is approximately 640 
square miles in size. The proposed Project area comprises 3.5 percent of the Santa Clara River watershed 
upstream of the Los Angeles County/Ventura County line and 1.4 percent of the total Santa Clara River 
watershed. Potential surface water quality impacts of the proposed Project are attenuated by the presence 
of the "Dry Gap" and the large size of the watershed. 

The Santa Clara River Valley East groundwater basin underlies the Project area and extends downstream 
to below the Los Angeles CountyNentura County line (see Figure 4.4-1). The Piru groundwater basin 
lies to the west of the Santa Clara River Valley East groundwater basin and underlies the dry gap. On the 
upstream side of eastern limit of the Piru groundwater basin. the alluvial fill is thin and the underlying 
bedrock lies at a shallow depth. As a result. the water table is shallow. and little or no leakage occurs from 
the river to the underlying shallow groundwater. In contrast. on the downstream side of this boundary. in 
the Piru groundwater basin. the alluvium is thicker and the underlying bedrock is much deeper. As a 
result. the water table in the alluvium is deeper. and the alluvial sediments are able to rapidly infiltrate the 
entire flow of the river. thus the presence of the "Dry Gap." 

3 GSI Water Solutions. Inc. prepared a report that evaluated the "Dry Gap" portion downstream of 
the Project area in a report entitled. Assessment of Future Surface Water Conditions in the Dry Gap of the 
Santa Clara River (April 2008). The GSI report is found in Appendix 4.2 of this EIS/EIR. 
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4.4.3 REGULA TORY SETTING 

4.4.3.1 Federal 

Federal Clean Water Act. In 1972. the Federal Water Pollution Control Act (later referred to as the 
Clean Water Act [CW A]) was amended to require National Pollutant Discharge Elimination System 
(NPDES) permits for the discharge of pollutants into "waters of the United States" from any point source. 
As defined in the CW A. "waters of the United States" are surface waters. including rivers. lakes. 
estuaries. coastal waters. and wetlands. that are interstate waters used in interstate and/ or foreign 
commerce. their tributaries. territorial seas at the cyclical high tide mark. and adjacent wetlands. In 1987. 
section 402 of the CW A was amended to require that the United States Envirornnental Protection Agency 
(USEPA) establish regulations for permitting of municipal and industrial stormwater discharges under the 
NPDES permit program. The USEPA published final regulations regarding stormwater discharges on 
November 16. 1990. (See 55 Fed.Reg. 47990 (Nov. 16. 1990).) The regulations require that Municipal 
Separate Storm Sewer System (MS4) discharges to surface waters be regulated by a NPDES permit. An 
MS4 is a publicly-owned conveyance or system of conveyances (including roads with drainage systems. 
municipal streets. catch basins. curbs. gutters. ditches. man-made channels. or storm drains) that are 
designed or used for collecting or conveying stormwater separately from wastewater. 

In addition. CW A section 304(a) requires states to adopt water quality standards for receiving water 
bodies and to have those standards approved by the USEP A. These water quality standards consist of 
designated beneficial uses for a particular receiving water body (e.g.. wildlife habitat. agricultural supply. 
fishing. etc.). along with water quality criteria necessary to support those uses. Water quality criteria 
consist of either prescribed concentrations or levels of constituents. such as lead. suspended sediment. and 
fecal coliform bacteria. or narrative statements describing the quality of water that supports a particular 
beneficial use. Because California had not established a complete list of acceptable water quality criteria. 
USEPA established numeric water quality criteria for certain toxic constituents in surface waters with 
human health or aquatic life designated uses in the form of the California Taxies Rule (CTR). ( 40 C.F.R. 
§ 131.38.) The final rule establishes ambient water quality criteria for priority toxic pollutants in the State 
of California. 

Section 303(d) of the Clean Water Act. When designated beneficial uses of a particular receiving water 
body are compromised by impaired water quality. CW A section 303( d) requires identifYing and listing 
that water body as "impaired." Once a water body has been deemed impaired. a Total Maximum Daily 
Load (TMDL) must be developed for the impairing pollutant(s). A TMDL is an estimate of the total load 
of pollutants from point. nonpoint. and natural sources that a water body may receive without exceeding 
applicable water quality standards (with a "factor of safety" included). Once established. the TMDL 
allocates the loads among current and future pollutant sources for the impaired water body. The 
California 303( d) Listing Policy sets the rules for identifYing the waters that do not meet water quality 
standards. The Policy distinguishes between three categories of waters that do not meet water quality 
standards. The categories are: (1) requiring TMDLs; (2) water quality limited segments being addressed 
by a TMDL that has been developed and approved by USEPA and the approved implementation plan is 
expected to result in full attairnnent of the standard within a specified time frame; and (3) water quality 
limited segments being addressed by an existing regulatory program that is reasonably expected to result 
in the attairnnent of the water quality standard within a reasonable. specified time frame. 
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The Newhall Ranch Specific Plan development projects would discharge stormwater and runoff into 
Santa Clara River Reach 5.' either directly or through one of the following four tributaries to the River: 
Chiquita Canyon; San Martinez Grande Canyon; Long Canyon; and Potrero Canyon. Table 4.4-2 lists the 
water quality impairments for the Santa Clara River. at and downstream of the Specific Plan location. as 
reported in the most recent (2006) CWA section 303(d) List of Water Quality Limited Segments. (see 
Figure 4.4-1. Santa Clara River Reach Boundaries) 

River 
Reach or 

Tributary' 

5 

3 

Notes: 

Table 4.4-2 
2006 CW A Section 303( d) Listings for the Santa Clara River Mainstem 

Geographic Description 303(d) List 
and Distance from Proposed Potential 

Pollutants 
Project to Upstream TMDL Sources 

End of Reach Completion 
Blue Cut Gaging Station to 
West Pier Hwy 99 
(Includes entire Project 
site) 

Freeman diversion darn to 
"A" Streef 
(25 miles from Project site) 

Estuary to Highway I 0 I 
Bridge 
(30 miles from Project site) 

Estuary 
( 40 miles) 

High Coliform 
Count 

Total Dissolved Solids 

Toxicity 

ChemA 
Coliform 

Toxaphene 

2019 

2019 

2019 

2019 
2019 
2019 

Nonpoint and 
Point Sources 

Nonpoint and 
Point Sources 

Source Unknown 

Source Unknown 
Nonpoint Source 
Nonpoint Source 

1 Santa Clara River reaches upstream of the Specific Plan area have not been included because they would not be affected 
by the Project. 
2 Reach 3 is downstream of the Dry Gap in Reach 4. 

ChernA suite of chlorinated legacy pesticides include: Aldrin, chlordane, Dieldrin, Endosulfan 1111, Endrin, gamrna
BHC, heptachlor, heptachlor epox:ide, and Toxaphene. 
Source: Geosyntec, 2008 

4 The River is divided into reaches for purposes of establishing beneficial uses and water quality 
objectives. However. there are two reach classifications. one established by the Los Angeles Regional 
Water Quality Control Board (RWQCB) and one established by the USEPA. Both of these reach 
classifications are used by the Los Angeles R WQCB and the USEPA in various documents. which at 
times is a source of confusion. This section uses the Los Angeles RWQCB reach numbers. Santa Clara 
River Reach 5. the Specific Plan area. is bounded downstream by the Blue Cut Gauging Station and 
upstream by the West Pier of Highway 99 (The Old Road). 
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Table 4.4-3 lists the 2006 section 303( d) List of Water Quality Limited Segments addressed by US EPA 
approved TMDLs. States are required to submit the section 303( d) List and TMDL priorities to the 
USEPA for approval. The 2006 section 303( d) List was adopted by the State Water Resources Control 
Board (SWRCB) and approved for transmittal to the USEPA on October 25. 2006. The 2006 section 
303( d) List was approved by EPA on June 28. 2007. Reach 5 of the Santa Clara River is listed for 
coliform bacteria. and for chloride as "being addressed" by an approved TMDL in the reach. Downstream 
segments of the River. below the Dry Gap in Reach 4.5 are listed for total dissolved solids (TDS). toxicity. 
coliform bacteria. chlorinated legacy pesticides. and Toxaphene (a banned pesticide). TDS are materials 
in the water that will pass through a filter. consisting mainly of inorganic salts. small amounts of organic 
matter. and dissolved gases. Reach 3 is listed for ammonia and chloride as "being addressed" by an 
approved TMDL. 

Table 4.4-3 
2006 CW A Section 303( d) List of Water Quality Limited Segments 

Being Addressed By USEPA Approved TMDLs 

Waterbody Name Pollutants Potential Sources EPA Approved TMDL 

Santa Clara River Reach 5 

Santa Clara River Reach 3 

Source: Geosyntec, 2008. 

Chloride 

Ammonia 
Chloride 

Nonpoint/Point Source 

Nonpoint/Point Source 
Nonpoint/Point Source 

2005 

2004 
2002 

The Los Angeles RWQCB has adopted USEPA-approved TMDLs as part of the Water Quality Control 
Plan for the Los Angeles Region (Basin Plan). These include TMDLs for nitrogen compounds. including 
nitrate plus nitrite-nitrogen and ammonia. and chloride. The wasteload allocations' for stormwater 
discharges into Reach 5 of the Santa Clara River are summarized in Table 4.4-4. Pollutant reductions are 
regulated through effluent limits prescribed in Publicly Owned Treatment Works (POTW)7 and minor 
point source NPDES permits. BMPs required in NPDES MS4 permits. and SWRCB management 
measures for non point source discharges. The Los Angeles R WQCB has not yet adopted a TMDL for 
coliform bacteria in Reach 5. 

Beginning about 3.5 river miles downstream of the Los Angeles County/Ventura County line and 
the Salt Creek tributary. the Santa Clara River flows through the Piru groundwater basin. which 
represents a "Dry Gap" where dry season surface flows are interrupted and streamflow is lost to 
groundwater. This dry ephemeral reach of the river extends beyond the mouth ofPiru Creek. See Figure 
4.4-1. 
6 TMDLs allocate pollutant loadings among point sources (wasteload allocations) and nonpoint 
pollutant sources (load allocations). 
7 POTWs treat sewage. and are also known as wastewater treatment plants. 
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Table 4.4-4 
TMDL Wasteload Allocations for MS4 and Storm water Sources to Santa Clara River Reach 5 

Impairing 
Pollutant 

Chloride 
(Resolution 
No. 03-008) 

Nitrogen 
Compounds 
(Resolution 
No. 03-011) 

Notes: 

Numeric Water Quality Objective 

100 mg/L. 

The numeric target for NO,-N + NO,-N in the Nitrogen 
Compounds TMDL was based on achieving the existing 
water quality objective of 5 mg/L NO,-N + N~-N The 
numeric target that was used to calculate the wasteload 
allocations included a I 0% margin of safety; thus the 
numeric target is 4.5 mg/L NO,-N + NO,-N (30-day 
average). 

The water quality objectives for ammonia in Reach 5 
used in the Nitrogen Compounds TMDL are: 

TMDL Ammonia Water Quality Objective (mg/L as N) 

1-hr average 30-day average 

Reach5 3.4 1.2 
at County Line 

Reach 5 below 5.5 2.0 
Valencia 

Reach 5 above 4.8 2.0 
Valencia 

Waste load Allocation 

Wasteload allocations have been adopted 
for the Saugus WRP and the Valencia 
WRP. Other NPDES discharges 
contribute a minor chloride load. The 
wasteload allocation for these point 
sources is 100 mg/L. 

The source analysis indicates that 
nonpoint sources are not a major source 
of chloride. The load allocations for 
nonpoint sources is 100 rng!L. 

Concentration-based wasteloads are 
allocated to municipal, industrial, and 
construction stormwater sources 
regulated under NPDES permits. For 
storrnwater Permittees discharging into 
Reach 5, the following wasteload 
allocations apply: 

30-day average nitrate plus nitrite ~ 6.8 
mg/L (NO,-N + NO,-N) 

1-hour average arnrnoma 
(NH3 asN) 

30-day average arnrnoma 
(NH3 asN) 

5.2 mg/L 

175 mg/1 

Santa Clara River Reach 5, the Specific Plan area, is bmmded downstream by the Blue Cut Gauging Station and upstream by 
the West Pier of Highway 99 (The Old Road). 

Source: Geosyntec, 2008. 

Section 404 of the Clean Water Act. Section 404 of the Clean Water Act is a program that regulates the 

discharge of dredged and fill material into waters of the United States, including wetlands. Activities in 

waters of the United States that are regulated under this program include fills for development (including 

physical alterations to drainages to accommodate storm drainage, stabilization, and flood control 

improvements), water resource projects (such as darns and levees), infrastructure development (such as 

highways and airports), and conversion of wetlands to uplands for farming and forestry. The USEP A and 

the Army Corps of Engineers (Corps) have issued section 404(b)(l) Guidelines (40 C.F.R. § 230) that 
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regulate dredge and fill activities, including water quality aspects of such activities. Subpart C at sections 
230.20 through 230.25 contains water quality regulations applicable to dredge and fill activities. Among 
other topics, these guidelines address discharges which alter substrate elevation or contours, suspended 
particulates, water clarity, nutrients and chemical content, current patterns and water circulation, water 
fluctuations (including those that alter erosion or sediment rates), and salinity gradients. Compliance with 
section 404 of the CW A also is discussed in Section 4.6, Jurisdictional Waters and Streams, of this 
EIS/EIR. 

Section 401 of the Clean Water Act. Under section 401 of the CWA, every applicant for a federal 
permit or license for any activity which may result in a discharge of dredge or fill material to a water body 
must obtain State Water Quality Certification (Certification) that the proposed activity will comply with 
state water quality standards (i.e., beneficial uses, objectives, and anti-degradation policy). The Corps will 
not be able to finalize a section 404 permit until the applicant also receives a section 401 Certification 
from the Los Angeles RWQCB. The Los Angeles RWQCB will use this EIR/EIS, including information 

in this section, Section 4.2, Geomorphology and Riparian Resources, and in Section 4.6, Jurisdictional 
Waters and Streams, to support a determination regarding issuance of a section 401 Certification for the 
proposed Project. 

California Taxies Rule. The California Taxies Rule (40 C.F.R. § 131.38) is a federal regulation issued 
by the USEPA that provides water quality criteria for toxic pollutants in waters with human health or 
aquatic life designated uses in California. Not all waters receiving flows from the Specific Plan area, such 
as the tributaries to the Santa Clara River, are specifically designated with human health or aquatic life 
uses. However, the Santa Clara River does have such designated uses. Further explanation of designated 
uses is provided in the Basin Plan subsection below. Although CTR criteria do not apply directly to 
discharges of stormwater runoff, they can provide a useful benchmark to assess the potential impacts to 
the water quality of receiving waters from Specific Plan stormwater runoff discharges. Here, the 
freshwater aquatic life criteria are used as benchmarks to evaluate the potential impacts of stormwater 
runoff to the Project's receiving waters. The CTR also contains human health criteria which are derived 
for drinking water sources and for fish consumption only. Since the human health criteria are less 
stringent than the aquatic life criteria for the pollutants of concern for the proposed Project, the aquatic 
life criteria are used. 

Freshwater aquatic life criteria for certain metals in the CTR are expressed as a function of hardness 
because hardness, and/or water quality characteristics that are usually correlated with hardness, can 
reduce the toxicities of some metals 8 A hardness value of 250 mg/L as CaC03, the minimum value 

The tox1c1ty of a chemical to an aquatic organism may vary according to attributes of the 
organism, chemical composition, and exposure environment, so that the chemical is more or less 
"bioavailable." Many chemicals exist in a variety of forms (chemical species), and such chemical 
speciation affects bioavailability because relative uptake rates can differ among chemical species and the 
relative concentrations of chemical species can differ among exposure conditions. Usually, metal toxicity 
is reduced by increased water hardness, which is composed of cations (primarily calcium and 
magnesium). In some cases, the apparent effect of hardness on toxicity might be partly due to 

Footnote is continued on the next page. 
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measured in the Santa Clara River at a monitoring station located immediately downstream of the 
Specific Plan boundary. is used to approximate CTR criteria for metals9 

The CTR also establishes two types of aquatic life criteria: acute and chronic. Acute criteria represent the 
highest concentration of a pollutant to which aquatic life can be exposed for a short period of time without 
deleterious effects; chronic criteria equal the highest concentration to which aquatic life can be exposed 
for an extended period of time (four days) without deleterious effects. Due to the intermittent nature of 
stormwater runoff (especially in southern California). the acute criteria are considered to be more 
applicable to stormwater conditions than chronic criteria. and are used as benchmarks in assessing Project 
runoff. For example. the average storm duration in the 38-year Newhall gage rainfall record is 11.3 hours. 

4.4.3.2 State 

Fish and Game Code, Sections 1600 through 1605. The California Department of Fish and Game 

(CDFG) is responsible for conserving, protecting, and managing California's fish, wildlife, and native 
plant resources. To meet this responsibility, the Fish and Game Code, sections 1600-1605 require the 
proponent of a project that may impact a river, stream, or lake to notifY the CDFG before beginning the 
project. This includes rivers or streams that flow at least periodically or permanently through a bed or 
channel with banks and that support fish or other aquatic life. It also includes watercourses having a 
surface or subsurface flow that supports or has supported riparian vegetation. 

In addition, Fish and Game Code, section 1602 requires that any State or local governmental agency or 
public utility notifY the CDFG of a project, prior to beginning construction, that will: (1) divert, obstruct, 
or change the natural flow or the bed, channel, or bank of any river, stream, or lake; (2) use materials 
from a streambed; or (3) result in the disposal or deposition of debris, waste, or other material containing 
crumbled, flaked, or ground pavement where it can pass into any river, stream, or lake. If the CDFG 
determines that the project may adversely affect existing fish and wildlife resources, a Lake or Streambed 
Alteration Agreement is required. 

Compliance Fish and Game Code, sections 1600-1605 also is described in Section 4.6, Jurisdictional 
Waters and Streams, of this EIS/EIR. 

Porter-Cologne Water Quality Control Act (Wat. Code,§ 13000 et seq.). The federal CWA places the 
primary responsibility for the control of surface water pollution, and for planning the development and 
use of water resources, with the states. However, the CW A does establish certain guidelines for the states 
to follow in developing their programs and allows the USEPA to withdraw control from states with 
inadequate implementation mechanisms. 

California's primary statute governing water quality and water pollution issues with respect to both 
surface waters and groundwater is the Porter-Cologne Water Quality Control Act of 1970 (Porter-

complexation of the metal by higher concentrations of hydroxide and/or carbonate (increased pH and 
alkalinity) commonly associated with higher hardness. 
9 Average hardness value is generally higher, see Tables 4.4-7 to 4.4-9. 
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Cologne Act). The Porter-Cologne Act grants the SWRCB and the Regional Water Quality Control 
Boards (RWQCBs) power to protect water quality. It is the primary vehicle for implementation of 
California's responsibilities under the federal Clean Water Act. The Porter-Cologne Act grants the 
SWRCB and the R WQCBs authority and responsibility to adopt plans and policies, to regulate discharges 
of waste to surface and groundwater, to regulate waste disposal sites and to require cleanup of discharges 
of hazardous materials and other pollutants. The Porter-Cologne Act also establishes reporting 
requirements for unintended discharges of any hazardous substance, sewage, or oil or petroleum product. 

Each RWQCB must formulate and adopt a water quality control plan (regional plan) for its region. The 
regional plan must conform to the policies set forth in the Porter-Cologne Act and established by the 
SWRCB in its state water policy. To implement state and federal law, the regional plan establishes 
beneficial uses for surface and groundwater in the region, and sets forth narrative and numeric water 
quality standards to protect those beneficial uses. The Porter-Cologne Act also provides that a RWQCB 
may include within its regional plan water discharge prohibitions applicable to particular conditions, 
areas, or types of waste. 

Basin Plan. The Water Quality Control Plan for the Los Angeles Region (Basin Plan) (Los Angeles 
RWQCB, 1994, as amended) provides quantitative and narrative criteria for a range of water quality 
constituents applicable to certain receiving water bodies and groundwater basins within the Los Angeles 
region. Specific criteria are provided for the larger, designated water bodies within the region, as well as 
general criteria or guidelines for ocean waters, bays and estuaries, inland surface waters, and 
groundwater. In general, the narrative criteria require that degradation of water quality does not occur due 
to increases in pollutant loads that will adversely impact the designated beneficial uses of a water body. 
For example, the Basin Plan requires that "[i]nland surface waters shall not contain suspended or 
settleable solids in amounts which cause a nuisance or adversely affect beneficial uses as a result of 
controllable water quality factors." Water quality criteria apply within receiving waters as opposed to 
applying directly to runoff; therefore, water quality criteria from the Basin Plan are utilized as 
benchmarks to evaluate the potential ecological impacts of Project runoff on the receiving waters of the 
proposed Project. 

The Basin Plan lists beneficial uses of major water bodies within this region (Table 4.4-5). The tributaries 
to the Santa Clara River within the Project are not specifically designated with beneficial uses in the 
Basin Plan, but Santa Clara River Reach 5 is listed and has specific beneficial uses assigned to it. As 
identified in Table 4.4-5, the existing beneficial uses of Santa Clara River Reach 5 include the following: 

• MUN*: Conditional potential municipal and domestic water supply; 

• IND: Industrial activities that do not depend primarily on water quality; 

• PROC: Industrial activities that depend primarily on water quality; 

• AGR: Agricultural supply waters used for farming, horticulture, or ranching; 

• GWR: Groundwater recharge for natural or artificial recharge of groundwater; 
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• FRSH: Natural or artificial maintenance of surface water quantity or quality; 

• RECI: Water contact recreation involving body contact with water and ingestion is reasonably 
possible; 

• REC2: Non-contact water recreation for activities in proximity to water, but not involving body 
contact; 

• WARM: Warm freshwater habitat to support warm water ecosystems; 

• WILD: Wildlife habitat waters that support wildlife habitats; 

• RARE: Waters that support rare, threatened, or endangered species and associated habitats; and 

• WET: Wetland ecosystem . 

Table 4.4-5 
Beneficial Uses of Receiving Waters 

~ @ 
u 

~ ~ 
:I: ..... ..... 

~ 9 ~ f.., 
0 "' u u 

~ Water Body 
~ g: ~ ~ ~ 

~ .... ~ ~ ~ 1$ 

Santa Clara River (Hydrologic Unit 403.51) P* E E E E E E E E E E E 
Notes: 

Waterbodies designated as WET may have wetlands habitat associated with only a portion of the waterbody. Any 
regulatory action would require a detailed analysis of the area. 

E - Existing beneficial use; P * - Asterisked MUN designations are conditional potential municipal water supply (MUN) 

designat:ions.10 

Source: Water Quality Control Plan for the Los Angeles Region (Basin Plan) (Los Angeles RWQCB, 1994, as aanended). 

10 On December 5, 2001, the U.S. Federal District Court issued an order that effectively invalidated 
the USEP A's requirement that the asterisked municipal supply (MUN) designated uses (MUN* uses) in 
the Basin Plan be immediately enforced. (See letter dated February 15, 2002, from Alexis Strauss, 
USEPA Region IX, to Celeste Cantu, Executive Director, California SWRCB: " ... waters identified with 
an("*") in Table 4.3-3 do not have an MUN as a designated use until such time as the State undertakes 
additional study and modifies its Basin Plan. ") 
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The Basin Plan also contains water quality criteria for groundwater basins. The Project area is within the 
Basin Plan's Castaic Valley and Saugus aquifer subbasin of the Santa Clarita Valley Groundwater Basin, 
East Subbasin. Beneficial uses for groundwaters for this subbasin are shown in Table 4.4-6. 

Table 4.4-6 
Beneficial Uses of Groundwaters 

Groundwater Basin MUN 

DWR 4.07- Eastern Santa Clara Sub-basin: Castaic Valley and Saugus Aquifer E 

Notes: 

E-Existing Beneficial Use. 

MUN: Conununity, military, or individual water supply systems including, but not limited to, drinking water supply. 

Source: Water Quality Control Plan for the Los Angeles Region (Basin Plan) (Los Angeles RWQCB, 1994, as aanended). 

NPDES General Permit and Waste Discharge Requirements for Discharges of Stormwater 
Associated with Construction Activity, Order No. 99-08-DWQ. Pursuant to the CW A section 402(p), 
requiring regulations for permitting of certain stormwater discharges, the SWRCB has issued a statewide 
general NPDES permit and waste discharge requirements for stormwater discharges from construction 
sites. (NPDES No. CAS000002; California Water Resources Control Board Resolution No. 2001-046; 
Modification of Water Quality Order 99-08-DWQ SWRCB NPDES General Permit for Stormwater 
Discharges Associated with Construction Activity (adopted by the SWRCB on April 26, 2001).) 

Under this permit, discharges of stormwater from construction sites with a disturbed area of one or more 
acres (effective March 2003) are required to either obtain individual NPDES permits for stormwater 
discharges or be covered by the general permit. Coverage under the general permit is accomplished by 
completing and filing a Notice oflntent with the SWRCB. Each applicant under the general permit must 
ensure that a Stormwater Pollution Prevention Plan (SWPPP) is prepared prior to grading and 
implemented during construction. The primary objective of the SWPPP is to identifY, construct, 
implement, and maintain BMPs to reduce or eliminate pollutants in stormwater discharges and authorized 
non-stormwater discharges from the construction site during construction. 

4.4.3.3 Local 

Waste Discharge Requirements for Municipal Stormwater and Urban Runoff Discharges within the 
County of Los Angeles, and the Incorporated Cities Therein, Except the City of Long Beach (Order No. 
01-182; NPDES No. CAS004001). In 2001, the Los Angeles RWQCB issued an NPDES permit and 
waste discharge requirements under the CW A and the Porter-Cologne Act for discharges of urban runoff 

in public storm drains in Los Angeles County. The Permittees are the Los Angeles County cities and the 
County (collectively "the Co-permittees"). This permit regulates storm water discharges from MS4s in the 
Specific Plan subregion. The NPDES permit includes requirements for new development and significant 
redevelopment projects. 
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To implement the requirements of the NPDES permit. the Co-permittees have developed planning 
guidance and control measures that control and mitigate storrnwater quality and quantity impacts to 
receiving waters as a result of new development and redevelopment. The Co-permittees are also required 
to implement other municipal source detection and elimination programs. as well as maintenance 
measures. 

On March 8. 2000. the development planning program requirements. including the Standard Urban 
Stormwater Mitigation Plan (SUSMP) requirements (collectively. development planning program 
requirements. including Standard Urban Stormwater Mitigation Plan requirements. are referred to in this 
section as the SUSMP requirements) were approved by the RWQCB as part of the MS4 program to 
address stormwater pollution from new construction and redevelopment. The SUSMP contains a list of 
minimum BMPs that must be employed to infiltrate or treat stormwater runoff. control peak flow 
discharge. and reduce the post-project discharge of pollutants from stormwater conveyance systems. The 
SUSMP defines. based upon land use type. the types of practices that must be included and issues that 
must be addressed as appropriate to the development type and size. Compliance with SUSMP 
requirements is used as one method of evaluating project development impacts on surface water runoff. 

One of the most important requirements within the SUSMP is the specific sizing criteria for storrnwater 
treatment BMPs for new development and significant redevelopment projects. The SUSMP includes four 
alternative sizing criteria for volume-based BMPs. such as extended detention basins. and three 
alternatives sizing criteria for flow-based BMPs. such as vegetated swales. 

Also. the SUSMP includes general design specifications for individual priority project categories. These 
include: 

• Single-family hillside horne; 

• 100.000 square foot commercial developments; 

• Restaurants; 

• Retail gasoline outlets; 

• Automotive repair shops; and 

• Parking lots. 

For example. commercial developments must have properly designed loading and unloading dock areas. 
repair and maintenance bays. and vehicle equipment wash areas. Parking lots have to be properly 
designed to limit oil contamination and have regular maintenance of parking lot stormwater treatment 
systems (e.g .• storm drain filters and biofilters). 

Hydrornodification and Peak Flow Control. Part 4. section D.l of the MS4 permit notes that increased 
volume. velocity. and discharge duration of stormwater runoff from developed areas may accelerate 
downstream erosion and impair habitat-related beneficial uses in natural drainage systems. As a result. 
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section D.l stipulates that Permittees shall control post-development peak stormwater runoff discharge 
rates. velocities. and durations in natural drainage systems to prevent accelerated stream erosion and to 
protect stream habitat. Natural drainage systems are defined by the permit to include unlined or 
unimproved (not engineered) creeks. streams. or rivers. such as the Santa Clara River and its tributaries. 

Further. under section D.l of the MS4 permit. the County and its Co-permittees were required to develop 
and implement by February 1. 2005. numeric criteria for peak flow control in accordance with the 
findings of a required study analyzing the impacts on natural streams due to impervious development. The 
Los Angeles County Department of Public Works (DPW) and the Southern California Storm Water 
Monitoring Coalition had been conducting the study. but the study was not completed in time to meet the 
February 1st deadline. Therefore. on January 31. 2005. the County adopted and submitted to the Los 
Angeles R WQCB an Interim Peak Flow Standard to be in effect until such time as a final standard can be 
adopted based on a completed study. 

The intent of the Interim Peak Flow Standard. as described by the County in the cover letter dated January 
31. 2005. signed by Donald L. Wolfe transmitting the standard to Jonathan Bishop of the Los Angeles 
RWQCB. is to provide protection for natural streams to the extent supported by findings from the 
ongoing study. and consistent with practical construction practices. 

The Interim Peak Flow Standard adopted by the County is as follows: 

The Peak Flow Standard shall require that all post-development runoff from a 2-year. 24-
hour storm shall not exceed the predevelopment peak flow rate. burned. from a 2-year. 
24-hour storm when the predevelopment peak flow rate equals or exceeds five cubic feet 
per second. Discharge flow rates shall be calculated using the County of Los Angeles 
Modified Rational Method. The Peak Flow Standard shall also require that post
development runoff from the 50-year capital storm shall not exceed the predevelopment 
peak flow rate. burned and bulked. from the 50-year capital storm. 

In the January 31. 2005 cover letter. the County notes that upon completion of the Peak Discharge Impact 
Study. new peak flow standards may be determined to be appropriate. 

Pursuant to section 4.D(9) of the MS4 Permit. the Sub-Regional Plan (Geosyntec. 2008) provides an 
alternative performance standard for the Specific Plan projects to the Interim Peak Flow Standard. The 
Specific Plan projects will be conditioned to require. as a project design feature. sizing and design of 
hydraulic features as necessary to control hydromodification impacts in accordance with the Sub
Regional Plan. 

Hydromodification impact analysis is provided in Section 4.2. Geomorphology and Riparian Resources. 
of this EIS/EIR. 

General Waste Discharge Requirements for Discharges of Groundwater from Construction and 
Project Dewatering (Order No. R4-2003-0111; NPDES No. CAG994004). The Los Angeles RWQCB 
has issued a general NPDES permit and general Waste Discharge Requirements (WDRs). which govern 
construction-related dewatering discharges within the RMDP area (the "General Dewatering Permit"). 
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This permit addresses discharges from temporary dewatering operations associated with construction and 
permanent dewatering operations associated with development. The discharge requirements include 
provisions mandating notification. sampling and analysis. and reporting of dewatering and testing-related 
discharges. The General Dewatering Permit authorizes such construction-related activities so long as all 

conditions of the permit are fulfilled. Compliance with the requirements of the General Dewatering 
Permit is used as one method to evaluate project construction-related impacts on surface water quality. 

Los Angeles County Municipal Code. The Los Angeles County Municipal Code. ch. 12.80. requires 
that: 

• No discharge enter the storm drain system unless such discharge: 

• Consists entirely of storm water; 

• Consists of non-stormwater that is authorized by a NPDES permit issued by the USEPA. the 
state board. or a regional board; or 

• Is associated with emergency fire fighting activity. 

• Construction activity not commence for which a permit 1s required without implementing all 
stormwater and runoff pollution mitigation measures required by such permit. 

• All BMPs required as a condition of any permit for construction activity be maintained in full force 
and effect during the term of the project. unless otherwise authorized by the director. 

• No BMP be installed or implemented that transfers pollutants to air. groundwater. surface soils 
and/or other media in a manner inconsistent with applicable environmental laws and regulations. 

The DPW requires that all drainage improvements be maintained to ensure performance at their design 
levels. For those drainage facilities that will be maintained by the County. once that drainage facility has 
been installed the developer provides an easement to the DPW for maintenance. The DPW then assumes 
responsibility for maintaining these improvements as part of DPW routine maintenance program. The 
Project has incorporated envirornnental protection measures and a procedure to notifY CDFG and the 
Corps for all maintenance activities (see RMDP. Section 3.5.2). The maintenance activities addressed 
include facilities such as dry extended detention basins. vegetated swales. and bioretention areas that are 
not under the jurisdiction of the Corps or CDFG. but would be required to comply with local regulations. 

The Los Angeles Municipal Code. ch. 12.84. requires the use of low impact development ("LID") 
standards in development projects. This chapter applies to all development within the unincorporated 
area of the County after January 1. 2009. except for those developments that filed a complete 
discretionary or non-discretionary permit application with the Los Angeles County Department of 

Regional Planning. Public Works. or any County-controlled design control board. prior to January 1. 
2009. Chapter 12.84 requires that applicable development projects: 
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• Mimic undeveloped stormwater and urban runoff rates and volumes in any storm event up to and 
including the "50-year capital design storm event." as defined by DPW; 

• Prevent pollutants of concern from leaving the development site m stormwater as the result of 
storms. up to and including a water quality design storm event; and 

• Minimize hydromodification impacts to natural drainage systems. 

• To meet these standards. development projects that consist of five or more residential units. or 
nonresidential development. must comply with the following: 

• The excess volume (6. v. defined as the post-developed runoff volume minus the pre-developed 
runoff volume for the 85th percentile storm event) from each lot upon which such development 

is occurring must be infiltrated at the lot level. or in the alternative. the excess volume from the 
entire development site. including streets and public right-of-way. shall be infiltrated in sub
regional facilities. The tributary area of a sub-regional facility must be limited to five acres. but 
may be exceeded with approval of the Director ofDPW. When infiltration of all excess volume 
is not technically feasible. on-site storage. reuse. or other water conservation uses of the excess 
volume is required and must be implemented as authorized by the Director ofDPW. 

DPW has developed a LID Standards Manual that outlines stormwater runoff quantity and quality control 
development principles. technologies. and design standards for achieving the LID standards of Chapter 
12.84. 

The LID Standards Manual requires that large-scale residential and nonresidential development projects 

prioritize the selection of BMPs to treat stormwater pollutants. reduce stormwater runoff volume. and 
promote groundwater infiltration and stormwater reuse in an integrated approach to protecting water 
quality and managing water resources. The Manual states that BMPs should be implemented in the 
following order of preference: 

• BMPs that promote infiltration. 

• BMPs that store and beneficially use storm water runoff. 

• BMPs that utilize the runoff for other water conservation uses including. but not limited to. BMPs 
that incorporate vegetation to promote pollutant removal and runoff volume reduction and integrate 
multiple uses. and BMPs that percolate runoff through engineered soil and allow it to discharge 
downstream slowly. 

If compliance with the above LID requirements is technically infeasible. in whole or in part. the project 
must incorporate design features demonstrating compliance with the LID requirements to the maximum 
extent practicable. The LID goals of increasing groundwater recharge. enhancing water quality. and 
preventing degradation to downstream natural drainage courses will be considered by DPW in the 
determination of infeasibility. 
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The LID Standards Manual outlines site conditions where infiltration may not be possible: 

• Locations where seasonal high groundwater is within 10 feet ofthe surface. 

• Within 100 feet of a groundwater well used for drinking water. 

• Brownfield development sites or other locations where pollutant mobilization is a documented 
concern. 

• Locations with potential geotechnical hazards as outlined in a report prepared and stamped by a 
licensed geotechnical engineer. 

• Locations with natural. undisturbed soil infiltration rates ofless than 0.5 inches per hour that do not 
support infiltration-based BMPs. 

• Locations where infiltration could cause adverse impacts to biological resources. 

• Development projects in which the use of infiltration BMPs would conflict with local. state or 
federal ordinances or building codes. 

• Locations where infiltration would cause health and safety concerns. 

The LID Standards Manual outlines where storage and reuse of the 6. V may not be possible: 

• Projects that would not provide sufficient irrigation or (where permitted) domestic grey water 
demand for use of stored runoff due to limited landscaping or extensive use of low water use plant 
palettes in landscaped areas. 

• Projects that are required to use reclaimed water for irrigation oflandscaping. 

• Development projects in which the storage and reuse of storm water runoff would conflict with local. 
State or Federal ordinances or building codes. 

• Locations where storage facilities would cause potential geotechnical hazards as outlined in a report 
prepared and stamped by a licensed geotechnical engineer. 

• Locations where storage facilities would cause health and safety concerns. 

4.4.4 EXISTING CONDITIONS 

4.4.4.1 Santa Clara River Watershed 

Climate. The climate in the Santa Clarita Valley is characterized as semiarid and warm. Summer months 
are dry with temperatures that can reach as high as 110° F. and winter months are cool with temperatures 
that can drop as low as 20° F. Much of the watershed upstream of the proposed Project area receives 
rainfall averaging about 18 to 25 inches per year. The long-term average precipitation is 17.83 inches 
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(1931-2003). As throughout southern California, rainfall in the Santa Clara watershed alternates between 
wet and dry periods, a variation that is central to understanding the cultural and geomorphic histories of 
the upper watershed. Wet cycles tend to persist for several years, sometimes for periods of 6 or 8 years, 
during which rainfall, although variable, may average about 140 to 150 percent of the long-term average. 

Santa Clara River. The Santa Clara River watershed comprises 1,624 square miles located in the 
Transverse mountain range of southern California. Elevations within the watershed range from sea level 
at the river mouth to 8, 800 feet at the summit of Mount Pinos in the northwest comer of the watershed. 
The Santa Clara River generally flows from east to west from its headwaters near Acton to the Pacific 
Ocean near the City of Ventura, approximately 40 miles downstream of the Specific Plan area. The Santa 
Clara River transects the northern portion of the project site from east to west (Geosyntec, 2008). 

The approximately 14,288-acre proposed Project area is part of the Santa Clara River hydrologic basin 
and associated watershed, and intersects 27 major and minor tributary drainage areas, all of which drain 
into the Santa Clara River. The proposed Project area comprises 3.5 percent of the Santa Clara River 
watershed upstream of the Los Angeles County/Ventura County Line and 1.4 percent of the total Santa 
Clara River watershed. 

The reach of the Santa Clara River within and adjacent to the proposed Project area has multiple channels 
(morphologically termed braided channels). This kind of system is characterized by high sediment loads, 
high bank erodibility, and intense and intermittent runoff conditions. Combined with the relatively flat 
gradient of the River at this point (less than one percent), it has a high potential to aggrade (deposit 
sediment) at low flow velocities. 

The Santa Clara River flows through a complex, tectonically-active trough. Some of the most rapid rates 
of geologically-current uplift in the world are reported from the Ventura anticline and San Gabriel 
Mountains, just to the northwest and southeast, respectively, of the River. Slopes are very steep, with 
local relief of 3,000 to 4,000 feet being common. These faults bring harder, more resistant sedimentary 
rocks over softer and younger sedimentary formations, but all formations are fundamentally soft and 
erodible. On either side of the faults, sandstone and mudstones prevail. The northeastern and southeastern 
comers of the watershed are underlain by deeply-weathered granitic and schistose rocks, which produce 
sands that are coarser than those of other rock units when they weather and erode. The San Gabriel fault 
crosses the valley, bringing slightly more resistant rock to the surface and creating a local base level 
reflected as a slight rise or "bump" on the River's longitudinal profile. 

Flows in the Santa Clara River. Perennial streamflow in Santa Clara River Reach 5 is derived from 
discharges of treated effluent from two wastewater treatment plants and runoff from agricultural fields 
and existing urban areas. Discharges from agricultural land use are decreasing as some of these areas 
convert to urban use. There are two regional wastewater reclamation plants in the area operated by the 
County Sanitation Districts of Los Angeles County that discharge tertiary-treated wastewater to the Santa 

Clara River. The Saugus Water Reclamation Plant (WRP), located near Bouquet Canyon Road bridge, 
has a permitted dry weather average design capacity of 6.5 million gallons per day (mgd), creating surface 
flows from the outfall to near Interstate 5. The Valencia Water Reclamation Plant outfall is located 
immediately downstream of the Interstate 5 bridge and has a permitted dry weather average design 
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capacity of 21.6 mgd. creating surface flows extending through the Project area and into the far eastern 
portion of Ventura County. The combined average treated discharge from both WRPs between January 
2004 and June 2007 was approximately 20 mgd. (Geosyntec. 2008.) 

Downstream of the Valencia WRP. the Santa Clara River is perennial past the Los Angeles 
CountyNentura County line to approximately Rancho Camulos. Flows in the River also can be affected 
by groundwater dewatering operations or by diversions for agriculture or groundwater recharge. 
Throughout the Santa Clara River channel. there are complex surface water/groundwater interactions 
where both gaining (surface flows are fed by groundwater) and losing (surface flows recharge 
groundwater) river segments are found. Downstream of the County line. however. the Santa Clara River 
flows through the Piru groundwater basin. which represents a "Dry Gap" where dry-season streamflow is 
lost to groundwater. 

The Santa Clara River is underlain by several distinct alluvial groundwater basins including the Piru. 
Fillmore. and Santa Paula Basins. These basins are divided longitudinally by sills or ridges of bedrock 
that support areas oflocally-high groundwater. including the area upstream from the County line (above 
the Piru Basin). and upstream from the mouth Sespe Creek (the transition between the Piru and Fillmore 
Basins). This locally-high groundwater sustains summer base flow and riparian vegetation within the 
Santa Clara River corridor even through relatively dry climatic cycles. 

Flows in the Santa Clara River. as in most southern California streams. are highly episodic. Annual flow 
at the Los Angeles CountyNentura County line between 1953 and 1996 (this U.S. Geologic Survey 
(USGS) gage was not monitored after 1996) ranged between 253.000 acre-feet (1969) and 561 acre-feet 
(1961). Annual peak flows at the County line between 1953 and 1996 ranged from 68.800 cubic feet per 
second (cfs) (1969) to 109 cfs (1960). Of note is that the second highest annual peak. 32.000 cfs in 1966. 
was less than half of the highest peak (68.800 in 1969). Annual peak flow in the Santa Clara River near 
Piru. approximately 3.5 miles downstream of the County line. ranged between 303 cfs (1997) and 32.000 
cfs (2006) between 1997 and 2006. These large episodic events have a significant impact on the 
geomorphic characteristics of the Santa Clara River mainstem. 

After studying the response of the River to several different anthropogenic and natural disturbances. 
Balance Hydrologies concluded that the Santa Clara River. as with many streams in semiarid southern 
California. is highly episodic. Concepts of "normal" or "average" sediment-supply and flow conditions 
have limited value in this "flashy" envirornnent. where episodic storm and wildfire events have enormous 
influence on sediment and storm flow conditions. In these streams. a large portion of the sediment 
movement events can occur in a matter of hours or days. Other perturbations which can potentially affect 
channel geometry appear to have transitory or minor manifestations. For example. effects on Santa Clara 
River channel width of 1980s levee construction was barely discernible by 2005. probably mostly due to 
morphologic compensation associated with the storm events in the mid- to late-1990s. As a result. 
channel morphology, stability, and character of the Santa Clara River is almost entirely determined by the 
"reset" events that occur within the watershed. 
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4.4.4.2 Santa Clara River Tributaries 

The existing drainages within the Specific Plan area consist of Castaic Creek and the drainage courses of: 
Chiquita Canyon; San Martinez Grande Canyon; Homestead Canyon; Off-Haul Canyon; Mid-Martinez 
Canyon; Unnamed Canyon A; Chiquita - Minor 1; Chiquita - Minor 2; Chiquita - Minor 3; Chiquita -
Minor 4; Middle Canyon; Magic Mountain Canyon; Dead End Canyon; Exxon Canyon; Lion Canyon; 
Humble Canyon; Long Canyon; Ayers Canyon; Potrero Canyon; Salt Creek Canyon; Unnamed Canyon 
B; Unnamed Canyon C; Unnamed Canyon D; Unnamed Canyon 1; and Unnamed Canyon 2 (see Figure 
4.4-2, Modified, Converted, and Preserved Tributary Drainages). Two unnamed drainage courses are 
located to the south of the Santa Clara River within the Entrada planning area. Also, Castaic Creek and 
Hasley Creek lie within the VCC planning area. Some of the tributaries have been mapped as blue-line 
streams by the USGS. While it is the intent of the USGS to indicate that blue-line streams are flowing 
perennial streams, in arid states such as California, and particularly in southern California, this is not 
always the case. For example, the blue-line stream in upper Potrero Canyon is an ephemeral drainage. 
Aside from the lower portions of Salt and Potrero Canyons, each of the tributaries within the Specific 
Plan area is classified as an intermittent or ephemeral drainage. 

The majority of the tributaries' watersheds are characterized by both rugged and steeply developed 
foothills that have numerous smaller tributary canyons that dissect the watershed, connecting to the 
narrow alluvial valley associated with the main stern drainage. 

San Martinez Grande Canyon. The 3.63 square mile (2,322-acre) San Martinez Grande Canyon 
watershed is a tributary to the northern bank of the Santa Clara River. The total length of the rnainstern 
channel is approximately 5,170 feet, with an average overall slope of 1.9 percent. Approximately 382 
acres (16.5 percent) of the San Martinez Grande Canyon watershed area is located within the RMDP 
boundary, with the majority being upstream and off site. Generally, the soils in the watershed are 
characterized as Castaic-Balcom silty clay loarns, and predominantly are classified as being in hydrologic 
soil group "C" (higher runoff potential). The associated vegetative cover within the watershed varies, but 
primarily consists of California grassland and California sagebrush scrub. 

The only man-made structure that currently influences the hydraulic operation is the roadway culvert 
crossing for SR-126, but this appears to have sufficient hydraulic capacity to minimize effects to the 
floodplain. 

Long Canyon. The 1.99 square mile (1,271-acre) Long Canyon watershed is a tributary to the southern 
bank of the Santa Clara River. The total length of the rnainstern channel is approximately 9,829 feet, with 
an average overall slope of three percent. Approximately 821 acres (64.5 percent) of Long Canyon is 
located within the RMDP boundary, with the remainder being upstream off the project site. Generally, the 
soils in the watershed are characterized as Castaic and Saugus soils, and predominantly are classified as 
being in hydrologic soil group "C" (higher runoff potential). The associated vegetative cover within the 
watershed varies, but primarily consists of disturbed land and chaparral. 
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Potrero Canyon. The 4.73 square mile (3.025-acre) Potrero Canyon watershed is a tributary to the north 
bank of the Santa Clara River. The total length of the rnainstern channel is approximately 25.381 feet. 
with an average overall slope of3.1 percent. Approximately 2.626 acres (87 percent) of Potrero Canyon is 
located within the RMDP boundary. with the remainder being upstream off the project site. Generally. the 
soils in the watershed are characterized as Castaic-Balcom silty clays and are predominantly classified as 
being in hydrologic soil group "C" (higher runoff potential). The associated vegetative cover within the 
watershed varies. but primarily consists of California annual grassland and agriculture. 

There are no flood control improvements or darns within the watershed. other than several road culvert 
crossings that would influence the watershed response to rainfall events. The lower 50 percent of the 
Potrero Canyon watershed has been influenced through human activities that have relocated the existing 
active creek into an engineered earthen channel along the northern side of the canyon. The remaining 
upper portion of the drainage does not reflect as much of this influence since there appear to have been 
fewer historic farming operations impacting this portion of the natural creek channel. 

Ayers Canyon. The 0.23 square mile (147 acre) Ayers Canyon watershed is a tributary to the southern 
bank of the Santa Clara River within RMDP boundary. The total length of the rnainstern channel is 
approximately 2.464 feet. with an average overall slope of 4.4 percent. Generally. the soils in the 
watershed are characterized as Castaic and Saugus soils. and predominately are classified as being in 
hydrologic soil group "B/C" (moderate runoff potential). The associated vegetative cover within the 
watershed varies. but primarily consists of California sagebrush scrub (black sage) and agriculture. 

Chiquito Canyon. The 4.85 square mile (3.106-acre) Chiquito Canyon watershed is a tributary to the 
northern bank of the Santa Clara River. The total length of the mains tern channel is approximately 7.605 
feet with an average overall slope of 2.39 percent. Approximately 433 acres of the Chiquito Canyon 
watershed (13.9 percent) is within the RMDP boundary. with the majority being upstream in the 
developed Val Verde Community or off site. Generally. the soils in the watershed are characterized as 
Castaic and Saugus soils. and are predominantly classified as being in hydrologic soil group "C" (higher 
runoff potential). The associated vegetative cover within the watershed varies. but primarily consists of 
California sagebrush scrub and agriculture. 

Chiquito Canyon- Minor 1. The 0.07 square mile (46 acre) Chiquito Canyon- Minor 1 watershed is a 
tributary to eastern bank of the Chiquito Canyon rnainstern tributary. The total length of the rnainstern 
channel is approximately 1.105 feet. with an average overall slope of 16.7 percent. Approximately 39 
acres (85 percent) of the watershed area is located within the RMDP boundary. Generally. the soils in the 
watershed are characterized as Castaic and Saugus soils. and are predominantly classified as being in 
hydrologic soil group "C" (higher runoff potential). The associated vegetative cover within the watershed 
varies. but primarily consists of California sagebrush scrub and agriculture. 

Chiquito Canyon -Minor 2. The 0.05 square mile (29 acre) Chiquito Canyon- Minor 2 watershed is a 

tributary to the western bank of the Chiquito Canyon rnainstern tributary. The total length ofthe rnainstern 
channel is approximately 818 feet. with an average overall slope of 5.8 percent. Approximately 23 acres 
(80 percent) of the watershed area is located within the RMDP boundary. Generally. the soils in the 
watershed are characterized as Castaic-Balcorn silty clay loarns. and are predominately classified as being 
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m hydrologic soil group "C" (higher runoff potential). The associated vegetative cover within the 
watershed varies. but primarily consists of California sagebrush scrub and chamise chaparral. 

Chiquita Canyon -Minor 3. The 0.05 square mile (34 acre) Chiquita Canyon- Minor 3 watershed is a 
tributary to the western bank of the Chiquita Canyon mainstem tributary. The total length ofthe mainstem 
channel is approximately 627 feet. with an average overall slope of 8.3 percent. The entire watershed area 
is located within the RMDP boundary. Generally. the soils in the watershed are characterized as Castaic
Balcom silty clay loams. and predominately are classified as being in hydrologic soil group "C" (higher 
runoff potential). The associated vegetative cover within the watershed varies. but primarily consists of 
California sagebrush scrub and chamise chaparral. 

Chiquita Canyon -Minor 4. The 0.09 square mile (58 acre) Chiquita Canyon- Minor 4 watershed is a 
tributary to the western bank of the Chiquita Canyon mainstem tributary. The total length ofthe mainstem 
channel is approximately 1.482 feet. with an average overall slope of 6.1 percent. Approximately 57 acres 
(98 percent) of the watershed is located within the RMDP boundary. Generally. the soils in the watershed 
are characterized as Castaic-Balcom silty clay loams and are predominately classified as being in 
hydrologic soil group "C" (higher runoff potential). The associated vegetative cover within the watershed 
varies. but primarily consists of California sagebrush scrub and chamise chaparral. 

Dead-End Canyon. The 0.19 square mile (124 acre) Dead-End Canyon watershed is a tributary to the 
southern bank of the Santa Clara River. The total length of the mainstem channel is approximately 1.076 
feet. with an average overall slope of 6.1 percent. The entire watershed area is located within the RMDP 
boundary. Generally. the soils in the watershed are characterized as Castaic-Balcom silty clay loams and 
predominately are classified as being in hydrologic soil group "C" (high runoff potential). The associated 
vegetative cover within the watershed varies. but primarily consists of California sagebrush scrub and 
disturbed land. 

Exxon Canyon. The 0.03 square mile (16 acre) Exxon Canyon watershed is a tributary to the southern 
bank of the Santa Clara River within the RMDP boundary. The total length of the mainstem channel is 
approximately 2.193 feet. with an average overall slope of 9.2 percent. The entire watershed area is 
located within the RMDP boundary. Generally. the soils in the watershed are characterized as Saugus 
loam. and predominately are classified as being in hydrologic soil group "B" (lower runoff potential). The 
associated vegetative cover within the watershed varies. but primarily consists of California sagebrush 
scrub and disturbed land. 

Homestead Canyon. The 0.12 square mile (75 acre) Homestead Canyon watershed is a tributary to the 
northern bank of the Santa Clara River. The total length of the mainstem channel is approximately 391 
feet. with an average overall slope of 5.4 percent. The entire watershed area is located within the RMDP 
boundary. Generally. the soils in the watershed are characterized as Castaic-Balcom silty clay loams. and 
predominately are classified as being in hydrologic soil group "C" (higher runoff potential). The 

associated vegetative cover within the watershed varies. but primarily consists of California annual 
grassland and agriculture. One thin strip of big sagebrush scrub is present lining the stream channel near 
the lower end. 
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Humble Canyon. The 0.41 square mile (261 acre) Humble Canyon watershed is a tributary to the 
southern bank of the Santa Clara River. The total length of the mainstem channel is approximately 4. 863 
feet. with an average overall slope of seven percent. Approximately 253 acres (97 percent) of the 
watershed is located within the RMDP boundary. Generally. the soils in the watershed are characterized 
as Castaic and Saugus soils. and predominately are classified as being in hydrologic soil group "C" 
(higher runoff potential). The habitat types found in the upper reaches of the Humble Canyon watershed 
consist primarily of agriculture and chaparral. 

Lion Canyon. The 0.84 square mile (539 acre) Lion Canyon watershed is a tributary to the southern bank 
of the Santa Clara River. The total length of the mainstem channel is approximately 4.761 feet. with an 
average overall slope of 4.6 percent. Approximately 280 acres of the watershed (52 percent) of the 
watershed area is located within the RMDP boundary. The creek flows in a general east to west direction. 
similar in alignment to Long Canyon. and joins the Santa Clara River floodplain valley. Generally. the 
soils in the watershed are characterized as Castaic and Saugus soils with Saugus loam. and predominately 
are classified as being in hydrologic soil group "B/C" (moderate runoff potential). The associated 
vegetative cover within the watershed varies. but primarily consists of California Sagebrush scrub and 
Chaparral. 

Magic Mountain Canyon. The 1.32 square mile (847 acre) Magic Mountain Canyon watershed is a 
tributary to the southern bank of the Santa Clara River. The total length of the mainstem channel is 
approximately 4.813 feet. with an average overall slope of 3.4 percent. Approximately 178 acres (27 
percent) of the watershed is located within the RMDP boundary. Generally. the soils in the watershed are 
characterized as Castaic and Saugus soils and Castaic-Balcom silty clay loams. and predominately are 
classified as being in hydrologic soil group "C" (higher runoff potential). The associated vegetative cover 
within the watershed varies. but primarily consists of California sagebrush scrub and disturbed land. 

Middle Canyon. The 0.53 square mile (340 acre) Middle Canyon watershed is a tributary to the southern 
bank of the Santa Clara River. The total length of the mainstem channel is approximately 7.967 feet. with 
an average overall slope of3.7 percent. Approximately 272 acres (80 percent) of the watershed is located 
within the RMDP boundary. Generally. the soils in the watershed are characterized as Castaic-Balcom 
silty clay loams. and predominately are classified as being in hydrologic soil group "C" (higher runoff 
potential). This watershed is dominated by California sagebrush scrub. with small pockets of mixed 
chaparral and California grassland. The stream channel flows through California grassland. agricultural 
areas. alluvial scrub. and live oak woodland. A freshwater marsh is present at the Santa Clara River 
confluence. 

Mid-Martinez Canyon. The 0.16 square mile (105 acre) Mid-Martinez Canyon watershed is a tributary 
to the northern bank of the Santa Clara River. The total length of the mainstem channel is approximately 
3.729 feet. with an average overall slope of 6.5 percent. Approximately 67 acres (64 percent) of the 
watershed is located within the RMDP boundary. Generally, the soils in the watershed are characterized 
as Zamora loam, and predominately are classified as being in hydrologic soil group "B" (lower runoff 
potential). The associated vegetative cover within the watershed varies, but primarily consists of 
California sagebrush scrub and agriculture. 
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OfT-Haul Canyon. The 0.92 square mile (587 acre) Off-Haul Canyon watershed is a tributary to the 
northern bank of the Santa Clara River. The total length of the mains tern channel is approximately 4.223 
feet. with an average overall slope of 7.1 percent. Approximately 4 70 acres (80 percent) of the watershed 
is located within the RMDP boundary. The creek flows in a general north to south direction. similar in 
aligrnnent to Grande Canyon and joining the Santa Clara River floodplain valley. Generally. the soils in 
the watershed are characterized as Castaic-Balcorn silty clay loarns. and predominately are classified as 
being in hydrologic soil group "C" (higher runoff potential). The upper reaches of Off-Haul Canyon 
drainage contain a mixture of California sagebrush scrub and alluvial scrub. Lower areas. in the vicinity 
of SR -126. are dominated by agricultural land. 

Salt Creek Canyon. The 9.2 square mile (5.859 acre) Salt Creek Canyon watershed is a tributary to the 
southern bank of the Santa Clara River. The total length of the rnainstern channel is approximately 25.830 
feet with an average overall slope of 3.4 percent. Approximately 3.808 acres (65 percent) of the 
watershed is located within the RMDP boundary. Generally. the soils in the watershed are characterized 
as Gaviota rocky sandy loam. and predominately are classified as being in hydrologic soil group "C/D" 
(higher runoff potential). The associated vegetative cover within the watershed varies. but primarily 
consists of burned California sagebrush scrub and burned chaparral. 

While the Salt Creek drainage is one of the largest found within the RMDP boundary • it was not subject 
to detailed hydrologic/hydraulic modeling because it is contained within the High Country Special 
Management Area (SMA). where no development will occur. Any potential impacts would be limited in 
nature and related to access and recreational use of the High Country. and might include footbridges and 
maintenance of existing farm roads. The Specific Plan includes a Visitor Serving land use designation. 
which allows for an access point to the High Country SMA/SEA 20. Approximately 1.993 feet of bank 
protection in non-jurisdictional uplands would be installed in conjunction with development of approved 
Visitor Serving uses as described in the Specific Plan. 

As the Salt Creek watershed has been designated as permanent open space. no significant impacts to this 
drainage area are anticipated from the proposed Project. 

Unnamed Canyon A. The 0.70 square mile (445 acre) Unnamed Canyon A watershed is a tributary to 
the northern bank of the Santa Clara River in the RMDP area. The total length of the rnainstern channel is 
approximately 1.293 feet. with an average overall slope of 3.4 percent. Approximately 133 acres (29 
percent) of the watershed is located within the RMDP boundary. Generally. the soils in the watershed are 
characterized as Castaic-Balcorn complex and silty clay loarns. and are predominately classified as being 
in hydrologic soil group "C" (higher runoff potential). The associated vegetative cover within the 
watershed varies. but primarily consists of California annual grassland and agriculture. 

Unnamed Canyon B. The 0.05 square mile (29 acre) Unnamed Canyon B watershed is a tributary to the 
southern bank of the Santa Clara River in the RMDP area. The total length of the rnainstern channel is 
approximately 1.574 feet with an average overall slope of 15.2 percent. The entire watershed is located 
within the RMDP boundary. Generally. the soils in the watershed are characterized as Castaic and Saugus 
soils. and predominately are classified as being in hydrologic soil group "C" (higher runoff potential). The 

RMDP-SCP EISIEIR 4.4-28 April2009 

DFG027792 



4.4 WATERQUALITY 

associated vegetative cover within the watershed varies. but primarily consists of California annual 
grassland and chaparral. 

Unnamed Canyon C. The 0.07 square mile ( 43 acre) Unnamed Canyon C watershed is a tributary to the 
southern bank of the Santa Clara River in the RMDP area. The total length of the mainstem channel is 
approximately 1.272 feet. with an average overall slope of 7.3 percent. The entire watershed is located 
within the RMDP boundary. Generally. the soils in the watershed are characterized as Castaic and Saugus 
soils. and predominately are classified as being in hydrologic soil group "C" (higher runoff potential). The 
associated vegetative cover within the watershed varies. but primarily consists of California sagebrush 
scrub and agriculture. 

Unnamed Canyon D. The 0.04 square mile (28 acre) Unnamed Canyon D watershed is a tributary to the 
southern bank of the Santa Clara River in the RMDP area. The total length of the mainstem channel is 
approximately 1.740 feet with an average overall slope of 11.6 percent. The entire watershed is located 
within the RMDP boundary. Generally. the soils in the watershed are characterized as Zamora loam from 
both the Castaic and Saugus formations. and predominately are classified as being in hydrologic soil 
group "B" (lower runoff potential). The associated vegetative cover within the watershed varies. but 
primarily consists of California sagebrush scrub and agriculture. 

Unnamed Canyon 1 (Entrada). Unnamed Canyon 1 is located within the boundaries of the Entrada 
planning area. This 0.16 square mile (103 acre) watershed is a tributary to the southern bank of the Santa 
Clara River. The total length of the mainstem channel is approximately 2. 020 feet with an average overall 
slope of 2. 7 percent. The topography for the watershed varies from a maximum elevation of 1.427 feet in 
the headwaters to a low elevation of 1.160 feet near the mouth of the canyon at the Santa Clara River 
valley. Generally. the soils in the watershed are characterized as Castaic-Balcom silty clay loams and 
predominately are classified as being in hydrologic soil group "B" (lower runoff potential). The 
associated vegetative cover within the watershed varies. but primarily consists of California sagebrush. 

Unnamed Canyon 2 (Entrada). Unnamed Canyon 2 is located within the boundaries of the Entrada 
planning area. This 0.6 square mile ( 401 acre) watershed is a tributary located south of the Santa Clara 
River. The total length of the mainstem channel is approximately 3.126 feet with an average overall slope 
of 3.1 percent. The topography for the watershed varies from a maximum elevation of 1.858 feet in the 
headwaters to a low elevation of 1.161 feet near the mouth of the canyon at the Santa Clara River valley. 
Generally. the soils in the watershed are characterized as Saugus loam. and are predominately classified 
as being in hydrologic soil group "B" (lower runoff potential). The associated vegetative cover within the 
watershed varies. but primarily consists of developed and disturbed land. 

Castaic Creek. Castaic Creek is located within the boundaries of the VCC planning area. The 8.7 square 
mile (5.555.3 acre) Castaic Creek watershed is a tributary located north of the Santa Clara River. The total 
length of the mainstem channel is approximately 36.819 feet. with an average overall slope of3.7 percent. 
The maximum elevation difference from the headwaters to the mouth of the creek at the Santa Clara 
River is 1.378 feet. Generally. the soils in the watershed are characterized as Saugus loam and are 
predominately classified as being in hydrologic soil group "B" (lower runoff potential). The associated 
vegetative cover within the watershed varies. but primarily consists of California coastal sage scrub. 
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Hasley Creek. Hasley Creek is located within the boundaries of the VCC planning area. The 89.7 square 
mile (57,416 acre) Hasley Creek watershed is a tributary located north of the Santa Clara River. The total 
length of the mainstem channel is approximately 112,708 feet with an average overall slope of 2.2 
percent. The maximum elevation difference from the headwaters to the mouth of the creek at the Santa 
Clara River is 2,430 feet. Generally, the soils in the watershed are characterized as Stonyford-Millsholm 
Family soils and are predominately classified as being in hydrologic soil group "D" (high runoff 

potential). The associated vegetative cover within the watershed varies, but primarily consists ofChamise 
chaparral. 

4.4.4.3 Existing Surface Water Quality 

Due to the size of the Project area and the highly variable nature of surface water quality in the Santa 
Clara River throughout the Project area, it was not appropriate to summarize water quality data for a 
single timeframe or location in order to establish baseline water quality conditions. As discussed above, 

flows in the Santa Clara River are highly episodic in nature and this characteristic can affect surface water 
quality considerably. The Newhall Ranch Tributary stormwater monitoring, Newhall Ranch WRP, and 
Los Angeles County monitoring data summarized below, however, are recent (2001 - 2007) and provide 
an accurate and reasonable characterization of existing water quality conditions that exist in the Project 
area. Newhall Ranch WRP and Los Angeles County monitoring data are used as benchmarks to compare 
estimated runoff pollutant concentrations in the post-development condition with runoff treatment PDFs 

to assess indirect impacts of the proposed Project to surface water quality in the Santa Clara River 
Corridor. Data collected by the USGS at the Ventura/Los Angeles County line, also summarized below, 
provides historical perspective of water quality within the Santa Clara River at the downstream Project 
boundary. 

Monitoring Data Sources. In the Newhall Ranch Specific Plan Sub-Regional Stormwater Mitigation 
Plan (Geosyntec, 2008), wet and dry weather surface water quality in the Project area was characterized 
from available water quality monitoring data obtained from the following four sources: 

1. Newhall Ranch Tributary Stormwater Monitoring. Stormwater samples were collected 
during two storm events in March 2001 at five monitoring locations (Stations A-E). The first 
storm had a rainfall depth of 0.2 inches over three hours; the second storm had a rainfall depth 
of 0. 7 inches over ten hours measured at the Newhall rain gauge. Three of the five monitoring 
stations were located at the mouths of the tributaries in Potrero Canyon (Station A), San 
Martinez Grande Canyon (Station B), and Middle Canyon (Station D). The other two 
monitoring stations were located on tributaries upstream from the mainstem of the Santa Clara 
River; one was just downstream of the community of Val Verde in Chi quito Canyon (Station E) 
and one was on an unnamed tributary in Long Canyon, 114-mile upstream of the 'Onion Field' 
(Station C). Aside from Station E, which is downgradient of existing residential development, 
the land uses in the areas tributary to the Stations A, B, C, and D are predominately open space 
with some agriculture and oil and gas operations. Although limited, this data is relevant in terms 
of characterizing the existing stormwater runoff within the Santa Clara River tributaries within 
the Project area as the conditions within these watersheds have not been altered since 2000. 
Four of the five tributaries (all but Middle Canyon) will receive post-developed flows from the 
Specific Plan area. 
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2. Newhall Ranch WRP. The Los Angeles R WQCB required pre-start-up water quality 
monitoring at upstream and downstream locations from the outfall of the approved Newhall 
Ranch WRP when preparing the NPDES permit and WDRs application for the WRP. 
Summarized wet weather monitoring data were collected from two stations in the Santa Clara 
River from the spring of 2004 until the spring of 2006: one station (NR1) is near the 
downstream boundary of the Specific Plan area. close to the proposed WRP outfall location. and 
the second (NR3) is about two and one-half miles further downstream. Five storms with rainfall 
depths ranging from 0.1 to 0.6 inch were sampled at NR1 and NR3 and one very large storm 
with a depth of 4.45 inches was sampled at NR3. Grab sampling methods were used. 

3. County Monitoring. The County of Los Angeles conducts in-stream water quality monitoring 
on the mainstem of the Santa Clara River at a mass emission station located at The Old Road. at 
the upstream boundary of the Project area. Wet weather monitoring data are available from 
November 2002 through February 2007. Monitoring at the mass emission station included 
nineteen storm events. Composite samples were collected for most parameters. except grab 
sampling was used for bacteria. oil and grease. and cyanide analyses. The Santa Clara River 
Station is not automated so composite samples were obtained by sampling discretely every 
twenty minutes for the first three hours of the storm. and then mixing the discrete samples in the 
laboratory in proportion to the measured flow rates. The depth of eight of the ten storms was 
greater than the median storm depth for the Newhall rain gage (0.60 inches). In particular. two 
storm events were very large events. with total storm depths of 8.0 and 9.99 inches. The Los 
Angeles County monitoring data are the most current. and are the only source of wet weather 
monitoring in the Santa Clara River immediately upstream of the Project area. 

4. USGS Monitoring. The USGS collected a large number of water quality data in the Santa Clara 
River near the Ventura/Los Angeles County line from 1951 through 1995. These data provide a 
historical perspective of wet weather water quality in the Santa Clara River immediately 
downstream of the Project area. but are not used to describe baseline water quality for the 
reasons described above. 

Additional information regarding the wet weather water quality data described above and dry weather 
water quality data is provided by the Newhall Ranch Specific Plan Sub-Regional Stormwater Mitigation 
Plan. 

Wet Weather Monitoring Data Summary. To facilitate interpretation. the wet weather water quality 
data were grouped into two categories depending on the depth of two day antecedent rainfall measured at 
the Newhall rain gauge: 

• 0.1 - 1 inches. Rainfall depths that would likely produce runoff volumes characteristic of more 
frequent. smaller storm events. 

• > 1 inch. Rainfall depths that would likely produce runoff volumes characteristic of larger. less 
frequent storm events. 

Table 4.4-7 and Table 4.4-8 summarize the average values from wet weather monitoring data for the 
monitoring locations listed above. 
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Table 4.4-7 
Average Wet Weather Monitoring Data for 2 Day 

Precedent Rainfall Between 0.1 and 1.0 Inches 

DPW Newhall Ranch 
USGS Wet 

Mass 
Specific Plan Area Tributary Monitoring 

WRPPre-
Weather 

Constituent Emission Startup 
Monitoring 

Station Monitoring 

S29 Site A Site B Site C SiteD Site E NRl NR3 USGS 

ISS (mg/L) 845 835 41,100 36,000 5,650 6,645 58 112 2,291 

IDS (mg/L) 458 7,380 2,825 190 160 205 855 1,076 1,4371 

Hardness 249 2,225 1,205 147 59 107 387 475 773 
(mg/L) 

Chloride 68 870 125 3 3 II 100 105 122 
(mg/L) 

Total P 0.60 0.4 0.4 1.3 
(mg/L) 

Nitrate-N 
1.2 182 3.o' 1.6' 152 2.82 3.2 3.0 2.1 2 

(mg/L) 

Nitrite-N 017 <0.005 <0.005 
(mg/L) 

Ammania-N 0.14 0.2 0.1 0.16 
(mg/L) 

TKN(mg/L) 2.5 0.3 0.4 0.64 

Dissolved 
copper 5.8 4.6 3.6 ND 
(flg/L) 

Total copper 26 15 175 170 10 70 4.9 5.9 30 
(flg/L) 

Dissolved 4.4 <0.07 <0.07 7.8 
lead (flg/L) 

Total lead 5.9 6.1 54 95 7.6 37 0.8 ND 
(flg/L) 

Dissolved 12 12 8.7 10 
zinc (flg/L) 

Total zinc 54 40 330 330 30 225 18 15 150 
(flg/L) 

Dissolved 
aluminum 894 27 19 
(flg/L) 

Total 
aluminum 5,040 740 770 
(flg/L) 

Diazinon 0.05 <0.01 <0.01 0.02 
(flg/L) 

Chlorpyrifos <0.05 <0.6 <0.6 
(flg/L) 
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Table 4.4-7 
Average Wet Weather Monitoring Data for 2 Day 

Precedent Rainfall Between 0.1 and 1.0 Inches 

DPW 
Mass 

Constituent Emission 
Station 

Specific Plan Area Tributary Monitoring 

Cyanide 
(mg!L) 

Fecal 
Coliform 
MPNIIOOmL 

S29 

<0.01 

7,332 

Site A 

4,300 

Site B Site C SiteD Site E 

953 6,300 >81,200 81,200 

Total 
Coliform 
MPNIIOOmL 

115,590 40,000 > 160,000 125,000 >50,000 >81,200 

Notes: 

Derived from Specific Conductance; 
2 Nitrate+ Nitrite-N; 
3 CFU/100m1; 
ND = non detected; 
- =no or insufficient data. 

Source: Geosyntec, 2008. 
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Table 4.4-8 
Average Wet Weather Monitoring Data for 2-Day Precedent Rainfall of> 1 inch 

Constituent 

ISS (mg!L) 

IDS (mg!L) 

Hardness (mg!L) 

Chloride (mg!L) 

Total P (mg!L) 

Nitrate-N (mg!L) 

Nitrite-N (mg!L) 

Ammania-N (mg!L) 

TKN(mg!L) 

Dissolved copper (flg!L) 

Total copper (flg!L) 

Dissolved lead (flg!L) 

T otallead (flg!L) 

Dissolved zinc (flg!L) 

Total zinc (flg!L) 

Dissolved aluminum (flg!L) 

Total aluminum (flg!L) 

Diazinon (flg!L) 

Chlorpyrifos (flg!L) 

Cyanide (flg!L) 

Fecal Coliform 
(MPNIIOO mL) 

Total Coliform 
(MPNIIOO mL) 

Notes: 

DPW Santa Clara River 
Mass Emission Station 

S29 

1,635 

216 

108 

24 

0.42 

0.80 

0.18 

0.29 

5.6 

9.9 

26 

3.3 

17 

26 

110 

1,086 

5,672 

010 

<0.05 

200 

122,125 

295,000 

Derived from Specific Conductance; 
2 Nitrate+ Nitrite-N; 
3 CFU!l 00m1; 
ND =Not Detected in Sample; 
- =no or insufficient data. 

Source: Geosyntec, 2008. 
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NR3 

43,360 

2,100 

832 

46 

13.4 

1.4 

ND 

0.5 

46 

<0.01 

<0.6 

> 1,600 

> 1,600 

USGS Wet Weather 
Monitoring 

11108500 

10,711 

8381 

546 

61 

1.0 

!.7' 

0.69 

ND 

ND 

2,70cY 
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The wet weather monitoring data indicate the following: 

Total Suspended Solids. The total solids in a liquid sample consist of total dissolved solids and total 
suspended solids. Total dissolved solids (IDS. discussed below) are materials in the water that will pass 
through a filter with a 2.0 micrometer or smaller nominal average pore size. primarily inorganic salts 
(calcium. magnesium. potassium. sodium. chlorides. and sulfates); the material retained by the filter is the 
total suspended solids (TSS). It is generally expected that TSS concentrations in alluvial streams can be 
greatly elevated during storm runoff because of the combination of high sediment supply and a high 
capacity for in-stream transport and erosion. Average TSS concentrations in the Santa Clara River were 
sometimes very high due to the highly erodible. easily transportable. sandy alluvial soils and sediments. 
and average concentrations were much higher for the larger storms than the smaller storms. These results 
show the capacity of high flows in the Santa Clara River for sediment transport and are consistent with 
other data showing that large rainfall events result in a "reset" of the main channel. As concluded by 
Balance Hydrologies. concepts of "normal" or "average" sediment-supply and flow conditions have 
limited value in this "flashy" envirornnent. where episodic storm and wildfire events have enormous 
influence on sediment and storm flow conditions. In the Santa Clara River. a large portion of sediment 
movement events can occur in a matter of hours or days. 

Total Dissolved Solids. Stormwater monitoring data collected in the tributaries showed greatly differing 
TDS levels among the five monitoring stations. Measured TDS concentrations were very high at Sites A 
(Potrero Canyon) and B (San Martinez Grande Canyon). while IDS concentrations at the other three sites 
were low. Elevated IDS levels in runoff at Sites A and B are likely a result of the natural soil properties 
of the marine layers of the Pico formation and the high groundwater table conditions in these two 
canyons. suggesting that groundwater discharges to the channels contributed to the elevated TDS levels. 
These greatly differing dissolved solid (TDS) concentrations also are reflected in some of the components 
that make up the TDS (chloride and hardness) as described below. 

Average concentrations of IDS in the Santa Clara River were moderate to high. ranging from 216 
milligrams per liter (mg/L) to 2.100 mg/L. The Basin Plan objective for IDS in Santa Clara River Reach 
5 is 1.000 mg/L. Much higher average concentrations were observed at the three downstream Santa Clara 
River stations Newhall Ranch WRP start-up monitoring and USGS station) compared with the upstream 
DPW station. likely due to their location downstream of Potrero Canyon and San Martinez Grande 
Canyon (Sites A and B). with their much higher salt content. 

Hardness. Hardness is a measure of the multivalent metallic cations in water. principally calcium. 
magnesium. strontium. iron. and manganese. These cations are capable of reacting with soap to form 
precipitates and with certain anions to form scale. The hardness in water is derived largely from contact 
with soil and rock formations. and hardness affects the CTR values for certain metals. as discussed above. 
Waters with a hardness concentration from 150 mg/L to 300 mg/L as CaC03 are considered hard; waters 
with a hardness concentration above 300 mg!L as CaC03 are considered very hard. 

The stormwater monitoring data for hardness were analogous to the data for TDS. Hardness 
concentrations were very high at the tributary Sites A and B. and low to moderate at the other three 
tributary sites. High hardness at Sites A and B are likely due to natural high levels of calcium and 
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magnesmm m the local soils (such as lime and gypsum deposits). and the high groundwater table 
conditions in these two canyons. suggesting again that groundwater discharges contributed to the elevated 
hardness levels. 

In the Santa Clara River. average hardness values were greater downstream than at the upstream DPW 
station and generally decreased with larger antecedent rainfall depth. This is most likely due to the 
influence of tributary inflows of high hardness waters (such as measured at Sites A and B). other 
groundwater inputs. and agricultural return flows that enter the Santa Clara River between these stations. 

Chloride. Similar to TDS and hardness. monitoring data collected in the tributaries found very high 
chloride concentrations at Site A. high levels at Site B. and low concentrations at the remaining three 
sites. Overall. the average chloride concentrations during stormwater monitoring were highly variable and 
ranged between 3 mg/L and 125 mg!L. with the exception of the very high chloride concentrations 
detected at the mouth of Potrero Canyon (Site A). Average chloride concentration at the USGS station 
was about 61 mg/L for storm flows. The average chloride concentration observed in the larger storms at 
all of the Santa Clara River stations were lower than the Basin Plan objective for chloride of 100 mg/L. 
while the average chloride concentrations in the smaller storms were above the Basin Plan objective at the 
downstream monitoring stations. 

Phosphorus. Recent wet weather monitoring (DPW mass emission station and Newhall Ranch WRP 
start-up monitoring) showed somewhat consistent total phosphorus levels of a magnitude of about 0.4 to 
0.6 mg/L. An exception was the large storm sample (> 1.0 inch) collected at station NR3. which measured 
13.4 mg/L. This was likely due to the high concentration of total suspended solids measured during the 
same storm event. because total phosphorus is predominately found in the particulate-phase in stormwater 
runoff. Historical average total phosphorus concentrations at the USGS station were somewhat higher 
than recent results at 1.0 to 1.3 mg!L. and appeared to be somewhat independent of storm event size. 

Nitrogen. Measured nitrate-nitrogen concentrations in the tributary stormwater monitoring were 
generally low (less than 3 mg/L) at three of the sites. and were elevated at Sites A and D (17.5 mg/L and 
15.3 mg/L. respectively). The numeric target for nitrate plus nitrite-nitrogen in the Santa Clara River 
nitrogen compounds TMDL is 4.5 mg/L (30-day average). which is based on achieving the Basin Plan 
water quality objective of 5 mg/L. (Note that nitrate-nitrogen is typically an order of magnitude greater 
than nitrite-nitrogen in natural waters. as nitrite is converted to nitrate in aerobic conditions.) The Santa 
Clara River average nitrate-nitrogen concentrations were below this objective (0.8 mg/L to 3.2 mg/L). 
The average historical nitrate-N + nitrite-N concentrations at the USGS station were roughly similar. 
varying from 2.1 mg/L for lower storm flows to 1.7 mg/L for higher storm flows. 

Average ammonia concentrations were low and ranged from 0.1 mg/L to 0.5 mg/L. The ammonia water 
quality objectives in the Santa Clara River nitrogen compounds TMDL range from 3.4 mg/L to 5.5 mg/L 
(one-hour average) and 1.2 mg/L to 2.0 mg/L (30-day average). 

Average total Kjeldahl nitrogen concentrations. which is the measure of ammonia plus the organic forms 
of nitrogen. generally ranged from 0.3 mg/L to 5.6 mg/L. One exception was the concentration found in 
the large storm at NR3. which measured 46 mg/L. As with total phosphorus. the organic forms of 
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nitrogen in stormwater runoff are generally in the particulate-phase, and this result correlated with the 
high levels of total phosphorus and suspended solids measured during this same event. 

Metals. Total copper, lead, and zinc measured at Sites B and C were much higher than the concentrations 
measured at Sites A and D. Concentrations at Site E fell in the middle of the measured range. Elevated 
total metal concentrations are often associated with elevated TSS levels, although this trend is not evident 
in the tributary monitoring data. The average total copper concentrations at Sites B, C, and E were greater 
than the CTR acute copper criterion. The average total copper concentrations ranged from 10 micrograms 
per liter (~giL) to 175 ~g/L; the CTR acute total copper criterion for a hardness concentration of greater 
than 400 mg/L is 52 ~g/L. The average total lead and total zinc concentrations in all the tributaries were 
below the CTR acute criteria. The average total lead concentrations ranged from 6.1 ~giL to 95 ~giL; the 
CTR acute total lead criterion for a hardness concentration of greater than 400 mg/L is 480 ~giL. The 
average total zinc concentrations ranged from 30 ~giL to 330 ~giL; the CTR acute total zinc criterion for 
a hardness concentration of greater than 400 mg/L is 390 ~g/L. 

Average concentrations of dissolved and total copper measured in the Santa Clara River (3.6 ~giL to 9.9 
~giL, dissolved copper; 4.9 to 26 ~g/L, total copper) were below the respective CTR acute criteria for the 
average hardness of250 mg/L (32 ~g/L, dissolved copper; 33 ~giL, total copper). Average concentrations 
of dissolved and total lead measured in the Santa Clara River (<0.07 ~giL to 4.4 ~g/L, dissolved lead; 0.8 
to 17 ~giL, total lead) were well below the respective CTR acute criteria for the average hardness of 250 
mg/L (170 ~giL, dissolved lead; 260 ~giL, total lead). Average concentrations of dissolved and total zinc 
measured in the Santa Clara River (8. 7 ~giL to 26 ~giL, dissolved zinc; 15 to 110 ~giL, total zinc) were 
all well below the respective CTR acute criteria for the average hardness of 250 mg/L (250 ~g/L, 

dissolved zinc; 260 ~g/L, total zinc). 

Average dissolved aluminum concentrations showed a very wide range in the Santa Clara River, ranging 
from a low of 19 ~g/L dissolved aluminum measured in small storms at station NR3 to 1,086 ~g/L 
measured in large storms at the Los Angeles County mass emission station. Similarly, total aluminum 
ranged from a low of 740 ~g/L dissolved aluminum measured in small storms at station NRI to 5,672 
~giL measured in large storms at the Los Angeles County mass emission station. The National Ambient 
Water Quality Criteria (NAWQC) acute criterion for aluminum is 750 11g/L for a pH range of 6.5 to 9.0; 
the CTR does not include an aluminum criterion. 

Pesticides. Chlorpyrifos was not detected in 19 samples taken at the County's mass emission station, 
while diazinon was detected in 8 of 19 samples, with an average concentration of 0.05 11g/L in small 

storms and 0.10 11g/L in the larger storms. Diazinon and chlorpyrifos were not detected further 
downstream in the Santa Clara River during Newhall Ranch WRP wet weather sampling, but were 
detected in the one wet weather sample in the historical USGS data. There is no CTR criterion for 
diazinon; the recommended NAWQC is 0.171lg/L (acute). The diazinon criterion derived by the CDFG is 

0.08 llg/L. 

Cyanide. Cyanide was detected in six of 19 wet weather samples taken at the County's mass emission 
station. Concentrations of cyanide ranged from below I 0 ~g/L to 590 ~g/L. The CTR criterion for 
freshwater acute aquatic life protection for cyanide is 22 ~g/L. 
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Coliform Bacteria. Concentrations of total and fecal coliform bacteria in wet weather flows at all 
tributary monitoring stations and the County's mass emission station were very high, consistent with other 
stormwater data throughout the region, ranging from 87 Most Probable Number per 100 milliliters 
(MPN/100 mL) to 323,000 MPN/100 mL. Average bacteria concentrations at the lower stations were 
significantly lower, but still elevated, and more so during larger storms. In waters designated for water 
contact recreation (REC-1), the Basin Plan objective for fecal coliform is: a log mean of 200/100 mL 
(based on a minimum of not less than 10 percent of total samples during any 30-day period), nor shall 
more than 10 percent of the total number of samples during any 30-day period exceed 400/100 mL. 

Dry Weather Monitoring Data Summary. Dry season base flows in the Santa Clara River through the 
proposed Project area are perennial. Dry season base flows may include contributions from natural 
groundwater flows; however, discharges from the upstream Saugus and Valencia WRPs contribute the 
majority of base flow. Discharges from the WRPs during dry weather conditions are a source of impairing 
pollutants in downstream reaches, including chloride, TDS, and nitrogen compounds. Dry weather water 
quality monitoring data in the Santa Clara River are available from DPW sampling at the Santa Clara 
River mass emission station, Newhall Ranch WRP pre-startup monitoring, and USGS water quality 
monitoring. Table 4.4-9 summarizes the average values from dry weather monitoring data for these 
monitoring locations. 

The dry weather monitoring data indicate the following: 

TSS. Relatively high average TSS concentrations were observed, especially the historical data from 
USGS station, which may have included samples taken during times of higher erosion or larger dry 
weather flows. Average dry weather flow TSS concentrations observed by the Newhall Ranch WRP pre
startup monitoring were similar to those observed for small storms in wet weather monitoring. Average 
concentrations of TSS appeared higher at the upstream DPW mass emission station than at the 
downstream Newhall Ranch WRP pre-startup sites. Differences may be due to physical factors such as 
channel substrate material, local flow regime, and tributary influences. 

Hardness, TDS and Chloride. The average concentrations of hardness, TDS, and chloride were more 
similar between the DPW mass emission station and Newhall Ranch WRP monitoring locations. 
However, the USGS County Line station historically recorded higher averages (approximately double) 
than the baseline data observed at the DPW mass emission station and Newhall Ranch WRP monitoring 
locations. The baseline data suggests that the water flowing in the Santa Clara River in the proposed 
Project area during dry weather is very hard with high levels of other dissolved salts, including chloride. 
The average concentrations of TDS in the baseline data ranged from 812 mg/L to 936 mg/L, below the 
Basin Plan objective for TDS in Santa Clara River Reach 5 (1,000 mg/L). Average chloride 
concentrations in dry weather flows ranged from 115 mg/L to 124 mg/L, above the Basin Plan objective 
of 100 mg/L. 
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Table 4.4-9 
Summary of Average Dry Weather Monitoring Data in the Santa Clara River 

SCR Mass Emission Newhall WRP Pre- USGS Dry Weather 

Constituent Station Startup Monitoring Monitoring 

S29 NRI NR3 11108500 

ISS (mg!L) 200 66 128 349 

Hardness (mg!L) 420 388 458 881 

IDS (mg!L) 812 845 936 1541 1 

Chloride (mg!L) 115 120 124 140 

Total P (mg!L) 0.26 0.5 0.5 1.13 

Nitrate-N (mg!L) 1.2 2.8 2.9 4' 

Nitrite-N (mg!L) 0.1 0.02 0.02 

Ammania-N (mg!L) 0.1 0.1 0.1 0.18 

TKN(mg!L) 0.6 0.4 0.5 0.83 

Dissolved copper (flg!L) 2.9 4 4.2 1.8 

Total copper (flg!L) 15.2 5 6.5 20 

Dissolved lead (flg!L) <5.0 0.2 0.2 7.8 

T otallead (flg!L) 1.8 0.9 1.4 ND 

Dissolved zinc (flg!L) 6.4 II 10.7 15.8 

Total zinc (flg!L) 20.7 15.4 19.5 45 

Dissolved aluminum (flg!L) 170 289 

Total aluminum (flg!L) 845 1,018 1,685 

Diazinon (flg!L) 0.01 <0.01 <0.01 003 

Chlorpyrifos (flg!L) <0.05 

Cyanide (mg!L) <0.01 

Fecal coliform (MPNIIOO mL) 165 209 213 2503 

Total coliform (MPNIIOO mL) 3,626 961 1,207 

Notes: 

Derived from Specific Conductance; 
2 Equals nitrate-N plus nitrite-N; 
3 CFU!lOOml 
- =no or insufficient data. 

Source: Geosyntec, 2008. 

Phosphorus and Nitrogen. The average concentrations for total phosphorus and nitrate in dry weather 

flows increased downstream, while ammonia and TKN concentrations were relatively consistent from 

RMDP-SCP EISIEIR 4.4-39 April2009 

DFG027803 



4.4 WATERQUALITY 

upstream to downstream. All average nutrient concentrations were higher in the historical dataset. 
Nutrient concentrations measured in dry weathers flows reflect the influence of the Saugus and Valencia 
WRPs. Lower average concentrations in the Newhall WRP startup monitoring compared with the data at 
the USGS gauge could be due to historically greater WRP nutrient discharge concentrations and/or less 
responsible use of fertilizers. Higher historic TKN concentrations could also be attributed to higher TSS 
concentrations. and hence particulate nutrients. observed at this site. 

Metals. Concentrations of heavy metals in dry weather flows were generally low and. for the most part. 
reasonably similar. Total metal concentrations are related to TSS concentrations. and this is reflected in 
the difference between the historical data collected at the USGS site with higher TSS and the more recent 
data with lower TSS. Average dissolved copper concentrations were fairly similar and ranged from 1.8 -
4.2 ~giL. Average dissolved zinc concentrations were also fairly similar and ranged from 6.4- 15.8 ~giL. 
Dissolved lead concentrations were slightly higher for the historical than the more recent datasets. and 
this is likely due to the widespread use ofleaded gasoline prior to 1995. 

Average concentrations of dissolved and total copper measured dry weather flows in the baseline data 
(2.9 ~giL to 4.2 ~giL. dissolved copper; 5 to 15.2 ~giL. total copper) were below the respective CTR 
chronic criteria for a hardness greater than 400 mg/L (29 ~giL. dissolved copper; 30 ~giL. total copper). 
Average concentrations of dissolved and total lead measured in dry weather flows (<5 ~giL to 2.5 ~giL. 
dissolved lead; 0.9 to 1.8 ~giL. total lead) were well below the respective CTR chronic criteria for a 
hardness greater than 400 mgiL (11 ~giL. dissolved lead; 19 ~giL. total lead). Average concentrations of 
dissolved and total zinc measured in dry weather flows (6.4 ~giL to 11 ~giL. dissolved zinc; 15.4 to 20.7 
~giL. total zinc) were all well below the respective CTR chronic criteria for a hardness greater than 400 
mg/L (380 ~giL. dissolved zinc; 390 ~giL. total zinc). 

Aluminum concentrations were only measured at the Newhall Ranch WRP Startup Monitoring stations. 
Average dissolved aluminum concentrations in the dry weather flows ranged from 170 ~giL to 289 ~giL. 
Total aluminum ranged from 1.018 ~giL to 1.685 ~giL. The National Ambient Water Quality Criteria 

(NA WQC) acute criterion for acid soluble aluminum is 750 11giL for a pH range of 6.5 to 9.0; the CTR 

does not include an aluminum criterion. 

Pesticides. Diazinon was detected at the upstream DPW site and historically at the USGS site in dry 
weather flows. The more extensive data set collected at NR-1 and NR-3 did not detect diazinon and this 
may be due to its recent phase-out by EPA for residential uses. 

Cyanide. Cyanide was measured but not detected in dry weather flows at the DPW mass em1sswn 
station. 

Coliform Bacteria. The concentrations of indicator bacteria indicated highly variable but generally 
elevated fecal indicator bacteria concentrations in dry weather flows. The observed data were above the 
REC-1 Basin Plan objective for fecal coliform (log mean of2001100 rnL (based on a minimum of not less 

than I 0 percent of total samples during any 30-day period). nor shall more than I 0 percent of the total 
number of samples during any 30-day period exceed 4001100 mL). 
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4.4.4.4 Existing Groundwater Quality 

The Specific Plan area and the VCC and Entrada planning areas lie at the western end of the upper Santa 
Clara River hydrologic area. as defined by the California Department of Water Resources (DWR). The 
Santa Clara River Valley East Groundwater Subbasin lies within this hydrologic area and is the source of 
essentially all local groundwater used for water supply in the Santa Clarita Valley. The local groundwater 
supplies are obtained from relatively young surficial alluvial deposits and from an older geologic unit (the 
Saugus Formation) that underlies the alluvium and adjoining areas. The alluvium and the Saugus 
Formation are underlain by bedrock units consisting of the Pico Formation in the Project area and other 
geologic units in the eastern and northern portions of the Santa Clarita Valley. These deep bedrock units 
yield little water and are not considered viable for groundwater development. 

The alluvial sediments lie within the portion of the Valley occupied by the Santa Clara River and also are 
present in side canyons that contain tributaries to the River. The alluvium consists of extensively 
interlayered and interfingered mixtures of gravel and sand. with variable amounts of cobbles and boulders 
and minor amounts of silt and clay. Due to the unconsolidated to poorly consolidated condition of the 
alluvium. and its lack of cementation. the alluvium has relatively high permeability and porosity. The 
groundwater flow direction in the Alluvial aquifer follows the topography of the Valley and its tributaries. 
Groundwater recharge occurs in the eastern. northern. and southern portions of the Valley. Natural 
mechanisms for groundwater discharge occur at the west end of the Valley and consist of discharge to the 
Santa Clara River. subsurface outflow beneath the River. and evapotranspiration by deep-rooted 
vegetation. 

The Saugus Formation is present beneath the eastern portion of the Project area and most of the Santa 
Clarita Valley area east of the Project area. The upper subunits of the Saugus Formation consist of 
terrestrial sediments deposited in stream channels. floodplains. and alluvial fans by ancestral drainage 
systems. The upper subunits are a source of groundwater supply in the Santa Clarita Valley because of 
their productive nature and their good water quality. Deeper subunits of the Saugus Formation were 
deposited in a marine environment and are subsequently not used for water supplies because of their 
brackish water quality and fine-grained. low-permeability nature. 

Faulting and folding of the Saugus Formation and the underlying bedrock units have created a bowl
shaped structure beneath the Santa Clarita Valley. The Saugus Formation and underlying bedrock 
generally dip downwards from the periphery of the Valley towards the deepest portion of the "bowl" 
beneath the central portion of the Valley. The thickness of the Saugus Formation also is controlled by the 
San Gabriel fault. which is present in the eastern and northern portions of the Valley. Because of its 
structure and its connection with the overlying Alluvial aquifer. groundwater flow in the Saugus 
Formation is generally towards the center of the bowl and also towards the western portion of the Santa 
Clara River. Like the Alluvial aquifer. the Saugus Formation is recharged in the eastern and other 
peripheral portions of the Santa Clarita Valley. Groundwater discharge from the Saugus Formation occurs 
at the west end of the Valley in the form of groundwater discharge into the overlying Alluvial aquifer. 
which in turn discharges to the River in the western end of the Valley. 

Alluvium. In terms of the aquifer system. there is no convenient long-term record of water quality (i.e .• 

water quality data in one or more single wells that spans several decades and continues to the present). 
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Thus, in order to examine a long-term record of water quality in the alluvium, individual records have 
been integrated from several wells completed in the same aquifer materials and in close proximity to each 
other to examine historical trends in general mineral groundwater quality throughout the basin. Based on 
these records of groundwater quality, wells within the alluvium have experienced historical fluctuations in 
general mineral content, as indicated by electrical conductivity (EC), which correlates with fluctuations of 
individual constituents that contribute to EC. However, the historic water quality data indicates that, on a 
long-term basis, there has not been a notable trend and, specifically, there has not been a decline in water 
quality within the alluvium. 

Specific conductance within the alluvium exhibits a westward gradient, corresponding with the direction 
of groundwater flow in the alluvium. EC is lowest in the easternmost portion of the basin, and highest in 
the west, and generally exhibits an inverse correlation with precipitation and streamflow, with a stronger 
correlation in the easterrnnost portion of the basin where groundwater levels fluctuate the most. Wet 
periods have produced substantial recharge of higher quality (low EC) water, and dry periods have 
resulted in declines in groundwater levels, with a corresponding increase in EC (and individual 
contributing constituents) in the deeper parts of the alluvium. 

The most notable groundwater quality issue in the alluvium is perchlorate contamination in a localized 
area situated about three miles east of the Project area. In 2002, one well (the Santa Clarita Water 
Division's Stadium Well), located near the former Whittaker-Bermite facility, was inactivated for 
municipal water supply due to detection of perchlorate slightly below the Notification Level. In early 
2005, perchlorate was detected in a second well, the Valencia Water Company's Well Q2. In October 
2005, Well Q2 was returned to service with wellhead perchlorate treatment under a permit from the 
California Department of Health Services (DHS). On-going monitoring in the alluvium north of the 
Whittaker-Bermite site (an ammunition manufacturing site) has shown no detections of perchlorate in any 
other Alluvial municipal water supply wells in this area. 

Table 4.4-10 summarizes average metals, general chemistry, and organic compounds data for three 
Alluvial aquifer wells located in and near the Project area. One well is a municipal water supply well that 
belongs to the Valencia Water Company (E-15) and is located in the VCC planning area. Two Newhall 
Ranch agricultural Alluvial aquifer wells (C and B6) were monitored twice (once each in 2000 and 2001 ). 
These well locations are illustrated on Figure 4.4-3. 

Laboratory testing indicates that all constituents tested were at acceptable levels for drinking water, for all 
tested wells, with the exception of sulfate and iron in the agricultural supply well B6. Specifically, the 
average sulfate concentration (360 mg!L) exceeded the Basin Plan objective of350 mg!L and the average 
iron concentration (0.4 mg/L) exceeded the secondary drinking water standard of 0.3 mg/L in Alluvial 
Well B6. 

Tests conducted for perchlorate at the Alluvial aquifer wells listed in Table 4.4-10 indicated "non-detect," 

meaning no perchlorate was detected. Furthermore, no organic contaminants have been detected in any 
Alluvial aquifer wells. 
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Table 4.4-10 
Groundwater Monitoring Data 

Basin Plan 
Parameter Units Objective/Maximum 

Contaminant Level 
Aluminum flg!L I,OOo' 
Arsenic flg!L so' 
Barium mg!L I' 
Beryllium flg!L 4' 
Cadmium flg!L s' 
Chromium flg!L so' 
Copper flg!L I,OOo' 
Iron mg!L 0.3' 
Manganese flg!L so' 
Mercury, Total flg!L 2' 
Nickel flg!L 1002 

Selenium flg!L so' 
Silver flg!L 1003 

Thallium flg!L 2' 
Zinc flg!L s,ooo' 
Alkalinity as CaC03 mg!L 
Boron mg!L 1.0' 
Chloride mg!L 1501 

Color Color unit !53 

Cyanide, total mg!L 0.152 

Fluoride mg!L 2.02 

Hardness as CaC03 mg!L 
MBAS mg!L 0.53 

Nitrate as N03 mg!L 451 

Nitrite as N mg!L I' 
Nitrate+ Nitrite as N mg!L 101 

Odor TON 3' 
Specific 

umhos/cm 900-1600(J) 
Conductance 
Sulfate mg!L 3501 

IDS mg!L 1,0001 

Turbidity NTU s' 
Volatile Organic 

flg!L variable 
Chemicals (VOCs) 
Synthetic Organic 

flg!L variable 
Chemicals (SVOCs) 
Key: Bold Exceeds Standard 
Notes: 
- =no applicable basin plan objective or MCL 
n!a =not analyzed 
ND = none detected 

Alluvial 
Well E-15 

ND 
n/a 
ND 
ND 
ND 
ND 
ND 
ND 
ND 
n/a 
ND 
n/a 
NA 
NA 
ND 
226 
048 
90 

ND 
n/a 
0.8 
499 
n/a 
18.5 
ND 
3.6 
1.1 

1317 

314 
969 
04 

ND 

ND 

1 Los Angeles Basin Plan Regional Objectives for Grmmdwater (Table 3-10). 
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Average Concentration 
Alluvial Alluvial Saugus 
Well C Well B6 We11206 

ND ND ND 
ND ND n/a 
0.02 003 ND 
n/a n/a ND 
ND ND ND 
ND ND ND 
ND ND ND 
0.1 0.4 ND 
ND ND ND 
ND ND n/a 
ND ND ND 
ND ND n/a 
ND ND n/a 
ND ND n/a 
ND ND ND 
255 295 221 
0.39 048 n/a 
57 82 45 

ND 5 ND 
ND ND n/a 
0.7 0.8 0.2 
410 510 464 
ND ND n/a 
9.5 10.6 20.9 
ND ND ND 
2.1 24 4.7 
ND ND I 

1150 1400 1158 

285 360 293 
760 950 861 
0.35 14 0.2 

ND ND ND 

ND ND ND 

California Department of Public Healtli Primary Drinking Water MCL (Title 22 CCR Table 64431-A and Table 64444-A). 
California Department of Public Healtli Secondary Drinhng Water MCL (Title 22 CCR Table 64449-A and Table 64449-

B). 
Source: Geosyntec, 2008. 
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Saugus Formation. Similar to the Alluvial aquifer. groundwater quality in the Saugus Formation is a key 
factor in assessing that aquifer as a municipal and agricultural water supply. As with the Alluvial aquifer. 
long-term Saugus groundwater quality data is not sufficiently extensive (few wells) to permit any basin

wide analysis or assessment of pumping-related impacts on quality. Accordingly. EC has been chosen as 
an indicator of overall water quality. and records have been combined to produce a long-term depiction of 
water quality. Water quality in the Saugus Formation historically has not exhibited the precipitation

related fluctuations seen in the Alluvial aquifer. and based on the historical record over the last 50 years. 
groundwater quality in the Saugus Formation has exhibited a slight overall increase in EC. 

Table 4.4-10. above. summarizes average metals. general chemistry. and organic compounds data for one 
Saugus aquifer wells located in and near the Project area. Saugus Well 206 is a municipal water supply 
well that belongs to the Valencia Water Company and is located in the RMDP project area (Figure 4.4-
3). Laboratory testing indicates that all constituents tested were at acceptable levels for drinking water in 
Saugus Well 206. 

As with the Alluvial aquifer. the most notable groundwater quality issue in the Saugus Formation is 
perchlorate contamination. Since 1997. four Saugus wells located near the former Whittaker-Bermite 
facility (about two miles east of the Specific Plan area) have been inactivated for water supply service due 
to the presence of perchlorate. A fifth well in that same location showed a detection of perchlorate below 
the DHS reporting level of 4 ~g/L. To date. in the Saugus Formation. there have been no perchlorate 
detections in other active municipal-supply wells located down gradient (west) of the impacted wells. The 
development and implementation of a cleanup plan for the former Whittaker-Bermite facility and the 
impacted groundwater resources is being coordinated among the Castaic Lake Water Agency (CL W A). 
impacted purveyors. the California Department of Toxic Substances Control (DTSC). and the Corps. For 
the impacted groundwater. a Final Interim Remedial Action Plan for containment and extraction of 
perchlorate was completed and approved by DTSC in January 2006. Design of the treatment facilities and 
related pipelines also was completed in 2006. Construction of these facilities to implement the pump-and

treat program and to also restore inactivated well capacity is anticipated to conclude in mid-2008. with the 
facilities on line by fall 2008. 

4.4.5 IMPACT SIGNIFICANCE CRITERIA 

4.4.5.1 Surface Water Quality 

Thresholds of significance for surface water quality impacts have been developed based on a review of 
the MS4 permit and Appendix G of the State CEQA Guidelines. In order to maintain consistency in the 
impact analysis. the Corps has agreed to use the criteria presented below for purposes of this EIS/EIR. 
although significance conclusions are not expressly required under NEPA. 

A project would have a significant impact on water quality ifthe project would: 

Significance Criterion 1: Violate any water quality standards or waste discharge requirements; 
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Significance Criterion 2: Create or contribute runoff water. which would exceed the capacity of 
existing or planned stormwater drainage systems or provide substantial 
additional sources of polluted runoff; or 

Significance Criterion 3: Otherwise substantially degrade water quality. 

4.4.5.2 Groundwater Quality 

Thresholds of significance for evaluating groundwater quality impacts also have been developed based on 
Appendix G of the State CEQA Guidelines. The Corps also has agreed to use the criterion presented 
below for purposes of this EIS/EIR. although significance conclusions are not expressly required under 
NEPA. 

Significant adverse impacts to groundwater are presumed to occur if the project would: 

Significance Criterion 4: Through changes in surface water runoff quality and quantity and 
changes in groundwater recharge. result in a violation of any 
groundwater quality standards or waste discharge requirements or 
otherwise substantially degrade groundwater quality. 

4.4.6 IMPACTS OF THE PROPOSED PROJECT AND ALTERNATIVES 

The analysis of potential direct. indirect. and secondary impacts to water quality associated with 
construction and operation of the proposed Project and the alternatives is presented below. Impacts have 
been identified using the significance criteria applicable to assessing surface and groundwater quality 
described in the preceding section. 

4.4.6.1 Impacts of Alternative 1 (No Action/No Project) 

4.4.6.1.1 Direct Impacts to Surface Water Quality 

RMDP Direct Impacts. Under this alternative. none of the proposed RMDP infrastructure would be 
provided and no changes to existing water quality conditions would occur. Alternative 1 would have no 
impacts to the existing surface water quality conditions and no direct impacts related to Significance 
Criteria 1 through 3 would result. 

SCP Direct Impacts. Under this alternative. the SCP would not be adopted and the proposed spineflower 
preserves would not be established. Alternative 1 would have no direct impacts to the existing surface 
water quality conditions and no direct impacts related to Significance Criteria 1 through 3 would result. 

4.4.6.1.2 Indirect Impacts to Surface Water 

RMDP Indirect Impacts. Under this alternative. none of the proposed RMDP infrastructure required to 
implement the previously approved Newhall Ranch Specific Plan would be developed. Therefore. no 
Specific Plan build-out would occur. There would be no change to the existing land uses within the 
RMDP boundary. which consist of open space. agriculture. and oil and gas extraction (with associated 
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access roads). No new additional mitigation would be required for the ongoing agricultural and oil and 
gas extraction activities. and these existing uses may result in adverse but less-than-significant indirect 
impacts to surface water quality related to Significance Criterion I. Alternative I would have no 
significant indirect impacts regarding Significance Criteria 2 and 3. 

SCP Indirect Impacts. Under this alternative. the SCP would not be adopted and development on the 
Specific Plan site and the VCC and Entrada planning areas would not be facilitated. There would be no 
change to the existing land uses within these areas. which consist of open space and agriculture. No 
additional mitigation would be required for the ongoing agricultural activities. and these existing uses 
may result in adverse but less-than-significant indirect impacts to surface water quality related to 
Significance Criterion I. Alternative 1 would have no significant indirect impacts regarding Significance 
Criteria 2 and 3. 

4.4.6.1.3 Secondary Impacts to Surface Water Quality 

RMDP Secondary Impacts. Under this alternative. none of the proposed RMDP infrastructure required 
to implement the previously approved Newhall Ranch Specific Plan would be developed. Therefore. no 
Specific Plan build-out would occur. There would be no change to the existing land uses within the 
RMDP boundary. which consist of open space. agriculture. and oil and gas extraction (with associated 
access roads). No additional mitigation would be required for the ongoing agricultural and oil and gas 
extraction activities. and these existing uses may result in adverse but less-than-significant secondary 
impacts to surface water quality related to Significance Criterion 1 if these impacts are carried off-site in 
the Santa Clara River. Alternative 1 would have no significant secondary impacts regarding Significance 
Criteria 1 and 2. 

SCP Secondary Impacts. Under this alternative. the SCP would not be adopted and development on the 
Specific Plan site and the VCC and Entrada planning areas would not be facilitated. There would be no 
change to the existing land uses within these areas. which consist of open space and agriculture. No 
additional mitigation would be required for the ongoing agricultural activities. and these existing uses 
may result in adverse but less-than-significant secondary impacts to surface water quality related to 
Significance Criterion 1 if these impacts are carried off-site in the Santa Clara River. Alternative 1 would 
have no significant secondary impacts regarding Significance Criteria 1 and 2. 

4.4.6.1.4 Direct Impacts to Groundwater 

RMDP Direct Impacts. Under this alternative. none of the proposed RMDP infrastructure would be 
provided and no changes to existing water quality conditions would occur. Alternative 1 would have no 
impacts to the existing groundwater quality conditions and no direct impacts related to Significance 
Criterion 4 would result. 

SCP Direct Impacts. Under this alternative. the SCP would not be adopted and the proposed spineflower 
preserves would not be established. Alternative 1 would have no direct impacts to the existing 
groundwater quality conditions and no direct impacts related to Significance Criterion 4 would result. 
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4.4.6.1.6 Indirect Impacts to Groundwater 

RMDP Indirect Impacts. Under this alternative. none of the proposed RMDP infrastructure required to 
implement the previously approved Newhall Ranch Specific Plan would be developed. Therefore. 
Specific Plan build-out would not occur. There would be no change to the existing land uses within the 
RMDP boundary. which consist of open space. agriculture. and oil and gas extraction (with associated 
access roads). No additional mitigation would be required for the ongoing agricultural and oil and gas 
extraction activities. and these existing uses may result in adverse but less-than-significant indirect 
impacts to groundwater quality related to Significance Criterion 4. 

SCP Indirect Impacts. Under this alternative. the SCP would not be adopted and development on the 
Specific Plan site and the VCC and Entrada planning areas would not be facilitated. There would be no 
change to the existing land uses within these areas. which consist of open space and agriculture. No 
additional mitigation would be required for the ongoing agricultural activities. and these existing uses 
may result in adverse but less-than-significant indirect impacts to groundwater quality related to 
Significance Criterion 4. 

4.4.6.1. 7 Secondary Impacts to Groundwater 

RMDP Secondary Impacts. Under this alternative. none of the proposed RMDP infrastructure required 
to implement the previously approved Newhall Ranch Specific Plan would be developed. Therefore. no 
Specific Plan projects would be constructed. There would be no change to the existing land uses within 
the RMDP boundary. which consist of open space. agriculture. and oil and gas extraction (with associated 
access roads). No additional mitigation would be required for the ongoing agricultural and oil and gas 
extraction activities. and these existing uses may result in adverse but less-than-significant secondary 
impacts to groundwater quality related to Significance Criterion 4 if impacted groundwater travels off
site. 

SCP Secondary Impacts. Under this alternative. the SCP would not be adopted and development on the 
Specific Plan site and the VCC and Entrada planning areas would not be facilitated. There would be no 
change to the existing land uses within these areas. which consist of open space and agriculture. No 
additional mitigation would be required for the ongoing agricultural activities. and these existing uses 
may result in adverse but less-than-significant secondary impacts to groundwater quality related to 
Significance Criterion 4 if impacted groundwater travels off-site. 

4.4.6.2 Impacts of Alternative 2 (Proposed Project) 

4.4.6.2.1 Direct Impacts to Surface Water Quality 

RMDP Direct Impacts. As described in Section 2.0. Project Description. and Section 3.0. Description of 
Alternatives, of this EIS/EIR, the RMDP component of the proposed Project consists of infrastructure in 
the Santa Clara River and tributaries located on the Specific Plan site, which are needed to implement the 
approved Specific Plan. The RMDP infrastructure is comprised of various flood control features, stream 
bank protection (i.e., buried soil cement, ungrouted rock rip-rap, open cell concrete interlocking systems, 
and/or gunite slope lining), drainage facilities, roads, building pads, pipeline and utility river crossings, 
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nature trails, new and widened bridges, the discharge outfall for the previously approved Newhall Ranch 
WRP, and drainage facility maintenance activities of the LACDPW. Direct impacts to water quality 
resulting from the RMDP are described in the following paragraphs. 

Short-Term Direct Impacts to Surface Water Quality. Installation of the RMDP infrastructure 
improvements could directly impact water quality during construction. The potential impacts of 
construction activities, construction materials, and non-stormwater runoff on water quality during the 
construction phase focus primarily on sediment (TSS and turbidity) and non-sediment related pollutants, 
such as nutrients, heavy metals, and certain pesticides, including legacy pesticides. Construction-related 
activities that are primarily responsible for sediment releases are related to exposing soils to potential 
mobilization by rainfall/runoff and wind. Such activities include removal of vegetation, grading, and 
trenching for RMDP infrastructure. Envirornnental factors that affect erosion include topographic, soil, 
and rainfall characteristics. Non-sediment-related pollutants that are also of concern during construction 
include construction materials (e.g., paint), chemicals, liquid products, and petroleum products used in 
facility construction or the maintenance of heavy equipment; and concrete-related pollutants. These 
activities, outside of regulatory controls, would be significant under Significance Criteria 1 through 3. As 
discussed below, PDFs have been proposed and are required by Mitigation Measure WQ-1 that will avoid 
and minimize the impacts of these activities such that significant water quality impacts would be reduced 
to a less-than-significant level.. 

Construction impacts due to Project development would be minimized through compliance with the 
construction general permit (Order No. 99-08-DWQ). This permit requires the development and 
implementation of a SWPPP, which must include erosion and sediment control BMPs that would meet or 
exceed measures required by the construction general permit, as well as BMPs that control the other 
potential construction-related pollutants. Erosion control BMPs are designed to prevent erosion, whereas 
sediment controls are designed to trap sediment once it has been mobilized. A SWPPP would be 
developed as required by, and in compliance with, the construction general permit and the County of Los 
Angeles' standard conditions. The permit requires the SWPPP to include a menu of BMPs to be selected 
and implemented based on the phase of construction and the weather conditions to effectively control 
erosion and sediment to the Best Available Technology Economically Achievable/Best Conventional 
Pollutant Control Technology (BAT/BCT). BMPs that must be implemented under a construction SWPPP 
are equivalent to those BMPs that are described in detail (in the form of fact sheets) in the California 
Stormwater Quality Association (CASQA) Stormwater Best Management Practice Handbook -
Construction (CASQA, 2003), and discussed in more detail below. The construction general permit 
requires BMP selection, implementation, and maintenance during construction. 

Construction of the in-stream elements within the RMDP boundary would require dewatering and non
stormwater related discharges. For example, excavation depths required for bank protection would be 
below the River bottom and frequently encounter groundwater that would need to be removed during the 
construction period. This could result in significant impacts under Significance Criteria 1 through 3. The 
dewatering activity would place shallow wells close to the excavation, drawing down the groundwater in 
the construction zone. Typically, soil composition within the dry streambed is such that the discharged 
dewatering flows would percolate quickly back into the ground from which they carne. However, in some 
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instances, the amount of discharged water may create sufficient flow during dewatering operations to 
form a continuous wetted channel from the work site to the Santa Clara River or a tributary. 

In general, the construction general permit authorizes construction dewatering activities and other 
construction related non-stormwater discharges as long as they: (1) comply with Section A.9 of the 
permit;" (2) do not cause or contribute to violation of any water quality standards; (3) do not violate any 
other provisions of the permit; ( 4) are permitted pursuant to the Los Angeles RWQCB's general WDRs 
govermng construction-related dewatering discharges; and (6) are not prohibited by a Basin Plan 
prOVlSlOll. 

Proposed PDFs protect rece1vmg waters from dewatering and construction related non-stormwater 
discharges. Such PDFs would include source control and treatment control BMPs in compliance with the 
Los Angeles RWQCB's general WDRs (under Order No. R4-2003-0111; NPDES No. CAG994004) 
governing construction-related dewatering discharges within the Project area or an individual 
WDR/NPDES permit specific to the Project dewatering activities. Typical BMPs for in-stream 
construction dewatering include infiltration of clean groundwater or on-site treatment using an engineered 
system designed to remove particulates, such as a weir tank, which allows sediment to settle out of 
suspension before the water is discharged. To avoid significant impacts to receiving waters from the 
dewatering discharge, discharged water would be allowed to "sheet-flow" from energy dissipaters soaking 
into the dry soils, or the discharge would be routed through a sprinkler field and sprayed over a large 
upland area adjacent to the river/streambed with the intent to percolate the entire discharge. Compliance 
with these WDRs constitutes a PDF, further assuring that the impacts of these discharges do not result in 
significant water quality impacts. 

Implementation of erosion and sedimentation source control BMPs during the construction of the 
proposed RMDP infrastructure (as consistent with the BAT/BCT requirements of the construction general 
permit and the general WDRs in the dewatering general permit or individual WDR) would prevent 
significant erosion and sediment transport impacts and transport of other potential pollutants from the 
Project site during the RMDP construction phase. 

The following PDFs/BMPs would be implemented to avoid and numnuze significant water quality 
impacts due to construction activities in a riverbed, and to ensure that significant water quality impacts do 
not occur: 

11 Section A.9 of the construction general permit requires that non-stormwater discharges be 
eliminated or reduced to the extent feasible and that a qualified person be assigned the responsibility for 
ensuring that no materials other than stormwater are discharged in quantities which will have an adverse 
effect on receiving waters or stormdrain systems (consistent with BAT/BCT), and prohibits discharge of 
sediment-laden water (which will cause or contribute to an exceedance of the applicable Basin Plan 
objectives from a dewatering site or sediment basin into any receiving water or storm drain) without 
filtration or equivalent treatment. 
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1. Silt settling basins. installed during the construction process. shall be located away from areas of 
ponded or flowing water to prevent discolored. silt-bearing water from reaching areas of ponded 
or flowing water during normal flow regimes. 

2. Installation of bridges. culverts. or other structures shall not impair movement of fish or aquatic 
organisms. Bottoms of temporary culverts shall be placed at or below channel grades. Bottoms of 
permanent culverts shall be placed below channel grade. 

3. Water containing mud. silt. or other pollutants from construction activities shall not be allowed to 
enter a flowing stream or be placed in locations that may be subject to normal storm flows during 
periods when storm flows can reasonably be expected to occur. 

4. If a stream channel has been altered during the construction and/or maintenance operations. its 
low flow channel shall be returned as nearly as practical to pre-project topographic conditions 

without creating a possible future bank erosion problem. or a flat wide channel or sluice like area. 

The gradient of the streambed shall be returned to pre-project grade. to the extent practical. unless 
it is specified in the RMDP as a restoration area. or a new river bottom area. 

5. Staging/storage areas for equipment and materials shall be located outside of areas of ponded or 
flowing water. 

6. Vehicles shall not be driven or equipment operated in areas of ponded or flowing water. or where 
wetland vegetation. riparian vegetation. or aquatic organisms may be destroyed. except as 
otherwise provided for in the CDFG section 1605 Agreement. 

7. Any equipment or vehicles driven and/or operated within or adjacent to the stream shall be 
checked and maintained daily. to prevent leaks of materials that. if introduced to water. could be 
deleterious to aquatic life. 

8. Stationary equipment such as motors. pumps. generators. and welders. located within the riverbed 
construction zone shall be positioned over drip pans. No fuel storage tanks are allowed in the 
riverbed. 

9. The project would use best efforts to ensure that no debris. bark. slash. sawdust. rubbish. cement. 
or concrete or washings thereof. oil. petroleum products. or other organic material from any 
construction. or associated activity of whatever nature shall be allowed to enter into or be placed 
where it may be washed by rainfall or runoff into. State waters. When operations are completed. 
any excess materials or debris shall be removed from the work area. 

10. No equipment maintenance shall be done within or near any stream where petroleum products or 
other pollutants from the equipment may enter these areas underllow. 

Any CDFG streambed alteration agreement to be issued for the long-term operation of RMDP 
infrastructure would contain standard measures similar to those described above to minimize water 
quality impacts due to operation and maintenance activities in a riverbed. 

Implementation of existing regulatory requirements would be adequate to ensure that discharges during 
the Project construction phase would not cause or contribute to any exceedance of water quality standards 
in receiving waters. Therefore. the development of proposed RMDP infrastructure. in compliance with the 
construction general permit from the SWRCB. dewatering WDRs from the Los Angeles RWQCB. and 
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the requirements of Mitigation Measure SP-4.2-7 would reduce direct water quality impacts under 
Significance Criteria I through 3 to a less-than-significant level. 

Long-Term Direct Impacts to Surface Water Quality. Following completion of construction activities. 
the temporary impact zone would be restored to channel grade and revegetated with native riparian and 
upland species. The RMDP infrastructure would be constructed from inert materials that would not 
generate pollutants of concern. 

The proposed RMDP project component includes facility operation and maintenance activities associated 
with the various flood control improvements. stream bank protection. drainage facilities. and storrnwater 
discharge outfalls. Maintenance of flood. drainage. and water quality protection facilities would involve 
the periodic inspection of the improvements by the DPW to ensure that the structures are intact. and to 
monitor vegetation growth and sediment buildup at or near the structures. These maintenance activities 
would ensure that the integrity of the structure is maintained and that planned conveyance capacity is 
present. 

The DPW conducts a regular maintenance program to ensure that all flood control structures operate at 
their design standards. For the RMDP component. this would include activities such as: 

• Periodic removal of woody vegetation from riprap to protect its structural integrity; 

• Periodic clearing of storm drain outlets to ensure proper drainage; 

• Periodic removal of ponded water that causes odor and/or mosquito problems; 

• As needed repairs and routine maintenance of bridges; 

• As needed repairs of bank protection; 

• As needed cleaning of detention and debris basins and removal of deposits per approved 
maintenance procedures; and 

• Emergency maintenance activities. 

These maintenance activities could result m significant impacts to water quality under Significance 
Criteria 1 through 3. However. compliance with regulatory requirements and Mitigation Measure SP-4.2-
7 would ensure that impacts from maintenance activities are less than significant under Significance 
Criteria 1 through 3. 

SCP Direct Impacts. The SCP addresses the management and conservation of the San Fernando Valley 

spineflower (Chorizanthe parryi ssp. fernandina; spineflower). It is a state-listed endangered species 
under the California Endangered Species Act and a federal candidate species under the federal 
Endangered Species Act. The SCP addresses the conservation of the spineflower throughout the Project 
area. Based on survey data collected since 2000. five core populations have been identified and form the 
basis of the five proposed preserve areas: Airport Mesa. Grapevine Mesa. San Martinez Grande. Potrero. 
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and Entrada. Direct impacts to water quality resulting from the SCP are described in the following 
paragraphs. The goal of the SCP is to develop a management and preservation framework that provides 
for the long-term persistence of spineflower within the Project area containing known spineflower 
populations. This would be achieved by: (I) permanently protecting and managing a series of preserves, 
which include habitat for pollinators and dispersal agents and restoring degraded habitat; (2) connecting 
the preserves to permanently protected and managed open space areas; (3) including core occurrences of 
spineflower populations in order to maximize genetic diversity and overall population size; (4) providing 
restoration and introduction opportunities of additional occurrences, if necessary, as described in the SCP 
(Appendix 1.0); and (5) providing suitable habitat within the preserve to accommodate natural 
evolutionary and ecological processes for the spineflower populations. 

Short-Term Direct Impacts to Surface Water Quality. The proposed SCP is a conservation and 
permitting plan for an upland plant species, and would not authorize any construction acliv!lies. 
Therefore, no short-term direct impacts would result from implementation of the SCP relative to 
Significance Criteria I through 3. 

Long-Term Direct Impacts to Surface Water Quality. A management and monitoring program has 
been developed to ensure long-term persistence of spineflower within the Project area. The SCP outlines 
specific management practices with regard to agriculture practices, appropriate signs around the 
preserves, erosion control methods, landscaping, construction activities near the preserves, and other 
activities. The SCP also includes specific monitoring measures and success criteria, as well as an adaptive 
management plan and funding requirements. 

Preserve maintenance would be an important component of the SCP. Preserve maintenance would 
include controlling invasive herbaceous weeds; performing weed control and management as necessary to 
maintain the preserves in compliance with performance standards; removing accumulated trash; and 
repairing fencing, signage and other preserve-related components on a quarterly basis. In addition, 
maintenance would include controlling plant diseases and animal pests determined to be significant to the 
health and survival of the spineflower. As these maintenance activities may include the use of pesticides, 
they may impact water quality in the Project's receiving waters if not conducted properly. 

The SCP indicates that weeding efforts shall consider the overall preserve goal, which is to promote the 
long-term survival of spineflower. Prior to applying herbicides, it shall be determined by the preserve 
manager that the proposed herbicide, when applied per the labeled directions, would not directly or 
indirectly affect spineflower plants, dormant seed or associated pollinators, or cause a significant or 
prolonged decline. Weed control measures within the spineflower preserves shall be pre-approved by the 
preserve manager and CDFG in writing. Recommendations for herbicide use shall be prescribed by a Pest 
Control Advisor (PCA), and applied by a licensed or certified pesticide applicator, as required by law. 

All weed control work shall be supervised by a qualified foreman capable of readily distinguishing weeds 
from native plants. Weed control work shall utilize Integrated Pest Management (IPM) techniques that 
focus on avoiding and minimizing potential weed invasion problems, by minimizing soil disturbance and 
quickly controlling any new populations of invasive weed species before they spread and colonize. When 
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weed control work is determined to be necessary. the least damaging. most selective method(s) available 
shall be used.12 

Pest control is not anticipated to be required in the preserve areas on a regular basis. However. it is 
possible that gophers. squirrels. rabbits. and other animals may need to be at least periodically controlled 
in preserve areas. In addition. if an herbivore is identified foraging on spineflower plants or plants 
installed during revegetation efforts and the damage is determined by the preserve manager or CDFG to 
be significant. it may need to be controlled. The control methods would be dependant on the species that 
needs control. however. pest control would utilize IPM techniques such as exclusionary fencing. rodent 
traps. fake owls. scarecrows. reflective silver ties. etc. Plant shelters and gopher cages may be used on 
new plantings in restoration areas. All control methods would be prescribed in writing by the preserve 
manager. IPM techniques involve the following series of pest management evaluations. decisions. and 
controls: 

I. Pest identification; 

2. Practices to prevent pest incidence and reduce pest buildup; 

3. Monitoring to examine vegetation and surrounding areas for pests to evaluate trends and to 
identifY when controls are needed; 

4. Establishment of action thresholds that trigger control actions; 

5. Pest control methods - cultural. mechanical. environmental. biological. and appropriate 
pesticides; and 

6. Pesticide management - safety (e.g .• Material Safety Data Sheets. precautionary statements. 
protective equipment); regulatory requirements; spill mitigation; groundwater and surface water 
protection measures associated with pesticide use; and pesticide applicator certifications. licenses. 
and training (i.e .• all pesticide applicators must be certified by the California Department of 
Pesticide Regulation).13 

Insect control is not anticipated to be needed on a regular basis. but may be more likely once the 
surrounding areas are developed. especially along the urban fringes. and/or habitat restoration areas where 
establishing plants are more likely to become stressed and. therefore. predisposed to insect infestation. 
Although not expected. severe infestations of insects determined by the preserve manager or CDFG to be 
detrimental to the survival of a significant number of native plants or spineflower shall be controlled 
using the least toxic controls available. including sticky yellow insect strips. non-copper horticultural oils. 

12 IPM is the coordinated use of pest and environmental information with available pest control 
methods to prevent unacceptable levels of pest damage by the most economical means and with the least 
possible hazards to people. property. and the environment. (Pesticides and Food: What "Integrated Pest 
Management" Means. United States Environmental Protection Agency. available online at 
http:/ /www.epa.gov/pesticides/food/ipm.htm (last visited April 1. 2009). 
13 See. e.g .• Integrated Pest Management Principles. United States Environmental Protection Agency. 
available online at http://www.epa.gov/oppOOOOI/factsheets/ipm.htm (last visited April!. 2009). 
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and biological controls, such as ladybugs, damsel bugs, green lacewings and/or minute pirate bugs. As 
indicted above, all control methods would be prescribed in writing by the preserve manager and subject to 
the approval of CDFG at least two weeks in advance. 

With implementation of the proposed IPM techniques described above and the IPM requirements of 
Mitigation Measure WQ-2, long-term surface water quality impacts from pesticide use at the proposed 
spineflower preserves would be less than significant relative to Significance Criteria 1 through 3. 

4.4.6.2.2 Indirect Impacts to Surface Water Quality 

RMDP Indirect Impacts. Implementation of the proposed RMDP component would facilitate build-out 
of the approved Newhall Ranch Specific Plan. Therefore, impacts to surface water quality associated with 
development ofthe Specific Plan are evaluated in this subsection as an indirect impact. 

Short-Term Indirect Impacts to Surface Water Quality. The potential impacts of construction 
activities, construction materials, and non-stormwater runoff on water quality during the construction 
phase of the Specific Plan build-out focus primarily on sediment (TSS and turbidity) and certain non
sediment related pollutants, such as nutrients, heavy metals, and certain pesticides, including legacy 
pesticides. Construction-related activities that are primarily responsible for sediment releases are related 
to exposing soils to potential mobilization by rainfall/runoff and wind. Such activities include removal of 
vegetation, grading, and trenching for infrastructure improvements. Environmental factors that affect 
erosion include topographic, soil, and rainfall characteristics. Non-sediment-related pollutants that are 
also of concern during construction include construction materials (e.g., paint); chemicals, liquid 
products, and petroleum products used in facility construction or the maintenance of heavy equipment; 
and concrete-related pollutants. These construction phase impacts could result in significant impacts to 
water quality under Significance Criteria 1 through 3. However, compliance with Mitigation Measures 
SP-4.2-7 and WQ-1 would ensure that impacts would be avoided or minimized to a less-than-significant 
level, and no further mitigation measures are required. 

Construction impacts due to Specific Plan development, including the excavation of soil from borrow 
sites, would be minimized through a PDF that consists of compliance with the construction general 
permit. This permit requires the development and implementation of a SWPPP, which must include 
erosion and sediment control BMPs that would meet or exceed measures required by the construction 
general permit, as well as BMPs that control the other potential construction-related pollutants. Erosion 
control BMPs are designed to prevent erosion, whereas sediment controls are designed to trap sediment 
once it has been mobilized. A SWPPP would be developed in compliance with the construction general 
permit and the County of Los Angeles' standard conditions. The permit requires the SWPPP to include a 
menu of BMPs to be selected and implemented based on the phase of construction and the weather 
conditions to effectively control erosion and sediment to the BAT/BCT level. The SWPPP developed to 
implement the PDF would include the following BMPs, as appropriate: 

Erosion Control (BMPs numbered EC-3 through EC-7 and WE-1 in the Stormwater Best Management 
Practice Handbook- Construction [CASQA, 2003]): 
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1. Physical stabilization through hydraulic mulch. soil binders. straw mulch. bonded fiber matrices. 
and erosion control blankets (i.e .• rolled erosion control products). 

2. Limiting the area and duration of exposure of disturbed soils. 

3. Soil roughening of graded areas (through track walking. scarifYing. sheepsfoot rolling. or 
imprinting) to slow runoff. enhance infiltration. and reduce erosion. 

4. Vegetation stabilization through temporary seeding to establish interim vegetation. 

5. Wind erosion (dust) control through the application of water or other dust palliatives as necessary 
to prevent and alleviate dust nuisance. 

Sediment Control: 

6. Perimeter protection to prevent discharges through silt fences. fiber rolls. gravel bag berms. sand 
bag barriers. and straw bale barriers (SE-1. -5. -6. -8. and -9). 

7. Storm drain inlet protection (SE-10). 

8. Resource (Environmentally Sensitive Area) protection through silt fences. fiber rolls. gravel bag 
berms. sand bag barriers. and straw bale barriers (SE-1. -5. -6. -8. and -9). 

9. Sediment capture through sediment traps. storm drain inlet protection. and sediment basins (SE-3. 
-10. and-2). 

10. Velocity reduction through check darns. sediment basins. and outlet protection/ 
velocity dissipation devices (SE-2. -4. and -10). 

11. Reduction in off-site sediment tracking through stabilized construction entrance/exit. construction 
road stabilization. and entrance/exit tire wash (TE-l. -2. and -3). 

Waste and Materials Management: 

12. Management of the following types of materials. products. and wastes: solid. sanitary. concrete. 
hazardous and equipment-related wastes (MW-1. -2. -4 through -10. and NS-8 through -10). 

13. Protection of soil stockpiles through covers. the application of water or soil binders. and 
perimeter control measures (MW-3). 

Non-Stormwater Management: 

14. BMPs or good housekeeping practices to reduce or limit pollutants at their source before they are 
exposed to stormwater. including such measures as: water conservation practices. and vehicle and 
equipment cleaning and fueling practices (NS-1 through 16). 

Training and Education: 

15. Training of individuals responsible for SWPPP preparation. implementation. and permit 
compliance. including contractors and subcontractors. 

16. Signage (bilingual. if appropriate) to address SWPPP-related 1ssues (such as site clean up 
policies. BMP protection. washout locations. etc.). 
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Maintenance, Monitoring and Inspections: 

17. Performing routine site inspections and inspections before, during (for storm events> 24 hours), 
and after storm events. 

18. Implementing maintenance and repa1rs of BMPs as indicated by routine and storm-event 

inspections. 

19. Preparation and implementation of a sampling and analysis plan for non-visible pollutants. 

These additional construction site management BMPs would be implemented within the Specific Plan 
area during the dry season and wet season as follows: 

Dry Season Construction Phase BMPs: 

20. Wind erosion BMPs (dust control). 

21. Soil roughening of graded areas (track walking, scarifying, sheepsfoot rolling, or imprinting) 

22. Sediment control BMPs at the down gradient site perimeter and all operational storm drain inlets 
internal to the planning area. 

23. Off-site tracking BMPs. 

24. Appropriate waste management and materials pollution BMPs. 

25. Appropriate non-stormwater BMPs to prevent or reduce the contamination of stormwater by 
construction activities and materials. 

26. A "weather triggered" action plan to deploy standby erosion and sediment control BMPs to 
protect exposed portions of the site within 48 hours of a predicted storm event. 

27. Sufficient standby BMP materials to implement the above action plan. 

28. Deployment of post-construction erosion control BMPs as soon as practicable. 

Wet Season Construction Phase BMPs: 

29. Limiting the area and duration of exposure of disturbed soil areas. This may be accomplished by 
retention of natural vegetation in areas not scheduled for immediate grading, phasing the grading, 
and stabilizing disturbed areas quickly. 

30. Implementation of an effective combination of erosion and sediment control measures on all 
disturbed areas. 

Regulatory requirements applicable to the project construction phase require the implementation ofBMPs 
consistent with BA T/BCT, as required by the construction general permit and the general WDRs in the 
dewatering general permit or individual WDR. Erosion and sediment transport and transport of other 
potential pollutants during the construction phase would be prevented through implementation of BMPs 
meeting BAT/BCT to prevent or minimize environmental impacts and to ensure that discharges during 
the construction phase would not cause or contribute to any exceedance of water quality standards in the 
receiving waters. These BMPs would assure effective control of not only sediment discharge, but also of 
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pollutants associated with sediments. such as (and not limited to) nutrients. heavy metals. and certain 
pesticides. including legacy pesticides. In addition. compliance with BAT/BCT requires that BMPs used 
to control construction water quality impacts are updated over time as new water quality control 
technologies are developed and become available for use. Therefore. the PDF related to compliance with 
the construction stormwater permit BAT/BCT performance standards ensures that potential construction
related water quality impacts would not be significant under Significance Criteria I through 3. 

During the construction phase of Specific Plan build-out. hydrocarbons in site runoff could result from 
construction equipment/vehicle fueling or spills. which would be a potentially significant impact under 
Significance Criterion 2. However. pursuant to the construction general permit. the construction SWPPP 
must include BMPs that address proper handling of petroleum products on the construction site. such as 
proper petroleum product storage and spill response practices. and those BMPs must effectively prevent 
the release of hydrocarbons to runoff per the BAT/BCT standards. Polycyclic Aromatic Hydrocarbons 
(PAH) that are adsorbed by sediment during the construction phase would be effectively controlled via 

the erosion and sediment control BMPs. With implementation of the PDF discussed above. construction
related impacts resulting from the release of hydrocarbons on water quality are considered less than 
significant. 

Transport of legacy pesticides adsorbed to existing site sediments as a result of historic farming 
operations may be a concern during the construction phase of development. which could be a potentially 
significant water quality impact under Significance Criteria I through 3. The construction SWPPP must 
contain sediment and erosion control BMPs pursuant to the construction general permit. and those BMPs 
must effectively control erosion and the discharge of sediment along with other pollutants per the 
BAT/BCT standards. With implementation of the PDF for sediment control BMPs. construction-related 
impacts associated with pesticides would be less than significant under Significance Criteria I through 3. 
and no mitigation measures are required. 

During the construction phase. there is potential for an increase in trash and debris loads due to lack of 
proper contractor good housekeeping practices at the construction site. This is a potentially significant 
water quality impact under Significance Criterion I. Per the construction general permit. the SWPPP for 
the site would include BMPs for trash control (catch basin inserts. good housekeeping practices. etc.). 

PDFs requiring compliance with the construction stormwater permit requirements and meeting BAT/BCT 
ensures that water quality impacts from trash and debris would be less than significant. 

Construction on the project sites may require dewatering and non-stormwater related discharges. For 
example. dewatering may be necessary if groundwater is encountered during grading or to allow 
discharges associated with testing of water lines. sprinkler systems and other facilities. Dewatering 
activities and non-stormwater related discharges could be a potentially significant impact to water quality 
under Significance Criteria I through 3 if the groundwater or non-stormwater related discharges contain 
pollutants at levels of concern. In general, the construction general permit authorizes construction 
dewatering activities and other construction related non-stormwater discharges as long as they: (I) 
comply with Section A.9 of the permit; (2) do not cause or contribute to violation of any water quality 
standards; (3) do not violate any other provisions of the permit; (4) do not require a non-stormwater 
permit as issued by the Los Angeles RWQCB; and (5) are not prohibited by a Basin Plan provision. Full 
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compliance with applicable local. state and federal water quality standards by the applicant would assure 
that potential impacts from dewatering discharges are not significant. and no mitigation measures are 
required. 

An additional PDF would be implemented to protect receiving waters from dewatering and construction 
related non-stormwater discharges. Such discharges would be implemented in compliance with the WDRs 
(under Order No. R4-2003-0111; NPDES No. CAG994004) or individual WDR issued for project 
dewatering. governing construction-related dewatering discharges within the Specific Plan development 
areas. Typical BMPs for construction dewatering include infiltration of clean groundwater; on-site 
treatment using suitable treatment technologies; on-site or transport off site for sanitary sewer discharge 
with local sewer district approval; and use of a sedimentation bag for small volumes of localized 
dewatering. Compliance with these WDRs assures the impacts of dewatering discharges would not be 
significant. 

With implementation of the measures described above to m1mnuze construction-related activities 
impacting receiving waters. the short-term. construction-related water quality impacts of Specific Plan 
build-out would not be significant under Significance Criteria 1 through 3. 

Long-Term Indirect Impacts to Surface Water Quality. The Sub-Regional Plan (Appendix 4.4) was 
developed by the applicant. consistent with the Los Angeles County MS4 permit and the SUSMP. to set 
forth the urban runoff management program that would be implemented for the Specific Plan subregion 
(Geosyntec. 2008). Stormwater management. including planning for water quality and hydromodification 
control. is central to assuring the long-term viability of beneficial uses. including important habitat 
systems and species dependent upon those systems. The Sub-Regional Plan (Geosyntec. 2008) assesses 
potential water quality impacts associated with the approved Specific Plan development and proposes 
control measures to address those potential impacts. 

The Newhall Ranch Specific Plan Sub-Regional Storm water Mitigation Plan is the first of three levels of 
stormwater plan preparation. These levels include the Sub-Regional Plan. which is a programmatic-level 
stormwater management plan that applies to the entire Newhall Ranch Specific Plan area (Tier 1); the 
Project Water Quality Technical Report. which would provide the project-level stormwater plan for each 
of the villages within the Specific Plan area (Tier 2); and the final SUSMP. which would be prepared 
prior to the recordation of any final subdivision map or the issuance of any grading or building permit. 
whichever comes first (Tier 3). 

The Newhall Ranch Specific Plan Sub-Regional Stormwater Mitigation Plan and the water quality control 
measures specified in it complement the avoidance, minimization, mitigation, restoration, and 
enhancement measures required by the RMDP and evaluated in this EIS/EIR. 

Prior to the approval of a stormwater plan for each project within the Specific Plan. a Project Water 
Quality Technical Report would be prepared consistent with the terms and content of the Newhall Ranch 
Specific Plan Sub-Regional Stormwater Mitigation Plan. The Project Water Quality Technical Report 
would provide more specific information and detail concerning how the provisions of the Newhall Ranch 
Specific Plan Sub-Regional Stormwater Mitigation Plan would be implemented within the area covered 
by the individual Project Water Quality Technical Report. At a minimum. each Project Water Quality 
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Technical Report would provide supplemental and refined information concerning: (1) how site design. 
source control. and treatment control BMPs would be implemented at the project level for the area in 
question; (2) potential facility sizing and location within the subject project area; and (3) monitoring and 
operation and maintenance of stormwater BMPs within the relevant project area. 

A final SUSMP would be prepared consistent with the terms and content of both the Newhall Ranch 
Specific Plan Sub-Regional Stormwater Mitigation Plan and Project Water Quality Technical Report that 
specifically identifies the BMPs to be used on site. The SUSMP would be submitted to the DPW for 
review prior to the recordation of any final subdivision map (except those maps for financing or 
conveyance purposes only) or the issuance of any grading or building permit (whichever comes first). The 
SUSMP would identifY. at a minimum: (1) site design BMPS (as appropriate); (2) the source control 
BMPs; (3) treatment control BMPs; (4) hydromodification control BMPs; and (5) the mechanism(s) by 
which long-term operation and maintenance of all structural BMPs would be provided. 

In order to assess the potential impacts of the Specific Plan development on surface water quality. the 
following assessment methods were utilized: 

• A water quality model to predict average annual pollutant loads and concentrations for selected 
constituents for pre- and post-development conditions; 

• Qualitative evaluations of constituents with insufficient data for modeling; 

• Comparison of estimated runoff pollutant concentrations in the post-development condition with 
PDFs with benchmark receiving water quality criteria as provided in the Basin Plan. the CTR. and 
TMDL wasteload allocations; and 

• Evaluation of whether the sizing of the structural treatment facilities would comply with regulatory 
requirements. 

Surface Water Pollutants of Concern. Surface water pollutants of concern consist of any pollutants that 
exhibit one or more of the following characteristics: current loadings or historic deposits of the pollutant 
are impacting the beneficial uses of a receiving water; elevated levels of the pollutant are found in 
sediments of a receiving water and/or have the potential to bioaccumulate in organisms therein; or. the 
detectable inputs of the pollutant are at concentrations or loads considered potentially toxic to humans 
and/or flora and fauna. The pollutants of concern for the water quality analysis are those that are 
anticipated or potentially could be generated by the proposed Project. or by the Specific Plan projects. at 
concentrations. based on water quality data collected in Los Angeles County from land uses that are the 
same as those included in the Newhall Ranch Specific Plan. that exhibit these characteristics. 
Identification of the pollutants of concern also considered Basin Plan beneficial uses and water quality 
objectives. CTR criteria. and current section 303( d) impaired water listings and TMDLs in the Santa 
Clara River. 

Table 4.4-11 lists the surface water pollutants of concern. the basis for their selection. and the level at 
which they would trigger Significance Criterion 1. Other constituents that are listed in the Basin Plan. but 
are not listed in Table 4.4-11, are not surface water pollutants of concern for the Project (Geosyntec, 
2008). 
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Table 4.4-11 
Surface Water Pollutants of Concern and Water Quality Standards 

Pollutant of 
Concern 

Sediment: Total 
Suspended 
Solids (ISS) & 
Turbidity 

Nutrients: 
Ammonia, 
Nitrite, Nitrate, 
Total Nitrogen, 
and Total 
Phosphorus 

Rationale for Selection 

Sediment is a common component of stormwater, 
and can be a pollutant. Sediment can be 
detrimental to aquatic life (primary producers, 
benthic invertebrates, and fish) by interfering with 
photosynthesis, respiration, growth, reproduction, 
and oxygen exchange in water bodies. Sediment 
can transport other pollutants that are attached to 
it including nutrients, trace metals, and 
hydrocarbons. Sediment 1s the pnmary 
component of ISS, a common water quality 
analytical parameter (CASQA, 2003). 

Turbidity is a measure of suspended matter that 
interferes with the passage of light through the 
water or in which visual depth is restricted. 
Turbidity may be caused by a wide variety of 
suspended materials, which range in size from 
colloidal to coarse dispersions, depending upon 
the degree of turbulence. In lakes or other waters 
existing under relatively quiescent conditions, 
most of the turbidity will be due to colloidal and 
extremely fine dispersions. In rivers under flood 
conditions, most of the turbidity will be due to 
relatively coarse dispersions. Erosion of clay and 
silt soils may contribute to in-stream turbidity. 
Organic materials reaching rivers serve as food 
for bacteria, and the resulting bacterial growth 
and other microorganisms that feed upon the 
bacteria produce additional turbidity. Nutrients in 
nmoff may stimulate the growth of algae, which 
may also contribute to turbidity. Discharges of 
turbid runoff are primarily of concern during the 
construction phase of development. 

Nutrients, including nitrogen and phosphorus, are 
the major plant nutrients used for fertilizing 
landscapes and are often found in stormwater. 
These nutrients can result in excessive or 
accelerated growth of vegetation, such as algae, 
resulting in impaired use of water in lakes and 
other sources of water supply. For example, 
nutrients have led to a loss of water clarity in 
Lake Tahoe. In addition, un-ionized ammonia 
(one of the nitrogen forms) can be toxic to fish 
(CASQA, 2003). 
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Water Quality Standards 

Narrative objective in the Basin Plan: 
"Water shall not contain suspended or 
settleable material in concentrations that 
cause nmsance or adversely affect 
beneficial uses." 

Basin Plan objective for turbidity: 
"Waters shall be free of changes in 
turbidity that cause nuisance or adversely 
affect beneficial uses. Increases in natural 
turbidity attributable to controllable 
water quality factors shall not exceed the 
following limits: 

Natural Turbidity Max Increase 

0-50NTU 20% 

> 50NTU 10% 

Allowable zones of dilution within which 
higher concentrations may be tolerated 
may be defined for each discharge in 
specific Water Discharge Requirements." 

Basin Plan standards for ammonia: "In 
order to protect aquatic life, ammonia 
concentrations in receiving waters shall 
not exceed the values listed for the 
corresponding in-stream conditions in 
Tables 3-1 to 3-4." The criterion for 
ammonia in Tables 3-1 to 3-4 varies with 
pH and temperature; the criterion is 
lower for lower pH and temperature. The 
basin plan amendment for updated 
ammoma standards (dated 04/02, 
effective July 15, 2003) would be used. 

April2009 

DFG027825 



Pollutant of 
Concern 

RMDP-SCP EISIEIR 

4.4 WATERQUALITY 

Table 4.4-11 
Surface Water Pollutants of Concern and Water Quality Standards 

Rationale for Selection 

4.4-62 

Water Quality Standards 

Santa Clara River Reach 5 is listed as 
having groundwater recharge as a 
beneficial use in the Basin Plan. Basin 
Plan standards for nitrogen: "Waters shall 
not exceed 10 rng/L nitrogen as nitrate
nitrogen plus nitrite-nitrogen (NO,-N + 
NO,-N), 45 mg/L as nitrate (N03), 10 
mg/L as nitrate-nitrogen (NO,-N), or I 
mg/L as nitrite-nitrogen (NO,-N) or as 
otherwise designated in Table 3-8." 
Table 3-8 lists Santa Clara River Reach 5 
with a water quality objective of 5 mg/L 
nitrate-N + nitrite-N. 

Resolution 03-011 (Los Angeles 
RWQCB, 08/2003) promulgates 
Nitrogen Compounds TMDLs for Santa 
Clara River Reach 5. The numeric target 
for N03-N + N02-N in the Nitrogen 
Compounds TMDL was based on 
achieving the existing water quality 
objective of 5 mg/L N03-N + N02-N. 
The numeric target that was used to 
calculate the wasteload allocations 
included a 10% margin of safety; thus the 
numeric target is 4.5 mg/L N03-N + 
N02-N (30-day average). 

The water quality objectives for 
ammonia in Reach 5 used in the Nitrogen 
Compounds TMDL are: 

TMDL Ammonia Water Quality 

Objective (mg/L as N) 

1-hr 30-day 

Average average 

Reach5 

at County Line 3.4 1.2 

Reach5 

below Valencia 5.5 2.0 

Reach5 

above Valencia 4.8 2.0 
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4.4 WATERQUALITY 

Table 4.4-11 
Surface Water Pollutants of Concern and Water Quality Standards 

Pollutant of 
Concern 

Trace Metals: 
Aluminum, 
Copper, Lead, 
and Zinc 

Chloride 

Rationale for Selection 

Trace metals are commonly found in storrnwater. 
Many of the artificial surfaces of the urban 
environment (e.g., galvanized metal, paint, 
automobiles, or preserved wood) contain metals, 
which enter stormwater as the surfaces corrode, 
flake, dissolve, decay, or leach. Over half the 
trace metal load carried in storrnwater is 
associated with sediments. Metals are of concern 
because they can be toxic to aquatic organisms, 
can bioaccurnulate (accumulate to toxic levels in 
aquatic animals such as fish), and have the 
potential to contaminate drinking water supplies 
(CASQA, 2003). 

Aluminum has been identified by the DPW as a 
constituent of concern for the Santa 
Clara River based on monitoring conducted at 
mass emission station S29 (LACDPW, 2005). 

Resolution No. R03-008, Amendment to the 
Water Quality Control Plan (Basin Plan) for the 
Los Angeles Region, to Incorporate a Total 
Maximum Daily Load for Chloride in the Upper 
Santa Clara River (07/03) states: "Elevated 
chloride concentrations are causing impairments 
of the water quality objective in Reach 5 and 

RMDP-SCP EISIEIR 4.4-63 

Water Quality Standards 

Narrative objective for biostimulatory 
substances in the Basin Plan: "Waters 
shall not contain biostimulatory 
substances in concentrations that promote 
algal growth to the extent that such 
growth causes nuisance or adversely 
affects beneficial uses." 

Narrative objective in the Basin Plan: 
"All waters shall be maintained free of 
toxic substances in concentrations that 
are toxic to, or that produce detrimental 
physiological responses in human, plant, 
animal, or aquatic life. 

The CTR criteria are the applicable water 
quality objectives for protection of 
aquatic life (40 C.F.R § 13138). The 
CTR criteria are expressed for acute and 
chronic (four-day average) conditions; 
however, only acute conditions are 
applicable for stormwater discharges 
because the duration of stormwater 
discharge is typically less than four days 
in the Project area. 

CTR criteria are determined on the basis 
of hardness in the receiving water. In 
application of criteria to the Project, a 
hardness value of 250 mg/L, based on the 
mm1murn observed value at USGS 
monitoring station was used. 

CTR criteria at 250 mg/L hardness are as 
follows: 

Dissolved copper- 32 flg/L. 

Total lead- 260 flg/L. 

Dissolved zinc- 250 flg/L. 

The CTR does not include aluminum. 
The NAWQC contains an acute criterion 
for acid soluble aluminum (750 flg/L for 
a pH range of 6.5 to 9.0). 

The Basin Plan chloride objective for 
Reach 5 of the Santa Clara River is 100 
mg/L. 

The TMDL wasteload allocation for MS4 
discharges into Santa Clara River Reach 
5 is 100 mg/L. 
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4.4 WATERQUALITY 

Table 4.4-11 
Surface Water Pollutants of Concern and Water Quality Standards 

Pollutant of 
Concern 

Pathogens 
(Fecal Coliform, 
Viruses, and 
Protozoa) 

Petroleum 
Hydrocarbons: 
Oil & Grease 
and Polycyclic 
Aromatic 
Hydrocarbons 
(PAHs) 

Rationale for Selection 

Reach 6 of the Santa Clara River. This objective 
was set to protect all beneficial uses; agricultural 
beneficial uses have been determined to be most 
sensitive, and not currently attained at the 
downstream end of Reach 5 and Reach 6 in the 
Upper Santa Clara River. Irrigation of salt 
sensitive crops such as avocados and strawberries 
with water containing elevated levels of chloride 
results in reduced crop yields. Chloride levels in 
groundwater are also rising." 

Bacteria and viruses are common contaminants of 
storm water. For separate storm drain systems, 
sources of these contaminants include animal 
excrement and sanitary sewer overflow. High 
levels of indicator bacteria in storrnwater have led 
to the closure of beaches, lakes, and rivers to 
contact recreation such as swimming (CASQA, 
2003). 

Fecal and total coliform are frequently monitored 
indicator organisms of human pathogens. 

Human-related activities can increase coliform 
concentrations. Concentrations of coliform in 
stormwater also can be elevated due to the 
presence of coliform bacteria from natural 
sources. 

Oil and grease includes a wide array of 
hydrocarbon compounds, some of which are toxic 
to aquatic organisms at low concentrations. 
Sources of oil and grease include leakage, spills, 
cleaning and sloughing associated with vehicle 
and equipment engines and suspensions, leaking 
and breaks in hydraulic systems, restaurants, and 
waste oil disposal (CASQA, 2003). 

Hydrocarbons are hydrophobic (low solubility in 
water), have the potential to volatilize, and most 
forms are biodegradable. A subset of 
hydrocarbons, P AHs, can be toxic depending on 
the concentration levels, exposure history, and 
sensitivity of the receptor orgamsms. Of 
particular concern are those P AH compounds 
associated with transportation-related sources. 

Petroleum hydrocarbons are ubiquitous and used 
in a wide variety of applications. Potential 
sources are generally expected to increase with 
urban development and potentially during 
construction of the Project. 

RMDP-SCP EISIEIR 4.4-64 

Water Quality Standards 

Basin Plan objectives are based on the 
designated uses of the water body. Santa 
Clara River Reach 5 is listed with a 
REC1 beneficial use. Resolution No. 01-
018 (Los Angeles RWQCB, 2001) 
amended the Basin Plan objectives for 
bacteria in waters with a contact 
recreation beneficial use. These standards 
for freshwaters are: 

Geometric Single 
Mean Sample 

E. coli <; 1261100 mL <; 2351100 mL 

Fecal Coliform <; 2001100 mL <; 
4001100 mL 

Narrative objective in the Basin Plan for 
oil & grease: "Waters shall not contain 
oils, greases, waxes, or other materials in 
concentrations that result in a visible film 
or coating on the surface of the water or 
on objects in the water, that cause 
nuisance or that othervvise adversely 
affect beneficial uses." 

P AHs are a class of compounds. CTR 
values for individual P AHs are available 
for protection of human health only. 
There are no regulatory standards for 
P AHs for the protection of aquatic 
health. 
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4.4 WATERQUALITY 

Table 4.4-11 
Surface Water Pollutants of Concern and Water Quality Standards 

Pollutant of 
Concern 

Pesticides 

Trash and 
Debris 

Rationale for Selection 

Pesticides (including herbicides, fungicides, 
rodenticides, and insecticides) have been 
repeatedly detected in storm water at toxic levels, 
even when pesticides have been applied in 
accordance with label instructions. As pesticide 
use has increased, so too have concerns about 
adverse effects of pesticides on the environment 
and human health. Accumulation of these 
compounds in simple aquatic organisms, such as 
plankton, provides an avenue for 
biomagnification through the food web, 
potentially resulting in elevated levels of toxins in 
organisms that feed on them, such as fish and 
birds (CASQA, 2003). 

Pesticide loads may be present in runoff from 
developed areas due to pesticide use for urban 
landscaping. 

Gross Pollutants (trash, debris, and floatables) 
may include heavy metals, pesticides, and 
bacteria in stormwater. Typically resulting from 
an urban environment, industrial sites, and 
construction sites, trash and floatables may create 
an aesthetic "eye sore" in watervvays. Gross 
pollutants also include plant debris (such as 
leaves and lawn-clippings from landscape 
maintenance), animal excrement, street litter, and 
other organic matter. Such substances may harbor 
bacteria, viruses, vectors, and depress the 
dissolved oxygen levels in streams, lakes, and 
estuaries sometimes causing fish kills (CASQA, 
2003). 

During the construction phase, there is potential 
for an increase in trash and debris loads due to 
lack of proper contractor good housekeeping 
practices at the construction site. 

RMDP-SCP EISIEIR 4.4-65 

Water Quality Standards 

Narrative objective in the Basin Plan: 
"Waters designated for use as domestic 
or municipal supply (MUN) shall not 
contain concentrations of pesticides in 
excess of the limiting concentrations 
specified in . Title 22 of the California 
Code of Regulations .... " Title 22 
contains maximum contaminant levels 
for a range of pesticides. 

CTR lists numeric objectives for some, 
but not all pesticides. There are no CTR 
criteria for diazinon and chlorpyrifos, but 
these pesticides, along with other toxic 
legacy pesticides such as Chlordane, 
Dieldrin, DDT, and Toxaphene, are now 
banned from most residential uses. 

Basin Plan narrative floating material 
objective: "Waters shall not contain 
floating materials, including solids, 
liquids, foams, and scum, m 
concentrations that cause a nuisance or 
adversely affect beneficial uses." 

Basin Plan narrative settleable materials 
objective: "Waters shall not contain 
suspended or settleable material m 
concentrations that cause nuisance or 
adversely affect beneficial uses." 

Basin Plan narrative Biochemical 
Oxygen Demand (BOD5) objective: 
"Waters shall be free of substances that 
result in increases in the BOD which 
adversely affect beneficial uses." 

Basin Plan objectives for dissolved 
oxygen (DO): "At a minimum (see 
specifics below), the mean annual 
dissolved oxygen concentration of all 
waters shall be greater than 7 mg/L, and 
no single determination shall be less than 
5.0 mg/L, except when natural conditions 
cause lesser concentrations. 

The dissolved oxygen concentration of 
all surface waters designated as WARM 
shall not be depressed below 5 mg/L as a 
result of waste discharges." 
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4.4 WATERQUALITY 

Table 4.4-11 
Surface Water Pollutants of Concern and Water Quality Standards 

Pollutant of 
Concern 

MBAS 
(Methylene blue 
activated 
substances) 

Rationale for Selection 

MBAS are related to the presence of detergents in 
water. Positive results may indicate the presence 
of wastewater or be associated with urban runoff 
due to commercial and/or residential vehicle 
washing or other outdoor washing activities. 
Surfactants disturb the surface tension which 
affects insects and can affect gills in aquatic life. 

Cyanide Cyanide has been identified by the Los Angeles 
County Department of Public W arks as a 
constituent of concern for the Santa Clara River 
based on monitoring conducted at mass emission 
Station S29 (LACDPW, 2005). Cyanide is used 
in electroplating, metallurgy, and gold mining. It 
is also used to make synthetic fibers, plastics, 
dyes, pharmaceuticals, and pesticides, including 
fumigants. In addition, cyanide serves as a 
chemical intermediate in various production 
processes. Natural cyanides are produced by 
certain bacteria, fungi, and algae, and they are 
present in a number of plants and foods as 
cyanogemc glycosides. Man-made cyanides 
typically enter the enviromuent from metal 
finishing and organic chemical industries. Other 
sources include iron and steel works, municipal 
waste burning, cyanide-containing pesticides, 
road deicers, and vehicle exhaust. 

Bioaccurnulation Some Pollutants of concern in stormwater runoff 
such as metals or pesticides have the potential to 
bioaccurnulate in aquatic organisms potentially 
affecting the health of those organism or other 
species higher up the food chain. 

Source: Geosyntec, 2008. 

Water Quality Standards 

Basin Plan objective for MBAS: "Waters 
shall not have MBAS concentrations 
greater than 0.5 mg!L in water designated 
(lv1UN).'' 

The CTR criteria are the applicable water 
quality objectives for protection of 
aquatic life (40 C.F.R 13138). The CTR 
criteria are expressed for acute and 
chronic (4-day average) conditions; 
however, only acute conditions are 
applicable for stormwater discharges 
because the duration of stormwater 
discharge is typically less than 4 days in 
the Project area. 

CTR freshwater aquatic life protection 
acute criteria is 22 flg!L. 

Although bioaccumulation is not a 
pollutant, it is a condition of concern. 
The Basin Plan objective for 
bioaccurnulation is: "Toxic pollutants 
shall not be present at levels that would 
bioaccurnulate in aquatic life to levels 
which are harmful to aquatic life or 
human health." 

Water Quality Project Design Features. The Newhall Ranch Specific Plan Sub-Regional Stormwater 

Mitigation Plan (Appendix 4.4) summarizes the water quality PDFs that would be incorporated into the 

Project. These PDFs include site design, source control BMPs, and treatment control BMPs incorporated 
into the proposed Project to effectively manage wet-weather and dry-weather water quality by limiting or 

managing pollutant sources (Table 4.4-12). Site design and source control BMPs are practices 

implemented to minimize runoff and the introduction of pollutants in stormwater runoff. Treatment 

controls are implemented to remove pollutants once they have been mobilized by runoff. 
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4.4 WATERQUALITY 

Table 4.4-12 below summarizes the Los Angeles County SUSMP requirements and the corresponding 

PDFs that would be incorporated during Specific Plan build-out. 

Table 4.4-12 
Standard Urban Stormwater Mitigation Plan Requirements and 

Corresponding Specific Plan Project Design Features 

SUSMP Requirement' 

I. Runoff Flow Control 

2. Conserve Natural Areas 

RMDP-SCP EISIEIR 

Criteria/ Description 

Control post-development peak 
storrnwater runoff discharge rates, 
velocities, and duration in natural 
drainage systems to prevent 
accelerated downstream eroswn 
and to protect habitat related 
beneficial uses. 2 

All post-development runoff from 
a two-year, 24-hour storm shall not 
exceed the predevelopment peak 
flow rate, burned, 3 from a two
year, 24-hour storm when the 
predevelopment peak flow rate 
equals or exceeds five cfs. 
Discharge flow rates shall be 
calculated using the County of Los 
Angeles' modified rational method. 

Post-development runoff from the 
50-year capital storm shall not 
exceed the predevelopment peak 
flow rate, burned and bulked, 4 

from the 50-year capital storm. 

Control peak flow discharge to 
provide stream channel and over 
bank flood protection, based on 
flow design criteria selected by the 
local agency. 

Concentrate or cluster 
development on portions of a site 
while leaving the remaining land in 
a natural undisturbed condition. 

Limit clearing and grading of 
native vegetation at a site to the 
minimum amount needed to build 
lots, allow access, and provide fire 
protection. 

Maximize trees and other 
vegetation at each site, planting 
additional vegetation, clustering 
tree areas, and promoting the use 
of native and/or drought tolerant 
plants. 

4.4-67 

Corresponding Specific Plan PDFs 

Hydrornodification source controls include 
rnmirnizmg ImperviOus surfaces through 
clustering development and usmg vegetated 
treatment control BJ\1Ps such as bioretention, 
vegetated swales, and extended detention basins 
to disconnect impervious surfaces and reduce 
runoff volumes through evapotranspiration and 
infiltration. 

Extended detention basins can provide 
hydrornodification control as well as water 
quality treatment. 

In-stream stabilization techniques (grade control 
and drop structures) would be employed in the 
tributaries that would receive post-development 
Specific Plan project runoff to prevent 
accelerated erosion and to protect habitat related 
beneficial uses, per the RMDP. 

The Specific Plan tract maps would be 
conditioned to require, as a design feature, sizing 
and design of hydraulic features as necessary to 
control hydromodification impacts in accordance 
with the Newhall Ranch Specific Plan Sub
Regional Storm water Mitigation Plan5 

The Specific Plan clusters development into 
villages. Approximately 70% (8,335 acres) of 
the Specific Plan site would remam 
undeveloped. 

Site clearing and grading would be limited as 
necessary to allow development, allow access, 
and provide fire protection. 

Native and/or nonnative/noninvasive vegetation 
would be utilized within the development. 

The final project stormwater system would 
include the use of the vegetated treatment BMPs, 
including bioretention (placed in common area 
landscaping in commercial and multi-family 
residential areas, roadway median strips, and 
parking lot islands (where applicable), vegetated 
swales, and extended detention basins. 
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Table 4.4-12 
Standard Urban Stormwater Mitigation Plan Requirements and 

Corresponding Specific Plan Project Design Features 

SUSMP Requirement' 

3. Minimize Stormwater 
Pollutants of Concern 

4. Protect Slopes and 
Channels 

RMDP-SCP EISIEIR 

Criteria/ Description 

Promote natural vegetation by 
using parking lot islands and other 
landscaped areas. 

Preserve npanan areas and 
wetlands. 

Minimize to the maximum extent 
practicable, the introduction of 
pollutants of concern that may 
result m significant impacts, 
generated from site runoff of 
directly connected 1rnpervmus 
areas, to the stormwater 
conveyance system as approved by 
the building official. 

Project plans must include BMPs 
consistent with local codes and 
ordinances and the SUSMP 
requirements to decrease the 
potential of slopes and/or channels 
from eroding and impacting 
storm water runoff: 

Convey runoff safely from the tops 
of slopes and stabilize disturbed 
slopes; 

Utilize natural drainage systems to 
the maximum extent practicable; 

Control or reduce or eliminate flow 
to natural drainage systems to the 

4.4-68 

Corresponding Specific Plan PDFs 

Riparian buffers would be preserved along the 
Santa Clara River Corridor and tributary 
drainages by clustering development upland and 
away from the River and tributary drainages. 

Treatment control BMPs would be selected to 
address the pollutants of concern for the Project. 
These BJ\!!Ps are designed to rnmlllliZe 

introduction of pollutants to the Maximum 
Extent Practicable (MEP). 

The Specific Plan projects would include 
numerous source controls, including animal 
waste bag stations, street sweeping and catch 
basin cleaning, an IPM program for common 
area landscaping in multi-family residential areas 
and commercial areas, use of native and/or 
nonnative/noninvasive vegetation, and 
installation of a car wash pad in multi-family 
residential areas. 

An education program would be implemented 
that includes both the education of residents and 
commercial businesses regarding water quality 
issues. Topics would include services that could 
affect water quality, such as carpet cleaners and 
others that may not properly dispose of cleaning 
wastes; community car washes; and residential 
car washing. The education program would 
emphasize animal waste management, such as 
the importance of cleaning up after pets and not 
feeding pigeons, seagulls, ducks, and geese. 

Vegetated treatment control BMPs would allow 
for infiltration of treated stormwater. 

The Specific Plan projects would provide slope 
stabilization to areas with significant slopes. 

Natural slopes and native vegetation on slopes 
adjacent to the Santa Clara River would be 
preserved and/or restored and enhanced. Native 
plants would be used in all plant palettes placed 
on restored slopes. 

Project PDFs, including swales, bioretention 
areas, and water quality basins (hydrologic 
source controls), would reduce flows to natural 
channels through infiltration and 
evapotranspiration. 

The banks of the Santa Clara River at portions of 
this site would be stabilized primarily using 
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Table 4.4-12 
Standard Urban Stormwater Mitigation Plan Requirements and 

Corresponding Specific Plan Project Design Features 

SUSMP Requirement' 

5. Provide Storm Drain 
System Stenciling and 
Signage 

6. Properly Design 
Outdoor Material Storage 
Areas 

7. Properly Design Trash 
Storage Areas 

RMDP-SCP EISIEIR 

Criteria/ Description 
maximum extent practicable; 

Stabilize permanent channel 
crossmgs; 

Vegetate slopes with native or 
drought tolerant vegetation; 

Install energy dissipaters, such as 
riprap, at the outlets of new storm 
drains, culverts, conduits, or 
channels that enter unlined 
channels m accordance with 
applicable specifications to 
rnmirnize eroswn with the 
approval of all agenc1es with 
jurisdiction, (e.g., the Corps and 
CDFG). 

All storm drain inlets and catch 
basins within the project area must 
be stenciled with prohibitive 
language and/or graphical icons to 
discourage illegal dumping. 

Signs and prohibitive language 
and/or graphical Icons, which 
prohibit illegal dumping, must be 
posted at public access points 
along channels and creeks within 
the project area. 

Legibility of stencils and s1gns 
must be maintained. 

Where proposed project plans 
include outdoor areas for storage 
of materials that may contribute 
pollutants to the stormwater 
conveyance system measures to 
mitigate impacts must be included. 

All trash containers must meet the 
following structural or treatment 
control BJ\1P requirements: 

Trash container areas must have 
drainage from adjoining roofs and 
pavement diverter around the 
areas. 

Trash container areas must be 
screened or walled to prevent off
site transport of trash. 

4.4-69 

Corresponding Specific Plan PDFs 
buried bank stabilization per the Newhall Ranch 
RMDP. After the implementation of these 
measures and other flow control and volume 
reduction PDFs, the Santa Clara River would be 
capable of handling the expected flow regime 
with little or no erosion. 

All outlet points to the Santa Clara River and 
tributaries would include energy dissipaters. 

In-stream stabilization techniques would be 
employed in the tributaries that would receive 
post-development Specific Plan runoff to prevent 
accelerated erosion and to protect habitat related 
beneficial uses, per the Newhall Ranch RMDP. 
Geomorphic principles would be used to design 
stable, naturalistic drainages given the expected 
hydrologic and sediment regimes. 

All storm drain inlets and water quality inlets 
would be stenciled or labeled. 

Signs would be posted in areas where dumping 
could occur. 

The County, a Landscape or Local Maintenance 
District (LMD), Home Owners Association 
(HOA), or other maintenance entity would 
maintain stencils and signs. 

Pesticides, fertilizers, paints, and other 
hazardous materials used for maintenance of 
common areas, parks, commercial areas, and 
multi-family residential common areas would be 
kept in enclosed storage areas. 

All outdoor trash storage areas would be covered 
and isolated from storm water runoff. 
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Table 4.4-12 
Standard Urban Stormwater Mitigation Plan Requirements and 

Corresponding Specific Plan Project Design Features 

SUSMP Requirement' 

8. Provide Proof of 
OngoingBMP 
Maintenance 

9. Design Standards for 
Structural or Treatment 
Control BMPs 

IO.B.l. Properly Design 
Loading/ Unloading Dock 
Areas (100,000 ft2 

Commercial 
Developments) 

RMDP-SCP EISIEIR 

Criteria/ Description 

Applicant required to provide 
verification of maintenance 
provisions through such means as 
may be appropriate, including, but 
not limited to legal agreements, 
covenants, and/or Conditional Use 
Permits. 

Post-construction structural or 
treatment control BMPs shall be 
designed to mitigate (infiltrate or 
treat) storrnwater runoff usmg 
either volumetric treatment control 
BMPs or flow-based treatment 
control BMPs sized per listed 
criteria. 

Cover loading dock areas or design 
drainage to minimize run-on and 
runoff of storm water. 

Direct connections to storm drains 
from depressed loading docks 
(truck wells) are prohibited. 

4.4-70 

Corresponding Specific Plan PDFs 

Depending on the type and location of the BMP, 
either the County, a Landscape or Local 
Maintenance District (LMD), or Home Owners 
Association (HOA) will be responsible for 
maintenance. The County will have the right, 
but not the duty, to inspect and maintain the 
BMPs that are maintained by the HOA or LMD, 
at the expense of the HOA or LMD, if they are 
not being properly maintained. 

Stormwater treatment facilities would be 
designed to meet or exceed the sizing standards 
in the County; SUSMP. 

Volume-based treatment control BMPs for the 
Specific Plan projects would be designed to 
capture 80 percent or more of the annual runoff 
volume per criterion 2 of the MS4 permit. 

Flow-based BMPs would be sized using criteria 
3, which would provide 80 percent capture of 
annual runoff volume per criteria of the MS4 
permit. 

The size of the facilities would be finalized 
during the design stage by the project engineer 
with the final hydrology study, which would be 
prepared and approved to ensure consistency 
with this analysis prior to issuance of a final 
grading perm it. 

Types of treatment control BMPs that would be 
employed include extended detention basins, 
bioretention, vegetated swales, cartridge media 
filtration, and a combination thereof. 

Loading dock areas would be covered or 
designed to preclude run-on and runoff 

Direct connections to storm drains from 
depressed loading docks (truck wells) would be 
prohibited. 

Below grade loading docks for fresh food items 
would drain through a treatment control BMP 
applicable to the use, such as a catch basin insert. 

Loading docks would be kept in a clean and 
orderly condition through weekly sweeping and 
litter control, at a minimum and immediate 
cleanup of spills and broken containers without 
the use of water. 
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Table 4.4-12 
Standard Urban Stormwater Mitigation Plan Requirements and 

Corresponding Specific Plan Project Design Features 

SUSMP Requirement' 

IO.B.2. Properly Design 
Repair/ Maintenance Bays 
(100,000 ft' Commercial 
Developments) 

10.B.3. Properly Design 
Vehicle/ Equipment Wash 
Areas (100,000 ft2 

Commercial 
Developments) 

lO.C Properly Design 
Equipment/ Accessory 
Wash Areas (Restaurants) 

lO.D. Properly design 
fueling area (Retail 
Gasoline Outlets) 

RMDP-SCP EISIEIR 

Criteria/ Description 

Repair/maintenance bays must be 
indoors or designed in such a way 
that does not allow stormwater 
run-on or contact with storm water 
runoff 

Design a repair/maintenance bay 
drainage system to capture all 
wash water, leaks, and spills. 
Connect drains to a sump for 
collection and disposal. Direct 
connection of the repair/ 
maintenance bays to the storm 
drain system 1s prohibited. If 
required by local jurisdiction, 
obtain an industrial waste 
discharge permit. 

Self-contained and/or covered, 
equipped with a clarifier, or other 
pretreatment facility, and properly 
connected to a sanitary sewer. 

Self-contained, equipped with a 
grease trap, and properly 
connected to a sanitary sewer. 

If the wash area is to be located 
outdoors, it must be covered, 
paved, have secondary 
containment, and be connected to 
the sanitary sewer. 

The fuel dispensing area must be 
covered with an overhanging roof 
structure or canopy. The cover's 
mm1murn dimensions must be 
equal to or greater than the area 
within the grade break. The cover 
must not drain onto the fuel 
dispensing area and the 
downspouts must be routed to 
prevent drainage across the fueling 
area. 

4.4-71 

Corresponding Specific Plan PDFs 

Commercial areas would 
repair/maintenance bays, or the 
comply with design requirements. 

not have 
bays would 

Areas for washing/steam cleaning of vehicles 
would be self-contained or covered with a roof 
or overhang; would be equipped with a wash 
racks and with the prior approval of the sewering 
agency; would be equipped with a clarifier or 
other pretreatment facility; and would be 
properly connected to a sanitary sewer. 

Food preparation areas shall have either 
contained areas or sinks, each with sanitary 
sewer connections for disposal of wash waters 
containing kitchen and food wastes. 

If located outside, the containment areas or sinks 
shall also be structurally covered to prevent entry 
of stormwater. Adequate signs shall be provided 
and appropriately placed stating the prohibition 
of discharging washwater to the storm drain 
system. 

Retail gasoline outlets would comply with 
design requirements. 
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Table 4.4-12 
Standard Urban Stormwater Mitigation Plan Requirements and 

Corresponding Specific Plan Project Design Features 

SUSMP Requirement' Criteria/ Description Corresponding Specific Plan PDFs 

The fuel dispensing area must be 
paved with Portland cement 
concrete (or equivalent smooth 
impervious surface). The use of 
asphalt concrete shall be 
prohibited. 

The fuel dispensing areas must 
have a two to four percent slope to 
prevent ponding, and must be 
separated from the rest of the site 
by a grade break that prevents run-
on of urban runoff 

At a minimum, the concrete fuel 
dispensing area must extend 6.5 
feet (two meters) from the comer 
of each fuel dispenser, or the 
length at which the hose and 
nozzle assembly may be operated 
plus one foot (0.3 meter), 
whichever is less. 

I 0 .E. I. Properly design See requirement lO.D. above. Au torn otiv e repmr shop fueling areas would 
fueling area (Automotive comply with design requirements. 
Repair Shops) 

IO.E.2. Properly design See requirement IO.B.2 above. Automotive repair shop repair/maintenance bays 
repair/maintenance bays would comply with design requirements. 
(Automotive Repair 
Shops) 

IO.E.3. Properly design Self-contained and/or covered, Vehicle/equipment wash areas at automotive 
vehicle/equipment wash equipped with a clarifier, or other repmr shops would comply with design 
areas (Automotive Repair pretreatment facility, and properly requirements. 
Shops) connected to a sanitary sewer or to 

a permitted disposal facility. 

IO.E.4. Properly design See requirement IO.B.l. above. Automotive repair shop loading/unloading dock 
loading/unloading dock areas would comply with design requirements. 
areas (Automotive Repair 
Shops) 

IO.F.l. Properly Design Reduce impervious land coverage Commercial and multi-family parking lots would 
Parking Area (Parking of parking areas. incorporate bioretention facilities located m 
Lots) Infiltrate runoff before it reaches islands to promote filtration and infiltration of 

tlie storm drain system. runoff 

Treat runoff before it reaches Stormwater runoff from parking lots would be 

storm drain system. directed to treatment control BMPs, including 
swales, water quality basins, bioretention areas, 
and/or catch basin media filters in compliance 
with SUSMP requirements. 
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Table 4.4-12 
Standard Urban Stormwater Mitigation Plan Requirements and 

Corresponding Specific Plan Project Design Features 

SUSMP Requirement' Criteria/ Description Corresponding Specific Plan PDFs 

IO.F.2. Properly Design to Treat to remove oil and petroleum See lO.F.l above. 
Limit Oil Contamination hydrocarbons at parking lots that Treatment of runoff m detention basins, 
and Perform Maintenance are heavily used. bioretention areas, or catch basin inserts would 
(Parking Lots) Ensure adequate operation and be used to address oil and petroleum 

maintenance of treatment systems, hydrocarbons from high-use parking lots. 
particularly sludge and oil 
removal. 

The HOAs property would be or owners 
responsible for operation and maintenance of 
treatment control BMPs that serve private 
parking lots. 

13. Limitation of Use of Infiltration !S limited based on Per the Los Angeles RWQCB clarification letter 
Infiltration BMPs design of BMP, pollutant (Los Angeles RWQCB, 2006), generally, the 

characteristics, land use, soil common pollutants in storm water are filtered or 
conditions, and traffic. adsorbed by soil, and unlike hydrophobic 

Appropriate conditions must exist solvents and salts, do not cause groundwater 

to utilize infiltration to treat and contamination. In any case, infiltration of one to 

reduce stormwater runoff for the two inches of rainfall in semiarid areas like 

project. southern California where there is a high rate of 
evapotranspiration, presents minimal risks. 

The proposed treatment control BMPs are not 
considered infiltration BMPS; they allow for 
infiltration of fully-treated runoff only. 

Notes: 

SUSMP Requirements lOA (Single Family Hillside Home), 11 (Waiver), and 12 (Mitigation Funding) do not apply to the 
proposed Project and, therefore, are not listed in Table 4.4-12. 

This requirement is from Part 4, Section D.l of the MS4 permit. 

Refer to Section 4.1, Surface Water Hydrology and Flood Control, for a description of "burned" conditions. 
4 Refer to Section 4.1, Surface Water Hydrology and Flood Control, for a description of "burned and bulked" conditions. 

Refer to Section 4.2, Geomorphology and Riparian Resources, for a description ofhydromodification control features. 

Source: Geosyntec, 2008. 

Low Impact/Site Design BMPs. The purpose oflow impact/site design BMPs is, to the extent feasible, to 

mimic the natural hydrologic regime. This low impact/site design philosophy is often referred to as "low 

impact development." The primary goals of low impact/site design BMPs are to maintain a landscape 

functionally equivalent to predevelopment hydrologic conditions and to minimize the generation of 

pollutants of concern. 

Low impact/site design implementation for each Specific Plan project should account for the different 

spatial scales of development. These spatial scales are listed below, from larger to smaller scale: 

• Ranch scale -the Newhall Ranch Specific Plan subregion; 

• Village scale -Landmark Village, Mission Village, Homestead, and Potrero Valley projects; 
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• Land use scale- single family residential, multi-family residential, commercial, education, parks, and 

roadways within each project, and 

• Lot or parcel scale -individual lots or parcels within each project. 

Table 4.4-13 below lists the low impact/site design BMPs that would be implemented by the Specific 

Plan projects at each spatial scale. 

Spatial Scale 

Ranch 

Village 

RMDP-SCP EISIEIR 

Table 4.4-13 
Newhall Land Low Impact/Site Design BMPs 

Corresponding Low Impact/Site Design BMP 

The Specific Plan clusters development into Villages. Approximately 70% (8,335 acres) of 
the Specific Plan subregion would remain undeveloped. 

A system of Open Areas would weave through the central portion of the Specific Plan 
subregion. The Open Areas include community parks, prominent ridges, bluffs, slopes, 
creek beds, and utility and trail system easements, and would often function as a transition 
between development areas. The Open Areas are designed to protect significant landforms 
and natural resources, and to provide an opportunity to integrate the proposed development 
within its natural context. 

The Specific Plan Land Use Plan designates a total of 5,159 acres for the River Corridor 
and High Country SMAs. These SMAs are designed to protect the existing natural 
resources within Los Angeles County's Significant Ecological Areas (SEA) 20 and 23. 

The 976-acre River Corridor SJ\1A is designed to protect the sensitive biological resources 
in SEA 23, which consists of the Santa Clara River Corridor. The River Corridor SMA is to 
be dedicated to the Center for Natural Lands Management (CNLM), and the CNLM would 
assume responsibility for management of this area. 

The largest land use designation of the Specific Plan Land Use Plan is the 4, 185-acre High 
Country SMA. The High Country SMA is located in the southern portion of the subregion 
and includes oak savannahs, high ridge lines, and various canyon drainages, including Salt 
Creek (a regionally significant wildlife corridor that provides an important habitat link to 
the Santa Clara River). The High Country SMA is to be dedicated in fee to a joint powers 
authority, consisting of representatives from the County of Los Angeles, the city of Santa 
Clarita, and the Santa Monica Mountains Conservancy. 

To enhance the wildlife corridor movement through the High Country SMA, the 1,517-acre 
portion of the Salt Creek watershed situated in Ventura County, which is under the 
ownership of the applicant, would be dedicated to the public. This dedication area is west of 
Newhall Ranch, and would be managed in the same manner as the High Country SMA. 

Conservation easements would be granted to CDFG for the purpose of conserving 
populations of spine flower that occur on the Specific Plan subregion. 

Impervious areas would be minimized by incorporating landscaped areas into each Village. 
Significant portions of each Village area would remain as open space or parks. 

Tlie Village-level storm water treatment system would include the use of vegetated 
treatment BJ\1Ps, including bioretention, vegetated swales, and/or extended detention 
basins. 
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Land Use 

Lot 

Source: Geosyntec, 2008. 
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Table 4.4-13 
Newhall Land Low Impact/Site Design BMPs 

Corresponding Low Impact/Site Design BMP 

In areas not subject to mass grading, the smallest site disturbance area possible would be 
delineated and flagged, and temporary storage of construction equipment would be 
restricted in these areas to minimize soil compaction on site. Site clearing and grading 
would be limited as necessary to allow development, allow access, and provide fire 
protection. 

Riparian buffers would be provided along the Santa Clara River Corridor and major 
tributaries by clustering development upland and away from the River and tributary 
drainages. 

Streets, sidewalks, and parking lot aisles would be constructed to the minimum widths 
specified in the Specific Plan and in compliance with regulations for the Americans with 
Disabilities Act and safety requirements for fire and emergency vehicle access. 

Trails in reserve areas and some parks would be constructed with open-jointed paving 
materials, granular materials, or other pervious materials. 

Native and/or nonnative/noninvasive vegetation that requires less watering and chemical 
application would be utilized within the common area landscaping in commercial areas and 
multi-family residential areas. 

Impervious surfaces would be minimized in common area landscape design. 

Landscape watering in common areas, commercial areas, multi-family residential areas, and 
in parks would use efficient recycled water irrigation technologies with centralized 
irrigation controls. 

Bioretention or vegetated swales would be placed within the road right-of-way in some 
locations. 

Runoff from most sidewalks, walkways, trails, and patios would be directed into adjacent 
landscaping or to vegetated swales. 

Bioretention areas or vegetated swales would collect and treat runoff from some of the 
industrial, commercial and multi-family residential areas. These bioretention areas would be 
located in parking lot islands and other on-site landscaped areas. 

Landscape areas would be determined by zoning requirements, Village setback/parkway 
standards, and design objectives. 

Porous pavement would be used in some parking and low traffic areas. 

Building materials for roof gutters and downspouts would not include copper or zinc. 

Home builders would be encouraged to direct rooftop runoff through landscaped areas. 

Treatment BMPs. The types of runoff treatment control BMPs that would be employed include but are 

not limited to the following: extended detention basins, bioretention, vegetated swales, and cartridge 

media filtration devices. These treatment control BMPs are effective for treating most of the pollutants of 

concern based on the California Storrnwater Association Storrnwater BMP Handbook for New 

Development and Redevelopment (2003) (see Table 4.4-14 below). The storrnwater treatment system, in 

combination with the site design and source control BMPs, would address all of the pollutants of concern. 
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Pollutant of 
Concern1 

Sediment 
Nutrients 
Trash 
Trace Metals 
Bacteria 
Organics2 

Notes: 

Table 4.4-14 
Treatment Control BMP Selection Matrix 

Treatment Control BMP Categories 
Extended 

Bioretention Vegetated Swale 
Detention Basins 

M H M 
L M L 
H H L 
M H M 
M H L 
M H M 

H, M, L, indicates high, medium, and low removal efficiency. 

Media Filtration 

H 
L 
H 
H 
M 
H 

Chloride and MBAS are addressed with source control BMPs, as they are not treatable in typical stormwater 
treatment BMPs, aside through incidental infiltration. 

Includes pesticides and petroleurn hydrocarbons. 

Source: Geosyntec, 2008 

The proposed treatment control PDFs are illustrated in Figure 4.4-4. Conceptual Illustration of a Dry 
Extended Detention Basin; Figure 4.4-5. Conceptual Illustration of a Bioretention Facility; Figure 4.4-6. 
Conceptual Illustration of a Vegetated Swale; Figure 4.4-7. Conceptual Illustration of a Filter Strip; and 
Figure 4.4-8. Conceptual Illustration of a StormFilter1M Media Filter. These treatment control BMPs are 
described in more detail below. 

• Extended Detention Basins. Water quality basins are proposed in a variety of locations (Figure 2.0-
53) and would incorporate dry extended detention to provide water quality treatment for storm flows. 
Dry extended detention basins are designed with outlets that detain the runoff volume from the water 
quality design storm (i.e .• 80 percent of the annual runoff volume) for some minimum time (in this 
case 48 hours) to allow particles and associated pollutants (phosphorus. trace metals. some 
pesticides. and other pollutants) to settle out. The water quality basins would also incorporate 
wetland vegetation in a low-flow channel in the bottom of the basin for the treatment of dry weather 
flows and small storm events. Wetland vegetation provides one of the most effective methods for 
pollutant removal. As runoff flows through the wetland vegetation. pollutant removal is achieved 
through settling and biological uptake of nutrients and dissolved pollutants within the wetland. These 
basins are not designed or anticipated to contain ponded. standing water for periods in excess of 48 
hours. 

• Bioretention. Bioretention areas are vegetated (i.e .• landscaped) shallow depressions that provide 
storage. infiltration. and evapotranspiration. and also provide for pollutant removal (e.g .• filtration. 
adsorption, nutrient uptake) by filtering stormwater through the vegetation and soils. In bioretention 
areas, as well as in vegetated swales, pore spaces and organic material in the soils help to retain 
water in the form of soil moisture and to promote the adsorption of pollutants (e.g., dissolved metals 
and petroleum hydrocarbons) into the soil matrix. Plants utilize soil moisture and promote the drying 
of the soil through transpiration. 
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• Vegetated Swales. Vegetated swales are engineered. vegetation-lined channels that provide water 
quality treatment in addition to conveying storrnwater runoff. Swales provide pollutant removal 
through settling and filtration in the vegetation (often grasses) lining the channels and also provide 
the opportunity for volume reduction through infiltration and evapotranspiration. Swales are most 
effective where longitudinal slopes are small (two percent or less). thereby increasing the residence 
time for treatment. and where water depths are less than the vegetation height. 

• Filter Strips. Filter strips provide for volume reduction and treatment of flows in a manner similar to 
a vegetated swale by routing runoff in the form of sheet flow through a strip of dense vegetation. 
Filter strips commonly are used as a buffer to protect sensitive areas that abut development. 

• Media Filtration. For small drainage catchments where it is not possible to direct runoff to the 
vegetated treatment control BMPs listed above due to proposed project grading. media filtration (or 
equivalent) would be used. A proprietary media filter. such as the Storrnwater 360 StorrnFilter®. is 
an example of this type of treatment. The StorrnFilter is a passive. flow-through storrnwater media 
filtration system. The StorrnFilter typically is comprised of a vault (or catch basin for small drainage 
catchments) that houses rechargeable. media-filled cartridges that trap particulates and remove 
pollutants such as dissolved metals. nutrients. and hydrocarbons. During the filtering process. the 
treatment system also removes surface scum and floating oil and grease. 

As detailed in the Newhall Ranch Specific Plan Sub-Regional Storrnwater Mitigation Plan. volume-based 
treatment control BMPs for Specific Plan build-out. such as dry extended detention basins. would be 
sized to capture and treat 80 percent of the annual runoff volume. with a drawdown time of 48 hours. This 
methodology utilizes historical rainfall data with continuous simulation modeling to calculate the 
treatment volume for each treatment control BMP and is consistent with criterion 2 from the MS4 permit. 
Flow-based BMPs for Specific Plan build-out. such as vegetated swales. would be sized using a minimum 
rainfall intensity of 0.3 inches per hour. which would result in treatment of the same portion of runoff as 
treated using the volumetric standards (criterion 3 from the MS4 permit). 
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Water Quality Modeling. A water quality model was developed and used to estimate pollutant loads and 
concentrations in Specific Plan stormwater runoff for certain pollutants of concern for both pre
development conditions (baseline stormwater runoff quality) and post-development conditions with 
proposed PDFs. Model results for each pollutant are evaluated by comparing estimated post-development 
and pre-development stormwater concentrations and loads. Also. estimated runoff pollutant 
concentrations in the post-development condition. with runoff treatment PDFs. are compared with 
benchmark receiving water quality criteria as provided in the Basin Plan and the CTR. TMDL waste load 
allocations. and instream water quality monitoring data. A detailed description of the water quality model 
is presented in the Newhall Ranch Specific Plan Sub-Regional Stormwater Mitigation Plan (see 
Appendix 4.4). The water quality model is one of the few models that take into account the observed 
variability in stormwater hydrology and water quality. This is accomplished by characterizing the 
probability distribution of observed rainfall event depths. the probability distribution of event mean 
concentrations. and the probability distribution of the number of storm events per year. These 
distributions are then sampled randomly to develop estimates of mean annual loads and concentrations. 
Other pollutants of concern were addressed qualitatively using literature information and best professional 
judgment due to the lack of statistically reliable monitoring data for these pollutants. The following 
summarizes major features of the water quality model: 

• Rainfall Data. The water quality model estimates the volume of runoff from storm events. The storm 
events were determined from 32 years (1969- 2002) of hourly rainfall data measured at the National 
Climatic Data Center (NCDC) Newhall rain gauge that incorporates a wide range of storm events. 
The rainfall analysis that is incorporated in the water quality model requires rainfall measurements at 
one hour intervals and a period of record that is at least 20 to 30 years in length. 

• Land Use Runoff Water Oualitv. The water quality model estimates the concentration of pollutants 
in runoff from storm events based on existing and proposed land uses. The pollutant concentrations 
for various land uses. in the form of Event Mean Concentrations (EMCs ). were estimated from data 
collected in Los Angeles County. The Los Angeles County database was chosen for use in the 
model because: (I) it is an extensive and comprehensive database. (2) it contains monitoring data 
from land use specific drainage areas. and (3) the data is representative of the semiarid conditions in 
southern California. 

• Pollutant Load. The pollutant load associated with each storm is estimated as the product of the 
storm event runoff times the EMC. For each year in the simulation. the individual storm event loads 
are summed to estimate the annual load. The mean annual load is then the average of all the annual 
loads. 

• PDFs Modeled. The treatment PDFs included in the water quality modeling were dry extended 
detention basins. biofilters (vegetated swales. filter strips. or bioretention). and media filtration. 
Detention basins have been modeled as the water quality treatment PDF for the majority of the 
RMDP area. as this PDF represents the minimum level of treatment that would be provided during 
Specific Plan build-out. The model also only considers certain structural treatment PDFs and does 
not take into account the source control PDFs (e.g .• street sweeping and catch basin inserts) that 
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would also improve water quality. In this respect. the modeling results are conservative. (i.e .• tend to 
overestimate pollutant loads and concentrations). 

• Treatment Effectiveness. The water quality model estimates mean pollutant concentrations and loads 
in stormwater following treatment. The amount of stormwater runoff that is captured by the 
treatment BMPs was calculated for each storm event. taking into consideration the intensity of 
rainfall. duration of the storm. and duration between storm events. The mean effluent water quality 
for treatment BMPs was based on the International Stormwater BMP Database. The International 
Stormwater BMP Database was used because it is a robust. peer-reviewed database that contains a 
wide range of BMP effectiveness studies that are reflective of diverse land uses. An analysis of the 
monitored inflow and outflow data contained in the International Stormwater BMP Database showed 
a volume reduction on the order of 38 percent for biofilters and 30 percent for extended detention 
basins. Based on this analysis. a conservative estimate of 25 percent of the inflow to the vegetated 
swales and 20 percent of the inflow to extended detention basins was assumed to infiltrate and/or 
evapotranspire in the water quality model. These assumptions regarding volumetric losses were also 
used to assess the quantity of dry weather flows that would be captured in the treatment BMPs. 

• BMP Effectiveness for Aluminum. BMP effectiveness studies in the International Stormwater BMP 
Database infrequently monitor aluminum; therefore. insufficient effluent data were available to 
model the removal effectiveness of treatment control BMPs for this water quality constituent. The 
total aluminum content of a water sample would be directly related to the concentrations of the 
suspended particulate matter. The aluminum content of the suspended solids is likely to directly 
reflect the composition of the source materials (e.g .• the catchment soils). Therefore. it would be 
expected and is assumed that total aluminum concentrations and loads would be reduced 
proportionally to removal of suspended solids by project BMPs. In order to estimate the reduction in 
total aluminum load and concentration (dissolved aluminum was assumed to pass through BMPs 
without removal). TSS removal was used as a surrogate. 

• Bypass Flows. The water quality model takes into account conditions when the treatment facility is 
full and flows are bypassed. 

• Representativeness to Local Conditions. The water quality model utilizes runoff water quality data 
obtained from tributary areas that have a predominant land use. and as measured prior to discharge 
into a receiving water body. Currently such data are available from stormwater programs in Los 
Angeles County. San Diego County. and Ventura County. although the amount of data available 
from San Diego County and Ventura County is small in comparison with the Los Angeles County 
database. Such data is often referred to as "end-of-pipe" data to distinguish it from data obtained in 
urban streams. for example. 

The Newhall Ranch Specific Plan Sub-Regional Stormwater Mitigation Plan assesses potential water 
quality impacts associated with the approved Specific Plan development and proposes control measures to 
address those potential impacts. A technical memorandum prepared by Geosyntec (2008) incorporates the 
water quality modeling results for the Specific Plan area contained in the Newhall Ranch Specific Plan 
Sub-Regional Stormwater Mitigation Plan in combination with additional modeling for the RMDP area 
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outside of the Specific Plan boundary and the portions of the Entrada and VCC planning areas within the 
SCP area. The modeled Project area in the Newhall Ranch Specific Plan Sub-Regional Stormwater 
Mitigation Plan (7.003 acres) included the developed portion of the Specific Plan area and adjoining 
natural slopes and open space areas; High Country areas were not included. The High Country areas and 
additional area outside of the Specific Plan boundary within the RMDP are included in the water quality 
modeling conducted for the analysis of indirect impacts of the RMDP. presented below. 

RMDP Post-Development Stormwater Runoff Impact Assessment for Modeled Pollutants of Concern. 
In this section. model results for each pollutant are evaluated in relation to the following: (I) comparison 
of post-development versus predevelopment stormwater quality concentrations and loads (indirect 
impacts for Significance Criterion 2); (2) comparison with MS4 permit. construction general permit. and 
general dewatering permit requirements for new development (indirect impacts for Significance Criterion 
I); and (3) evaluation in light of receiving water benchmarks (indirect impacts for Significance Criteria I 
and 3). Pursuant to the third evaluation. estimated runoff pollutant concentrations in the post-development 
condition with PDFs are compared with benchmark receiving water quality criteria as provided in the 
Basin Plan and the CTR and TMDL wasteload allocations. The water quality criteria and wasteload 
allocations are considered benchmarks for comparison purposes only. as such criteria apply within 
receiving waters as opposed to applying directly to runoff discharges. However. the comparison provides 
useful information to evaluate potential impacts. 

Note that the modeling results account for pollutant reductions in the treatment BMPs only (extended 
detention basins. biofilters. and media filtration) and do not account for the pollutant reductions that 
would occur due to source control PDFs and parking lot catch basin inserts. Because not all BMPs are 
modeled. the model results predict greater water quality impacts than are likely to occur from Specific 
Plan build-out. 

Following the tables companng post-development and predevelopment water quality loads and 
concentrations for each constituent (except runoff volume) is a table comparing the post-development 
with PDFs runoff quality to the benchmark water quality objectives and criteria and TMDL wasteload 
allocations for Santa Clara River Reach 5. Water quality observed in the Santa Clara River is also 
included on these tables to provide comparison to the modeled developed condition with PDFs runoff 
quality. 

Runoff Volume. Runoff volume is assessed because runoff pollutant loads are a function of runoff 
volume. 14 Table 4.4-15 shows the estimated change in stormwater runoff mean annual volumes. As 
shown. mean annual runoff volumes are expected to increase substantially with development. The 
increase can be explained by the change in percent imperviousness associated with urbanization. Runoff 
volume is directly proportional to percent imperviousness. PDFs include site design. source control 
BMPs. and treatment control BMPs in compliance with the SUSMP requirements. Most of the site design 
PDFs, especially the minimization of impervious area and the conservation of open space areas within the 
Specific Plan area, reduce the impacts of the proposed development on increases in stormwater runoff 

14 Pollutant load is equal to the pollutant concentration multiplied by the runoff volume. 
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volume. The treatment control PDFs would allow for some runoff volume reduction as well. Based on 
BMP monitoring data in the International Storrnwater BMP Database, a 20 percent reduction in 
storrnwater runoff volume was assumed to occur in the water quality basins and 25 percent volume 
reduction in vegetated swales. The modeling does not account for volume reductions that would occur in 
bioretention areas without underdrains or in basins designed for hydromodification control, which would 
significantly lessen the increase in post-development runoff volume. 

Impacts of the increase in stormwater runoff volume to surface water hydrology and flood control are 
evaluated in Section 4.1. In addition, Section 4.2 evaluates the potential hydromodification impacts of 
increased runoff volume. 

Table 4.4-15 
Estimated Average Annual Stormwater Runoff Volumes 

Site Conditions 

Existing 

Developed without PDFs 

Developed with PDFs 

Change with PDFs 

Source: Geosyntec, 2008. 

Average Annual Stormwater Runoff Volume (acre-ft) 

1,302 

3,857 

3,356 

2,054 

Total Suspended Solids. Table 4.4-16 shows the estimated average annual TSS concentration and loads. 
TSS concentration is predicted to decrease as a result of the Project. This decrease can be attributed to 
higher concentrations observed in monitoring data from agricultural and open space land uses (the 
existing condition for the site) compared with urban land uses (representative of post-development 

conditions). TSS load is also predicted to decrease with development despite increased runoff volumes. 

Table 4.4-16 
Estimated Average Annual TSS Concentration and Loads 

Site Conditions 

Existing 

Developed without PDFs 

Developed with PDFs 
Change with PDFs 

Source: Geosyntec, 2008. 

Average Annual TSS 
Concentration (mg!L) 

326 

107 

76 
-250 

Average Annual TSS Load 
(tons/yr) 

577 

559 

345 
-232 

The estimated average annual TSS concentration in storrnwater runoff from the total modeled area with 
PDFs is compared to water quality criteria and the range of observed concentrations in the Santa Clara 
River in Table 4.4-17. Estimated TSS load and concentration declines with development and is within the 
range of observed concentrations in Santa Clara River Reach 5. Based on the comprehensive site design, 
source control BMPs, and treatment control BMPs, and the comparison with available in-stream data and 
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Basin Plan benchmark objectives, the TSS in stormwater runoff would not result in a significant impact to 
water quality under Significance Criteria 1 through 3 and no mitigation measures are required. 

Estimated 
Developed 

Conditions w/ PDFs 
(mg/L) 

76 

Notes: 

Table 4.4-17 
Comparison of Estimated TSS Concentrations 

with Water Quality Criteria and Observed 
Concentrations in Santa Clara River Reach 5 

Basin Plan Water Quality 
Objectives 

Water shall not contain suspended or 
settleable material in concentrations 

that cause nuisance or adversely affect 
beneficial uses. 

CTR 

NIA 

Range of Observed' 
Concentrations in Santa 

Clara River Reach 5 
(mg/L) 

32- 6,591 

Range of concentrations observed in the Santa Clara River (Stations S29, NRl, and NR3). 

Nl A= not applicable. There is no CTR criterion for TSS 

Source: Geosyntec, 2008. 

Total Phosphorus. Table 4.4-18 shows the estimated average total phosphorus (TP) concentration and 
annual loads. Because much of the TP load is associated with sediments and the sediment load and 
concentrations are predicted to decrease with development, the TP concentration and annual TP load are 
also predicted to decrease. 

Site Conditions 

Existing 

Developed without PDFs 

Developed with PDFs 

Change with PDFs 

Source: Geosyntec, 2008. 

Table 4.4-18 
Estimated Average Annual Total Phosphorus 

Concentration and Annual Load 

Average Annual Total Phosphorus 
Concentration (mg!L) 

072 

0.33 

0.26 

-0.46 

Average Annual Total 
Phosphorus Load (lbs/yr) 

2,536 

3,471 

2,370 

-166 

There are no numenc objectives for TP in the Basin Plan. A narrative objective for biostimulatory 
substances in the Basin Plan states: "waters shall not contain biostimulatory substances in concentrations 
that promote aquatic growth to the extent that such growth causes nuisance or adversely affects beneficial 
uses." The estimated TP concentrations in project storrnwater would be lower than existing conditions, 
therefore, project-related discharges would not promote (i.e., increase) algal growth and would comply 
with the narrative objective for biostimulatory substances in the County Basin Plan. As shown in Table 
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4.4-19, the estimated total phosphorus concentration 1s at the low end of the range of observed 
concentrations in Santa Clara River Reach 5. 

Table 4.4-19 
Comparison of Estimated Total Phosphorus Concentration with Water Quality Criteria and 

Observed Concentrations in Santa Clara River Reach 5 

Estimated 
Developed 

Conditions w/ 
PDFs (mg/L) 

0.26 

Notes: 

Basin Plan Water Quality Objectives 

Waters shall not contain biostirnulatory substances 
in concentrations that promote aquatic growth to 
the extent that such growth causes nmsance or 
adversely affects beneficial uses. 

CTR 

NIA 

Range of concentrations observed in the Santa Clara River (Stations S29, NRl, and NR3). 

Nl A= not applicable. There is no CTR criterion for total phosphorous. 

Source: Geosyntec, 2008. 

Range of Observed' 
Concentrations in Santa 

Clara River Reach 5 (mg/L) 

0.18-13.4 

Based on the comprehensive site design, source control BMPs, and treatment control BMPs and the 
comparison with available in-stream monitoring data and Basin Plan benchmark objectives, potential 
impacts associated with total phosphorus are considered less than significant under Significance Criteria I 
through 3 and no mitigation measures are required. 

Nitrogen Corn pounds. The estimated average nitrate-nitrogen plus nitrite-nitrogen, ammonia, and total 
nitrogen concentrations and annual loads are summarized in Table 4.4-20 through Table 4.4-22, 
respectively. Nitrate + nitrite-nitrogen load and concentrations of all forms of nitrogen are predicted to 
decrease, while average annual ammonia and total nitrogen loads are predicted to increase. The decrease 
in concentrations can be attributed to higher nitrite-. nitrate-. and ammonia-nitrogen concentrations 
observed in monitoring data from agricultural land uses versus urbanized land uses, along with nitrogen 
reductions in the treatment control PDFs. Although ammonia and total nitrogen concentrations are 
predicted to decrease, ammonia and total nitrogen loads are predicted to increase due to the increase in 
runoff volume. 

The predicted increase in loads of ammonia and total nitrogen in the RMDP area runoff are caused by the 
increase in runoff volume in combination with the runoff concentrations. However, nutrient concentration 
in the receiving water is the most import indicator for the Project, given that the Project's receiving waters 
are streams (moving waters) as opposed to lakes or other more static water bodies. 
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Table 4.4-20 
Estimated Average Annual Nitrate-N + Nitrite-N 

Concentration and Load 

Site Conditions 

Existing 

Developed without PDFs 

Developed with PDFs 

Change with PDFs 

Source: Geosyntec, 2008. 

Average Annual 
Nitrate+ Nitrite-Nitrogen 

Concentration (mg!L) 

3.6 

0.9 

0.8 

-2.8 

Table 4.4-21 

Average Annual 
Nitrate+ Nitrite-Nitrogen 

Load (lbs/yr) 

12,763 

9,002 

6,910 

-5,853 

Estimated Average Annual Ammonia-N Concentration and Load 

Site Conditions 

Existing 

Developed without PDFs 

Developed with PDFs 

Change with PDFs 

Source: Geosyntec, 2008. 

Average Annual Ammonia-N 
Concentration (mg!L) 

0.50 

045 

043 

-0.07 

Table 4.4-22 

Average Annual Ammonia-N 
Load (lbs/yr) 

1,756 

4,705 

3,906 

2,150 

Estimated Average Annual Total Nitrogen-N Concentration and Load 

Site Conditions 

Existing 

Developed without PDFs 

Developed with PDFs 

Change with PDFs 

Source: Geosyntec, 2008. 

Average Annual Total Nitrogen 
Concentration (mg!L) 

6.1 

3.1 

24 

-3.7 

Average Annual Total 
Nitrogen Load (lbs/yr) 

21,615 

32,430 

21,653 

38 

Estimated nitrogen compound concentrations are compared to Basin Plan objectives and observed 
concentrations in Table 4.4-23. Average annual storrnwater concentration of ammonia is predicted to be 
considerably less than the wasteload allocation for Santa Clara River Reach 5 and the Basin Plan 
objective, and within the range of observed concentrations. Likewise, the average annual storrnwater 
concentration of nitrate-N plus nitrite-N is predicted to be considerably less than the TMDL wasteload 
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allocation or the Basin Plan water quality objective. and within the range of observed concentrations for 
this reach of the Santa Clara River. 

There are no numeric objectives for total nitrogen in the Basin Plan. A narrative objective for 
biostimulatory substances in the Basin Plan states: "waters shall not contain biostimulatory substances in 

concentrations that promote aquatic growth to the extent that such growth causes nuisance or adversely 
affects beneficial uses." The total nitrogen concentration in project storm water discharges is predicted to 
decrease with development. and. as shown in Table 4.4-23. the estimated total nitrogen concentration is 
in the range of observed concentrations in Santa Clara River Reach 5. Therefore. Project runoff would not 
promote (i.e .• increase) aquatic growth in Santa Clara River Reach 5 and. therefore. would comply with 
the narrative objective for biostimulatory substances in the Basin Plan. 

Table 4.4-23 
Comparison of Estimated Nitrogen Compound Concentrations with Water Quality Objectives, TMDLs, and 

Observed Concentrations in Santa Clara River Reach 5 

Nutrient 

Nitrate-N + 
Nitrite-N 

Ammania-N 

Total Nitrogen 

Notes: 

Estimated 
Developed 

Conditions w/ 
PDFs (mg/L) 

0.8 

0.43 

2.4 

Basin Plan Water Quality 
Objectives (mg/L) 

5 

2.23 

Waters shall not contain 
biostirnulatory substances 

in concentrations that 
promote aquatic growth to 
the extent that such growth 

causes nmsance or 
adversely affects beneficial 

uses. 

Wasteload 
Allocations for 

MS4 Discharges 
into the Santa 
Clara River 

Reach 5 (mg/L) 

6.82 

1.754 

NA 

Range of concentrations observed in the Santa Clara River (Stations S29, NRl, and NR3). 

30-day average. 

Range of 
Observed' 

Concentrations in 
Santa Clara River 

Reach 5 (mg/L) 

0.5- 4.8 

<0.005 - 1.1 

<0.04- 465 

Four-day average, ELS present, 90th percentile pH and temperature pairing observed at USGS Monitoring Station 
11108500. 

4 30-day average in Reach 5 below Valencia. 

Observed values for TKN (anunonia plus organic nitrogen). 

Source: Geosyntec, 2008. 

Given the predicted increase in ammonia and total nitrogen loads, impacts from ammonia and total 
nitrogen would be significant. Based on the implementation of regulatory requirements, Mitigation 
Measures SP-4.2-7 and WQ-1, the comprehensive PDFs that would be provided including site design, 
source control BMPs, and treatment control BMPs, and the comparison with available in-stream 
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monitoring data and benchmark Basin Plan objectives and wasteload allocations. impacts associated with 
nitrogen compounds are considered less-than-significant under Significance Criteria I through 3. 

Metals. Projected loads and concentrations for the trace metals copper. lead. zinc. and aluminum are 
presented in Tables 4.4-24 through 4.4-27. Except for aluminum and lead. the projections are for the 
dissolved form of the metal. as the dissolved form is regulated by the CTR criteria. Due to consistently 
low concentrations of dissolved lead in the available stormwater runoff data. it was not possible to 
develop reliable event mean concentration parameters for most land uses for modeling the dissolved 
fraction oflead. This constituent was. therefore. modeled as the total metal. The primary sources of trace 
metals in stormwater are typically commercially available metals used in transportation (e.g .• 

automobiles). buildings. and infrastructure. Metals are also found in fuels. adhesives. paints. and other 
coatings. Copper. lead. and zinc are the most prevalent metals typically found in urban runoff. Other trace 
metals. such as cadmium. chromium. and mercury. are typically not detected in urban runoff or are 
detected at very low levels. 

Site Conditions 

Existing 

Developed without PDFs 

Developed with PDFs 

Change with PDFs 

Source: Geosyntec, 2008. 

Table 4.4-24 
Estimated Average Annual Dissolved 

Copper Concentration and Load 

Average Annual Dissolved 
Copper Concentration (~Jg/L) 

7.5 

9.3 

84 

0.9 

Table 4.4-25 

Average Annual Dissolved 
Copper Load (lbs/yr) 

26 

98 

76 

50 

Estimated Average Total Lead Concentration and Annual Load 

Site Conditions 

Existing 

Developed without PDFs 

Developed with PDFs 

Change with PDFs 

Source: Geosyntec, 2008. 
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Average Annual Total Lead 
Concentration (~Jg/L) 

84 

74 

64 

-2.0 

44-91 

Average Annual Total Lead 
Load (lbs/yr) 

29 

77 

58 

29 

April2009 

DFG027855 



Site Conditions 

Existing 

Developed without PDFs 

Developed with PDFs 

Change with PDFs 

Source: Geosyntec, 2008. 

Table 4.4-26 
Estimated Average Annual Dissolved 

Zinc Concentration and Load 

Average Annual Dissolved 
Zinc Concentration (~Jg/L) 

73 

58 

38 

-35 

Table 4.4-27 

4.4 WATERQUALITY 

Average Annual Dissolved 
Zinc Load (lbs/yr) 

259 

611 

348 

89 

Estimated Average Annual Total Aluminum Concentration and Load 

Site Conditions 

Existing 

Developed without PDFs 

Developed with PDFs 

Change with PDFs 

Source: Geosyntec, 2008. 

Average Annual Total 
Aluminum Concentration 

(~Jg/L) 

816 

790 

567 

-249 

Average Annual Total 
Aluminum Load (lbs/yr) 

2,891 

8,289 

5,177 

2,286 

Post-development trace metal loads and dissolved copper concentration are predicted to increase 

compared to predevelopment conditions; while total lead, dissolved zinc, and total aluminum 
concentrations are predicted to decrease. These results can be explained by the difference in 
concentrations observed in representative monitoring data from the pre-development agriculture and open 
space condition and the post-development urban condition (see further Appendix 4.4, Newhall Ranch 
Specific Plan Sub-Regional Stormwater Mitigation Plan, Appendix B). Runoff volumes would increase 
with development and the change in land use would decrease runoff metals concentrations for most 
proposed land uses. 

The predicted increase in trace metal loads in the RMDP area runoff are caused by the increase in runoff 
volume in combination with the runoff concentrations. However, trace metal concentration in the 
receiving water is the most important indicator for the proposed Project, given that the Project's receiving 
waters are streams (moving waters) as opposed to lakes or other more static water bodies. 

Proposed PDFs include site design, source control BMPs, and treatment control BMPs in compliance 
with the SUSMP requirements. Specific site design PDFs that would be implemented to minimize 
increases in trace metals include directing drainage from impervious areas to bioretention areas (i.e., 

through soil adsorption) and the selection of building material for roof gutters and downspouts that do not 
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include copper or Zinc. Source control PDFs that target metals include BMP maintenance and street 
sweeping private streets and parking lots (i.e .• through removal of fine sediment with elevated 
concentrations of trace metals). The extended detention basins. biofilters. and bioretention area treatment 
control BMPs also would reduce trace metals in the runoff from the proposed development. Only the 
effects of the treatment control PDFs are reflected in the model results. 

A narrative objective for toxic substances in the Basin Plan states: "all waters shall be maintained free of 
toxic substances in concentrations that are toxic to. or that produce detrimental physiological responses in 
human, plant, animal, or aquatic life." 

The CTR criteria are the applicable water quality objectives for protection of aquatic life. The CTR 
criteria are expressed for acute and chronic (four-day average) conditions; however. only acute conditions 
were considered to be applicable for stormwater discharges because the duration of Project stormwater 
discharge is consistently less than four days. The CTR criteria are calculated on the basis of the hardness 
of the receiving waters. Lower hardness concentrations result in lower. more stringent CTR criteria. The 
minimum hardness value (250 mg/L as CaC03 ) observed in the Santa Clara River at the USGS Station 
11108500 during wet weather was used as a conservative estimate; the mean observed hardness value was 
660 mg/L as CaC03 • which is a very high hardness level. 

Comparison of the estimated runoff metal concentrations and the acute CTR criteria for dissolved copper. 
total lead. and dissolved zinc are shown in Table 4.4-28. along with the range of observed concentrations 
in Santa Clara River Reach 5. Although the trace metal loadings are predicted to increase and the 
estimated average concentration of dissolved zinc is above the observed range in Santa Clara River Reach 
5. comparison of post-development conditions. including PDFs. to the benchmark CTR values shows that 
the dissolved copper. total lead. and dissolved zinc concentrations are below the benchmark CTR criteria. 
The estimated dissolved copper and total lead concentrations are within the range of observed 
concentrations in Santa Clara River Reach 5. 

There is no CTR criterion for aluminum. although there is a NAWQC criterion (750 ~g/L (acute) for a pH 
range of 6.5 to 9.0) in the form of acid soluble aluminum. It is not possible to compare the estimated 
aluminum concentration to this criterion directly. as the available monitoring data used for modeling are 
for either dissolved aluminum or total aluminum. Acid soluble aluminum (which is operationally defined 
as the aluminum that passes through a 0.45 ~m membrane filter after the sample has been acidified to a 
pH between 1.5 and 2.0 with nitric acid) represents the forms of aluminum toxic to aquatic life or that can 
be converted readily to toxic forms under natural conditions. The acid soluble measurement does not 
measure forms of aluminum that are included in total aluminum measurement such as aluminum that is 
occluded in minerals. clays. and or is strongly adsorbed to particulate matter which are not toxic and are 
not likely to become toxic under natural conditions. The estimated mean total aluminum concentration 
(567 mg/L) is less than the NA WQC benchmark criterion for acid soluble aluminum. is predicted to 
decrease in the post-development condition, and is within the range of observed concentrations in Santa 
Clara River Reach 5. 
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Table 4.4-28 
Comparison of Estimated Trace Metal Concentrations with Water Quality Criteria and Observed 

Concentrations in Santa Clara River Reach 5 

Estimated Developed CTR Criteria' 
Range of Observed2 

Concentrations in Santa 
Metal Conditions w/ PDFs 

Clara River Reach 5 
(~Jg/L) (~Jg/L) 

(~Jg/L) 

Dissolved Copper 84 32 3.3 - 22.6 

Total Lead 64 260 0.6- 40 

Dissolved Zinc 38 250 3- 37 

Total Alum inurn 567 NIA 131- 19,650 
Notes: 

Hardness = 250 rng/L, based on minimum observed value at USGS Station 11108500. Lead criteria is for total 
recoverable lead. NAWQC aluminum criteria for pH 6.5- 9.0. 

Range of concentrations observed in the Santa Clara River (Stations S29, NRl, and NR3). 

N/ A- not applicable. 

Source: Geosyntec, 2008. 

Given the predicted increase in trace metals loads and dissolved copper concentration, impacts from 
metals would be significant. With the implementation of regulatory requirements, Mitigation Measures 
SP-4.2-7 and WQ-1, comprehensive PDFs, including site design, source control BMPs, treatment BMPs, 
and the comparison with the instream water quality monitoring data and benchmark water quality criteria, 
Specific Plan build-out would not have significant water quality impacts resulting from trace metals under 
Significance Criteria I through 3. 

Chloride. Table 4.4-29 shows the estimated average annual chloride concentration and load. Due to the 
conversion from agricultural to urban land uses and the associated EMCs, annual chloride concentration 
is predicted to decrease when compared to the existing conditions, although the average annual chloride 
load is predicted to increase due to increased runoff volume. 

Table 4.4-29 
Estimated Average Annual Chloride Concentration and Load 

Site Conditions 

Existing 

Developed without PDFs 

Developed with PDFs 

Change 

Source: Geosyntec, 2008. 
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Average Annual Chloride 
Concentration (mg!L) 

16 

13 

13 

-3 

44-94 

Average Annual Chloride Load 
(lbs/yr) 

28 

68 

58 

30 
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The estimated chloride concentration in post-development project runoff is compared to the Basin Plan 
water quality objective and the range of observed concentrations in Santa Clara River Reach 5 in Table 
4.4-30. The estimated average annual chloride concentration in storm water runoff is at the low end of the 
range of observed concentrations for this pollutant and is well below the Santa Clara River Reach 5 Basin 
Plan water quality objective and the TMDL wasteload allocation for Santa Clara River Reach 5 (100 
mg!L for both). This water quality impact under Significance Criteria I through 3 is considered less than 
significant. With the implementation of regulatory requirements. Mitigation Measures SP-4.2-7 and WQ-
1. comprehensive PDFs. including site design. source control BMPs. treatment control BMPs. and 
comparison with benchmark receiving water criteria and instream monitoring data. the Specific Plan 
projects impacts resulting from chloride under Significance Criteria I through 3 would be reduced to less
than-significant. 

Table 4.4-30 
Comparison of Estimated Chloride Concentrations with Water Quality Criteria and Observed 

Concentrations in Santa Clara River Reach 5 

Estimated Basin Plan Range of Observed' Waste load Allocations 

Pollutant Developed Water Quality Concentrations in Santa for MS4 Discharges 
Conditions w/ Objectives' Clara River Reach 5 into the Santa Clara 
PDFs (mg/L) (mg/L) (mg/L) River Reach 5 (mg/L) 

Chloride 13 100 3 - 121 100 
Notes: 

There are no CTR criteria for chloride. 

Range of concentrations observed in the Santa Clara River (Stations S29, NRl, and NR3). 

Source: Geosyntec, 2008. 

RMDP Post-development Storm water Impact Assessment for Pollutants and Basin Plan Criteria 
Addressed Without Modeling. 

Turbidity. Turbidity is a measure of suspended matter that interferes with the passage of light through 
the water or in which visual depth is restricted. Turbidity may be caused by a wide variety of suspended 
materials. which range in size from colloidal to coarse dispersions. depending upon the degree of 
turbulence. 

In the post-development condition. placement of impervious surfaces would serve to stabilize soils and to 
reduce the amount of erosion that may occur from the Specific Plan projects during storm events. and 
would. therefore. decrease turbidity in the runoff. Project PDFs. including source controls (such as 
common area landscape management and common area litter control). and treatment control BMPs in 
compliance with the SUSMP requirements. would prevent or reduce the release of organic materials and 
nutrients (which might contribute to algal blooms) to receiving waters. As shown above. post
development nutrients in runoff are not expected to cause significant water quality impacts. With the 
implementation of the Project PDFs. construction-related controls and the requirements of Mitigation 
Measure WQ-1. runoff discharges from Specific Plan build-out would not cause increases in turbidity 
which would result in adverse affects to beneficial uses in the receiving waters. Based on these 

RMDP-SCP EISIEIR 4.4-95 April2009 

DFG027859 



4.4 WATERQUALITY 

considerations, the water quality impacts of Specific Plan build-out on turbidity would be reduced to less 
than significant under Significance Criteria 1 through 3. 

Pathogens. Pathogens are viruses, bacteria, and protozoa that can cause illness in humans. IdentifYing 
pathogens in water is difficult as the number of pathogens is exceedingly small, thereby requiring 
sampling and filtering large volumes of water. Traditionally, water managers have relied on measuring 
"pathogen indicators" such as total and fecal coliform, as an indirect measure of the presence of 
pathogens (see further, Appendix 4.4, Newhall Ranch Specific Plan Sub-Regional Stormwater Mitigation 
Plan, Appendix D). Although such indicators were considered reliable for sewage samples, indicator 
organisms are not necessarily reliable indicators of viable pathogenic viruses, bacteria, or protozoa in 
stormwater because coliform bacteria, in addition to being found in the digestive systems of warm
blooded animals, are also found in plants and soil. Certain pathogen indicators can multiply in the field if 
the substrate, temperature, moisture, and nutrient conditions are suitable. Paulsen and List summarize the 
debate over the use of pathogenic indicators and point out that scientific studies show no correlation 
between fecal coliform densities and gastrointestinal illness in swimmers, therefore, coliform may not 
indicate a significant potential for causing human illness. In a recent field study conducted by Schroeder 
et al., pathogens (in the form of viruses, bacteria, or protozoa) were found to occur in 12 of 97 samples 
taken, but the samples that contained pathogens did not correlate with the concentrations of indicator 
organisms. Most researchers who have correlated human illness to fecal indicator bacteria levels have 
conducted epidemiological studies in waters receiving point inputs of treated or raw sewage; few 
epidemiological studies have tested the health effects of exposure to water receiving direct and recent 
stormwater runoff. Thus there is no explicit documentation of the health effects of stormwater based on 
epidemiological studies. 

There are numerous sources of pathogen indicators, including birds and other wildlife, as well as 
domesticated animals and pets, soils, and plant matter. Anthropogenic sources may include poorly 
functioning septic systems, cross-connections between sewer and storm drains, and the utilization of 
outdoor areas for human waste disposal by people without access to indoor sanitary facilities. 

It is recognized that natural levels of bacteria are present in the Project's receiving waters and that control 
of such natural sources is not required nor desired by regulatory agencies. For example, the Los Angeles 
RWQCB TMDL for bacteria in the Malibu Creek watershed makes provisions for background levels of 
bacteria associated with natural sources. Bacteria TMDLs have not been developed for the Santa Clara 
River. 

Data collected from undeveloped watersheds or watersheds with little development indicate that bacterial 
standards are often exceeded. For example, monitoring data obtained by the DPW for vacant land use 
showed a mean fecal coliform concentration of 1,397 MPN/100 mL in 21 samples (compared to the 
REC1 water quality criteria of 400 MPN/100 rnL). The USEPA has recognized that routine exceedances 
of ambient water quality criteria due to natural sources of pollution occur. In response, the USEPA has 
recommended changes to designated uses as the most appropriate way to address these situations. The 
monitoring data collected in the tributaries of the Santa Clara River showed a range of fecal coliform 
concentrations from 953 MPN/100 rnL to greater than 81,200 MPN/100 mL (Table 4.4-7). 
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The USEPA has compiled an extensive database on stormwater data collected as part of its program to 
regulate stormwater. These data were drawn from 65 programs in 17 states throughout the United States. 
The data indicate that median fecal concentrations range from about 4.500 to 7.700 MPN/100 mL for a 
range of commercial and residential land uses. compared to a median value of around 3.000 MPN/100 mL 
for open space and vacant land. These data represent urban areas that in general do not have source and 
treatment controls. and. therefore. are not indicative of runoff from Specific Plan build-out. 

Runoff from agricultural watersheds involving horticulture and row cropping is known to similarly 
contain high levels of indicator bacteria. Data from a stormwater drain serving an agricultural watershed 
with predominantly row crops in Ventura County showed similar median fecal coliform levels(~ 7.000 
MPN/100 mL) to that found for general urban runoff. Agricultural land and open space areas likely share 
some of same wildlife sources. but farm animals may be present as well. These data indicate that wildlife. 
farm animals. plants and/or soils can be a very important source of pathogens and/or pathogen indicators. 
such as fecal coliform. 

Additionally. a study conducted by PBS&J in coastal watersheds near Laguna Beach in Orange County 
found that indicator bacteria concentrations in receiving waters downstream from the developed/urban 
watersheds were not significantly different than concentrations in receiving waters downstream from 
undeveloped watersheds. Additional analysis conducted by Paulsen and List further supported these 
findings. These studies suggest that the development under the Specific Plan would not result in 
appreciable changes in pathogen levels in the receiving waters compared to the existing conditions. Mean 
concentrations of fecal and total coliform bacteria observed in wet weather flows at all tributary 
monitoring stations and in Santa Clara River Reach 5 ranged from 87 MPN/100 mL to 143.000 
MPN/100rnL and 284 MPN/100 rnL to 323.000 MPN/100 mL. respectively (Table 4.4-8). 

The primary sources of fecal coliform from the Specific Plan development would likely be sediment. pet 
wastes. wildlife. and regrowth in the storm drain itself. Other sources of pathogens and pathogen 
indicators. such as cross connections between sanitary and storm sewers. are unlikely given modem 
sanitary sewer installation methods and inspection and maintenance practices. 

The levels of bacteria in runoff from the Specific Plan projects would be reduced by source controls and 
treatment controls. The most effective means of controlling pet wastes and wastes from human interaction 
with wildlife is through source control. specifically education of pet owners. education regarding feeding 
of waterfowl near water bodies. providing products and disposal containers that encourage and facilitate 
cleaning up after pets. and storm drain cleaning practices. These BMPs are described in Table 4.4-12. 

Although there are limited data on the effectiveness of extended detention basins to treat pathogen 
indicators. the treatment processes known to be occurring in extended detention basins involve sunlight 
(ultraviolet light) degradation. sedimentation. and infiltration. all of which can reduce pathogen 
concentrations and loads. Many of the proposed detention basins are to be located on relatively infiltrative 
soils and pathogen removal by filtration is a common and effective practice in wastewater treatment. The 
Center for Watershed Protection maintains a National Pollutant Removal Performance Database that 
indicates that removal performance for pathogen indicators in various types of extended detention basins 
ranged between 70 to 80 percent. 
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In addition to treatment by extended detention, bioretention areas and vegetated swales are proposed 
PDFs to be provided by the Specific Plan .. Bioretention relies on filtration through an amended sand soil 
layer for water quality treatment, while vegetated swales provide sediment removal through settling and 
allow for infiltration of low flows. Again, filtration and infiltration are effective means of treating 
pathogen indicators. The city of Austin, Texas conducted a number of studies on the effectiveness of 
sedimentation/filtration treatment systems for treating stormwater runoff. Most of the structures were 
designed to treat one-half inch of runoff. Data from four sand filters indicated a range of removals from 
37 percent to 83 percent for fecal coliform, and 25 percent to 81 percent for fecal streptococci. Research 
on the use of filtration to remove bacteria also has been conducted in Florida by the Southwest Florida 
Water Management District. Significant reductions in total and fecal coliform bacteria and the other 
indicators were observed between inflow and outflow samples for sand filtration. Percent reductions were 
measured using flow-weighted sampling techniques. Total coliform bacteria removals were less than 70 
percent, and fecal coliform bacteria reduction varied from 65 percent to 100 percent. In a literature 
summary, the USEPA reported typical pathogen removal for infiltration basins and trenches as 65 to 100 
percent. 

In summary, stormwater discharges from the proposed Project could potentially exceed the REC-1 Basin 
Plan standard for fecal coliform and, therefore, impacts from indicator bacteria under Significance 
Criteria 1 may be significant prior to mitigation. However, although such fecal indicator bacteria were 
considered reliable for sewage samples, indicator organisms are not necessarily reliable indicators of 
viable pathogenic viruses, bacteria, or protozoa in stormwater because coliform bacteria, in addition to 
being found in the digestive systems of warm-blooded animals, are also found in plants and soil. Potential 
post-development pathogen sources include natural sources, and it is recognized that natural levels of 
bacteria are present in the Project's receiving waters and that control of such natural sources is not 
required nor desired by regulatory agencies. Anthropogenic sources include leaking septic and sewer 
systems and pet wastes. The Specific Plan projects will not include septic systems and the sewer system 
will be designed to current standards which minimizes the potential for leaks. The Specific Plan 
development, consistent with the MS4 permit requirements, includes a comprehensive set of source and 
treatment control PDFs, including treatment BMPs (i.e. extended detention basins, bioretention and media 
filtration), selected to manage pollutants of concern, including pathogen indicators. With these PDFs, 
Specific Plan build-out would not result in substantial changes in pathogen levels in the receiving waters 
compared to existing conditions. Water quality impacts related to pathogens would be reduced to less
than-significant under Significance Criteria 1 through 3 with the implementation of proposed treatment 
BMPs and Mitigation Measures SP-4.2-7 and WQ-1. 

Hydrocarbons. Various forms of hydrocarbons (oil and grease) are common constituents associated with 
urban runoff; however, these constituents are difficult to measure and are typically measured with grab 
samples making it difficult to develop reliable EMCs for modeling. Based on this consideration, 
hydrocarbons were not modeled but are addressed qualitatively. 

Hydrocarbons are a broad class of compounds, most of which are nontoxic. Hydrocarbons are 
hydrophobic (low solubility in water), have the potential to volatilize, and most forms are biodegradable. 
A subset of hydrocarbons, PAHs, such as fluoranthene, phenanthrene, pyrene, chrysene, and 
benzo(b)fluoranthene, can be toxic depending on the concentration levels, exposure history, and 
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sensitivity of the receptor organisms. Of particular concern are those PAH compounds associated with 
transportation-related sources. 

Although the concentration of hydrocarbons in runoff is expected to increase under post-development 
conditions due to the increase in roadways. driveways. parking areas. and vehicle use. PDFs. including 
source control BMPs and treatment control BMPs. are expected to prevent increases in hydrocarbon 
concentrations in Project runoff from leaving the project sites. Source control BMPs that address 
petroleum hydrocarbons include BMP maintenance and street sweeping private streets. The parking lot 
site design. source controls. treatment BMPs and vegetation and soils within the treatment control PDFs 
would adsorb the low levels of emulsified oils in storrnwater runoff. reducing discharge of hydrocarbons 
and visible film in the discharge or the coating of objects in the receiving water. 

The majority of PAHs in storrnwater adsorb to the organic carbon fraction of particulate matter in the 
runoff. including soot carbon generated from vehicle exhaust. For example. a storrnwater runoff study by 
Marslek el al. found that the dissolved-phase PAHs (in contrast to the PAHs adsorbed to particulate 
matter) represented less than 11 percent of the total concentration of PAHs. Consequently. the extended 
detention basins. bioretention areas. and vegetated swales proposed as treatment control PDFs. which are 
designed to remove particulate matter through settling. filtration. and infiltration. would be effective at 
treating PAHs. 

Los Angeles County conducted PAH analyses on 27 storrnwater samples. from a variety of land uses. 
from 1994 through 2000. For those land uses where sufficient samples were taken and were above 
detection levels to estimate statistics. the mean concentrations of individual PAH compounds ranged from 
0.04 to 0.83 ~g/L. The reported means were less than acute toxicity criteria available from the literature. 
Moreover. the Los Angeles County data do not account for any treatment. whereas the treatment in the 
proposed PDFs should result in a reduction in hydrocarbon concentrations inclusive of PAHs. This makes 
it very unlikely that significant water quality impacts would occur to the receiving water due to 
hydrocarbon loads or concentrations. On this basis. the post-development effects of the Specific Plan on 
petroleum hydrocarbon levels in the receiving waters can be reduced to less-than-significant under 
Significance Criteria 1 through 3 with implementation of Mitigation Measures SP-4.2-7 and WQ-1. 

Pesticides. Pesticides can be of concern where past farming practices involved the application of 
persistent organochlorine pesticides. Legacy pesticides Chlordane. Dieldrin. DDT. and Toxaphene are of 
particular concern. as TMDLs have been established for these pesticides in the Santa Clara River estuary. 
approximately 40 miles downstream of the Specific Plan site. Historical pesticides should no longer be 
discharged in the watershed except in association with erosion of sediments to which these pollutants may 
have adhered in the past. The placement of impervious surfaces would stabilize soils and prevent their 
transport from the development sites. reducing the potential for discharge of sediments to which historical 
pesticides may have adsorbed in predevelopment conditions. 

In the post-development condition. pesticides would be applied to common landscaped areas and 
residential lawns and gardens. Pesticides that have been commonly found in urban streams include the 
organophosphate pesticides chlorpyrifos and diazinon. However. only zero to 13% of the samples in the 
County database had detectable levels of diazinon (depending on the land use). while levels of 
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chlorpyrifos were below detection limits for all land uses in all samples taken between 1994 and 2000. 
Other pesticides presented in the database were seldom measured above detection limits. Furthermore, 
these data represent flows from areas without treatment controls, unlike the Specific Plan projects which 
incorporate treatment control PDFs. 

Diazinon and chlorpyrifos are two pesticides of concern due to their potential toxicity in receiving waters. 
The USEPA banned all indoor uses of diazinon in 2002 and stopped all sales for all outdoor 
nonagricultural use in 2003. 15 With no agricultural uses planned for the proposed Specific Plan projects, 
diazinon would not be used at the Specific Plan site. The USEPA also has phased out most indoor and 
outdoor residential uses of chlorpyrifos and has stopped all nonresidential uses where children may be 
exposed. Use of chlorpyrifos in the Specific Plan area is not expected, with the possible exception of 
emergency fire ant eradications until such time as reasonable alternative products are available and only 
with appropriate application practices in accordance with the golf course and landscape pesticide 
management program. 

Diazinon had long been one of the most commonly used pesticides on the market before its use was 
phased out. Although the USEPA's actions eliminated most urban diazinon uses by the end of 2004, 
phasing out diazinon likely has increased post-2004 reliance on alternative pesticides and encouraged new 
pesticides to enter the marketplace. 

The San Francisco Regional Water Quality Control Board commissioned a study, called Insecticide 
Market Trends and Potential Water Quality Implications, to evaluate pesticide use trends as they relate to 
water quality. In 2003, on the basis of current and projected pesticide use and possible water quality risks, 
the report considered the pesticide alternatives of potential concern for water quality to be pyrethrums; 
pyrethroids (bifenthrin, cyfluthrin, cypermethrin, deltamethrin, esfenvalerate, and permethrin); carbaryl; 
malathion; and imidacloprid. A more recent study also identified lambda cyhalothrin (a pyrethroid) and 
fipronil among pesticides of interest. 

The water quality risks posed by a pesticide relate to the quantity of the pesticide used, its runoff 
characteristics, and its relative toxicity in water and sediment. As urban diazinon applications are phased 
out, the use of some alternatives may inadvertently pose new water quality risks. Given what is known 
about alternative pesticide use trends, pyrethroids may be the alternatives that pose the greatest concerns 

15 Changes to the use of chlorpyrifos include reductions in the residue tolerances for agricultural 
use, phase out of nearly all indoor and outdoor residential uses, and disallowal of nonresidential uses 
where children may be exposed. Retail sales of chlorpyrifos were stopped by December 31, 2001, and 
structural (e.g., construction) uses were phased out by December 31, 2005. Some continued uses will be 
allowed, for example public health use for fire ant eradication and mosquito control is permitted by 
professionals. 

Permissible uses of diazinon also are restricted. All indoor uses are prohibited (as of 12/2002) and 
retailers were required to end sales for indoor use on December 2002. All outdoor nonagricultural uses 
were phased out by December 31, 2004. Therefore, it is likely that the USEPA ban will eliminate most of 
the use of diazinon within the Project area. The use of diazinon for many agricultural crops has been 
eliminated, while some use of this chemical will continue to be permitted for some agricultural activities. 

RMDP-SCP EISIEIR 4.4-100 April2009 

DFG027864 



4.4 WATERQUALITY 

for water quality. Although pyrethroids tend to be toxic to Ceriodaphnia dubia test organisms at 
concentrations in water comparable to diazinon. pyrethroids do not dissolve well in water but instead 
adhere well to surfaces. including particles in the environment. At equilibrium. pyrethroid concentrations 
in sediment are reported to be about 3.000 times greater than dissolved concentrations in water. Thus. 
BMPs targeting reductions and removal of sediment loads would be effective to reduce and remove 
pyrethroids as well. 

Source control measures such as education programs for owners. occupants. and employees regarding the 
proper application. storage. and disposal of pesticides are the most effective methods for controlling the 
pesticides that would be used post-development. Treatment controls BMPs such as the use of extended 
detention basins (a design feature to be provided by the Project) are less practical because of the variety of 
pesticides and wide range of chemical properties that affect their ability to treat these compounds. 
However. most pesticides. including historical pesticides that may be present at the site. are relatively 
insoluble in water and. therefore. tend to adsorb to the surfaces of sediment. which would be stabilized 
with development. or. if eroded. would be settled or filtered out of the water column in the water quality 
treatment BMPs such as detention basins. Thus. treatment in the bioretention. vegetated swales. and 
extended detention basin should achieve removal of pesticides adsorbed to particulate matter from 
storrnwater as TSS is reduced. For common area landscaping in commercial areas. multi-family 
residential areas. and parks. an IPM program would be incorporated. The goal of an IPM is to keep pest 
levels at or below threshold levels. reducing risk and damage from pest presence. while minimizing the 
risk from the pest control methods used. IPM programs achieve these goals through the use of low risk 
management options by emphasizing use of natural biological methods and the appropriate use of 
selective pesticides. IPM programs also minimize the potential for envirornnental impacts by 
implementing procedures that minimize intrusion and alteration of biodiversity in ecosystems. 

While pesticides are subject to degradation. they vary in how long they maintain their ability to eradicate 
pests. Some break down almost immediately into nontoxic byproducts. while others can remain active for 
longer periods of time. While pesticides that degrade rapidly are less likely to adversely affect non
targeted organisms. in some instances it may be more advantageous to apply longer-lasting pesticides if it 
results in fewer applications or smaller amounts of pesticide use. As part of the IPM program. as required 
by proposed Mitigation Measure WQ-2. careful consideration would be made as to the appropriate type of 
pesticides for use on the Specific Plan site. While pesticide use is likely to occur due to maintenance of 
landscaped areas. particularly in the residential portions of the development. careful selection. storage and 
application of these chemicals for use in common areas per the IPM program would help prevent 
significant water quality impacts from occurring. Additionally. as discussed above. removal of sediments 
in the PDFs would also remove sediment-adsorbed pesticides. 

Although pesticide quantities are expected to be in only a small percent of stormwater runoff. such an 
amount could be potentially significant under Significance Criteria I through 3. With the incorporation of 
proposed PDFs required by Mitigation Measure WQ-1, including site design, source control BMPs, and 
treatment control BMPs, pursuant to SUSMP requirements; and the use of an Integrated Pest 
Management program as required by proposed Mitigation Measure WQ-2, post-development water 
quality impacts associated with pesticides would be reduced to a less than significant level under 
Significance Criteria I through 3. 
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Trash and Debris. Urban development tends to generate significant amounts of trash and debris. Trash 
refers to any human-derived materials. including paper. plastics. metals. glass and cloth. Debris is defined 
as any organic material transported by stormwater. including leaves. twigs. and grass clippings. Debris 
can be associated with the natural condition. Trash and debris is often characterized as material retained 
on a 5-mm mesh screen. It contributes to the degradation of receiving waters by imposing an oxygen 
demand. attracting pests. disturbing physical habitats. clogging storm drains and conveyance culverts and 
mobilizing nutrients. pathogens. metals. and other pollutants that may be attached to the surface. Sources 
of trash in developed areas can be both accidental and intentional. During wet weather events. gross 
debris deposited on paved surfaces can be transported to storm drains. where it can be eventually 
discharged to receiving waters. Trash and debris also can be mobilized by wind and transported directly 
into waterways. Trash and debris can impose an oxygen demand on the water body as organic matter 
decomposes. 

Urbanization could significantly increase trash and debris loads if left unchecked. resulting in a 
significant impact to water quality per Significance Criteria 1 through 3. However. the PDFs. including 
source control and treatment BMPs. would minimize the adverse impacts of trash and debris. Source 
control BMPs such as street sweeping. public education. fines for littering. and storm drain stenciling can 
be effective in reducing the amount of trash and debris that is available for mobilization during wet and 
dry weather events. Common area litter control would consist of measures such as the use of covered 
trash receptacles. emptying of trash receptacles in a timely fashion. and noting trash violations by 
tenants/homeowners or businesses and reporting the violations to the owner/HOA for investigation. Catch 
basin inserts would be provided for parking lots. The PDFs would remove or prevent the release of 
floating materials (including solids. liquids. foam. or scum. from runoff discharges) and would prevent 
impacts on dissolved oxygen in the receiving water due to decomposing debris. With implementation of 
appropriate. post-development trash and debris control programs such as those described above and 
required by Mitigation Measure WQ-1. the associated water quality impacts would be reduced to a less
than-significant level under Significance Criteria 1 through 3. 

Methylene Blue Activated Substances (MBAS). MBAS. which is related to the presence of detergents 
in runoff. may be incidentally associated with urban development due to commercial and/or residential 
vehicle washing or other outdoor washing activities. The surfactants in detergents disturb the surface 
tension. which affects insects and can affect gills in aquatic life. This is a potentially significant impact to 
water quality. 

The presence of detergents in Project runoff would be minimized through the source control PDFs. 
including a public education program on residential and charity car washing and the provision of a car 
wash pad connected to a sanitary sewer in the multi-family residential areas. Other sources of MBAS. 
such as cross-connections between sanitary and storm sewers. are unlikely given modem sanitary sewer 
installation methods and inspection and maintenance practices. With the implementation of Mitigation 
Measures SP-4.2-7 and WQ-1 to minimize the potential for MBAS to enter surface water sources, the 
potential for MBAS to significantly impact the receiving waters of the Specific Plan projects would be 
reduced to a less-than-significant level under Significance Criteria 1 through 3. 
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Cyanide. The information on cyanide levels in urban stormwater is relatively sparse. The incidence of 
detection of cyanide in urban stormwater is relatively low. except in some special cases. In the 
Nationwide Urban Runoff Project. cyanide was detected in runoff from approximately one quarter of the 
cities that participated in the monitoring program. Overall. cyanide was detected in 23 percent of the 
urban runoff samples collected (16 out of a total of 71 samples). at concentrations ranging from two to 33 
~giL. Of the 71 samples. only three percent (i.e .• two) exceeded the freshwater acute guideline of 22 
~giL. The predominant sources of cyanides found in urban runoff samples were reported to be products of 
gasoline combustion and anti-caking ingredients in road salts. 

The detectable concentrations observed in the Santa Clara River at the mass em1sswn station S29 
(average of 3 7 ~giL) may be in part due to untreated urban storm water runoff from the city of Santa 
Clarita. However. other sources are likely to be more significant. A potential source is cyanide from burnt 
catchments. For example. cyanide concentrations in runoff obtained from an area that had been burned in 
a wildfire that occurred in Tennessee and North Carolina averaged 49 ~g/L. Higher cyanide 
concentrations were reported in runoff from a wildfire that occurred in New Mexico. with an average 
value of 80 ~giL. 

Given the low level of cyanide in stormwater. cyanide is not expected to be a significant impact to water 
quality. In addition to the expected relatively low level of cyanide in untreated stormwater. cyanide in 
runoff from build-out of the Specific Plan would be readily removed by biological uptake. degradation by 
microorganisms. and by volatilization in the treatment PDFs. especially the dry extended detention 
basins. Therefore. with implementation of Mitigation Measures SP-4.2-7 and WQ-1 cyanide is not 
expected to significantly impact the receiving waters of the Specific Plan projects under Significance 
Criteria I through 3. 

MS4 Permit Requirements for New Development as Defined in the SUSMP. PDFs include site 
design. source control. and treatment control BMPs in compliance with the SUSMP requirements. as 
described above and summarized in Table 4.4-12. above. Treatment control PDFs would treat runoff 
from the entire urban portion of the Specific Plan site. Sizing criteria contained in the MS4 permit and the 
SUSMP requirements would be met for all treatment control BMPs. 

In summary. the proposed site design. source control. and treatment control PDFs have been selected 
based on: 

• Effectiveness for addressing pollutants of concern in project runoff. reducing water quality impacts 
to less than significant; 

• Sizing and outlet design consistent with the MS4 permit and SUSMP requirements; 

• Additional design guidance consistent with the California BMP Handbook: New Development and 
Redevelopment. other literature. and best professional judgment; 

• Hydrologic and water quality modeling to verifY performance; 
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• Meeting mean annual percent capture criteria contained in the California BMP New Development 
Manual; and 

• Providing specific operations and maintenance requirements to inspect and maintain the facilities 
consistent with the California BMP Handbook: New Development and Redevelopment. 

On this basis, the PDFs to be included during Specific Plan build-out would meet the MS4 permit 
requirements for new development. 

Low Impact Development Requirements for New Development as Defined in the Los Angeles 
County LID Ordinance and LID Standards Manual. PDFs include low impact/site design BMPs, as 
summarized in Table 4.4-13, above. The Sub-Regional Plan and the water quality control measures 
specified in it will reduce stormwater runoff volume and promote groundwater infiltration in an integrated 
approach to protecting water quality and managing water resources in compliance with the Los Angeles 
County LID Ordinance and LID Standards Manual requirements. 

The following hydrologic source controls, included as PDFs, will limit impervious area and disconnect 
imperviousness to avoid and minimize water quality and hydromodification impacts: 

• Low Impact/Site Design BMPs. Low impact/site design PDFs that promote infiltration and help to 
reduce runoff volumes include the clustering of development into village areas, leaving large 
amounts of undeveloped open space within the Newhall Ranch Specific Plan subregion, routing of 
impervious area runoff to vegetated areas, use of permeable pavements, use of native and/or non
native/non-invasive vegetation in landscaped areas, and the use of efficient irrigation systems in 
common area landscaped areas. 

• Treatment Controls. The project's treatment control PDFs have been selected to promote infiltration 
and evapotranspiration. The treatment control PDFs, including bioretention areas, vegetated swales, 
filter strips, and extended detention basins, will incorporate vegetation to promote pollutant removal 
and runoff volume reduction through infiltration and evapotranspiration. Subregional extended 
detention basins will also incorporate infiltration trenches and dry wells to promote infiltration of 
treated flows where natural soil infiltration rates do not support infiltration. Collectively, these 
vegetated treatment facilities are expected to provide significant reduction in wet weather runoff 
volume and to eliminate dry weather flows. In addition, those flows that are not infiltrated in the 
PDFs will flow, after treatment, to the Santa Clara River, whose channel is predominantly natural 
and consists of vegetation and coarse-grained sediments (rather than concrete). The porous nature of 
the sands and gravels forming the streambed will allow for significant infiltration to occur to the 
underlying groundwater. 

The treatment control PDFs will be sized to infiltrate, evapotranspire, and/or capture and detain the water 
quality design volume in compliance with the LID Ordinance and LID Standards Manual, the MS4 permit 
and the SUSMP requirements. 

On this basis, the PDFs to be included during Specific Plan build-out would meet the low impact 
development requirements for new development. 
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Pollutant Bioaccumulation. Certain pollutants have the potential to accumulate in treatment BMP 
vegetation and soils, potentially increasing the risk of exposure to wildlife and the food chain. Factors that 
could affect the extent of potential bioaccumulation include: 

• The bioavailability ofthe pollutant; 

• Conditions in the soils (e.g., pH, acid-volatile sulfide concentration, organic content) that affect the 
form and bioavailability of the pollutant; 

• The efficiency by which pollutants in the soils enter the plant community, the storage of these 
pollutants in plant tissues that are edible, and the utilization of the plants as a food source by animals; 

• The type of habitats, organisms attracted to these habitats, and their feeding habits; and 

• System design and maintenance. 

The primary pollutants of concern with regard to bioaccumulation are mercury and selenium. However, as 
indicated by the water quality monitoring conducted by LACDPW at the Santa Clara River mass emission 
station S29, selenium and mercury are not naturally present at levels of concern in this watershed. Since 
these pollutants would not be introduced during Specific Plan build-out, bioaccumulation of selenium and 
mercury is not expected. 

The potential for bioaccumulation impacts from the Specific Plan's project treatment control facilities, 
such as bioretention, vegetated swales, and extended detention basins, would be minimal. Since the 
tributary areas to the BMPs are largely impervious, very little coarse solids and associated pollutants are 
expected to be generated. The vegetation in the facilities would trap sediments and pollutants in the soils, 
which contain bacteria that metabolize and transform trace metals, thereby reducing the potential for these 
pollutants to enter the food chain. The facilities do not provide open water areas and are not likely to 
attract waterfowl. 

Bioaccumulation of pollutants in the Santa Clara River would not be significant due to the low estimated 
concentrations of pollutants such as trace metals, which are predicted to be below the benchmark CTR 
criteria in the treated runoff. Also, sediments in the Santa Clara River are transported downstream in the 
wet season by storm flows, and, therefore, do not accumulate. 

On this basis, the potential for bioaccumulation and adverse effects on waterfowl and other species is 
considered less-than-significant under Significance Criteria 3. 

Dry Weather Runoff. Pollutants in dry weather flows are of concern because dry weather flow 
conditions occur throughout a large majority of the year, and because some of the TMDLs in downstream 
reaches of the Santa Clara River are applicable for dry weather conditions (e.g., nutrients and chloride). 

Dry weather flows are typically low in sediment because the flows are relatively low and coarse 
suspended sediment tends to settle out or is filtered out by vegetation. As a consequence, pollutants that 
tend to be associated with suspended solids (e.g., phosphorus, some bacteria, some trace metals, and some 
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pesticides) are typically found in very low concentrations in dry weather flows and not considered a 
significant water quality impact. In contrast. potentially significant impacts. prior to mitigation. could 
occur from constituents that tend to be dissolved (e.g .• nitrate and trace metals). or constituents that are so 
small as to be effectively transported (e.g .• pathogens and oil and grease). 

In order to minimize the potential generation and transport of dissolved constituents. landscaping in 
public and common areas would utilize drought tolerant vegetation that requires little watering and 
chemical application. Landscape watering in common areas. commercial areas. multi-family residential 
areas. and in parks would use efficient irrigation technology utilizing evapotranspiration sensors to 
minimize excess watering. 

In addition. educational programs and distribution of materials (source controls) would emphasize 
appropriate car washing locations (at commercial car washing facilities or the car wash pad in the multi
family residential areas) and techniques (minimizing usage of soap and water). encourage low impact 
landscaping and appropriate watering techniques. swimming pool dechlorination and discharge 
procedures. and discourage driveway and sidewalk washing. Illegal dumping would be discouraged by 
stenciling storm drain inlets and posting signs that illustrate the connection between the storm drain 
system and the receiving waters and natural systems downstream. 

The bioretention areas. vegetated swales. and the extended detention basins would provide treatment for 
and infiltrate dry weather flows and small storm events. Water cleansing is a natural function of 
vegetation. offering a range of treatment mechanisms. Sedimentation of particulates is the major removal 
mechanism. However the performance is enhanced as plant materials allow pollutants to come in contact 
with vegetation and soils containing bacteria that metabolize and transform pollutants. especially nutrients 
and trace metals. Plants also take up nutrients in the soil through their root system. Some pathogens 
would be removed through ultraviolet light degradation. Any oil and grease would be effectively 
adsorbed by the vegetation and soil within the low flow wetland vegetation. Dry weather flows and small 
storm flows would infiltrate into the bottom of the basin after receiving treatment in the low flow wetland 
vegetation. 

The treatment control PDFs would infiltrate or evapotranspire all expected dry weather runoff. It is 
expected that no dry weather discharge would occur to the Santa Clara River or tributaries. A special 
exception to the complete infiltration of dry weather flows in the treatment control PDFs would occur if it 
is desired to direct treated dry weather flows from the treatment control PDFs to mitigation habitat 
adjacent to the tributaries in order to support that habitat. In that case. the treatment PDFs may be lined. 
and treated dry weather flows would be directed to and fully contained within the mitigation habitat. With 
the implementation of proposed source control PDFs. Mitigation Measures SP-4.2-7 and WQ-1 to reduce 
the amount of dry weather runoff. and treatment control PDFs that capture and treat the dry weather 
runoff that does occur. the impact from dry weather flows is considered less-than-significant under 
Significance Criteria I through 3. 

Summary of Indirect Suiface Water Quality Impacts of Stormwater Runoff from Specific Plan Build
Out While runoff ammonia. total nitrogen. trace metals. and chloride loads and dissolved copper 
concentration are predicted to increase. concentrations of all modeled constituents (except for dissolved 
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copper) are predicted to decrease under Specific Plan build-out conditions when compared to existing 
conditions. This predicted decrease in concentration can be attributed to higher concentrations observed in 
monitoring data from agricultural and open space land uses (the existing condition for the site) compared 
with urban land uses (representative of post-development conditions). The modeled concentrations in 
runoff from developed areas with PDFs are below all benchmark water quality objectives and criteria and 
TMDL wasteload allocations for the Santa Clara River. These pollutants are addressed by a 
comprehensive site design. source control. and treatment control strategy. summarized in Table 4.4-12. 
and compliance with SUSMP. construction general permit. and general dewatering permit requirements. 

Concentrations of hydrocarbons and MBAS are expected to increase. while concentrations of pathogens. 
pesticides. trash and debris. and cyanide may increase under proposed conditions when compared to 
existing conditions. but none of the qualitatively assessed constituents are expected to significantly impact 
receiving waters due to the implementation of a comprehensive site design. source control BMPs. and 
treatment control BMPs in compliance with the MS4 permit and SUSMP requirements. Therefore. after 
application of the BMPs and PDFs described in the preceding section and required by Mitigation 
Measures SP-4.2-7 and WQ-1. potential impacts from Specific Plan build-out on receiving water quality 
would not be significant under Significance Criteria 1 through 3. 

RMDP Newhall Ranch WRP Impact Assessment. Wastewater generated by the Specific Plan build-out 
will be treated in the Newhall Ranch Water Reclamation Plant (WRP). The Newhall Ranch WRP was 
analyzed at the project-level in the Court approved and certified Newhall Ranch Specific Plan Program 
EIR (May 2003 ). 

The Newhall Ranch WRP treatment facility is further described in the individual NPDES Permit and 
Waste Discharge Requirements (WDRs) for the Newhall Ranch WRP (Order No. R4-2007-0046. 
effective October 27. 2007). Treatment at the WRP will consist of screening. activated sludge secondary 
treatment with membrane bioreactors. nitrification/denitrification. ultraviolet disinfection. and partial 
reverse osmosis. The initial design capacity of the WRP would be 2 million gallons per day (MGD) to 
accommodate the initial phases of the Newhall Ranch Specific Plan. including Landmark Village. and 
would be incrementally increased to 6.8 MGD to accommodate the sewage generated by the build-out of 
Specific Plan. 

Treated effluent from the Newhall Ranch WRP would be used to supply distribution of recycled water 
throughout the Specific Plan area in the form of irrigation of landscaping and other approved uses. In an 
average rainfall year. all tertiary treated wastewater from the Newhall Ranch WRP would be recycled for 
irrigation and other non-potable uses. except in the wet weather months. During these months in average 
rainfall years. approximately 286 to 1.025 acre-feet of tertiary-treated wastewater would not be needed to 
meet estimated non-potable demand and. therefore. would be discharged to the Santa Clara River. During 
years 1 and 2 of the Newhall Ranch WRP operation. the WRP would operate at a maximum of 2 MGD. 
with an estimated average discharge flow rate of 0.2 MGD during the five month period of November 
through March. No sooner than year 3. the WRP would be expanded to 6.8 MGD. with an approximate 
average discharge flowrate of 0.6 MGD during this five month wet period. Therefore. discharge periods 
would coincide with peak wet months when dilution capacity is maximal (i.e .• instream flows are 
highest). The average November through March instream flowrate at USGS station 11109000 (Newhall 
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Bridge, approximately 2.5 miles downstream of the County line), is 188 cfs (121 mgd) based on measured 
average daily flow data for water years 1977-2006. Newhall WRP effluent would represent less than one 
percent of this average volume. 

The NPDES Permit contains effluent limitations that would control the amount of conventional, non
conventional, and toxic pollutants discharged to the receiving waters. These effluent limits are a 
combination of technology-based limits (per 40 C.F.R. section 122.44(a)) and water quality-based limits 
(per 40 C.F.R. section 122.44(d)). Concentration-based effluent limitations contained in the NPDES 
Permit are listed in Table 4.4-31 below. Mass-based effluent limitations contained in the draft permit, but 
not listed in Table 4.4-31, are derived by multiplying the proposed concentration limitation by the 
permitted flow of 2.0 mgd. These mass-based limits would be modified accordingly as the phased plant 
upgrades approach completion following an anti-degradation analysis demonstration conducted by 
Newhall Land, and upon certification and approval of increased treatment plant capacity. 

Additional water quality-based effluent limits are included in the permit for toxicity in the WRP effluent 

and for temperature, pH, dissolved oxygen, fecal coliform, turbidity, toxicity, and other pollutants in the 
receiving water. Groundwater-based effluent limitations are proposed for coliform bacteria, chemical 
constituents, radionuclides, nitrate-N + nitrite-N, and taste or odor producing substances. 

Title 22 of the California Code of Regulations (title 22) specifies California's Wastewater Reclamation 
Criteria (WRC) and all recycled water in California must meet or exceed these criteria to assure 
protection of receiving water quality. These criteria apply to the treatment processes; treatment 
performance standards, such as removal efficiencies and effluent water quality; process monitoring 
programs, including type and frequency of monitoring; facility operation plans; and necessary reliability 
features. The Newhall Ranch WRP discharges would be required to comply with the WRC through the 
issuance of a separate order. 

As is discussed in the draft Newhall Ranch WRP NPDES Permit Fact Sheet (page F-14), the Upper Santa 
Clara River chloride wasteload allocations (WLAs) are expressed on a concentration basis derived from 
and equivalent to the existing water quality objective for Reaches 5 and 6 of the Santa Clara River, 
thereby providing direct protection for agricultural supply, the most sensitive beneficial use. Under the 
TMDL Implementation Plan, a special study was conducted to confirm that the concentration-based WLA 
of 100 mg/L chloride is protective of this beneficial use. A concentration-based WLA also accommodates 
future growth and provides beneficial uses protection from chloride loads that were in place at the time of 
the TMDL development. Protection of beneficial uses from additional chloride loads that were not 
assigned wasteload allocations is provided by using the WLAs as effluent limits in permits for new and 
future sources, such as the Newhall Ranch WRP. 
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Table 4.4-31 
Effluent Limitations in the Newhall Ranch WRP NPDES Permit 

Parameter 

Biochemical Oxygen Demand 5-day @ 20°C 
Total Suspended Solids 
pH 
Settleable solids 
Oil and Grease 
Total dissolved solids 
Chloride 
Sulfate 
Boron 
Total ammonia (NH3 as N) 
Nitrate-N + Nitrite-N 
Nitrite-N 
Detergents (as MBAS) 
Total residual chlorine 
Antimony 
Arsenic 
Copper 
Lead 
Mercury 
Nickel 
Selenium 
Zinc 
Cyanide 
Acrylonitrile 
Tetrachloroethylene 
Bis(2-ethylhexyl)phthalate 
p-Dischlorobenzene (I ,4-Dichlorobenzene) 
Lindane 
4,4-DDE 
Iron 
Notes: 

Units 

mg/L 
mg/L 

standard unit 
mL/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 
mg/L 

flg/L 
flg/L 
flg/L 
flg/L 
flg/L 
flg/L 
flg/L 
flg/L 
flg/L 
flg/L 
flg/L 
flg/L 
flg/L 
flg/L 
flg/L 
flg/L 

Average 
Monthly 

20 
15 

Effluent Limitations 
Average 
Weekly 

30 
40 

Maximum Daily 

45 
45 

6.5 - 8.5 (instantaneous minimum and maximum) 
0.1 0.3 
10 

1,000 
100 1 

400 
1.5 

1.93 2 

5 
0.9 
0.5 

6 
10 
22 
13 

0.051 
100 
4.1 

5,000 
4.2 

0.66 
5 
4 
5 

0.2 
0.00059 

300 

15 

3.87 3 

0.1 

44 
26 

010 

8.2 

8.5 
1.3 

1 This is the water quality objective for chloride in the current Basin Plan. This effluent limitation is consistent with the 
asslllllpt:ions of the Chloride TMDL for the Santa Clara River, Resolution No. 2002-018, Amendment to the Water Quality 
Control Plan for the Los Angeles Region to Include a TMDL for Chloride in the Santa Clara River (Chloride TMDL) and applies 
inunediately. However, if a chloride site-specific objective (Chloride SSO) is adopted for the reach of the Santa Clara River in 
which Newhall Ranch WRP will discharge, then the permit may be reopened by the Los Angeles RWQCB to make the necessary 
changes, following USEPA approval of the Chloride SSO. 
2 This is the monthly average effluent limit calculated according to the Implementation Plan for anunonia in the Basin Plan, 
which specifies how to translate the Anunonia WQO into a final effluent limit, consistent with the asslllllptions of the Santa Clara 
River Nitrogen Compmmds TMDL, Resolution No. 03-011. 
3 This is the daily maximlllll effluent limit calculated according to the Implementation Plan for ammonia in the Basin Plan, 
which specifies how to translate the Anunonia WQO into a final effluent limit, consistent with the asslllllptions of the Santa Clara 
River Nitrogen Compounds TMDL, Resolution No. 03-011. 

Source: Los Angeles RWQCB 
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Further stated in the Newhall Ranch WRP NPDES Permit Fact Sheet (page F-14). the Staff Report for the 
TMDL. dated August 21. 2002. states: "[a] concentration-based target accommodates future growth by 
allowing increased mass as long as it is accompanied by additional flow .... " The Fact Sheet finds that 
water quality would not be degraded if concentration-based wasteload allocations that are equivalent to 
the water quality objectives are assigned to new facilities at the end of pipe. The Fact Sheet also states 
that studies regarding the effect of additional chloride load on groundwater basins underlying the Upper 
Santa Clara River are underway and scheduled for completion by November 2007 (Fact Sheet page F-15). 
Initial results from these studies show that discharges at effluent limits of 100 mg!L chloride would not 
degrade groundwater quality. Results from these studies may be used to revise the effluent limits through 
modification of the NPDES permits for all dischargers discharging at 100 mg!L if necessary. 

Similarly. concentration-based effluent limitations contained in the NPDES Permit for nitrogen 
compounds. established per the Santa Clara River Nitrogen Compounds TMDL. are protective of water 
quality in the Santa Clara River. 

Water quality-based effluent limitations are included in the NPDES Permit for pathogen indicator bacteria 
as follows: 

• E.coli density shall not exceed 126/100 mL (geometric mean) or 235/100 mL (single sample); 

• Fecal coliform density shall not exceed 200/lOOmL (geometric mean) or 400/100 rnL (single 
sample). 

These receiving water limitations are based on Resolution No. 01-018. Amendment to the Water Quality 
Control Plan for the Los Angeles Region to Update the Bacteria Objectives for Water Bodies Designated 
for Water Contact Recreation. and. therefore. are protective of beneficial uses in the Santa Clara River. 

Based on required compliance with State and Federal water quality requirements. as discussed and 
analyzed in the project-level analysis contained in the Newhall Ranch Specific Plan Program EIR and the 
information above. and the implementation of previously adopted Mitigation Measures SP-5.0-52 through 
5.0-56. which are related to the construction and operation of the WRP. potential impacts from the 
Newhall Ranch WRP on receiving water quality would not be significant under Significance Criteria 1 
through 3. 

SCP Indirect Impacts to Surface Water Quality. Implementation ofthe proposed SCP would indirectly 
facilitate previously approved urban development within the Specific Plan site. and on portions of the 
VCC and Entrada planning areas. Potential surface water quality impacts of Specific Plan build-out are 
evaluated above. 

Short-Term Indirect Impacts to Surface Water Quality. The potential impacts of construction 
activities. construction materials. and non-stormwater runoff on water quality during the construction 
phase of the Specific Plan build-out focus primarily on sediment (TSS and turbidity) and certain non
sediment related pollutants. such as nutrients. heavy metals. and certain pesticides. including legacy 
pesticides. Construction-related activities that are primarily responsible for sediment releases are related 
to exposing soils to potential mobilization by rainfall/runoff and wind. Such activities include removal of 
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vegetation, grading, and trenching for infrastructure improvements. Envirornnental factors that affect 
erosion include topographic, soil, and rainfall characteristics. Non-sediment-related pollutants that are 
also of concern during construction include construction materials (e.g., paint); chemicals, liquid 
products, and petroleum products used in facility construction or the maintenance of heavy equipment; 
and concrete-related pollutants. These construction phase impacts could result in significant impacts to 
water quality under Significance Criteria 1 through 3, but impacts would be reduced to a less-than
significant level with implementation of Mitigation Measures SP-4.2-7 and WQ-1. 

Construction impacts due to Specific Plan development, including the excavation of soil from borrow 
sites, would be minimized through a PDF that consists of compliance with the construction general 
permit. This permit requires the development and implementation of a SWPPP, which must include 
erosion and sediment control BMPs that would meet or exceed measures required by the construction 
general permit, as well as BMPs that control the other potential construction-related pollutants. Erosion 
control BMPs are designed to prevent erosion, whereas sediment controls are designed to trap sediment 
once it has been mobilized. A SWPPP would be developed in compliance with the construction general 
permit and the County of Los Angeles' standard conditions. The permit requires the SWPPP to include a 
menu of BMPs to be selected and implemented based on the phase of construction and the weather 
conditions to effectively control erosion and sediment to the BAT/BCT level. The SWPPP developed to 
implement the PDF would include the following BMPs, as appropriate: 

Erosion Control (BMPs numbered EC-3 through EC-7 and WE-1 in the Stormwater Best 
Management Practice Handbook- Construction [CASQA, 2003]): 

1. Physical stabilization through hydraulic mulch, soil binders, straw mulch, bonded fiber 
matrices, and erosion control blankets (i.e., rolled erosion control products). 

2. Limiting the area and duration of exposure of disturbed soils. 

3. Soil roughening of graded areas (through track walking, scarifYing, sheepsfoot rolling, or 
imprinting) to slow runoff, enhance infiltration, and reduce erosion. 

4. Vegetation stabilization through temporary seeding to establish interim vegetation. 

5. Wind erosion (dust) control through the application of water or other dust palliatives as 
necessary to prevent and alleviate dust nuisance. 

Sediment Control: 

6. Perimeter protection to prevent discharges through silt fences, fiber rolls, gravel bag berms, 
sand bag barriers, and straw bale barriers (SE-1, -5, -6, -8, and -9). 

7. Storm drain inlet protection (SE-1 0). 

8. Resource (Envirornnentally Sensitive Area) protection through silt fences, fiber rolls, gravel bag 
berms, sand bag barriers, and straw bale barriers (SE-1, -5, -6, -8, and -9). 
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9. Sediment captnre through sediment traps. storm drain inlet protection. and sediment basins (SE-
3. -10. and -2). 

10. Velocity reduction through check darns. sediment basins. and outlet protection/ 
velocity dissipation devices (SE-2. -4. and -10). 

11. Reduction in off-site sediment tracking through stabilized construction entrance/exit. 
construction road stabilization. and entrance/exit tire wash (TE-l. -2. and -3). 

Waste and Materials Management: 

12. Management of the following types of materials. products. and wastes: solid. sanitary. concrete. 
hazardous and equipment-related wastes (MW-1. -2. -4 through -10. and NS-8 through -10). 

13. Protection of soil stockpiles through covers. the application of water or soil binders. and 
perimeter control measures (MW-3). 

Non-Storrnwater Management: 

14. BMPs or good housekeeping practices to reduce or limit pollutants at their source before they 
are exposed to stormwater, including such measures as: water conservation practices, and 
vehicle and equipment cleaning and fueling practices (NS-1 through 16). 

Training and Education: 

15. Training of individuals responsible for SWPPP preparation. implementation. and permit 
compliance. including contractors and subcontractors. 

16. Signage (bilingual. if appropriate) to address SWPPP-related issues (such as site clean up 
policies. BMP protection. washout locations. etc.). 

Maintenance, Monitoring and Inspections: 

17. Performing routine site inspections and inspections before, during (for storm events> 24 hours), 
and after storm events. 

18. Implementing maintenance and repa1rs of BMPs as indicated by routine and storm-event 
inspections. 

19. Preparation and implementation of a sampling and analysis plan for non-visible pollutants. 

These additional construction site management BMPs would be implemented within the vee and 
Entrada planning areas during the dry season and wet season as follows: 
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Dry Season Construction Phase BMPs: 

20. Wind erosion BMPs (dust control). 

21. Soil roughening of graded areas (track walking. scarifYing. sheepsfoot rolling. or imprinting) 

22. Sediment control BMPs at the down gradient site perimeter and all operational storm drain 
inlets internal to the planning area. 

23. Off-site tracking BMPs. 

24. Appropriate waste management and materials pollution BMPs. 

25. Appropriate non-stormwater BMPs to prevent or reduce the contamination of stormwater by 
construction activities and materials. 

26. A "weather triggered" action plan to deploy standby erosion and sediment control BMPs to 
protect exposed portions of the site within 48 hours of a predicted storm event. 

27. Sufficient standby BMP materials to implement the above action plan. 

28. Deployment of post-construction erosion control BMPs as soon as practicable. 

Wet Season Construction Phase BMPs: 

29. Limiting the area and duration of exposure of disturbed soil areas. This may be accomplished by 
retention of natural vegetation in areas not scheduled for immediate grading. phasing the 
grading. and stabilizing disturbed areas quickly. 

30. Implementation of an effective combination of erosion and sediment control measures on all 
disturbed areas. 

Regulatory requirements applicable to the project construction phase require the implementation ofBMPs 
consistent with BA T/BCT. as required by the construction general permit and the general WDRs in the 
dewatering general permit or individual WDR. Erosion and sediment transport and transport of other 
potential pollutants during the construction phase would be prevented through implementation of BMPs 
meeting BAT/BCT to prevent or minimize environmental impacts and to ensure that discharges during 
the construction phase would not cause or contribute to any exceedance of water quality standards in the 
receiving waters. These BMPs would assure effective control of not only sediment discharge. but also of 
pollutants associated with sediments. such as (and not limited to) nutrients. heavy metals. and certain 
pesticides. including legacy pesticides. In addition. compliance with BAT/BCT requires that BMPs used 
to control construction water quality impacts are updated over time as new water quality control 
technologies are developed and become available for use. Therefore. implementing Mitigation Measures 
SP-5.2-7 and WQ-1. which require the use of PDFs related to compliance with the construction 
stormwater permit BAT/BCT performance standards. would reduce construction-related water quality 
impacts to a less-than-significant level under Significance Criteria I through 3 .. 
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During the construction phase of VCC and Entrada build-out. hydrocarbons in site runoff could result 
from construction equipment/vehicle fueling or spills. which would be a potentially significant impact 
under Significance Criterion 2. However. pursuant to the construction general permit. the construction 
SWPPP must include BMPs that address proper handling of petroleum products on the construction site. 
such as proper petroleum product storage and spill response practices. and those BMPs must effectively 
prevent the release of hydrocarbons to runoff per the BAT/BCT standards. Polycyclic Aromatic 
Hydrocarbons (PAH) that are adsorbed by sediment during the construction phase would be effectively 
controlled via the erosion and sediment control BMPs. For these reasons. with the use of PDFs required 
by Mitigation Measures SP-5.2-7 and WQ-1. construction-related impacts from hydrocarbons on water 
quality would be reduced to less-than-significant. Transport oflegacy pesticides adsorbed to existing site 
sediments as a result of historic farming operations may be a concern during the construction phase of 
development. which would be a potentially significant water quality impact under Significance Criteria 1 
through 3. The construction SWPPP must contain sediment and erosion control BMPs pursuant to the 
construction general permit. and those BMPs must effectively control erosion and the discharge of 
sediment along with other pollutants per the BAT/BCT standards. With implementation of the PDF for 
sediment control BMPs. and Mitigation Measures SP-5.2-7 and WQ-1. construction-related impacts 
associated with pesticides would be reduced to less-than-significant under Significance Criteria 1 through 
3. 

During the construction phase. there is potential for an increase in trash and debris loads due to lack of 
proper contractor good housekeeping practices at the construction site. This is a potentially significant 
water quality impact under Significance Criterion 1. Per the construction general permit. the SWPPP for 
the site would include BMPs for trash control (catch basin inserts. good housekeeping practices. etc.). 
Mitigation Measures SP-5.2-7 and WQ-1 require compliance with the construction stormwater permit 
requirements and meeting BAT/BCT. These measures ensure that water quality impacts from trash and 
debris would be reduced to a less-than-significant level. 

Construction on the project sites may require dewatering and non-stormwater related discharges. For 
example. dewatering may be necessary if groundwater is encountered during grading or to allow 
discharges associated with testing of water lines. sprinkler systems and other facilities. Dewatering 
activities and non-stormwater related discharges could be a potentially significant impact to water quality 
under Significance Criteria 1 through 3 if the groundwater or non-stormwater related discharges contain 
pollutants at levels of concern. In general. the construction general permit authorizes construction 
dewatering activities and other construction related non-stormwater discharges as long as they: (1) 
comply with Section A.9 of the perrnit; (2) do not cause or contribute to violation of any water quality 
standards; (3) do not violate any other provisions of the permit; (4) do not require a non-stormwater 
permit as issued by the Los Angeles RWQCB; and (5) are not prohibited by a Basin Plan provision. Full 
compliance with applicable local. state and federal water quality standards. and the requirements of 
(Mitigation Measures SP-4.2-7. SP-5.0-54. and WQ-1 would reduce impacts from dewatering discharges 
to a less-than-significant-level. 

An additional PDF would be implemented to protect receiving waters from dewatering and construction 
related non-stormwater discharges. Such discharges would be implemented in compliance with the WDRs 
(under Order No. R4-2003-0111; NPDES No. CAG994004) or individual WDR issued for project 
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dewatering governing construction-related dewatering discharges within the Project development areas. 

Typical BMPs for construction dewatering include infiltration of clean groundwater; on-site treatment 
using suitable treatment technologies; on-site or transport off site for sanitary sewer discharge with local 
sewer district approval; and use of a sedimentation bag for small volumes of localized dewatering. 
Compliance with these WDRs assures that the impacts of dewatering discharges would not be significant. 

With implementation the measures described above to minimize construction-related activities impacting 
receiving waters, the short-term, construction-related water quality impacts ofVCC and Entrada build-out 

would be significant under Significance Criteria I through 3 .. 

Long-Term Indirect Impacts to Surface Water Quality. 

vee Planning Area. Within the VCC planning area, no potentially significant water quality impacts 
were identified in the VCC EIR (April 1990), and the County did not adopt any mitigation measures in 

that regard. 

The VCC planning area incorporates approximately 321 acres planned for 178 acres of commercial 
development. Treatment control BMPs for runoff treatment included in the water quality impact analysis 
water quality model prepared for the proposed Project include biofilters (vegetated swales, filter strips, or 
bioretention areas) (Geosyntec, 2008). 

Table 4.4-32 below shows the estimated changes in storrnwater runoff volume and mean annual loads for 
the modeled pollutants of concern for the VCC planning area. Table 4.4-33 below shows the estimated 
changes in concentration in storrnwater runoff for the vee planning area. 

Table 4.4-32 
Estimated Average Annual Runoff Volume and Pollutant Loads for the VCC Project 

Existing Developed Developed Change 
Parameter Units Conditions w/out Conditions w/ 

Conditions 
PDFs PDFs w/PDFs 

Volume acre-ft 51 241 192 141 

ISS tons/yr 12.2 21 9.6 -2.6 

Total Phosphorus lbs/yr 68 234 186 118 

Nitrate-N + Nitrite-N lbs/yr 220 411 231 II 

Ammania-N lbs/yr 81 576 464 383 

Total Nitrogen lbs/yr 564 2,226 1,068 504 

Dissolved Copper lbs/yr 2.0 7.0 3.6 1.6 

Total Lead lbs/yr 1.3 6.1 2.5 1.2 

Dissolved Zinc lbs/yr 26 97 30 4 

Total Alum inurn lbs/yr 173 I, 181 582 409 

Chloride tons/yr 14 II 10 

Source: Geosyntec, 2008 

RMDP-SCP EISIEIR 4.4-115 April2009 

DFG027879 



4.4 WATERQUALITY 

Table 4.4-33 
Estimated Average Annual Pollutant Concentrations for the VCC Project 

Parameter 

ISS 

Total Phosphorus 

Nitrate-N + Nitrite-N 

Ammania-N 

Total Nitrogen 

Dissolved Copper 

Total Lead 

Dissolved Zinc 

Total Alum inurn 

Chloride 

Source: Geosyntec, 2008. 

Units 

mg/L 

mg/L 

mg/L 

mg/L 

mg/L 

flg/L 

flg/L 

flg/L 

flg/L 

mg/L 

Existing 
Conditions 

175 

0.49 

1.5 

0.58 

4.0 

14 

9.5 

189 

1,241 

20 

Developed Developed 
Conditions w/out Conditions w/ 

PDFs PDFs 
65 37 

0.4 0.36 

0.6 0.4 

0.9 0.89 

3.4 2.0 

II 7 

9.3 4.9 

148 57 

1,804 I, 114 

43 43 

Change w/ 
PDFs 

-138 

-0.13 

-1.1 

0.31 

-2.0 

-7 

-4.6 

-132 

-127 

23 

With the exception of TSS load, runoff volume and pollutant loads are predicted to increase under 
proposed conditions for the VCC planning area, when compared to existing conditions. TSS loads are 
predicted to decrease. With the exception of ammonia and chloride, pollutant concentrations are expected 
to decrease under proposed conditions, when compared to existing conditions. Ammonia and chloride 
concentrations are predicted to increase. With the PDFs required by Mitigation Measure WQ-1, the 
impacts to water quality of the vee project would be reduced to a less-than-significant level. 

The estimated average annual TSS, nutrient, and chloride concentrations in stormwater runoff from the 
total modeled VCC planning area are compared to water quality criteria in Table 4.4-34 below. Although 
nutrient and chloride loads are predicted to increase with development, concentrations of nutrients and 
chloride are predicted to decrease, with the exception of ammonia. Concentrations of TSS, nutrients, and 
chloride are predicted to be below all benchmark criteria. Concentrations of TSS, total phosphorus, 
ammonia, total nitrogen, and chloride are predicted to be within the range of concentrations observed in 
Santa Clara River Reach 5; nitrate plus nitrite-nitrogen is predicted to be below the observed 
concentrations. With the implementation of Mitigation Measure WQ-1, including the comprehensive site 
design, source control, and treatment control strategy summarized in Table 4.4-12, the predicted decrease 
in runoff concentrations, and the comparison with Basin Plan benchmark objectives, impacts from the 
VCC planning area on TSS, nutrient, and chloride receiving water quality would be reduced to a less than 
significant level under Significance Criteria 1 through 3. 
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Table 4.4-34 
Comparison of Estimated Nitrogen Compound Concentrations with Water Quality 
Objectives, TMDLs, and Observed Concentrations in Santa Clara River Reach 5 

Nutrient 

ISS 

Total 
Phosphorus 

Nitrate-N + 
Nitrite-N 

Ammania-N 

Total Nitrogen 

Chloride 

Notes: 

Estimated 
Developed 

Conditions w/ 
PDFs (mg/L) 

37 

0.4 

0.4 

0.9 

2 

43 

Basin Plan Water Quality 
Objectives (mg/L) 

Water shall not contain 
suspended or settleable 
material in concentrations 
that cause nuisance or 
adversely affect beneficial 
uses. 

Waters shall not contain 
biostirnulatory substances 
m concentrations that 
promote aquatic growth to 
the extent that such growth 
causes nmsance or 
adversely affects beneficial 
uses. 

5 

2.23 

Waters shall not contain 
biostirnulatory substances 
in concentrations that 
promote aquatic growth to 
the extent that such growth 
causes nmsance or 
adversely affects beneficial 
uses. 

100 

Wasteload 
Allocations for 

MS4 Discharges 
into the Santa 
Clara River 

Reach 5 (mg/L) 

NA 

NA 

6.82 

1.754 

NA 

100 

Range of 
Observed' 

Concentrations in 
Santa Clara River 

Reach 5 (mg/L) 

32- 6,591 

0.18-13.4 

0.5- 4.8 

<0.005 - 1.1 

<0.04- 465 

3 - 121 

Range of concentrations observed in the Santa Clara River during wet weather (Stations S29, NRl, and NR3). 

30-day average. 

Four-day average, ELS present, 90th percentile pH and temperature pairing observed at USGS Monitoring Station 
11108500. 
4 30-day average in Reach 5 below Valencia. 

Observed values for TKN (anunonia plus organic nitrogen). 

Source: Geosyntec, 2008. 
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Comparison of the estimated runoff metal concentrations for the VCC planning area and the acute CTR 
criteria for dissolved copper, total lead, dissolved zinc, and total aluminum are shown in Table 4.4-35 
below. The comparison of the post-developed with PDFs condition to the benchmark CTR values shows 
that all of the trace metal concentrations are predicted to be below the benchmark CTR criteria. 

There is no CTR criterion for aluminum, although there is a NAWQC criterion (750 11g/L (acute) for a pH 
range of 6.5 to 9.0) in the form of acid soluble aluminum. It is not possible to compare the estimated 
aluminum concentration to this criterion directly, as the available monitoring data used for modeling are 
for either dissolved aluminum or total aluminum. Acid soluble aluminum (which is operationally defined 
as the aluminum that passes through a 0.45 ~m membrane filter after the sample has been acidified to a 
pH between 1.5 and 2.0 with nitric acid) represents the forms of aluminum toxic to aquatic life or that can 
be converted readily to toxic forms under natural conditions. The acid soluble measurement does not 
measure forms of aluminum that are included in total aluminum measurement such as aluminum that is 
occluded in minerals, clays, and or is strongly adsorbed to particulate matter which are not toxic and are 
not likely to become toxic under natural conditions. Although the estimated mean total aluminum 
concentration (1.114 mg/L) is greater than the NAWQC benchmark criterion for acid soluble aluminum, 
the total aluminum concentration is predicted to decrease in the post-development condition and is within 
the range of observed concentrations in Santa Clara River Reach 5. 

Table 4.4-35 
Comparison of Estimated Trace Metal Concentrations for the VCC Planning Area with 

Water Quality Criteria and Observed Concentrations in Santa Clara River Reach 5 

Estimated Average CTR Criteria' 
Range of Observed2 

Concentrations in Santa 
Metal Annual Concentration Clara River Reach 5 

(~/L) (Jlg/L) 
(~/L) 

Dissolved Copper 7 32 3.3 - 22.6 

Total Lead 5 260 0.6- 40 

Dissolved Zinc 57 250 3- 37 

Total Alum inurn I, 114 N/A 131- 19,650 
Notes: 

Hardness = 250 rng/L, based on minimum observed value at USGS Station 11108500. Lead criteria is for total 
recoverable lead. There is no CTR criterion for ahnninurn. 

Range of concentrations observed in the Santa Clara River during wet weather (Stations S29, NRl, and NR3). 

Source: Geosyntec, 2008. 

Estimated concentrations of dissolved copper and total lead are within the range of observed 
concentrations in Santa Clara River Reach 5; the estimated mean concentration for dissolved zinc is 
above the observed range. The water quality impacts from zinc would be significant under Significance 
Criteria I through 3. However, with the implementation of Mitigation Measures SP-4.2-7 and WQ-1, 
including comprehensive site design, source control BMPs, and treatment control BMPs, , potential 
impacts, after treatment via PDFs, from trace metals from the VCC planning area would be reduced to a 
less-than-significant level under Significance Criteria I through 3. 
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As discussed above for the Specific Plan post-development storrnwater impact assessment for pollutants 
addressed without modeling. concentrations of hydrocarbons and MBAS are expected to increase. while 
concentrations of pathogens. pesticides. trash and debris. and cyanide may increase under proposed 
conditions when compared to existing conditions. which could be a significant impact to water quality 
under Significance Criteria 1 through 3. However. none of the qualitatively assessed constituents are 
expected to significantly impact receiving waters due to the implementation of a comprehensive site 
design. source control. and treatment control strategy in compliance with the MS4 permit and SUSMP 
requirements. Therefore. with implementation ofthe proposed PDFs required by Mitigation Measures SP-
4.2-7 and WQ-1. potential impacts from the VCC planning area on hydrocarbons. pathogens. pesticides. 
and trash and debris receiving water quality would be reduced to less than significant under Significance 
Criteria 1 through 3. 

Entrada Planning Area. The proposed SCP also would establish the Entrada Preserve Areas. This 
preserve would encompass approximately 27.0 acres located in the southeastern comer of the Entrada 
planning area. Although no development would occur upon implementation of the proposed SCP in the 
Entrada planning area. indirect impacts associated with Entrada development are reasonably foreseeable. 
Such development is reasonably foreseeable because the applicant is pursuing land use entitlements with 
Los Angeles County for the Entrada planning area. The planned land uses adjacent to the Entrada 
Preserve Area include proposed residential uses to the west and open space to the north and southwest. 
Areas immediately to the south of the Entrada Preserve Area would remain dedicated to the existing golf 
course and residential uses. and the planned western extension of Magic Mountain Parkway would be 
located north of the Entrada Preserve Area. Treatment control BMPs for runoff treatment included in the 
water quality impact analysis water quality model prepared for this analysis included extended detention 
basins. biofilters. media filters. and retention lake. which are the treatment control PDFs that would be 
included in the Entrada project. 

Table 4.4-36 below shows the predicted changes in storrnwater runoff volume and mean annual loads for 
the modeled pollutants of concern for the portion of Entrada planning area within the SCP boundary. 
Table 4.4-37 below shows the predicted changes in concentration in stormwater runoff for the Entrada 
planning area. 

Runoff volume and all pollutant loads with the exception of TSS and dissolved zinc are predicted to 
increase under proposed conditions for the Entrada planning area when compared to existing conditions. 
TSS and dissolved zinc loads are not predicted to change under proposed conditions. Concentrations of all 
pollutants with the exception of ammonia and chloride are predicted to decrease under proposed 
conditions when compared to existing conditions. Ammonia and chloride concentrations are predicted to 
increase. With the implementation ofPDFs required by Mitigation Measure WQ-1. the impacts to water 
quality of the Entrada project would be reduced to a less-than-significant level. 
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Table 4.4-36 
Estimated Average Annual Runoff Volume and Pollutant Loads 

for a Portion of the Entrada Planning Area 

Existing 
Developed Developed 

Change w/ 
Parameter Units Conditions Conditions w/ 

Conditions 
w/outPDFs PDFs 

PDFs 

Volume acre-ft 54 217 194 140 

ISS tons/yr II 23 II 0 

Total Phosphorus lbs/yr 38 186 123 85 

Nitrate-N + Nitrite-N lbs/yr 144 554 326 182 

Ammania-N lbs/yr 37 300 217 180 

Total Nitrogen lbs/yr 371 1,846 1,099 728 

Dissolved Copper lbs/yr 1.7 6.0 4.3 2.6 

Total Lead lbs/yr 0.8 4.1 2.7 1.9 

Dissolved Zinc lbs/yr 21 46 21 0 

Total Alum inurn lbs/yr 131 449 261 130 

Chloride tons/yr 0.5 5.0 4.4 3.9 

Source: Geosyntec, 2008. 

Table 4.4-37 
Estimated Average Annual Pollutant Concentrations for the Entrada Planning Area 

Existing 
Developed Developed 

Change 
Parameter Units Conditions Conditions w/ 

Conditions 
w/outPDFs PDFs 

w/PDFs 

ISS mg/L 143 77 42 -101 

Total Phosphorus mg/L 0.26 0.32 0.23 -0.03 

Nitrate-N + Nitrite-N mg/L 1.0 0.94 0.6 -0.4 

Ammania-N mg/L 0.25 0.51 0.41 0.16 

Total Nitrogen mg/L 2.5 3.1 2.1 -0.4 

Dissolved Copper flg/L 12 10 8 -4 

Total Lead flg/L 5.6 6.9 5.2 -0.4 

Dissolved Zinc flg/L 141 77 39 -102 

Total Alum inurn flg/L 884 759 494 -390 

Chloride mg/L 7 17 17 10 

Source: Geosyntec, 2008. 
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The estimated average annual TSS, nutrient, and chloride concentrations in stormwater runoff from the 
total modeled Entrada planning area are compared to water quality criteria in Table 4.4-38 below. 
Although loads of these pollutants are predicted to increase with development, the concentrations are 
predicted to be below all benchmark criteria. With the implementation of Mitigation Measure WQ-1, 
including comprehensive site design, source control BMPs, and treatment control BMPs, the predicted 
decrease in runoff concentration impacts from the Entrada project on TSS, nutrient, and chloride 
receiving water quality would be reduced to a less than significant level under Significance Criteria I 
through 3. 

Table 4.4-38 
Comparison of Estimated Nitrogen Compound Concentrations for the Entrada Planning Area with Water 

Quality Objectives, TMDLs, and Observed Concentrations in Santa Clara River Reach 5 

Nutrient 

ISS 

Total 
Phosphorus 

Nitrate-N + 
Nitrite-N 

Ammania-N 

Total 
Nitrogen 

Chloride 
Notes: 

Estimated 
Average Annual 
Concentration 

(mg/L) 

42 

0.2 

0.6 

0.4 

2 

17 

Basin Plan Water Quality 
Objectives (mg/L) 

Water shall not contain 
suspended or settleable 
material in concentrations that 
cause nmsance or adversely 
affect beneficial uses. 

Waters shall not contain 
biostirnulatory substances in 
concentrations that promote 
aquatic growth to the extent 
that such growth causes 
nuisance or adversely affects 
beneficial uses. 

5 

2.23 

Waters shall not contain 
biostirnulatory substances in 
concentrations that promote 
aquatic growth to the extent 
that such growth causes 
nuisance or adversely affects 
beneficial uses. 

100 

Wasteload 
Allocations for Range of Observed' 

MS4 Discharges Concentrations in 
into the Santa Santa Clara River 

Reach 5 (mg/L) 

NA 32- 6,591 

NA 0.18-13.4 

6.82 0.5- 4.8 

1.75' <0.005 - 1.1 

NA <0.04- 465 

100 3 - 121 

1 Range of concentrations observed in the Santa Clara River during wet weather (Stations S29, NRl, and NR3). 
30-day average. 
Four-day average, ELS present, 90th percentile pH and temperature pairing observed at USGS Monitoring Station 

11108500. 
4 30-day average in Reach 5 below Valencia. 

Observed values for TKN (anunonia plus organic nitrogen). 
Source: Geosyntec, 2008. 
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Comparison of the estimated runoff metal concentrations for the Entrada planning area and the acute CTR 
criteria for dissolved copper, total lead, dissolved zinc, and total aluminum are shown in Table 4.4-39 
below. The water quality impacts from zinc would be potentially significant under Significance Criteria I 
through 3. A comparison of the post-developed conditions, including proposed PDFs, to the benchmark 
CTR values shows that all of the trace metal concentrations are predicted to be below the benchmark 
water quality criteria. 

There is no CTR criterion for aluminum, although there is a NAWQC criterion (750 11g/L (acute) for a pH 
range of 6.5 to 9.0) in the form of acid soluble aluminum. It is not possible to compare the estimated 
aluminum concentration to this criterion directly, as the available monitoring data used for modeling are 
for either dissolved aluminum or total aluminum. Acid soluble aluminum (which is operationally defined 
as the aluminum that passes through a 0.45 ~m membrane filter after the sample has been acidified to a 
pH between 1.5 and 2.0 with nitric acid) represents the forms of aluminum toxic to aquatic life or that can 
be converted readily to toxic forms under natural conditions. The acid soluble measurement does not 
measure forms of aluminum that are included in total aluminum measurement such as aluminum that is 
occluded in minerals, clays, and or is strongly adsorbed to particulate matter which are not toxic and are 
not likely to become toxic under natural conditions. The estimated mean total aluminum concentration 
(494 mg/L) is less than the NAWQC benchmark criterion for acid soluble aluminum, is predicted to 
decrease in the post-development condition, and is within the range of observed concentrations in Santa 
Clara River Reach 5. 

With the implementation of Mitigation Measure WQ-1, including the comprehensive site design, source 
control BMPs, and treatment control BMPs, the predicted decrease in runoff concentrations, and the 
comparison with Basin Plan benchmark objectives, potential impacts from the portion of the Entrada 
planning area on trace metals receiving water quality would be reduced to a less-than-significant level 
under Significance Criteria I through 3. 

Table 4.4-39 
Comparison of Estimated Trace Metal Concentrations for the Entrada Planning Area with 

Water Quality Criteria and Observed Concentrations in Santa Clara River Reach 5 

Metal 

Dissolved Copper 

Total Lead 

Dissolved Zinc 

Total Alum inurn 
Notes: 

Estimated Average 
Annual Concentration 

(~Jg/L) 

8 

5 

39 

494 

California Toxics Rule 
Range of Observed2 

Criteria1 Concentrations in Santa 

(~Jg/L) 
Clara River Reach 5 

(~Jg/L) 

32 3.3 - 22.6 

260 0.6- 40 

250 3- 37 

N/A 131- 19,650 

Hardness = 250 rng/L, based on minimum observed value at USGS Station 11108500. Lead criteria are for total recoverable 
lead. There is no CTR criterion for alumimnn. 

Range of concentrations observed in the Santa Clara River during wet weather (Stations S29, NRl, and NR3). 

Source: Geosyntec, 2008. 
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As discussed above for the Specific Plan post-development stormwater impact assessment for pollutants 

addressed without modeling. concentrations of hydrocarbons and MBAS are expected to increase. while 
concentrations of pathogens. pesticides. trash and debris. and cyanide may increase under proposed 
conditions when compared to existing conditions. which could be a significant impact to water quality 
under Significance Criteria 1 through 3. However. none of the qualitatively assessed constituents are 
expected to significantly impact receiving waters due to the implementation of a comprehensive site 
design. source control. and treatment control strategy in compliance with the MS4 permit and SUSMP 
requirements. Therefore. with implementation of Mitigation Measure WQ-1. impacts from the Entrada 
planning area on hydrocarbons. pathogens. pesticides. and trash and debris receiving water quality would 
be reduced to a less than significant level under Significance Criteria 1 through 3. 

4.4.6.2.3 Secondary Impacts to Surface Water Quality 

Impacts to surface water quality in the Santa Clara River Corridor outside the footprint of the Project area 

are evaluated as secondary impacts. 

RMDP Secondary Impacts. As the potential short-term. construction-related direct and indirect water 
quality impacts of the RMDP would be reduced to a less-than-significant level under Significance Criteria 

1 through 3 within the Project boundary. the short-term secondary impacts to water quality in the Santa 
Clara River also would be reduced to a less-than-significant level. 

Similarly. with the implementation of Mitigation Measures SP-4.2-7 and WQ-1. the comprehensive site 
design. source control BMPs and treatment control BMPs. and full compliance with regulatory 
requirements. long-term direct and indirect impacts from RMDP maintenance activities and Specific Plan 
build-out on receiving water quality would be reduced to a less than significant level under Significance 
Criteria 1 through 3. 

SCP Secondary Impacts. As the potential short-term. construction-related direct water quality impacts of 
the SCP and short-term indirect impacts of the SCP would be reduced to a less-than-significant level 
under Significance Criteria 1 through 3 within the Project boundary. the short-term secondary impacts to 
water quality in the Santa Clara River also would be less than significant. . No further mitigation 
measures are required. 

Similarly. the comprehensive site design. source control BMPs (including the IPM strategy for SCP 
maintenance). and treatment control BMPs. as well as compliance with regulatory requirements would 
assure that potential long-term direct and indirect impacts from SCP maintenance activities and 
development of the VCC and Entrada projects on receiving water quality would not be significant under 
Significance Criteria 1 through 3. Therefore. the long-term secondary impacts to water quality in the 
Santa Clara River also would be reduced to a less than significant level with the implementation of 
proposed mitigation measures. 
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4.4.6.2.4 Direct Impacts to Groundwater 

RMDP Direct Impacts. 

Short-Term Impacts to Groundwater Quality. Pollutants that are of concern to groundwater during 
construction relate to construction materials and non-stormwater flows and include construction materials 
(e.g., paint); chemicals, liquid products, and petroleum products used in facility construction or the 
maintenance of heavy equipment; and concrete-related pollutants. Prior to implementing the BMPs 
identified below, such impacts to groundwater are considered significant under Significance Criterion 4. 

Construction impacts to groundwater due to Project development would be minimized through 
compliance with the construction general permit Order No. 99-08-DWQ). This permit requires the 
development and implementation of a SWPPP, which must include BMPs that control potential 
construction-related pollutants. A SWPPP would be developed in compliance with the required 

construction general permit, the County of Los Angeles' standard conditions, and consistent with 
Mitigation Measure SP-4.2-7. The construction general permit requires BMP selection, implementation, 
and maintenance during construction. 

The following BMPs would be implemented to minimize groundwater quality impacts due to construction 
activities in a riverbed: 

• Any equipment or vehicles driven and/or operated within or adjacent to the stream shall be checked 
and maintained daily, to prevent leaks of materials that could introduced to groundwater. 

• Stationary equipment such as motors, pumps, generators, and welders, located within the riverbed 
construction zone shall be positioned over drip pans. Fuel storage tanks shall have secondary 
containment. 

• The applicant would use its best efforts to ensure that no debris, bark, slash, sawdust, rubbish, 
cement, or concrete or washings thereof, oil, petroleum products, or other organic material from any 
construction, or associated activity of whatever nature shall be allowed to enter into or be placed 
where it may be washed by rainfall or runoff into waters of the state, including groundwater. When 
operations are completed, any excess materials or debris shall be removed from the work area. 

• BMPs identified in a SWPPP must be implemented during equipment maintenance to prevent 
petroleum products or other pollutants from the equipment from contaminating soils and/ or 
groundwater. 

Construction of the in-stream elements within the RMDP would require dewatering. For example, 
excavation depths required for bank protection would be below the River bottom and frequently 
encounter groundwater that would need to be removed during the construction period. The dewatering 
activity would place shallow wells close to the excavation, drawing down the groundwater in the 
construction zone. Typically, soil composition within the dry streambed is such that the discharged 
dewatering flows would percolate quickly back into the ground from which they came. These dewatering 
flows do not pose a risk to groundwater quality, and, are considered a less-than-significant impact under 
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Significance Criterion 4. No further nnligation measures are required. Such discharges would be 
implemented in compliance with the Los Angeles R WQCB's general WDRs (under Order No. R4-2003-
0111; NPDES No. CAG994004) governing construction-related dewatering discharges within the Project 
area or an individual WDR/NPDES permit specific to the Project dewatering activities and in conjunction 
with the requirements of Mitigation Measure SP-4.2-7. Typical BMPs for in-stream construction 
dewatering include infiltration of clean groundwater or on-site treatment using an engineered system 
designed to remove particulates, such as a weir tank, which allows sediment to settle out of suspension 
before the water is discharged. To minimize impacts to receiving waters from the dewatering discharge, 
discharged water would be allowed to "sheet-flow" from energy dissipaters soaking into the dry soils, or 
the discharge would be routed through a sprinkler field and sprayed over a large upland area adjacent to 
the river/streambed with the intent to percolate the entire discharge. Compliance with these WDRs 
constitutes a PDF, further assuring that the impacts of these discharges are less than significant. 

Implementation of BMPs during the construction of the proposed RMDP infrastructure improvements 
consistent with the BAT/BCT requirements of the construction general permit and the general WDRs in 
the dewatering general permit or individual WDR would reduce or prevent transport of potential 
pollutants to groundwater during the RMDP construction phase. Implementation of existing regulatory 
requirements would be adequate to ensure that discharges during the Project construction phase would not 
cause or contribute to any exceedance of groundwater quality standards. Therefore, with the 
implementation of proposed PDFs, and Mitigation Measures SP-4.2-7 and WQ-1, including compliance 
with applicable permits and implementation of BMPs, the impacts of proposed RMDP infrastructure 
facilities would be reduced to a less-than-significant level and would not result in significant direct 
groundwater quality impacts under Significance Criterion 4. 

Long-Term Impacts to Groundwater Quality. Following completion of construction activities, the 
temporary impact zone would be restored to channel grade and revegetated with native riparian and 
upland species as appropriate. As the RMDP infrastructure improvements would be constructed from 
inert materials that would not generate pollutants of concern, there would be no long-term direct impacts 
to groundwater from the RMDP components. 

The proposed RMDP project component includes facility operation and maintenance activities associated 
with the various flood control improvements, stream bank protection, drainage facilities, and stormwater 
discharge outfalls. Impacts from these maintenance activities could be significant under Significance 
Criterion 4. 

Any section 1605 agreement to be issued to the applicant for the long-term operation of RMDP 
infrastructure would contain standard measures similar to those described above to minimize groundwater 
quality impacts due to RMDP operation and maintenance activities. Full compliance with regulatory 
requirements and Mitigation Measures SP-4.2-7 and WQ-1, would ensure that impacts from maintenance 
activities are reduced to a less-than-significant level under Significance Criterion 4 .. 

SCP Direct Impacts. 

Short-Term Direct Impacts to Groundwater Quality. The proposed SCP is a conservation and 
permitting plan for an upland plant species, and would not authorize any construction activities that would 
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have the potential to result in groundwater quality impacts. Therefore. no short-term direct impacts would 
result from implementation of the SCP relative to Significance Criterion 4. and no mitigation measures 
are required. 

Long-Term Direct Impacts to Groundwater Quality. The proposed SCP is a management and 
monitoring program developed to ensure long-term persistence of spineflower within the Project area. 
The SCP outlines specific management practices with regard to agriculture practices. appropriate signs 
around the preserves. erosion control methods. landscaping. construction activities near the preserves. and 
other activities. The SCP includes specific monitoring measures and success criteria. as well as an 
adaptive management plan and funding requirements. 

Maintenance would include controlling plant diseases and animal pests determined to be significant to the 
health and survival of the spineflower. As these maintenance activities may include the use of pesticides. 
they may impact groundwater quality per Significance Criterion 4 if not conducted properly. 

The SCP indicates that weeding efforts shall consider the overall preserve goal. which is to promote the 
long-term survival of spineflower. Prior to applying herbicides. it shall be determined by the preserve 
manager that the proposed herbicide. when applied per the labeled directions. would not directly or 
indirectly affect spineflower plants. or dormant seed or associated pollinators or cause a significant or 
prolonged decline. Weed control measures within the spineflower preserves shall be preapproved by the 
preserve manager and CDFG in writing. Recommendations for herbicide use shall be prescribed by a 
PCA. and applied by a licensed or certified pesticide applicator. as required by law. 

All weed control work shall be supervised by a qualified foreman capable of readily distinguishing weeds 
from native plants. Weed control work shall utilize IPM techniques that focus on avoiding and 
minimizing potential weed invasion problems. by minimizing soil disturbance and quickly controlling any 
new populations of invasive weed species before they spread and colonize. When weed control work is 
determined to be necessary. the least damaging. most selective method(s) available shall be used. 

Pest control is not anticipated to be required in the preserve areas on a regular basis. However. 1t 1s 
possible that gophers. squirrels. rabbits. and other animals may need to be at least periodically controlled 
in preserve areas. In addition. if an herbivore is identified foraging on spineflower plants or plants 
installed during revegetation efforts and the damage is determined by the preserve manager or CDFG to 
be significant. it may need to be controlled. The control methods would be dependant on the species that 
needs control. however. pest control would utilize IPM techniques. Impetus would be placed on using 
controls such as exclusionary fencing. rodent traps. fake owls. scarecrows. reflective silver ties. etc. Plant 
shelters and gopher cages may be used on new plantings in restoration areas. 

Insect control is not anticipated to be needed on a regular basis. but may be more likely once the 
surrounding areas are developed. especially along the urban fringes. and/or habitat restoration areas where 
establishing plants are more likely to become stressed and. therefore. predisposed to insect infestation. 
Although not expected. severe infestations of insects determined by the preserve manager or CDFG to be 
detrimental to the survival of a significant number of native plants or spineflower shall be controlled 
using the least toxic controls available. including sticky yellow insect strips. non-copper horticultural oils. 
and biological controls such as ladybugs. damsel bugs. green lacewings and/or minute pirate bugs. All 
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control methods would be prescribed in writing by the preserve manager and subject to the approval of 
CDFG at least two weeks in advance. 

Based upon the above discussion, direct groundwater quality impacts of the SCP would be related to 
occasional use of pesticides, and long-term groundwater quality impacts from pesticide use. The 
groundwater quality impacts would be less than significant relative to Significance Criterion 4 based on 
the utilization ofiPM techniques required by Mitigation Measure WQ-2 .. 

4.4.6.2.5 Indirect Impacts to Groundwater Quality 

RMDP Indirect Impacts. 

Short-Term Indirect Impacts to Groundwater Quality. Pollutants that are of concern to groundwater 
during construction relate to construction materials and non-stormwater flows and include construction 
materials (e.g., paint); chemicals, liquid products, and petroleum products used in facility construction or 
the maintenance of heavy equipment; and concrete-related pollutants. Prior to implementing the BMPs 
described below, such impacts to groundwater could be significant under Significance Criterion 4. 

Construction impacts to groundwater due to Specific Plan build-out would be minimized through 
compliance with the construction general permit (Order No. 99-08-DWQ). This permit requires the 
development and implementation of a SWPPP, which must include BMPs that control potential 
construction-related pollutants. A SWPPP would be developed as required by, and in compliance with, 
the construction general permit and the County of Los Angeles' standard conditions. The construction 
general permit requires BMP selection, implementation, and maintenance during construction. The 
following BMPs that would be implemented during construction would protect groundwater: 

Waste and Materials Management: 

1. Management of the following types of materials, products, and wastes: solid, sanitary, concrete, 
hazardous and equipment-related. 

Non-stormwater Management: 

2. BMPs to reduce pollutants at their source before they are exposed to stormwater, including such 
measures as: water conservation practices, and vehicle and equipment cleaning and fueling 
practices. 

Training and Education: 

3. Training of individuals responsible for SWPPP preparation, implementation, and permit 
compliance, including contractors and subcontractors. 

4. Signage (bilingual, if appropriate) to address SWPPP-related issues (such as site clean up 
policies, BMP protection, washout locations, etc.). 
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Maintenance, Monitoring and Inspections: 

5. Performing routine site inspections and inspections before, during (for storm events> 24 hours), 
and after storm events. 

6. Implementing maintenance and repa1rs of BMPs as indicated by routine and storm-event 
inspections. 

7. Preparation and implementation of a sampling and analysis plan for non-visible pollutants. 

In addition, mitigation via 1600 agreement conditions would apply as discussed above. Dewatering 
relating non-stormwater discharges would be implemented in compliance with the Los Angeles 
RWQCB's general WDRs (under Order No. R4-2003-0111; NPDES No. CAG994004) governing 
construction-related dewatering discharges within the Project development areas. Typical BMPs for in
stream construction dewatering include infiltration of clean groundwater or on-site treatment using an 
engineered system designed to remove particulates, such as a weir tank, which allows sediment to settle 
out of suspension before the water is discharged. To minimize impacts to receiving waters from the 
dewatering discharge, discharged water would be allowed to "sheet-flow" from energy dissipaters soaking 
into the dry soils, or the discharge would be routed through a sprinkler field and sprayed over a large 
upland area adjacent to the river/streambed with the intent to percolate the entire discharge. Compliance 
with these WDRs and Mitigation Measure SP-4.2-7 reduces the impacts of these discharges to a less-than
significant level. 

Implementation of BMPs during the construction of the Specific Plan projects consistent with the 
BAT/BCT requirements of the construction general permit and the general WDRs in the dewatering 
general permit or individual WDR would reduce or prevent transport of potential pollutants to 
groundwater during the Specific Plan construction phase. Implementation of existing regulatory 
requirements would be adequate to ensure that discharges during the construction phase would not cause 
or contribute to any exceedance of groundwater quality standards. Therefore, compliance with applicable 
permits and agreements, including proposed PDF BMPs, and the implementation of Mitigation Measures 
SP-4.2-7 and WQ-1, would ensure that Specific Plan build-out would not result in significant short-term 
indirect groundwater quality impacts under Significance Criterion 4. 

Long-Term Indirect Impacts to Groundwater Quality. The Newhall Ranch Specific Plan Sub
Regional Stormwater Mitigation Plan sets forth the urban runoff management program that would be 
implemented for the Specific Plan subregion (Geosyntec, 2008). Stormwater management, including 
planning for groundwater quality protection, is central to assuring the long-term viability of beneficial 
uses, including important habitat systems and species dependent upon those systems. The Newhall Ranch 
Specific Plan Sub-Regional Stormwater Mitigation Plan assesses potential groundwater quality impacts 
associated with the approved Specific Plan development and proposes control measures to address those 
potential impacts. 

Groundwater Pollutants of Concern. Chemical characteristics that influence the potential for 
groundwater impacts include high mobility (low absorption potential), high solubility fractions, and 
abundance in runoff, including dry weather flows. As a class of constituents, trace metals tend to adsorb 
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onto soil particles and are filtered out by the soils. This has been confirmed by extensive data collected 
beneath storm water detention/retention ponds in Fresno (conducted as part of the Nationwide Urban 
Runoff Program) that showed that trace metals tended to be adsorbed in the upper few feet in the bottom 
sediments. Bacteria also are filtered out by soils. More mobile constituents such as chloride and nitrate 
would have a greater potential for infiltration. The pollutants of concern for this groundwater quality 
analysis are those that are anticipated or potentially could be generated by Specific Plan build-out at 
concentrations, based on water quality data collected in Los Angeles County from land uses that are the 
same as those included in the Specific Plan, as well as pollutants that have the potential to impair 
beneficial uses ofthe groundwaters below the Specific Plan subregion. 

Nitrate+nitrite-N was chosen as the pollutant of concern for purposes of evaluating groundwater quality 
impacts based upon the above considerations (Geosyntec, 2008). High nitrate levels in drinking water can 
cause health problems in humans. Human activities and land use practices can influence nitrogen 
concentrations in groundwaters. For example, irrigation water containing fertilizers can increase levels of 
nitrogen in groundwater. This is a potentially significant indirect impact under Significance Criterion 4. 

Other potential groundwater pollutants that are not pollutants of concern for the proposed Project include 
bacteria, chemical constituents and radioactivity, taste and odor, and mineral quality. The Basin Plan 
contains numeric criteria for bacteria in drinking water sources. As bacteria are removed through straining 
in soils (for example, as with septic tank discharges), incidental infiltration of runoff in the treatment 
PDFs is not expected to affect bacteria levels in groundwater. The WRP will include a disinfection 
process to reduce bacteria below levels of concern, and, therefore, bacteria in irrigation water are not 
expected to impact groundwater. Drinking water limits for inorganic and organic chemicals that can be 
toxic to human health in excessive amounts and radionuclides are contained in Title 22 of the California 
Code of Regulations. These chemicals and radionuclides are not expected to occur in the Specific Plan 
project's runoff. Title 22 specifies California's Wastewater Reclamation Criteria (WRC) and the Specific 
Plan WRP's recycled water must meet or exceed these criteria. These criteria apply to the treatment 
processes; treatment performance standards, such as removal efficiencies and effluent water quality; 
process monitoring programs, including type and frequency of monitoring; facility operation plans; and 
necessary reliability features. The Basin Plan contains a narrative objective for taste and odor that cause a 
nuisance or adversely affect beneficial uses. Undesirable tastes and odors in groundwater may be a 
nuisance and may indicate the presence of a pollutant(s). Odor associated with water can result from 
natural processes, such as the decomposition of organic matter or the reduction of inorganic compounds, 
such as sulfate. Other potential sources of odor causing substances, such as industrial processes, will not 
occur as part of the proposed Project. Therefore, taste and odor-producing substances are not pollutants of 
concern. Mineral quality in groundwaters is largely influenced by the mineral assemblage of soils and 
rocks that it comes into contact with. Elevated mineral concentrations could impact beneficial uses; 
however, the minerals listed in the Basin Plan are not believed to be pollutants of concern due to the 
anticipated runoff concentrations and the expected mineral concentrations in WRP irrigation water, which 
are below the Basin Plan groundwater objectives. As required by the CW A, the Newhall Ranch WRP 
discharge permit (Mitigation Measure SP-5.0-55) includes effluent limitations that are protective of 
receiving water quality and designated beneficial uses. Effluent limits in the WDR were developed based 
on the most stringent of applicable technology-based and water quality-based standards, including Basin 
Plan surface and groundwater objectives, CTR criteria, and applicable TMDL waste load allocations. 
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Therefore, these constituents are not considered pollutants of concern for the proposed Project and no 
mitigation measures are required. 

Specific Plan Post-Development Groundwater Assessment Discharge from Specific Plan build-out to 
groundwater would occur in three ways: (1) through general infiltration of irrigation water; (2) through 
incidental infiltration of urban runoff in the proposed treatment control PDFs after treatment; and (3) 
infiltration of urban runoff, after treatment in the PDFs, in the Santa Clara River and tributaries, which is 
the primary recharge zone for groundwater in the Santa Clara Valley. Groundwater quality would be 
protected through implementation of the Specific Plan's site design, source control, and treatment control 
PDFs prior to discharge of runoff to groundwater. 

Per the Los Angeles RWQCB clarification letter, generally, the common pollutants in stormwater are 
filtered or adsorbed by soil, and, unlike hydrophobic solvents and salts, do not cause groundwater 
contamination. In any case, infiltration of one to two inches of rainfall in semiarid areas like Southern 
California where there is a high rate of evapotranspiration presents minimal risks. 

The Basin Plan groundwater quality objective for nitrate-nitrogen plus nitrite-nitrogen is 10 mg!L (which 
is more stringent than the objective for nitrate-nitrogen alone (10 mg!L) and for nitrite-nitrogen alone (1 
mg!L)). The estimated nitrate-nitrogen plus nitrite-nitrogen concentration in runoff after treatment in the 
Project PDFs is 0.6 mg!L, which is well below the groundwater quality objective. 

Wastewater generated by Specific Plan build-out would be treated in the Newhall Ranch WRP. Treatment 
at the Newhall Ranch WRP would consist of screening; activated sludge secondary treatment with 
membrane bioreactors; nitrification/denitrification; ultraviolet disinfection; and partial reverse osmosis. 
Discharges from the Newhall Ranch WRP treatment facility are permitted by a NPDES permit and WDRs 
issued by the Los Angeles R WQCB in October 2007. Treated effluent from the Newhall Ranch WRP 
would be used to supply distribution of recycled water throughout the Specific Plan area in the form of 
irrigation of landscaping and other approved uses. The Newhall Ranch WRP permit contains effluent 
limitations that would control the amount of conventional, nonconventional, and toxic pollutants 
discharged to the receiving waters. These effluent limits are a combination of technology-based limits ( 40 
C.F.R. § 122.44(a)) and water quality-based limits (40 C.F.R. § 122.44(d)). The effluent limitation 
contained in the Newhall Ranch WRP Permit for nitrate-N plus nitrite-N is 5 mg/L and the limitation for 
nitrite-N is 0.9 mg!L (average monthly). 

As the Basin Plan groundwater quality objective for nitrate-nitrogen plus nitrite-nitrogen is 10 mg!L and 
is 1 mg!L for nitrite-nitrogen, the Newhall Ranch WRP irrigation water supply that would serve the 
Project would be well below the groundwater quality objectives. 

Therefore, after treatment via the PDFs described above, and implementation of Mitigation Measures SP-
4.2-7 and WQ-1, build-out of the Specific Plan would not result in significant long-term indirect 

groundwater quality impacts under Significance Criterion 4. No further mitigation measures are required. 

SCP Indirect Impacts. Implementation of the proposed SCP would indirectly facilitate previously 
approved urban developments within the Specific Plan area, and on portions of the VCC and Entrada 
planning areas. Groundwater quality impacts of the Specific Plan development are evaluated above. 
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Short-Term Indirect Impacts to Groundwater Quality. Pollutants that are of concern to groundwater 
during construction relate to construction materials and non-stormwater flows and include construction 
materials (e.g., paint); chemicals, liquid products, and petroleum products used in facility construction or 
the maintenance of heavy equipment; and concrete-related pollutants. Such impacts to groundwater 
quality are potentially significant under Significance Criterion 4. 

Construction impacts to groundwater due to V CC and Entrada project development would be minimized 
tlnough compliance with the construction general permit (Order No. 99-08-DWQ). This permit requires 
the development and implementation of a SWPPP, which must include BMPs that control potential 
construction-related pollutants. A SWPPP would be developed as required by, and in compliance with, 
the construction general permit and the County of Los Angeles' standard conditions. The construction 
general permit requires BMP selection, implementation, and maintenance during construction. The 
following BMPs that would be implemented during construction would protect groundwater: 

Waste and Materials Management: 

I. Management of the following types of materials, products, and wastes: solid, sanitary, concrete, 
hazardous and equipment-related wastes. 

Non-stormwater Management: 

2. BMPs to reduce pollutants at their source before they are exposed to stormwater, including such 
measures as: water conservation practices, vehicle and equipment cleaning and fueling 
practices. 

Training and Education: 

3. Training of individuals responsible for SWPPP preparation, implementation, and permit 
compliance, including contractors and subcontractors. 

4. Signage (bilingual, if appropriate) to address SWPPP-related issues (such as site clean up 
policies, BMP protection, washout locations, etc.). 

Maintenance, Monitoring and Inspections: 

5. Performing routine site inspections and inspections before, during (for storm events> 24 hours), 
and after storm events. 

6. Implementing maintenance and repa1rs of BMPs as indicated by routine and storm-event 
inspections. 

7. Preparation and implementation of a sampling and analysis plan for non-visible pollutants. 

Dewatering related non-stormwater discharges would be implemented in compliance with the Los 
Angeles RWQCB's general WDRs (under Order No. R4-2003-0111; NPDES No. CAG994004) 
governing construction-related dewatering discharges within the Project development areas. Typical 
BMPs for in-stream construction dewatering include infiltration of clean groundwater or on-site treatment 
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using an engineered system designed to remove particulates, such as a weir tank, which allows sediment 
to settle out of suspension before the water is discharged. To minimize impacts to receiving waters from 
the dewatering discharge, discharged water would be allowed to "sheet-flow" from energy dissipaters 
soaking into the dry soils, or the discharge would be routed through a sprinkler field and sprayed over a 
large upland area adjacent to the river/streambed with the intent to percolate the entire discharge. 
Compliance with these WDRs constitutes a PDF, further assuring that the impacts of these discharges are 
less than significant. 

Implementation of BMPs during the construction of the VCC and Entrada projects consistent with the 
BAT/BCT requirements of the construction general permit and the general WDRs in the dewatering 
general permit or individual WDR would reduce or prevent transport of potential pollutants to 
groundwater during the Specific Plan construction phase. Implementation of existing regulatory 
requirements would be adequate to ensure that discharges during the construction phase would not cause 
or contribute to any exceedance of groundwater quality standards. Therefore, after full compliance with 
applicable permits and agreements, the implementation of Mitigation Measure WQ-1 and the proposed 
PDF BMPs discussed above, the short-term indirect groundwater quality impacts under Significance 
Criterion 4 would be reduced to a less-than-significant level. 

Long-Term Indirect Impacts to Groundwater Quality. Implementation of the proposed SCP would 
indirectly facilitate previously approved urban developments within the Specific Plan area, and on 
portions of the VCC and Entrada planning areas. Potential groundwater quality impacts of the Specific 
Plan development are evaluated above. Similar to the Specific Plan area, indirect impacts to groundwater 
are a potentially significant impact under Significance Criterion 4. 

Discharge from the VCC and Entrada projects to groundwater would occur in three ways: (1) through 
general infiltration of irrigation water; (2) through incidental infiltration of urban runoff in the treatment 
control BMPs that would be required consistent with regulatory requirements, after treatment; and (3) 
infiltration of urban runoff, after treatment in the PDFs, in the Santa Clara River, which is the primary 
recharge zone for groundwater in the Santa Clara Valley. Groundwater quality would be fully protected 
through implementation of the VCC and Entrada projects' site design, source control, and treatment 
control PDFs prior to discharge of runoff to groundwater. 

Per the Los Angeles RWQCB clarification letter, generally, the common pollutants in stormwater are 
filtered or adsorbed by soil, and, unlike hydrophobic solvents and salts, do not cause groundwater 
contamination. In any case, infiltration of one to two inches of rainfall in semiarid areas like Southern 
California where there is a high rate of evapotranspiration presents minimal risks. 

The Basin Plan groundwater quality objective for nitrate-nitrogen plus nitrite-nitrogen is 10 mg/L (which 
is more stringent than the objective for nitrate-nitrogen alone (10 mg/L) and for nitrite-nitrogen alone (1 
mg/L)). The estimated nitrate-nitrogen plus nitrite-nitrogen concentration in runoff after treatment in the 

project BMPs is 0.4 mg/L- 0.6 mg/L, which is well below the groundwater quality objective. 

Irrigation water for the VCC and Entrada projects is anticipated to be recycled water. As required by the 
CW A, the discharge permit for the WRP that would supply the recycled water would include effluent 
limitations that are protective of surface receiving water quality and designated beneficial uses. As the 
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surface water quality Basin Plan objective for nitrate-nitrogen plus nitrite-nitrogen is 5 mg/L and the 
WRP discharge permit would be conditioned to meet this criteria. the WRP irrigation water supply that 
would serve the VCC and Entrada projects would be well below the groundwater quality objective of 10 
mg/L. 

Therefore. after treatment via the PDFs described above and the implementation of Mitigation Measures 
WQ-1. build-out of VCC and a portion of the Entrada planning area would not result in significant long
term indirect groundwater quality impacts under Significance Criterion 4. 

4.4.6.2.6 Secondary Impacts to Groundwater Quality 

Impacts to groundwater quality outside the footprint of the Project area are evaluated as secondary 
impacts. 

RMDP Secondary Impacts. The potential short-term. construction-related direct and indirect 
groundwater quality impacts of the RMDP would be less than significant under Significance Criterion 4 
within the Project boundary. Therefore. the short-term secondary impacts to groundwater quality also 
would be less than significant. 

Similarly. with the implementation of Mitigation Measure WQ-1. the comprehensive site design. source 
control. and treatment control strategy summarized in Table 4.4-12. and compliance with regulatory 
requirements. the long-term direct and indirect impacts from RMDP maintenance activities and Specific 
Plan build-out on groundwater quality would be reduced to a less than significant level under Significance 
Criterion 4. Therefore. the long-term secondary impacts to groundwater quality also would be less than 
significant. No further mitigation measures are required. 

SCP Secondary Impacts. There are no potential short-term. construction-related direct groundwater 
quality impacts of the SCP and short-term indirect impacts would not be significant under Significance 
Criterion 4 within the Project boundary. Therefore. the short-term secondary impacts to water quality in 
the Santa Clara River also would be less than significant. 

Similarly. PDFs required by Mitigation Measure WQ-1. including the comprehensive site design. source 
control BMPs (including the IPM strategy for SCP maintenance) and treatment control BMPs. and 
compliance with regulatory requirements. would ensure that potential long-term direct and indirect 
impacts from SCP maintenance activities and development of the VCC and Entrada projects on receiving 
water quality would be reduced to a less than significant level under Significance Criterion 4. Therefore. 
the long-term secondary impacts to groundwater quality in the downstream portions of the Santa Clara 
River also would be less than significant. No further mitigation measures are required. 

4.4.6.2. 7 Total Impacts -Alternative 2 

Direct Impacts. 

Short-Term Direct Impacts to Surface Water and Groundwater Quality. Installation of the RMDP 
infrastructure could directly impact water quality during construction. Without regulatory controls. these 
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impacts could be significant under the requirements of Significance Criteria 1 through 4. The proposed 
SCP is a conservation and permitting plan for an upland plant species. and would not authorize any 
construction activities. Therefore. no short-term direct impacts would result from implementation of the 
SCP relative to Significance Criteria 1 through 4. Proposed PDFs. as required by Mitigation Measure 
WQ-1. including implementation of existing regulatory requirements. would be adequate to ensure that 
discharges during the Project construction phase would not cause or contribute to any exceedance of 
surface water or groundwater quality standards in receiving waters. Therefore. after compliance with 
proposed mitigation. the construction general permit from the SWRCB and dewatering WDRs from the 
Los Angeles R WQCB. the development of proposed RMDP infrastructure would result in less-than
significant direct water quality impacts under Significance Criteria 1 through 4. 

Long-Term Direct Impacts to Surface Water and Groundwater Quality. RMDP and SCP 
maintenance activities could result in significant impacts to surface water and groundwater quality under 
Significance Criteria 1 through 4. However. compliance with regulatory requirements and the utilization 
of proposed IPM techniques for SCP maintenance activities as required by Mitigation Measure WQ-2. 
would ensure that potential impacts from maintenance activities would be less than significant under 
Significance Criteria 1 through 4. 

Indirect Impacts. 

Short-Term Indirect Impacts to Surface Water and Groundwater Quality. The potential impacts of 
construction activities. construction materials. and non-stormwater runoff on water quality during the 
construction phase of the Specific Plan. vee. and Entrada planning areas build-out could result in 
significant impacts to water quality under Significance Criteria 1 through 4. Implementation of existing 
regulatory requirements and the requirements of Mitigation Measure SP-4.2-7 would be adequate to 
ensure that discharges during the Project construction phase would not cause or contribute to any 
exceedance of surface water or groundwater quality standards in receiving waters. Therefore. after 
compliance with proposed mitigation. the construction general permit from the SWRCB and dewatering 
WDRs from the Los Angeles R WQCB. the build-out of the Specific Plan. VCC. and Entrada planning 
areas would result in less-than-significant direct water quality impacts under Significance Criteria 1 
through 4. 

Long-Term Indirect Impacts to Surface Water and Groundwater Quality. Alternative 2 would 
facilitate the development of a total of 22.610 residential dwelling units on the Specific Plan and Entrada 
sites. and approximately 9.4 million square feet (msf) of nonresidential uses on the Specific Plan. Entrada. 
and vee sites. 

Table 4.4-40 below shows the predicted changes in stormwater runoff volume and mean annual loads for 
the modeled pollutants of concern for the Specific Plan. VCC. and Entrada planning areas. Table 4.4-41 
below shows the predicted changes in concentration in stormwater runoff for the Specific Plan. VCC. and 
Entrada planning areas. 

Runoff volume and all pollutant loads. with the exception of TSS and nitrate + nitrite-N. are predicted to 
increase under proposed conditions for the Specific Plan. VCC. and Entrada planning areas when 
compared to existing conditions. Concentrations of all pollutants. with the exception of dissolved copper. 
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are predicted to decrease under proposed conditions when compared to existing conditions. Dissolved 

copper concentration is predicted to increase. Thus, with the proposed PDFs, and implementation of 
Mitigation Measures WQ-1, the impacts to water quality of the Project would be reduced to a less-than-

significant level. 

Table 4.4-40 
Estimated Average Annual Runoff Volume and Pollutant Loads 

for Specific Plan, VCC, and Entrada Planning Areas 

Existing 
Developed Developed 

Change w/ 
Parameter Units Conditions Conditions w/ 

Conditions 
w/outPDFs PDFs 

PDFs 

Volume acre-ft 1,408 4,315 3,742 2,334 

ISS tons/yr 600 603 366 -234 

Total Phosphorus lbs/yr 2,642 3,891 2,679 37 

Nitrate-N + Nitrite-N lbs/yr 13,127 9,966 7,468 -5,659 

Ammania-N lbs/yr 1,873 5,580 4,587 2,714 

Total Nitrogen lbs/yr 22,550 36,502 23,820 1,270 

Dissolved Copper lbs/yr 30 Ill 84 54 

Total Lead lbs/yr 32 87 64 32 

Dissolved Zinc lbs/yr 307 753 399 92 

Total Aluminum lbs/yr 3,194 9,918 6,020 2,826 

Chloride tons/yr 31 87 74 43 

Source: Geosyntec, 2008. 

Table 4.4-41 
Estimated Average Annual Pollutant Concentrations 

for the Specific Plan, VCC, and Entrada Planning Areas 

Existing 
Developed Developed 

Change 
Parameter Units Conditions Conditions w/ Conditions 

w/outPDFs PDFs 
w/PDFs 

ISS mg/L 313 103 72 -241 

Total Phosphorus mg/L 0.69 0.33 0.26 -0.43 

Nitrate-N + Nitrite-N mg/L 3.4 0.8 0.7 -2.7 

Ammania-N mg/L 0.49 0.48 0.45 -0 04 

Total Nitrogen mg/L 5.9 3.1 2.3 -3.6 

Dissolved Copper flg/L 7.9 9.5 8.3 0.4 

Total Lead flg/L 8.3 7.4 6.3 -2.0 

Dissolved Zinc flg/L 80 64 39 -41 

Total Alum inurn flg/L 834 845 591 -243 

Chloride mg/L 16 15 15 -I 

Source: Geosyntec, 2008. 
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The estimated average annual TSS, nutrient, and chloride concentrations in stormwater runoff from the 
total Project area are compared to water quality criteria in Table 4.4-42 below. Although loads of total 
phosphorus, ammonia, total nitrogen, and chloride are predicted to increase with build-out of the Specific 
Plan, VCC, and Entrada planning areas, the concentrations are predicted to be below all benchmark 
criteria and within the range of observed concentrations in Santa Clara River Reach 5. With the 
implementation of Mitigation Measure WQ-1, the comprehensive site design, source control, and 
treatment control strategy, summarized in Table 4.4-12, the predicted decrease in runoff concentrations, 
and the comparison with Basin Plan benchmark objectives and existing water quality, potential impacts, 
after treatment via PDFs, from the total Project on TSS, nutrient, and chloride receiving water quality 
would be reduced to a less-than-significant level under Significance Criteria 1 through 3. 

Table 4.4-42 
Comparison of Estimated Nitrogen Compound Concentrations for the Specific Plan, 

VCC, and Entrada Planning Areas with Water Quality Objectives, TMDLs, and Observed 
Concentrations in Santa Clara River Reach 5 

Nutrient 

ISS 

Total 
Phosphorus 

Nitrate-N + 
Nitrite-N 

Ammania-N 

Total 
Nitrogen 

Chloride 

Notes: 

Estimated 
Average 
Annual 

Concentration 
(mg/L) 

72 

0.26 

0.7 

0.45 

2.3 

15 

Basin Plan Water 
Quality Objectives (mg/L) 

Water shall not contain suspended or 
settleable material in concentrations 
that cause nmsance or adversely 
affect beneficial uses. 

Waters shall not contain 
biostirnulatory substances m 
concentrations that promote aquatic 
growth to the extent that such growth 
causes nmsance or adversely affects 
beneficial uses. 

5 

2.23 

Waters shall not contain 
biostirnulatory substances m 
concentrations that promote aquatic 
growth to the extent that such growth 
causes nuisance or adversely affects 
beneficial uses. 

100 

Wasteload 
Range of 

Allocations for MS4 
Observed' 

Concentrations 
Discharges into the 

in Santa Clara 
Santa Clara River 

Reach 5 (mg/L) 
River Reach 5 

m /L 

NA 32- 6,591 

NA 0.18-13.4 

6.82 0.5- 4.8 

1.754 <0.005 - 1.1 

NA <0.04- 465 

100 3 - 121 

Range of concentrations observed in the Santa Clara River during wet weather (Stations S29, NRl, and NR3). 
30-day average. 

Four-day average, ELS present, 90th percentile pH and temperature pairing observed at USGS Monitoring Station 
11108500. 
4 30-day average in Reach 5 below Valencia. 

Observed values for TKN (anunonia plus organic nitrogen). 

Source: Geosyntec, 2008. 
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Comparison of the estimated runoff metal concentrations and the acute CTR criteria for dissolved copper, 
total lead, and dissolved zinc are shown in Table 4.4-43, along with the range of observed concentrations 
in Santa Clara River Reach 5. Although the trace metal loadings are predicted to increase and the 
estimated average concentration of dissolved zinc is above the observed range in Santa Clara River Reach 
5, the comparison of the post-developed with PDFs condition to the benchmark CTR values shows that 
the dissolved copper, total lead, and dissolved zinc concentrations are below the benchmark CTR criteria. 
The estimated dissolved copper and total lead concentrations are within the range of observed 
concentrations in Santa Clara River Reach 5. 

There is no CTR criterion for aluminum, although there is a NAWQC criterion (750 11g/L (acute) for a pH 

range of 6.5 to 9.0) in the form of acid soluble aluminum. It is not possible to compare the estimated 
aluminum concentration to this criterion directly, as the available monitoring data used for modeling are 
for either dissolved aluminum or total aluminum. Acid soluble aluminum (which is operationally defined 
as the aluminum that passes through a 0.45 ~m membrane filter after the sample has been acidified to a 
pH between 1.5 and 2.0 with nitric acid) represents the forms of aluminum toxic to aquatic life or that can 
be converted readily to toxic forms under natural conditions. The acid soluble measurement does not 
measure forms of aluminum that are included in total aluminum measurement such as aluminum that is 
occluded in minerals, clays, and or is strongly adsorbed to particulate matter which are not toxic and are 
not likely to become toxic under natural conditions. The estimated mean total aluminum concentration 
(591 mg/L) is less than the NA WQC benchmark criterion for acid soluble aluminum, is predicted to 
decrease in the post-development condition, and is within the range of observed concentrations in Santa 
Clara River Reach 5. 

Table 4.4-43 
Comparison of Estimated Trace Metal Concentrations for the Specific Plan, VCC, and Entrada Planning 

Areas with Water Quality Criteria and Observed Concentrations in Santa Clara River Reach 5 

Metal 

Dissolved Copper 

Total Lead 

Dissolved Zinc 

Total Alum inurn 
Notes: 

Estimated Average 
Annual Concentration 

(~/L) 

8.3 

6.3 

39 

591 

California Toxics Rule 
Range of Observed2 

Criteria1 Concentrations in Santa 
Clara River Reach 5 

(~/L) 
(~/L) 

32 3.3 - 22.6 

260 0.6- 40 

250 3- 37 

N/A 131- 19,650 

Hardness = 250 rng/L, based on rninirnlllll observed value at USGS Station 11108500. Lead criteria is for total recoverable 
lead. 

Range of concentrations observed in the Santa Clara River during wet weather (Stations S29, NRl, and NR3). 

Source: Geosyntec, 2008. 

Given the predicted increase in trace metals loads and dissolved copper concentration, impacts from 
metals from the total Project would be significant; however, with the implementation of proposed PDFs 
required by Mitigation Measure WQ-1, including the comprehensive site design, source control BMPs, 
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and treatment BMPs and the comparison with the instream water quality monitoring data and benchmark 
water quality criteria. build-out of the Specific Plan. vee. and Entrada planning areas would not have 
significant water quality impacts resulting from trace metals under Significance Criteria I through 3 .. 

For the qualitatively assessed pollutants of concern. concentrations of hydrocarbons and MBAS are 
expected to increase. while concentrations of pathogens. pesticides. trash and debris. and cyanide may 
increase under proposed conditions when compared to existing conditions. which could be a significant 
impact to water quality under Significance Criteria I through 3. However. none of the qualitatively 
assessed constituents are expected to significantly impact receiving waters due to the implementation of 
PDFs required by Mitigation Measure WQ-1. including a comprehensive site design. source control. and 
treatment control strategy in compliance with the MS4 permit and SUSMP requirements. Therefore. 
impacts. from build-out of the Specific Plan. VCC. and Entrada planning areas on hydrocarbons. 
pathogens. pesticides. trash and debris. MBAS. and cyanide receiving water quality would be reduced to a 
less-than-significant level under Significance Criteria I through 3. 

The Basin Plan groundwater quality objective for nitrate-nitrogen plus nitrite-nitrogen is 10 mg/L (which 
is more stringent than the objective for nitrate-nitrogen alone (10 mg/L) and for nitrite-nitrogen alone (I 
mg/L)). The estimated nitrate-nitrogen plus nitrite-nitrogen concentration in runoff after treatment from 

the total Project area is 0. 7 mg/L. which is well below the groundwater quality objective. 

Irrigation water for the Specific Plan. VCC. and Entrada projects is anticipated to be recycled water. As 
required by the CW A. the discharge permit for the WRP that would supply the recycled water would 
include effluent limitations that are protective of surface receiving water quality and designated beneficial 
uses. As the surface water quality Basin Plan objective for nitrate-nitrogen plus nitrite-nitrogen is 5 mg/L 
and the WRP discharge permit would be conditioned to meet these criteria. the WRP irrigation water 
supply that would serve the proposed Project would be well below the groundwater quality objective of 
10 mg/L. 

Therefore. through the implementation of the proposed PDFs described above and the requirements of 
Mitigation Measure WQ-1. the build-out of the Specific Plan. vee. and Entrada projects would not result 
in significant long-term indirect groundwater quality impacts under Significance Criterion 4. 

Secondary Impacts. As the potential short-term. construction-related direct and indirect water quality 
impacts of the RMDP and SCP would be reduced to a less-than-significant level under Significance 

Criteria I through 4 within the Project boundary. the short-term secondary impacts to water quality in the 
Santa Clara River also would be reduced to a less-than-significant level. 

Similarly. the PDFs required by Mitigation Measure WQ-1. including comprehensive site design. source 
control BMPs. and treatment control BMPs. and compliance with regulatory requirements. would ensure 
that potential long-term direct and indirect impacts from RMDP and SCP maintenance activities and 

Specific Plan. vee. and Entrada planning areas build-out on receiving water quality would not be 
significant under Significance Criteria I through 4. Therefore. the long-term secondary impacts to water 
quality in the Santa Clara River and groundwater also would be less than significant. 
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4.4.6.3 Impacts of Alternative 3 (Elimination of Planned Potrero Bridge and Additional 
Spineflower Preserves) 

Alternative 3 would result in the elimination of some of the proposed RMDP infrastructure for the 
Specific Plan area. when compared to the proposed Project. and would increase the size of proposed 
spineflower preserves from approximately 167.6 to 221.8 acres. Subsequent development on the Specific 
Plan site. and VCC and Entrada planning areas would be reduced. as Alternative 3 would facilitate the 
development of a total of 21.558 residential dwelling units on the Specific Plan and Entrada sites. and 
approximately 9.33 msf of nonresidential uses on the Specific Plan. Entrada. and VCC sites. and the net 
acreage/pad for residential. non-residential. and public facilities uses would be reduced by 310 acres 
(approximately 8 percent). Additional information regarding this alternative is provided in Section 3.0. 
Description of Alternatives. of this EIS/EIR. 

4.4.6.3.1 Direct Impacts to Surface Water Quality 

RMDP Direct Impacts. 

Short Term Direct Impacts to Surface Water Quality. Alternative 3 would result in a reduction in 
improvements when compared to Alternative 2. Based on the finding that the impacts of the RMDP 
construction on surface water quality would be less than significant for Alternative 2 with implementation 
of Mitigation Measures SP-4.2-7 and WQ-1 regulatory requirements and proposed PDF measures. the 
short-term direct impacts of Alternative 3 project construction on surface water quality also would be 
reduced to a less-than-significant level (as described for Alternative 2) under Significance Criteria 1 
through 3. 

Long-Term Direct Impacts to Surface Water Quality. As fewer infrastructure improvements are 
proposed in Alternative 3. as compared to Alternative 2. less operation and maintenance would be 
required. Based on the finding that the impacts of RMDP operation and maintenance on surface water 
quality would be reduced to less than significant for Alternative 2 with implementation of Mitigation 
Measures SP-4.2-7 and WQ-1. PDF measures and BMPs. the long-term direct impacts of Alternative 3 
project operation and maintenance on surface water quality also would be less than significant (as 
described for Alternative 2). under Significance Criteria 1 through 3. and no further mitigation measures 
are required. 

SCP Direct Impacts. Alternative 3 differs from Alternative 2 in that there would be an additional 54 
acres of spineflower preserves. Implementation of the Alternative 3 SCP would not result in development 
and. therefore. there would be no short-term direct impacts to surface water quality under Significance 
Criteria 1 through 3. and no further mitigation measures are required. 

Potential long-term water quality impacts of the SCP would be related to the occasional use of pesticides. 
which would likely increase slightly with the increased preserve area. but would be less than significant 
(as described for Alternative 2) relative to Significance Criteria 1 through 3 based on the utilization of 
IPM techniques identified in the SCP management and monitoring program. 
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4.4.6.3.2 Indirect Impacts to Surface Water Quality 

RMDP Indirect Impacts to Surface Water Quality. Implementation of the RMDP component of 
Alternative 3 would indirectly facilitate previously approved urban development within the Specific Plan 
area. Alternative 3 would provide 452 fewer residential units and result in a 67.000 square foot reduction 
in nonresidential uses on the Specific Plan site when compared to the proposed Project (Alternative 2). 

Short-Term Indirect Impacts to Surface Water Quality. Alternative 3 would result in a reduction in 
development area when compared to Alternative 2. Based on the finding that the potential impacts of 
Specific Plan project construction on surface water quality would be less than significant for Alternative 2 
after application of Mitigation Measures SP-4.2-7 and WQ-1. and proposed PDF measures. the short-term 
indirect impacts of Alternative 3 project construction on surface water quality also would be less than 
significant after implementation of required PDFs (as described for Alternative 2). under Significance 
Criteria 1 through 3 and no further mitigation measures are required. 

Long-Term Indirect Impacts to Surface Water. The decrease in Specific Plan development area in 
Alternative 3 would decrease the predicted increase in runoff ammonia. trace metal. and chloride loads 
that would result from Alternative 2. As concentrations of all modeled constituents (except for dissolved 
zinc) are predicted to decrease under Alternative 2 when compared to existing conditions. concentrations 
are predicted to also decrease under Alternative 3. The modeled concentrations in runoff are predicted to 
be below all benchmark water quality objectives and criteria and TMDL wasteload allocations for the 
Santa Clara River. Water quality impacts of Alternative 3 would be minimized and less than significant 
with implementation of a comprehensive site design. source control. and treatment control strategy and 
compliance with the MS4 permit and SUSMP requirements (Mitigation Measure SP-4.2-7). 

Concentrations of hydrocarbons are expected to increase. while concentrations of pathogens. pesticides. 
and trash and debris may increase under Alternative 3 conditions when compared to existing conditions. 
but none of the qualitatively assessed constituents are expected to significantly impact receiving waters 
due to the implementation of a comprehensive site design. source control. and treatment control strategy 
in compliance with the MS4 permit requirements and SUSMP requirements. Therefore. long-term indirect 
impacts on surface water quality from Alternative 3 would not be significant after implementation of 
Mitigation Measures SP-4.2-7 and WQ-1. under Significance Criteria 1 through 3. and no further 
mitigation measures are required. 

SCP Indirect Impacts. Implementation of Alternative 3 would indirectly facilitate previously approved 
urban development within the Specific Plan area. and on portions of the VCC and Entrada planning areas. 
Potential water quality impacts of the Specific Plan development are evaluated above. Alternative 3 
would result in approximately 3.40 msf of nonresidential development in the VCC planning area. same as 
the development that would occur under Alternative 2. Alternative 3 would result in approximately 1.125 
residential units and 0.45 msf of nonresidential units on a portion of the Entrada planning area. 
Alternative 3 would result in 600 fewer residential units and the same amount of nonresidential square 
footage in the Entrada and VCC planning areas when compared to Alternative 2. 

Short-Term Indirect Impacts to Surface Water Quality. Based on the similar amount of development 
proposed for the VCC planning area and the reduction in development area proposed for the Entrada 
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planning area in Alternative 3. when compared to Alternative 2. and the finding that the impacts of VCC 
and Entrada construction on surface water quality would be less than significant for Alternative 2. given 
applicable regulatory requirements and PDFs. the potential short-term indirect impacts of Alternative 3 on 
surface water quality also would be less than significant under Significance Criteria 1 through 3. and no 
further mitigation measures are required. 

Long-Term Indirect Impacts to Surface Water. The decrease in Entrada development under 
Alternative 3 would decrease the predicted increase in pollutant loads and ammonia and chloride 
concentrations when compared to Alternative 2. As concentrations of all modeled constituents (except for 
ammonia and chloride) are predicted to decrease under Alternative 2 after the implementation of 
Mitigation Measures SP-4.2-7 and WQ-1 when compared to existing conditions. concentrations of all 
modeled constituents (except for ammonia and chloride) also are predicted to decrease under Alternative 
3. The modeled concentrations in runoff from developed areas with PDFs are predicted to be below all 
benchmark water quality objectives and criteria (except total aluminum for the vee planning area) and 
TMDL wasteload allocations for the Santa Clara River and are addressed by a comprehensive site design. 
source control. and treatment control strategy. summarized in Table 4.4-12. and compliance with MS4 
permit and SUSMP requirements. Although the estimated mean total aluminum concentration is greater 
than the NA WQC benchmark criterion for acid soluble aluminum. the concentration is predicted to 
decrease in the post-development condition and is within the range of observed concentrations in Santa 
Clara River Reach 5. 

Concentrations of hydrocarbons are expected to increase. while concentrations of pathogens. pesticides. 
and trash and debris may increase under proposed conditions when compared to existing conditions. but 
none of the qualitatively assessed constituents are expected to significantly impact receiving waters due to 
the implementation of a comprehensive site design. source control. and treatment control strategy in 
compliance with the MS4 permit and SUSMP requirements. 

Therefore. long-term indirect impacts on surface water quality from build-out of the VCC and Entrada 
projects under Alternative 3 would not be significant. after implementation of Mitigation Measures SP-
4.2-7 and WQ-1. required PDFs (as described for Alternative 2) under Significance Criteria 1 through 3. 
and no further mitigation measures are required. 

4.4.6.3.3 Secondary Impacts to Surface Water 

RMDP Secondary Impacts. The potential short-term. construction-related direct and indirect water 
quality impacts of Alternative 3 would be reduced to a less-than-significant level under Significance 
Criteria 1 through 3 within the Project boundary. Therefore. the short-term secondary impacts to water 
quality in the Santa Clara River beyond the boundaries of the Project area due to the RMDP construction 
activities also would be reduced to a less-than-significant level. 

Similarly. the implementation of Mitigation Measures SP-4.2-7 and WQ-1. comprehensive site design. 
source control. and treatment control strategy summarized in Table 4.4-12. and compliance with 
regulatory requirements. would assure that long-term direct and indirect impacts from Alternative 3 
maintenance activities and Specific Plan build-out on receiving water quality would not be significant 
under Significance Criteria 1 through 3. Therefore. the long-term secondary impacts to water quality in 
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the Santa Clara River beyond the boundaries of the Project area due to the RMDP operation and 
maintenance and Specific Plan build-out also would be reduced to a less-than-significant level. 

SCP Secondary Impacts. Under Alternative 3. short-term. construction-related direct water quality 
impacts of the SCP. and short-term indirect impacts would not be significant as described for Alternative 
2. under Significance Criteria 1 through 3. Therefore. the short-term secondary impacts to water quality in 
the Santa Clara River beyond the boundaries of the Project area also would be reduced to a less-than
significant level under this alternative. 

Similarly. the implementation of Mitigation Measures SP-4.2-7 and WQ-1. comprehensive site design. 
source control BMPs (including the IPM strategy for SCP maintenance). and treatment control BMPs. 
and compliance with regulatory would assure that long-term direct and indirect impacts from SCP 

maintenance activities and development of the Specific Plan. VCC and Entrada projects on receiving 
water quality would not be significant. after PDF implementation (as described for Alternative 2). under 
Significance Criteria 1 through 3 for Alternative 3. Therefore. the long-term secondary impacts to surface 
water quality in the Santa Clara River beyond the boundaries of the Project area also would be reduced to 
a less-than-significant level under this alternative. and no further mitigation measures are required. 

4.4.6.3.4 Direct Impacts to Groundwater Quality 

RMDP Direct Impacts. 

Short Term Direct Impacts to Groundwater Quality. Alternative 3 would result in a reduction in 

improvements when compared to Alternative 2. Based on the finding that the impacts of RMDP 
construction on groundwater quality would be less than significant for Alternative 2 after regulatory 
compliance. the implementation of Mitigation Measures SP-4.2-7 and WQ-1. and implementation of 
proposed PDFs. the short-term direct impacts of Alternative 3 construction on groundwater quality also 
would be less than significant (as described for Alternative 2) under Significance Criterion 4. and no 
further mitigation measures are required. 

Long-Term Direct Impacts to Groundwater Quality. Fewer RMDP infrastructure improvements are 
proposed in Alternative 3 when compared to Alternative 2. After regulatory compliance. the 
implementation of Mitigation Measures SP-4.2-7 and WQ-1. and implementation of proposed PDFs. less 
operation and maintenance would be required. Based on the finding that the impacts of the RMDP 
operation and maintenance on groundwater quality would be less than significant for Alternative 2. after 
regulatory compliance and PDFs. the long-term direct impacts of Alternative 3 operation and maintenance 
on groundwater quality also would be less than significant (as described for Alternative 2) under 
Significance Criterion 4. and no further mitigation measures are required. 

SCP Direct Impacts. Alternative 3 differs from Alternative 2 in that there would be an additional 54 

acres of spineflower preserves. Implementation of Alternative 3 would not result in development and. 
therefore. there would be no short-term direct impacts to groundwater quality caused by the SCP under 
Significance Criterion 4. Long-term groundwater quality impacts of the SCP would be related to the 

occasional use of pesticides. which may increase slightly with the increased preserve area. but would be 
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less than significant relative to Significance Criterion 4 based on the utilization of IPM techniques 
identified in the SCP management and monitoring program. 

4.4.6.3.5 Indirect Impacts to Groundwater Quality 

RMDP Indirect Impacts. Implementation of the RMDP component of Alternative 3 would indirectly 
facilitate previously approved urban development within the Specific Plan area. Alternative 3 would 
provide 452 fewer residential units and result in a 67.000 square foot reduction in nonresidential uses 
when compared to the proposed Project (Alternative 2). 

Short-Term Indirect Impacts to Groundwater Quality. Alternative 3 would result in a reduction in 
development area p when compared to Alternative 2. Based on the finding that the impacts of Specific 
Plan project construction on groundwater quality would be less than significant for Alternative 2. after 
regulatory compliance. the implementation of Mitigation Measures SP-4.2-7 and WQ-1. and 
implementation of proposed PDFs. the short-term indirect impacts of RMDP Alternative 3 project 
construction on groundwater quality also would be less than significant (as described for Alternative 2) 
under Significance Criterion 4. and no further mitigation measures are required. 

Long-Term Indirect Impacts to Groundwater. Alternative 3 would result in a reduction in 
development area when compared to Alternative 2. Based on the finding that the impacts of Specific Plan 
projects on groundwater quality would be less than significant for Alternative 2. after applying proposed 
PDFs and Mitigation Measures SP-4.2-7 and WQ-1. the long-term indirect impacts of Alternative 3 on 
groundwater quality also would be less than significant (as described for Alternative 2) under 
Significance Criterion 4. and no further mitigation measures are required. 

SCP Indirect Impacts. Implementation of Alternative 3 would indirectly facilitate previously approved 
urban development within the Specific Plan area. and on portions of the VCC and Entrada planning areas. 
Potential groundwater quality impacts of Specific Plan build-out are evaluated above. Alternative 3 would 
result in approximately 600 fewer residential units and the same amount of nonresidential square footage 
when compared to Alternative 2. 

Short-Term Indirect Impacts to Groundwater Quality. Alternative 3 would result in a reduction in 
development area when compared to Alternative 2. Based on the finding that the impacts of VCC and 
Entrada construction on groundwater quality would be less than significant for Alternative 2. given 
regulatory compliance. the implementation of Mitigation Measures SP-4.2-7 and WQ-1 and 
implementation of proposed PDFs. the short-term indirect impacts of Alternative 3 on groundwater 
quality also would be less than significant after implementation of required PDFs (as described for 
Alternative 2) under Significance Criterion 4. and no further mitigation measures are required. 

Long-Term Indirect Impacts to Groundwater. Alternative 3 would result in a reduction m 
development area when compared to Alternative 2. Based on the finding that the impacts of the VCC and 
Entrada projects on groundwater quality would be less than significant for Alternative 2. after applying 
Mitigation Measures SP-4.2-7 and WQ-1. and proposed PDFs. the long-term indirect impacts of 
Alternative 3 on groundwater quality also would be less than significant (as described for Alternative 2) 
under Significance Criterion 4. and no further mitigation measures are required. 
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4.4.6.3.6 Secondary Impacts to Groundwater 

RMDP Secondary Impacts. The short-term. construction-related direct and indirect water quality 
impacts of Alternative 3 would be less than significant under Significance Criterion 4 within the Project 
boundary. Therefore. the short-term secondary impacts to groundwater quality beyond the boundaries of 
the Project area. due to the RMDP construction activities also would be less than significant. 

Similarly. the comprehensive site design. source control BMPs. and treatment control BMPs. and 
compliance with Mitigation Measures SP-4.2-7 and WQ-1. would assure that long-term direct and 
indirect impacts from Alternative 3 maintenance activities and Specific Plan build-out on groundwater 
quality would not be significant under Significance Criterion 4. Therefore. the long-term secondary 
impacts to groundwater quality. due to the RMDP operation and maintenance and Specific Plan build-out. 
also would not be significant. and no further mitigation measures are required. 

SCP Secondary Impacts. Short-term. construction-related direct groundwater quality impacts of the 
SCP. and short-term indirect impacts would not be significant (as described for Alternative 2). under 
Significance Criterion 4 under Alternative 3. Therefore. the short-term secondary impacts to groundwater 
quality beyond the boundaries of the Project area also would be less than significant for this alternative. 

Similarly. the comprehensive site design. source control BMPs (including the IPM strategy for SCP 
maintenance). treatment control BMPs. and compliance with Mitigation Measures SP-4.2-7 and WQ-1. 
would assure that long-term direct and indirect impacts from SCP maintenance activities and 
development of the Specific Plan. VCC and Entrada projects on groundwater quality would not be 
significant. after PDF implementation (as described in Alternative 2) under Significance Criterion 4 for 
Alternative 3. Therefore. the long-term secondary impacts to groundwater quality also would not be 
significant for this alternative. and no further mitigation measures are required. 

4.4.6.3. 7 Total Impacts -Alternative 3 

Alternative 3 would result in a reduction in development area when compared to Alternative 2. Based on 
the findings that the potential short- and long-term direct. indirect. and secondary impacts of the total 
Project on surface water and groundwater quality would be less than significant for Alternative 2 with 
implementation of Mitigation Measures SP-4.2-7 and WQ-1. and proposed PDF measures. the short- and 
long-term direct. indirect. and secondary impacts of Alternative 3 on surface water and groundwater 
quality also would be less than significant under Significance Criteria 1 through 4. and no further 
mitigation measures are required. 

4.4.6.4 Impacts of Alternative 4 (Elimination of Planned Potrero Bridge and Addition ofVCC 
Spineflower Preserve) 

Alternative 4 would result in the elimination of additional RMDP infrastructure, when compared to the 
proposed Project, and would increase the size of proposed spineflower preserves from 167.6 to 259.9 
acres. Under this alternative, no development would be facilitated on the VCC planning area, and 
subsequent development on the Specific Plan site would be reduced. In total, Alternative 4 would 
facilitate the development of 21,846 residential dwelling units on the Specific Plan site and Entrada 
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planning area. and approximately 5.93 msf of nonresidential uses on the Specific Plan site and on a 
portion of the Entrada planning area. and the net acreage/pad for residential. non-residential. and public 
facilities uses would be reduced by 475.4 acres (approximately 12 percent). Additional information 
regarding this alternative is provided in Section 3.0. Description of Alternatives. of this EIS/EIR. 

4.4.6.4.1 Direct Impacts to Surface Water Quality 

RMDP Direct Impacts. 

Short Term Direct Impacts to Surface Water Quality. Alternative 4 would result in a reduction in 

development area when compared to Alternative 2. Based on the finding that the impacts of RMDP 
construction on surface water quality would be less than significant for Alternative 2 given the 
implementation of Mitigation Measures SP-4.2-7 and WQ-1 and the proposed PDF measures. the short
term direct impacts of Alternative 4 project construction on surface water quality also would be less than 

significant (as described for Alternative 2). under Significance Criteria 1 through 3. and no further 
mitigation measures are required. 

Long-Term Direct Impacts to Surface Water Quality. As fewer infrastructure improvements are 
proposed in Alternative 4. when compared to Alternative 2. less operation and maintenance would be 
required. Based on the finding that the impacts of RMDP operation and maintenance on surface water 
quality would be less than significant for Alternative 2 with implementation of the proposed PDF 
measures and BMPs and Mitigation Measures SP-4.2-7 and WQ-1. the long-term direct impacts of 
Alternative 4 project operation and maintenance on surface water quality also would be less than 
significant (as described for Alternative 2) under Significance Criteria 1 through 3. and no further 
mitigation measures are required. 

SCP Direct Impacts. Alternative 4 differs from Alternative 2 in that there would be an additional 91 
acres of spineflower preserves. Implementation of Alternative 4 would not result in development and. 
therefore. there would be no short-term direct impacts to surface water quality under Significance Criteria 
1 through 3. and no further mitigation measures are required. 

Potential long-term water quality impacts of the SCP would be related to the occasional use of pesticides. 
which would likely increase slightly with the increased preserve area. but would be less than significant 
as described in Alternative 2 relative to Significance Criteria 1 through 3 based on the utilization ofiPM 
techniques identified in the SCP management and monitoring program. 

4.4.6.4.2 Indirect Impacts to Surface Water Quality 

RMDP Indirect Impacts to Surface Water Quality. Implementation of the RMDP component of 
Alternative 4 would indirectly facilitate previously approved urban development within the Specific Plan 

area. Alternative 4 would provide 164 fewer residential units and result in a 67.000 square foot reduction 
in nonresidential uses on the Specific Plan site when compared to the proposed Project (Alternative 2). 

Short-Term Indirect Impacts to Surface Water Quality. Alternative 4 would result in a reduction in 

development area when compared to Alternative 2. Based on the finding that the potential impacts of 
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Specific Plan project construction on surface water quality would be less than significant for Alternative 2 
after the application of Mitigation Measures SP-4.2-7 and WQ-1. and the proposed PDF. measures. the 
short-term indirect impacts of Alternative 4 project construction on surface water quality also would be 
less than significant (as described for Alternative 2) under Significance Criteria 1 through 3. and no 
further mitigation measures are required. 

Long-Term Indirect Impacts to Surface Water. The decrease in Specific Plan development area in 
Alternative 4 would decrease the predicted increase in runoff ammonia. trace metal. and chloride loads 
that would result from Alternative 2. As concentrations of all modeled constituents (except for dissolved 
zinc) are predicted to decrease under Alternative 2. when compared to existing conditions. concentrations 
are predicted to also decrease under Alternative 4. The modeled concentrations in runoff are predicted to 
be below all benchmark water quality objectives and criteria and TMDL wasteload allocations for the 
Santa Clara River. Water quality impacts of Alternative 4 would be minimized and less than significant 
with implementation of a comprehensive site design. source control. and treatment control strategy and 
compliance with the MS4 permit and SUSMP requirements. 

Concentrations of hydrocarbons are expected to increase. while concentrations of pathogens. pesticides. 
and trash and debris may increase under Alternative 4 conditions when compared to existing conditions. 
but none of the qualitatively assessed constituents are expected to significantly impact receiving waters 
due to the implementation of a comprehensive site design. source control. and treatment control strategy 
in compliance with the MS4 permit requirements. SUSMP requirements and the implementation of 
Mitigation Measures SP-4.2-7 and WQ-1. Therefore. long-term indirect impacts on surface water quality 
from Alternative 4 would not be significant. after implementation of required PDFs (as described for 
Alternative 2) under Significance Criteria 1 through 3. and no further mitigation measures are required. 

SCP Indirect Impacts. Under Alternative 4. the SCP would indirectly facilitate previously approved 
urban development within the Specific Plan area. and on portions of the Entrada planning area. Potential 
water quality impacts of the Specific Plan development are evaluated above. Under Alternative 4. no 
development would be facilitated on the VCC planning area. and approximately 1.125 residential units 
and 0.45 msf of nonresidential units on a portion of the Entrada planning area would be facilitated. 
Alternative 4 would result in 600 fewer residential units and 3.4 msf less nonresidential square footage in 
the Entrada and VCC planning areas when compared to Alternative 2. 

Short-Term Indirect Impacts to Surface Water Quality. Alternative 4 would result in a reduction in 
development area when compared to Alternative 2. Based on the finding that the impacts of Entrada 
construction on surface water quality would be less than significant for Alternative 2. given the 
implementation of Mitigation Measures SP-4.2-7 and WQ-1. and the proposed PDFs. the potential short
term indirect impacts of Alternative 4 on surface water quality also would be less than significant. after 
implementation of required PDFs (as described for Alternative 2) under Significance Criteria 1 through 3. 
and no further mitigation measures are required. 

Long-Term Indirect Impacts to Surface Water. Under this alternative. development within the VCC 
planning area would not be facilitated. There would be no change to the existing land uses within this 
area. which consists of open space and agriculture. No new additional mitigation would be required for 
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the ongoing agricultural activities. and these existing uses may result in adverse but less-than-significant 
indirect impacts to surface water quality related to Significance Criterion I. Alternative 4 would have no 
significant indirect impacts regarding Significance Criteria I through 3. and no further mitigation 
measures are required. 

The decrease in Entrada development in Alternative 4 would decrease the predicted increase in pollutant 
loads and ammonia and chloride concentrations when compared to Alternative 2. As concentrations of all 
modeled constituents (except for ammonia and chloride) are predicted to decrease under proposed 
Alternative 2. when compared to existing conditions after the application of PDFs. concentrations of all 
modeled constituents (except for ammonia and chloride) are predicted to decrease under Alternative 4. 
The modeled concentrations in runoff from developed areas with PDFs are predicted to be below all 
benchmark water quality objectives and criteria and TMDL wasteload allocations for the Santa Clara 
River and are addressed by a comprehensive site design. source control. and treatment control strategy. 
summarized in Table 4.4-12. and compliance with MS4 Permit and SUSMP requirements. 

For the Entrada planning area. concentrations of hydrocarbons are expected to increase. while 
concentrations of pathogens. pesticides. and trash and debris may increase under proposed conditions 
when compared to existing conditions. but none of the qualitatively assessed constituents are expected to 
significantly impact receiving waters due to the implementation of a Mitigation Measure WQ-1. 
comprehensive site design. source control BMPs. and treatment control BMPs in compliance with the 
MS4 permit and SUSMP requirements. Therefore. long-term indirect impacts on surface water quality 
from the Entrada project build-out under Alternative 4 would not be significant after implementation of 
required PDFs (as described for Alternative 2) under Significance Criteria 1 through 3. and no further 
mitigation measures are required. 

4.4.6.4.3 Secondary Impacts to Surface Water 

RMDP Secondary Impacts. The potential short-term. construction-related direct and indirect water 
quality impacts of Alternative 4 would be reduced to a less-than-significant level under Significance 
Criteria 1 through 3 within the Project boundary. Therefore. the short-term secondary impacts to water 
quality in the Santa Clara River beyond the boundaries of the Project area due to the RMDP construction 
activities also would be reduced to a less-than-significant level. 

Similarly. the comprehensive site design. source control. and treatment control strategy. summarized in 
Table 4.4-12. compliance with regulatory requirements and Mitigation Measures SP-4.2-7 and WQ-1 
would ensure that long-term direct and indirect impacts from Alternative 4 on receiving water quality 
would not be significant under Significance Criteria 1 through 3. Therefore. the long-term secondary 
impacts to water quality in the Santa Clara River beyond the boundaries of the Project area due to RMDP 
operation and maintenance and Specific Plan build-out also would be reduced to a less-than-significant 
level. 

SCP Secondary Impacts. Under Alternative 4. short-term. construction-related direct water quality 
impacts of the SCP. and short-term indirect impacts would not be significant (as described for Alternative 
2).under Significance Criteria 1 through 3. Therefore. the short-term secondary impacts to water quality 
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in the Santa Clara River beyond the boundaries of the Project area also would be reduced to a less-than
significant level under this alternative. 

Similarly. the comprehensive site design. source control (including the IPM strategy for SCP 
maintenance). and treatment control strategy. compliance with regulatory requirements. and the 
requirements of Mitigation Measures SP-4.2-7 and WQ-1 would assure that long-term direct from SCP 
maintenance activities and development of the Specific Plan and Entrada projects on receiving water 
quality would not be significant after PDF implementation (as described for Alternative 2). under 
Significance Criteria 1 through 3 for Alternative 4. Therefore. the long-term secondary impacts to surface 
water quality in the Santa Clara River beyond the boundaries of the Project area from these activities and 
development also would be less than significant. and no further mitigation measures are required. 

Under Alternative 4. development within the VCC planning area would not be facilitated. There would be 
no change to the existing land uses within this area. which consist of open space and agriculture. No new 
additional mitigation would be required for the ongoing agricultural activities. The existing uses may 
result in adverse but less-than-significant secondary impacts to surface water quality related to 
Significance Criteria 1 if indirect impacts occur and these impacts are carried off-site in the Santa Clara 
River. 

4.4.6.4.4 Direct Impacts to Groundwater Quality 

RMDP Direct Impacts. 

Short-Term Direct Impacts to Groundwater Quality. Based on the reduction in improvements 
proposed in Alternative 4. as compared to Alternative 2. and the finding that the impacts of RMDP 
construction on groundwater quality would be less than significant for Alternative 2 after regulatory 
compliance and the implementation of Mitigation Measures SP-4.2-7 and WQ-1 and PDFs. the short-term 
direct impacts of Alternative 4 on groundwater quality also would be less than significant (as described 
for Alternative 2). under Significance Criterion 4. and no further mitigation measures are required. 

Long-Term Direct Impacts to Groundwater Quality. Fewer RMDP infrastructure improvements are 
proposed in Alternative 4. as compared to Alternative 2. After regulatory compliance. the implementation 
of Mitigation Measures SP-4.2-7 and WQ-1. and implementation of proposed PDFs. less operation and 
maintenance would be required. Based on the finding that the impacts of RMDP operation and 
maintenance on groundwater quality would be less than significant for Alternative 2. the long-term direct 
impacts of Alternative 4 on groundwater quality also would be less than significant (as described for 
Alternative 2). under Significance Criterion 4. and no further mitigation measures are required. 

SCP Direct Impacts. Alternative 4 differs from Alternative 2 in that there would be an additional 92 
acres of spineflower preserves. Implementation of Alternative 4 would not result in development. and. 
therefore. there would be no short-term direct impacts to groundwater quality caused by the SCP under 
Significance Criterion 4. and no further mitigation measures are required. 

Long-term groundwater quality impacts of the SCP would be related to the occasional use of pesticides. 
which may increase slightly with the increased preserve area. but would be less than significant relative to 
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Significance Criterion based on the utilization of IPM techniques identified in the SCP management and 
monitoring program. 

4.4.6.4.5 Indirect Impacts to Groundwater Quality 

RMDP Indirect Impacts. Implementation of the RMDP component of Alternative 4 would indirectly 
facilitate previously approved urban development within the Specific Plan area. Alternative 4 would 
provide 164 fewer residential units and result in a 67.000 square foot reduction in nonresidential uses 
within the Specific Plan area when compared to the proposed Project (Alternative 2). 

Short-Term Indirect Impacts to Groundwater Quality. Alternative 4 would result in a reduction in 
development area when compared to Alternative 2. Based on the finding that the impacts of Specific Plan 
project construction on groundwater quality would be less than significant for Alternative 2 after 
regulatory compliance. the implementation of Mitigation Measures SP-4.2-7 and WQ-1 and 
implementation of the proposed PDFs. the short-term indirect impacts of Alternative 4 on groundwater 
quality also would be less than significant (as described for Alternative 2). under Significance Criterion 4. 
and no further mitigation measures are required. 

Long-Term Indirect Impacts to Groundwater. Alternative 4 would result in a reduction in 
development area when compared to Alternative 2. Based on the finding that the impacts of Specific Plan 
projects on groundwater quality would be less than significant for Alternative 2 after applying regulatory 
compliance. implementing Mitigation Measures SP-4.2-7 and WQ-1. and proposed PDFs. the long-term 
indirect impacts of Alternative 4 on groundwater quality also would be less than significant (as described 
for Alternative 2) under Significance Criterion 4. and no further mitigation measures are required. 

SCP Indirect Impacts. Implementation of the Alternative 4 SCP would indirectly facilitate previously 
approved urban development within the Specific Plan area. and on portions of the Entrada planning areas. 
Potential groundwater quality impacts of the Specific Plan development are evaluated above. Alternative 
4 would not facilitate development on the VCC planning area and would result in approximately 600 
fewer residential units and 3.4 msf less nonresidential square footage in the Entrada and VCC planning 
areas when compared to Alternative 2. 

Short-Term Indirect Impacts to Groundwater Quality. Alternative 4 would result in a reduction in 
development area when compared to Alternative 2. Based on the finding that the impacts of VCC and 
Entrada construction on groundwater quality would be less than significant for Alternative 2 given 
regulatory compliance. the requirements of Mitigation Measures SP-4.2-7 and WQ-1. and implementation 
of proposed PDFs. the short-term indirect impacts of Alternative 4 on groundwater quality also would be 
less than significant after implementation of proposed PDFs (as described for Alternative 2) under 
Significance Criterion 4. 

Long-Term Indirect Impacts to Groundwater. Under Alternative 4. development within the VCC 
planning area would not be facilitated. There would be no change to the existing land uses within this 
area. which consist of open space and agriculture. No new additional mitigation would be required for the 
ongoing agricultural activities. although the existing uses may result in adverse but less-than-significant 
indirect impacts to groundwater quality related to Significance Criterion 4. 
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Based on the reduction in development area of Entrada proposed in Alternative 4 compared to Alternative 
2. and the finding that the impacts of the Entrada project on groundwater quality would be less than 
significant for Alternative 2. after regulatory compliance. implementing Mitigation Measures SP-4.2-7 
and WQ-1 and proposed PDFs. the long-term indirect impacts of Alternative 4 on groundwater quality 
also would be less than significant (as described for Alternative 2). under Significance Criterion 4. and no 
further mitigation measures are required. 

4.4.6.4.6 Secondary Impacts to Groundwater 

RMDP Secondary Impacts. The short-term. construction-related direct and indirect water quality 
impacts of RMDP Alternative 4 would be less than significant under Significance Criterion 4 within the 
Project boundary. Therefore. the short-term secondary impacts to groundwater quality beyond the 
boundaries of the Project area due to the RMDP construction activities also would be less than significant. 

Similarly. the comprehensive site design. source control. and treatment control strategy summarized in 
Table 4.4-12. and full compliance with regulatory requirements and Mitigation Measures SP-4.2-7 and 
WQ-1 would ensure that long-term direct and indirect impacts from RMDP maintenance activities and 
Specific Plan build-out on groundwater quality would not be significant under Significance Criterion 4. 
Therefore. the long-term secondary impacts to groundwater quality due to the RMDP operation and 
maintenance and Specific Plan build-out also would not be significant. and no further mitigation measures 
are required. 

SCP Secondary Impacts. Short-term. construction-related direct groundwater quality impacts of the 
SCP. and short-term indirect impacts would not be significant (as described for Alternative 2). under 
Significance Criterion 4 under Alternative 4. Therefore. the short-term secondary impacts to groundwater 
quality beyond the boundaries of the Project area also would be less than significant for this alternative. 

Similarly. the comprehensive site design. source control BMPs (including the IPM strategy for SCP 
maintenance). treatment control BMPs. compliance with regulatory requirements. and Mitigation 
Measures SP-4.2-7 and WQ-1 would assure that long-term direct and indirect impacts from SCP 
maintenance activities and development on the Specific Plan site and Entrada planning areas on 
groundwater quality would not be significant. after PDF implementation (as described for Alternative 2). 
under Significance Criterion 4 for Alternative 4. and no further mitigation measures are required. 

Under Alternative 4. development within the VCC planning area would not be facilitated. There would be 
no change to the existing land uses within these areas. which consist of open space and agriculture. No 
new additional mitigation would be required for the ongoing agricultural activities. and these existing 
uses may result in adverse but less-than-significant secondary impacts to groundwater quality related to 
Significance Criterion 4 if indirect groundwater impacts occurred and impacted groundwater traveled off 
-site. 

4.4.6.4. 7 Total Impacts -Alternative 4 

Alternative 4 would result in a reduction in development area when compared to Alternative 2. Based on 
the finding that the potential short- and long-term direct. indirect. and secondary impacts of the total 
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Project on surface water and groundwater quality would be less than significant for Alternative 2 with the 
implementation of regulatory requirements. Mitigation Measures SP-4.2-7 and WQ-1. and the proposed 
PDF. the short- and long-term direct. indirect. and secondary impacts of Alternative 4 on surface water 
and groundwater quality also would be less than significant under the requirements of Significance 
Criteria I through 4. and no further mitigation measures are required. 

4.4.6.5 Impacts of Alternative 5 (Widen Tributary Drainages and Addition ofVCC Spin ell ower 
Preserve) 

Alternative 5 would result in the elimination of additional RMDP infrastructure. and would increase the 
size of proposed spineflower preserves from 167.6 to 338.6 acres. Under this alternative. no additional 
development would be facilitated on the VCC planning area. and subsequent development on the Specific 
Plan and Entrada sites would be reduced. In total. Alternative 5 would facilitate the development of 
21.155 residential dwelling units on the Specific Plan site and Entrada planning area. and approximately 
5.87 msf of nonresidential uses on the Specific Plan site and on a portion of the Entrada planning area. 
and the net acreage/pad for residential. non-residential. and public facilities uses would be reduced by 
568.5 acres (approximately 15 percent). Additional information regarding this alternative is provided in 
Section 3.0. Description of Alternatives. in this EIS/EIR. 

4.4.6.5.1 Direct Impacts to Surface Water Quality 

RMDP Direct Impacts. 

Short-Term Direct Impacts to Surface Water Quality. Alternative 5 would result in a reduction in 

development area when compared to Alternative 2. Based on the finding that the impacts of RMDP 
construction on surface water quality would be less than significant for Alternative 2 •• the potential short
term direct impacts of Alternative 5 project construction on surface water quality also would be less than 
significant (as described for Alternative 2) under Significance Criteria I through 3. 

Long-Term Direct Impacts to Surface Water Quality. As fewer infrastructure improvements are 

proposed in Alternative 5. when compared to Alternative 2. less operation and maintenance would be 
required. Based on the finding that the impacts of RMDP operation and maintenance on surface water 
quality would be less than significant for Alternative 2 with the implementation of regulatory 
requirements and Mitigation Measures SP-4.2-7 and WQ-1. the long-term direct impacts of Alternative 5 
on project operation and maintenance on surface water quality also would be less than significant (as 
described for Alternative 2) under Significance Criteria I through 3. and no further mitigation measures 
are required. 

SCP Direct Impacts. Alternative 5 differs from Alternative 2 in that there would be an additional 171 
acres of spineflower preserves. Implementation of the Alternative 5 SCP would not result in development 

and. therefore. there would be no short-term direct impacts to surface water quality under Significance 
Criteria I through 3. and no further mitigation measures are required. 

Potential long-term water quality impacts of the SCP would be related to the occasional use of pesticides. 
which would likely increase slightly with the increased preserve area. but would be less than significant 
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(as described in Alternative 2) relative to Significance Criteria 1 through 3 based on the utilization ofiPM 
techniques identified in the SCP management and monitoring program. 

4.4.6.5.2 Indirect Impacts to Surface Water Quality 

RMDP Indirect Impacts. Implementation of the RMDP component of Alternative 5 would indirectly 
facilitate previously approved urban development within the Specific Plan area. Alternative 5 would 
provide 689 fewer residential units and result in a 135.000 square foot reduction in nonresidential uses 
within the Specific Plan area when compared to the proposed Project (Alternative 2). 

Short-Term Indirect Impacts to Surface Water Quality. Alternative 5 would result in a reduction in 
development area when compared to Alternative 2. After application of regulatory requirements. 
Mitigation Measures SP-4.2-7 and WQ-1.and implementation of proposed PDF measures. the impacts of 
Specific Plan construction on surface water quality would be less than significant for Alternative 2. 
Therefore. the short-term indirect impacts of Alternative 5 on surface water quality also would be less 
than significant (as described for Alternative 2) under Significance Criteria 1 through 3. and no further 
mitigation measures are required. 

Long-Term Indirect Impacts to Surface Water. The decrease in Specific Plan development area in 
Alternative 5 would decrease the predicted increase in runoff ammonia. trace metal. and chloride loads 
that would result from Alternative 2. As concentrations of all modeled constituents (except for dissolved 
zinc) are predicted to decrease under Alternative 2. when compared to existing conditions. concentrations 
are predicted to also decrease under Alternative 5. The modeled concentrations in runoff are predicted to 
be below all benchmark water quality objectives and criteria and TMDL wasteload allocations for the 
Santa Clara River. Water quality impacts of Alternative 5 would be minimized and less than significant 
with implementation of Mitigation Measures SP-4.2-7 and WQ-1. a comprehensive site design. source 
control. treatment control strategy. and compliance with the MS4 permit and SUSMP requirements. 

Concentrations of hydrocarbons are expected to increase. while concentrations of pathogens. pesticides. 
and trash and debris may increase under Alternative 5 conditions when compared to existing conditions. 
but none of the qualitatively assessed constituents are expected to significantly impact receiving waters 
due to implementation of Mitigation Measures SP-4.2-7 and WQ-1. a comprehensive site design. source 
control. and treatment control strategy in compliance with the MS4 permit requirements and SUSMP 
requirements. Therefore. long-term indirect impacts on surface water quality from the Specific Plan 
projects in Alternative 5 would not be significant under Significance Criteria 1 through 3 after 
implementation of required PDFs (as described for Alternative 2). 

SCP Indirect Impacts. Under Alternative 5. the SCP would indirectly facilitate previously approved 
urban development within the Specific Plan area. and on portions of the Entrada planning area. Potential 
water quality impacts of the Specific Plan development are evaluated above. Under Alternative 5. no 
development would be facilitated on the VCC planning area. and approximately 959 residential units and 
0.45 msf of nonresidential units on a portion of the Entrada planning area would be facilitated. Alternative 
5 would result in 766 fewer residential units and 3.4 msfless nonresidential square footage in the Entrada 
and VCC planning areas when compared to Alternative 2. 
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Short-Term Indirect Impacts to Surface Water Quality. Alternative 5 would result in a reduction in 
development area when compared to Alternative 2. Based on the finding that the potential impacts of 
Entrada construction on surface water quality would be less than significant for Alternative 2. given 
applicable regulatory requirements. the requirements of Mitigation Measures SP-4.2-7 and WQ-l.and 
implementation of the proposed PDFs. the potential short-term indirect impacts of Alternative 5 project 
construction on surface water quality also would be less than significant. after implementation of required 
PDFs (as described for Alternative 2) under Significance Criteria I through 3. and no further mitigation 
measures are required. 

Long-Term Indirect Impacts to Surface Water. Under this alternative. development within the VCC 
planning area would not be facilitated. There would be no change to the existing land uses within this 
area. which consists of open space and agriculture. No new additional mitigation would be required for 
the ongoing agricultural activities. and these existing uses may result in adverse but less-than-significant 
indirect impacts to surface water quality related to Significance Criterion I. Alternative 5 would have no 
significant indirect impacts regarding Significance Criteria I through 3. and no further mitigation 
measures are required. 

The decrease in Entrada development area in Alternative 5 would decrease the predicted increase in 
pollutant loads and ammonia and chloride concentrations. when compared to Alternative 2. As 
concentrations of all modeled constituents (except for ammonia and chloride) are predicted to decrease 
under Alternative 2. when compared to existing conditions after the application of PDFs. concentrations 
of all modeled constituents (except for ammonia and chloride) are predicted to decrease under Alternative 
5. The modeled concentrations in runoff from developed areas with PDFs are predicted to be below all 
benchmark water quality objectives and criteria and TMDL wasteload allocations for the Santa Clara 
River and are addressed by a comprehensive site design. source control. and treatment control strategy. 
summarized in Table 4.4-12. and compliance with MS4 permit and SUSMP requirements. 

For the Entrada planning area. concentrations of hydrocarbons are expected to increase. while 
concentrations of pathogens. pesticides. and trash and debris may increase under proposed conditions 
when compared to existing conditions. but none of the qualitatively assessed constituents are expected to 
significantly impact receiving waters due to the implementation of Mitigation Measure WQ-1. a 
comprehensive site design. source control. and treatment control strategy in compliance with the MS4 
permit and SUSMP requirements. Therefore. long-term indirect impacts on surface water quality from the 
Entrada planning area in Alternative 5 would not be significant under Significance Criteria I through 3 
after implementation of required PDFs (as described for Alternative 2). and no further mitigation 
measures are required. 

4.4.6.5.3 Secondary Impacts to Surface Water 

RMDP Secondary Impacts. The potential short-term. construction-related direct and indirect water 
quality impacts of Alternative 5 would be reduced to a less-than-significant level under Significance 
Criteria I through 3 within the Project boundary. Therefore. the short-term secondary impacts to water 
quality in the Santa Clara River beyond the boundaries of the Project area due to the RMDP construction 
activities also would be reduced to a less-than-significant level. 
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Similarly. the comprehensive site design. source control. and treatment control strategy. summarized in 
Table 4.4-12. and compliance with regulatory requirements and Mitigation Measures SP-4.2-7 and WQ-1 
would assure that long-term direct and indirect impacts from RMDP maintenance activities and Specific 
Plan projects on receiving water quality would not be significant under Significance Criteria 1 through 3. 
Therefore. the long-term secondary impacts to water quality in the Santa Clara River beyond the 
boundaries of the Project area due to the RMDP operation and maintenance and Specific Plan build-out 
also would be reduced to a less-than-significant level. and no further mitigation measures are required. 

SCP Secondary Impacts. Under Alternative 5. short-term. construction-related direct water quality 
impacts of the SCP. and short-term indirect impacts would not be significant (as described for Alternative 
2). under Significance Criteria 1 through 3. Therefore. the short-term secondary impacts to water quality 
in the Santa Clara River beyond the boundaries of the Project area also would be reduced to a less-than
significant level under this alternative. 

Similarly. the comprehensive site design. source control (including the IPM strategy for SCP 
maintenance). and treatment control strategy. and compliance with regulatory requirements and 
Mitigation Measures SP-4.2-7 and WQ-1 would ensure that long-term direct impacts from SCP 
maintenance activities and development of the Specific Plan and Entrada projects on receiving water 
quality would not be significant after PDF implementation (as described in Alternative 2) under 
Significance Criteria 1 through 3 for Alternative 5. Therefore. the long-term secondary impacts to surface 
water quality in the Santa Clara River beyond the boundaries of the Project area from these activities and 
development also would be less than significant. and no further mitigation measures are required. 

Under Alternative 5. development within the VCC planning area would not be facilitated. There would be 
no change to the existing land uses within these areas. which consist of open space and agriculture. No 
new additional mitigation would be required for the ongoing agricultural activities. and these existing 
uses may result in adverse but less-than-significant secondary impacts to surface water quality related to 
Significance Criterion 1 if indirect impacts occur and these impacts are carried off-site in the Santa Clara 
River. 

4.4.6.5.4 Direct Impacts to Groundwater Quality 

RMDP Direct Impacts. 

Short-Term Direct Impacts to Groundwater Quality. Alternative 5 would result in a reduction in 
development area when compared to Alternative 2. Based on the finding that the impacts of RMDP 
construction on groundwater quality would be less than significant for Alternative 2 after regulatory 
compliance. implementing Mitigation Measures SP-4.2-7 and WQ-1. and implementation of the proposed 
PDFs. the short-term direct impacts of Alternative 5 on groundwater quality also would be less than 
significant (as described for Alternative 2) under Significance Criterion 4. and no further mitigation 
measures are required. 

Long-Term Direct Impacts to Groundwater Quality. Fewer RMDP infrastructure improvements are 
proposed in Alternative 5 when compared to Alternative 2 .• After regulatory compliance. implementing 
Mitigation Measures SP-4.2-7 and WQ-1. and implementation of proposed PDFs. less operation and 
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maintenance would be required. Based on the finding that the impacts of RMDP operation and 
maintenance on groundwater quality would be less than significant for Alternative 2. the long-term direct 
impacts of Alternative 5 on groundwater quality also would be less than significant (as described for 
Alternative 2) under Significance Criterion 4. and no further mitigation measures are required. 

SCP Direct Impacts. Alternative 5 differs from Alternative 2 in that there would be an additional 171 
acres of spineflower preserves. Implementation of the Alternative 5 SCP would not result in development 
and. therefore. there would be no short-term direct impacts to groundwater quality caused by the SCP 
under Significance Criterion 4. 

Long-term groundwater quality impacts of the SCP would be related to the occasional use of pesticides. 
which may increase slightly with the increased preserve area. but would be less than significant relative to 
Significance Criterion 4 based on the utilization ofiPM techniques identified in the SCP management and 
monitoring program. 

4.4.6.5.5 Indirect Impacts to Groundwater Quality 

RMDP Indirect Impacts. Implementation of the RMDP component of Alternative 5 would indirectly 
facilitate previously approved urban development within the Specific Plan area. Alternative 5 would 
provide 689 fewer residential units and result in a 135.000 square foot reduction in nonresidential uses 
within the Specific Plan area when compared to the proposed Project (Alternative 2). 

Short-Term Indirect Impacts to Groundwater Quality. Alternative 5 would result in a reduction in 
development area when compared to Alternative 2. Based on the finding that the impacts of Specific Plan 
project construction on groundwater quality would be less than significant for Alternative 2 after 
regulatory compliance. the requirements of Mitigation Measures SP-4.2-7 and WQ-1. and implementation 
of the proposed PDFs. the short-term indirect impacts of Alternative 5 on groundwater quality also would 
be less than significant (as described for Alternative 2) under Significance Criterion 4. and no further 
mitigation measures are required. 

Long-Term Indirect Impacts to Groundwater. Alternative 5 would result in a reduction in 
development area when compared to Alternative 2. Based on the finding that the impacts of Specific Plan 
projects on groundwater quality would be less than significant for Alternative 2 after applying Mitigation 
Measures SP-4.2-7 and WQ-1. and the proposed PDFs. the long-term indirect impacts of Alternative 5 on 
groundwater quality also would be less than significant (as described for Alternative 2) under 
Significance Criterion 4. and no further mitigation measures are required. 

SCP Indirect Impacts. Implementation of the Alternative 5 SCP would indirectly facilitate previously 
approved urban development within the Specific Plan area. and on portions of the Entrada planning area. 
Potential groundwater quality impacts of the Specific Plan development are evaluated above. Alternative 
5 would not facilitate development on the VCC planning area and would result in approximately 766 
fewer residential units and 3.4 msf less nonresidential square footage in the Entrada and VCC planning 
areas when compared to Alternative 2. 
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Short-Term Indirect Impacts to Groundwater Quality. Alternative 5 would result in a reduction in 
development area when compared to Alternative 2. Based on the finding that the impacts of VCC and 
Entrada construction on groundwater quality would be less than significant for Alternative 2 after 
regulatory compliance. the implementation of Mitigation Measure WQ-1. and implementation of the 
proposed PDFs. the short-term indirect impacts of Alternative 5 on groundwater quality also would be 
less than significant (as described for Alternative 2) under Significance Criterion 4. and no further 
mitigation measures are required. 

Long-Term Indirect Impacts to Groundwater. Under Alternative 5. development within the VCC 
would not be facilitated. There would be no change to the existing land uses within this area. which 
consist of open space and agriculture. No new additional mitigation would be required for the ongoing 
agricultural activities. and these existing uses may result in adverse but less-than-significant indirect 
impacts to groundwater quality related to Significance Criterion 4. 

Based on the reduction in development area of Entrada proposed in Alternative 5 compared to Alternative 
2. and the finding that the impacts of the Entrada project on groundwater quality would be less than 
significant for Alternative 2 after applying PDFs. the long-term indirect impacts of Alternative 5 on 
groundwater quality also would be less than significant under Significance Criterion 4 after 
implementation of required PDFs (as described for Alternative 2) .. 

4.4.6.5.6 Secondary Impacts to Groundwater 

RMDP Secondary Impacts. The short-term. construction-related direct and indirect water quality 
impacts of Alternative 5 would be less than significant under Significance Criterion 4 within the Project 
boundary. Therefore. the short-term secondary impacts to groundwater quality beyond the boundaries of 
the Project area due to the RMDP construction activities also would be less than significant. 

Similarly. the comprehensive site design. source control. and treatment control strategy. summarized in 
Table 4.4-12. and full compliance with regulatory requirements and Mitigation Measures SP-4.2-7 and 
WQ-1 would ensure that long-term direct and indirect impacts from Alternative 5 maintenance activities 
and Specific Plan build-out on groundwater quality would not be significant under Significance Criterion 
4. Therefore. the long-term secondary impacts to groundwater quality due to the RMDP operation and 
maintenance and Specific Plan build-out also would not be significant. and no further mitigation measures 
are required. 

SCP Secondary Impacts. Short-term. construction-related direct groundwater quality impacts of the 
SCP. and short-term indirect impacts would not be significant (as described for Alternative 2). under 
Significance Criterion 4 under Alternative 5. Therefore. the short-term secondary impacts to groundwater 
quality beyond the boundaries of the Project area also would be less than significant for this alternative. 

Similarly. the comprehensive site design. source control BMPs (including the IPM strategy for SCP 
maintenance). and treatment control strategy BMPs. compliance with regulatory requirements. and 
Mitigation Measures SP-4.2-7 and WQ-1 would ensure that long-term direct and indirect impacts from 
SCP maintenance activities and development of the Specific Plan and Entrada projects on groundwater 
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quality would not be significant under Significance Criterion 4 after PDF implementation (as described 
for Alternative 2). 

Under Alternative 5. development within the VCC planning area would not be facilitated. There would be 
no change to the existing land uses within these areas. which consist of open space and agriculture. No 
new additional mitigation would be required for the ongoing agricultural activities. and these existing 
uses may result in adverse but less-than-significant secondary impacts to groundwater quality related to 
Significance Criterion 4 if indirect groundwater impacts occurred and impacted groundwater traveled off
site. Alternative 5 would have no significant secondary impacts regarding Significance Criterion 4. and no 
further mitigation measures are required. 

4.4.6.5. 7 Total Impacts -Alternative 5 

Alternative 5 would result in a reduction in development area when compared to Alternative 2. Based on 
the reduction in improvements proposed in Alternative 5 and the finding that the short- and long-term 
direct. indirect. and secondary impacts of the total Project on surface water and groundwater quality 
would be less than significant for Alternative 2 with implementation of regulatory requirements. 
Mitigation Measures SP-4.2-7 and WQ-1. and implementation of the proposed PDF measures. the short
and long-term direct. indirect. and secondary impacts of Alternative 5 on surface water and groundwater 
quality also would be less than significant under Significance Criteria 1 through 4. and no further 
mitigation measures are required. 

4.4.6.6 Impacts of Alternative 6 (Elimination of Planned Commerce Center Drive Bridge and 
Maximum Spin ell ower Expansion/Connectivity) 

Alternative 6 would result in additional reductions in the RMDP infrastructure. and would increase the 
size of proposed spineflower preserves from 167.6 to 891.2 acres. Under this alternative. no additional 
development would be facilitated on the VCC planning area. and subsequent development on the Specific 
Plan site would be reduced. In total. Alternative 6 would facilitate the development of 20.212 residential 
dwelling units on the Specific Plan site and Entrada planning area. and approximately 5. 78 msf of 
nonresidential uses on the Specific Plan site and on a portion of the Entrada planning area. and the net 
acreage/pad for residential. non-residential. and public facilities uses would be reduced by 813 acres 
(approximately 21 percent). Additional information regarding this alternative is provided in Section 3.0. 
Description of Alternatives. of this EIS/EIR. 

4.4.6.6.1 Direct Impacts to Surface Water Quality 

RMDP Direct Impacts. 

Short-Term Direct Impacts to Surface Water Quality. Alternative 6 would result in a reduction in 

development area when compared to Alternative 2. Based on the finding that the impacts of RMDP 
construction on surface water quality would be less than significant for Alternative 2 given regulatory 
requirements. Mitigation Measures SP-4.2-7 and WQ-1. and implementation of the proposed PDF 
measures. the short-term direct impacts of Alternative 6 project construction on surface water quality also 
would be less than significant (as described for Alternative 2) under Significance Criteria 1 through 3. 
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Long-Term Direct Impacts to Surface Water Quality. As fewer infrastructure improvements are 
proposed in Alternative 6. when compared to Alternative 2. less operation and maintenance would be 
required. Based on the finding that the impacts of RMDP operation and maintenance on surface water 
quality would be less than significant for Alternative 2 given implementation of regulatory requirements. 
Mitigation Measures SP-4.2-7 and WQ-1. and the proposed PDF measures and BMPs. the long-term 
direct impacts of Alternative 6 on project operation and maintenance on surface water quality also would 
be less than significant (as described for Alternative 2) under Significance Criteria 1 through 3. and no 
further mitigation measures are required. 

SCP Direct Impacts. Alternative 6 differs from Alternative 2 in that there would be an additional 724 
acres of spineflower preserves. Implementation of the Alternative 6 SCP would not result in development 
and. therefore. there would be no short-term direct impacts to surface water quality under Significance 
Criteria 1 through 3. 

Potential long-term water quality impacts of the SCP would be related to the occasional use of pesticides. 
which would likely increase slightly with the increased preserve area. but would be less than significant 
(as described for Alternative 2). relative to Significance Criteria 1 through 3 based on the utilization of 
IPM techniques identified in the SCP management and monitoring program. 

4.4.6.6.2 Indirect Impacts to Surface Water Quality 

RMDP Indirect Impacts. Implementation of the RMDP component of Alternative 6 would indirectly 
facilitate previously approved urban development within the Specific Plan area. Alternative 6 would 
provide 1.098 fewer residential units and result in a 216.000 square foot reduction in nonresidential uses 
within the Specific Plan area when compared to the proposed Project (Alternative 2). 

Short-Term Indirect Impacts to Surface Water Quality. Alternative 6 would result in a reduction in 
development area when compared to Alternative 2. Based on the finding that the impacts of Specific Plan 
build-out on surface water quality would be less than significant for Alternative 2 after application of 
regulatory requirements. Mitigation Measures SP-4.2-7 and WQ-1. and the proposed PDF measures. the 
short-term indirect impacts of Alternative 6 on surface water quality also would be less than significant 
(as described for Alternative 2) under Significance Criteria 1 through 3. and no further mitigation 
measures are required. 

Long-Term Indirect Impacts to Surface Water. The decrease in Specific Plan development area in 
Alternative 6 would decrease the predicted increase in runoff ammonia. trace metal. and chloride loads 
that would result from Alternative 2. As concentrations of all modeled constituents (except for dissolved 
zinc) are predicted to decrease under Alternative 2. when compared to existing conditions. concentrations 
are predicted to also decrease under Alternative 6. The modeled concentrations in runoff are predicted to 
be below all benchmark water quality objectives and criteria and TMDL wasteload allocations for the 
Santa Clara River. Water quality impacts of Alternative 6 would be minimized and less than significant 
with implementation of a comprehensive site design. source control. and treatment control strategy and 
compliance with the MS4 permit and SUSMP requirements. 
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Concentrations of hydrocarbons are expected to increase. while concentrations of pathogens. pesticides. 
and trash and debris may increase under Alternative 6 conditions when compared to existing conditions. 
but none of the qualitatively assessed constituents are expected to significantly impact receiving waters 
due to the implementation of regulatory requirements. Mitigation Measures SP-4.2-7 and WQ-1. a 
comprehensive site design. source control. and treatment control strategy in compliance with the MS4 
permit requirements and SUSMP requirements. Therefore. long-term indirect impacts on surface water 
quality from the Specific Plan build-out under Alternative 6 would not be significant under Significance 

Criteria I through 3 after implementation of required PDFs (as described for Alternative 2) .. 

SCP Indirect Impacts. Under Alternative 6. the SCP would indirectly facilitate previously approved 
urban development within the Specific Plan area. and on portions of the Entrada planning area. Potential 
water quality impacts of the Specific Plan development are evaluated above. Under Alternative 6. no 
development would be facilitated on the VCC planning area. and approximately 425 residential units and 
0.45 msf of nonresidential units on a portion of the Entrada planning area would be facilitated. Alternative 

6 would result in 1.300 fewer residential units and 3.4 msf less nonresidential square footage in the 
Entrada and VCC planning areas when compared to Alternative 2. 

Short-Term Indirect Impacts to Surface Water Quality. Alternative 6 would result in a reduction in 

development area when compared to Alternative 2. Based on the finding that the potential impacts of 
Entrada construction on surface water quality would be less than significant for Alternative 2. given 
implementation of applicable regulatory requirements. Mitigation Measures SP-4.2-7 and WQ-1. and the 
proposed PDFs. the potential short-term indirect impacts of Alternative 6 on surface water quality also 
would be less than significant under Significance Criteria 1 through 3 after implementation of required 
PDFs (as described for Alternative 2). and no further mitigation measures are required. 

Long-Term Indirect Impacts to Surface Water. Under this alternative. development within the VCC 
would not be facilitated. There would be no change to the existing land uses within this area. which 
consists of open space and agriculture. No new additional mitigation would be required for the ongoing 
agricultural activities. and these existing uses may result in adverse but less-than-significant indirect 
impacts to surface water quality related to Significance Criterion 1. Alternative 6 would have no 
significant indirect impacts regarding Significance Criteria 1 through 3. and no further mitigation 
measures are required. 

The decrease in Entrada development area under Alternative 6 would decrease the predicted increase in 
pollutant loads and ammonia and chloride concentrations. when compared to Alternative 2. As 
concentrations of all modeled constituents (except for ammonia and chloride) are predicted to decrease 
under Alternative 2. when compared to existing conditions after the application of PDFs. concentrations 
of all modeled constituents (except for ammonia and chloride) are also predicted to decrease under 
Alternative 6. The modeled concentrations in runoff from developed areas with PDFs are predicted to be 
below all benchmark water quality objectives and criteria and TMDL wasteload allocations for the Santa 
Clara River and are addressed by a comprehensive site design. source control. and treatment control 
strategy. summarized in Table 4.4-12. and compliance with MS4 permit and SUSMP requirements. 
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For the Entrada planning area. concentrations of hydrocarbons are expected to increase. while 
concentrations of pathogens. pesticides. and trash and debris may increase under proposed conditions 
when compared to existing conditions. but none of the qualitatively assessed constituents are expected to 
significantly impact receiving waters due to the implementation of a comprehensive site design. source 
control. and treatment control strategy in compliance with the MS4 permit and SUSMP requirements. and 
Mitigation Measures SP-4.2-7 and WQ-1). Therefore. long-term indirect impacts on surface water quality 
from the Entrada project build-out under Alternative 6 would not be significant. after implementation of 
required PDFs (as described for Alternative 2) under Significance Criteria I through 3. and no further 
mitigation measures are required. 

4.4.6.6.3 Secondary Impacts to Surface Water 

RMDP Secondary Impacts. The potential short-term. construction-related direct and indirect water 
quality impacts of Alternative 6 would be reduced to a less-than-significant level under Significance 

Criteria 1 through 3 within the Project boundary. Therefore. the short-term secondary impacts to water 
quality in the Santa Clara River beyond the boundaries of the Project area due to the RMDP construction 
activities also would be reduced to a less-than-significant level. 

Similarly. the comprehensive site design. source control. and treatment control strategy summarized in 
Table 4.4-12. compliance with regulatory requirements. and Mitigation Measures SP-4.2-7 and WQ-1 
would ensure that long-term direct and indirect impacts from Alternative 6 maintenance activities and 
Specific Plan build-out on receiving water quality would not be significant under Significance Criteria 1 
through 3. Therefore. the long-term secondary impacts to water quality in the Santa Clara River beyond 
the boundaries of the Project area due to the RMDP operation and maintenance and Specific Plan build
out also would be reduced to a less-than-significant level. and no further mitigation measures are 
required. 

SCP Secondary Impacts. Under Alternative 6. short-term. construction-related direct water quality 
impacts of the SCP. and short-term indirect impacts would not be significant under Significance Criteria 1 
through 3. Therefore. the short-term secondary impacts to water quality in the Santa Clara River beyond 
the boundaries of the Project area also would be reduced to a less-than-significant level under this 
alternative. 

Similarly. the comprehensive site design. source control (including the IPM strategy for SCP 
maintenance). and treatment control strategy. compliance with regulatory requirements. and Mitigation 
Measures SP-4.2-7 and WQ-1. would assure that long-term direct from SCP maintenance activities and 
development of the Specific Plan and Entrada projects on receiving water quality would not be 
significant. after PDF implementation (as described in Alternative 2). under Significance Criteria 1 
through 3 for Alternative 6. Therefore. the long-term secondary impacts to surface water quality in the 
Santa Clara River beyond the boundaries of the Project area from these activities and development also 
would be less than significant. and no further mitigation measures are required. 

Under Alternative 6. development within the VCC planning area would not be facilitated. There would be 
no change to the existing land uses within these areas. which consist of open space and agriculture. No 
new additional mitigation would be required for the ongoing agricultural activities. and these existing 
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uses may result in adverse but less-than-significant secondary impacts to surface water quality related to 
Significance Criterion 1 if indirect impacts occur and these impacts are carried off-site in the Santa Clara 
River. 

4.4.6.6.4 Direct Impacts to Groundwater Quality 

RMDP Direct Impacts. 

Short-Term Direct Impacts to Groundwater Quality. Alternative 6 would result in a reduction in 
development area when compared to Alternative 2. Based on the finding that the impacts of RMDP 
construction on groundwater quality would be less than significant for Alternative 2 after regulatory 
compliance. Mitigation Measures SP-4.2-7 and WQ-1 and implementation of the proposed PDFs. the 
short-term direct impacts of Alternative 6 on groundwater quality also would be less than significant (as 
described for Alternative 2) under Significance Criterion 4. and no further mitigation measures are 
required. 

Long-Term Direct Impacts to Groundwater Quality. As fewer RMDP infrastructure improvements are 
proposed in Alternative 6. as compared to Alternative 2. less operation and maintenance would be 
required. Based on the finding that the impacts of the RMDP operation and maintenance on groundwater 
quality would be less than significant for Alternative 2. the long-term direct impacts of Alternative 6 on 
groundwater quality also would be less than significant (as described for Alternative 2) under 
Significance Criterion 4. and no further mitigation measures are required. 

SCP Direct Impacts. Alternative 6 differs from Alternative 2 in that there would be an additional 724 
acres of spineflower preserves. Implementation of the Alternative 6 SCP would not result in development 
and. therefore. there would be no short-term direct impacts to groundwater quality caused by the SCP 
under Significance Criterion 4. and no further mitigation measures are required. 

Long-term groundwater quality impacts of the SCP would be related to the occasional use of pesticides. 
which may increase slightly with the increased preserve area. but would be less than significant relative to 
Significance Criterion 4 based on the utilization ofiPM techniques identified in the SCP management and 
monitoring program. 

4.4.6.6.5 Indirect Impacts to Groundwater Quality 

RMDP Indirect Impacts. Implementation of the RMDP component of Alternative 6 would indirectly 
facilitate previously approved urban development within the Specific Plan area. Alternative 6 would 
provide 1098 fewer residential units and result in a 216.000 square foot reduction in nonresidential uses 
within the Specific Plan area when compared to the proposed Project (Alternative 2). 

Short-Term Indirect Impacts to Groundwater Quality. Alternative 6 would result in a reduction in 
development area when compared to Alternative 2. Based on the finding that the impacts of Specific Plan 
project construction on groundwater quality would be less than significant for Alternative 2 after 
regulatory compliance. Mitigation Measures SP-4.2-7 and WQ-1. and implementation of the proposed 
PDFs. the short-term indirect impacts of Alternative 6 on groundwater quality also would be less than 
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significant (as described for Alternative 2) under Significance Criterion 4. and no further mitigation 
measures are required. 

Long-Term Indirect Impacts to Groundwater. Alternative 6 would result in a reduction in 
development area when compared to Alternative 2. Based on the finding that the impacts of Specific Plan 
build-out on groundwater quality would be less than significant for Alternative 2 after applying regulatory 

requirements. Mitigation Measures SP-4.2-7 and WQ-1. and the proposed PDFs. the long-term indirect 
impacts of Alternative 6 on groundwater quality also would be less than significant (as described for 
Alternative 2) under Significance Criterion 4. and no further mitigation measures are required. 

SCP Indirect Impacts. Implementation of the Alternative 6 SCP would indirectly facilitate previously 
approved urban development within the Specific Plan area. and on portions of the Entrada planning area. 
Potential groundwater quality impacts of the Specific Plan development are evaluated above. Alternative 
6 would not facilitate development on the VCC planning area and would result in approximately 1.300 
fewer residential units and 3.4 msf less nonresidential square footage in the Entrada and VCC planning 
areas when compared to Alternative 2. 

Short-Term Indirect Impacts to Groundwater Quality. Alternative 6 would result in a reduction in 

development area when compared to Alternative 2. Based on the finding that the impacts of VCC and 
Entrada construction on groundwater quality would be less than significant for Alternative 2 given 
regulatory compliance. Mitigation Measures SP-4.2-7 and WQ-1. and implementation of the proposed 
PDFs. the short-term indirect impacts of Alternative 6 on groundwater quality also would be less than 
significant (as described for Alternative 2) under Significance Criterion 4. and no further mitigation 
measures are required. 

Long-Term Indirect Impacts to Groundwater. Under Alternative 6. development within the VCC 
planning area would not be facilitated. There would be no change to the existing land uses within this 
area. which consists of open space and agriculture. No new additional mitigation would be required for 
the ongoing agricultural activities. and these existing uses may result in adverse but less-than-significant 
indirect impacts to groundwater quality related to Significance Criterion 4. and no further mitigation 
measures are required. 

Based on the reduction in development area of Entrada proposed in Alternative 6 compared to Alternative 
2. and the finding that the impacts of the Entrada project on groundwater quality would be less than 
significant for Alternative 2 after applying regulatory requirements. Mitigation Measure WQ-1. and the 
proposed PDFs. the long-term indirect impacts of Alternative 6 on groundwater quality also would be less 
than significant (as described for Alternative 2) under Significance Criterion 4. and no further mitigation 
measures are required. 

4.4.6.6.6 Secondary Impacts to Groundwater 

RMDP Secondary Impacts. The short-term. construction-related direct and indirect water quality 
impacts of Alternative 6 would be less than significant under Significance Criterion 4 within the Project 
boundary. Therefore. the short-term secondary impacts to groundwater quality due to the RMDP 
construction activities beyond the boundaries of the Project area also would be less than significant. 
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Similarly. the comprehensive site design. source control BMPs. and treatment control BMPs. and 
compliance with regulatory requirements would assure that long-term direct and indirect impacts from 
Alternative 6 maintenance activities and Specific Plan projects on groundwater quality would not be 
significant under Significance Criterion 4. Therefore. the long-term secondary impacts to groundwater 
quality due to the RMDP operation and maintenance and Specific Plan build-out would also not be 
significant. and no further mitigation measures are required. 

SCP Secondary Impacts. Short-term. construction-related direct groundwater quality impacts of the 
SCP. and short-term indirect impacts would not be significant (as described in Alternative 2) under 
Significance Criterion 4 under Alternative 6. Therefore. the short-term secondary impacts to groundwater 
quality beyond the boundaries of the Project area also would be less than significant for this alternative. 

Similarly. the comprehensive site design. source control BMPs (including the IPM strategy for SCP 
maintenance). and treatment control BMPs. compliance with regulatory requirements. and Mitigation 
Measures SP-4.2-7 and WQ-1 would ensure that long-term direct and indirect impacts from SCP 
maintenance activities and development of the Specific Plan and Entrada projects on groundwater quality 
would not be significant under Significance Criterion 4 after proposed PDF implementation (as described 
for Alternative 2). 

Under Alternative 6. development within the VCC planning area would not be facilitated. There would be 
no change to the existing land uses within these areas. which consist of open space and agriculture. No 
new additional mitigation would be required for the ongoing agricultural activities. and these existing 
uses may result in adverse but less-than-significant secondary impacts to groundwater quality related to 
Significance Criterion 4 if indirect groundwater impacts occurred and impacted groundwater traveled off
site. 

4.4.6.6. 7 Total Impacts -Alternative 6 

Alternative 6 would result in a reduction in development area when compared to Alternative 2. Based on 
the finding that the short- and long-term direct. indirect. and secondary impacts of the total Project on 
surface water and groundwater quality would be less than significant for Alternative 2. with 
implementation of regulatory requirements. Mitigation Measures SP-4.2-7 and WQ-1. and the proposed 
PDF measures. the short- and long-term direct. indirect. and secondary impacts of Alternative 6 on 
surface water and groundwater quality also would be less than significant under the requirements of 
Significance Criteria 1 through 4. and no further mitigation measures are required. 

4.4.6.7 Impacts of Alternative 7 (Avoidance of 100-Year Floodplain, Elimination of Two 
Planned Bridges, and Avoidance of Spineflower) 

Alternative 7 would result in a substantial reduction in the RMDP infrastructure, when compared to the 
proposed Project, and would increase the size of proposed spineflower preserves from 167.6 to 660.6 
acres. Under this alternative, no development would be facilitated on the VCC planning area, and 
subsequent development on the Specific Plan site would be reduced. In total, Alternative 7 would 
facilitate the development of 17,323 residential dwelling units on the Specific Plan site and Entrada 
planning area, and approximately 3.82 msf of nonresidential uses on the Specific Plan site and on a 
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portion of the Entrada planning area. and the net acreage/pad for residential. non-residential. and public 
facilities uses would be reduced by 1.497 acres (approximately 39 percent). Additional information 
regarding this alternative is provided in Section 3.0. Description of Alternatives. of this EIS/EIR. 

4.4.6.7.1 Direct Impacts to Surface Water Quality 

RMDP Direct Impacts. 

Short-Term Direct Impacts to Surface Water Quality. Alternative 7 would result in a reduction in 
development area when compared to Alternative 2. Based on the r finding that the impacts of RMDP 
construction on surface water quality would be less than significant for Alternative 2. given 
implementation of regulatory requirements. Mitigation Measures SP-4.2-7 and WQ-1. and the proposed 
PDF measures. the short-term direct impacts of Alternative 7 project construction on surface water quality 
also would be less than significant (as described for Alternative 2) under Significance Criteria 1 through 
3. and no further mitigation measures are required. 

Long-Term Direct Impacts to Surface Water Quality. As fewer infrastructure improvements are 
proposed in Alternative 7 compared to Alternative 2. less operation and maintenance would be required. 
Based on the finding that the impacts of RMDP operation and maintenance on surface water quality 
would be less than significant for Alternative 2 with implementation of regulatory requirements. 
Mitigation Measures SP-4.2-7 and WQ-1. and the proposed PDF measures and BMPs. the long-term 
direct impacts of Alternative 7 project operation and maintenance on surface water quality also would be 
less than significant (as described for Alternative 2). under Significance Criteria 1 through 3. and no 
further mitigation measures are required. 

SCP Direct Impacts. Alternative 7 differs from Alternative 2 in that there would be an additional 493 
acres of spineflower preserves. Implementation of the Alternative 7 SCP would not result in development 
and. therefore. there would be no short-term direct impacts to surface water quality caused by the SCP 
under Significance Criteria 1 through 3. 

Potential long-term water quality impacts of the SCP would be related to the occasional use of pesticides. 
which would likely increase slightly with the increased preserve area. but would be less than significant 
(as described in Alternative 2) relative to Criteria 1 through 3 based on the utilization ofiPM techniques 
identified in the SCP management and monitoring program. 

4.4.6. 7.2 Indirect Impacts to Surface Water Quality 

RMDP Indirect Impacts. Implementation of the RMDP component of Alternative 7 would indirectly 
facilitate previously approved urban development within the Specific Plan area. Alternative 7 would 
provide 4.414 fewer residential units and result in a 1.79 million square foot reduction in nonresidential 
uses within the Specific Plan area when compared to the proposed Project (Alternative 2). 

Short-Term Indirect Impacts to Surface Water Quality. Alternative 7 would result in a reduction in 
development area when compared to Alternative 2. Based on the finding that the potential impacts of 
Specific Plan project construction on surface water quality would be less than significant for Alternative 2 
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after application of regulatory requirements. Mitigation Measures SP-4.2-7 and WQ-1. and 
implementation of the proposed PDF measures. the short-term indirect impacts of Alternative 7 on 
surface water quality also would be less than significant (as described for Alternative 2) under 
Significance Criteria 1 through 3. and no further mitigation measures are required. 

Long-Term Indirect Impacts to Surface Water. The decrease in Specific Plan development area in 
Alternative 7 would decrease the predicted increase in runoff ammonia. trace metal. and chloride loads 
that would result from Alternative 2. As concentrations of all modeled constituents (except for dissolved 
zinc) are predicted to decrease under Alternative 2. when compared to existing conditions. concentrations 
are predicted to also decrease under Alternative 7. The modeled concentrations in runoff are predicted to 
be below all benchmark water quality objectives and criteria and TMDL wasteload allocations for the 
Santa Clara River. Water quality impacts of Alternative 7 would be minimized and less than significant 
with implementation of regulatory requirements. Mitigation Measures SP-4.2-7 and WQ-1. a 
comprehensive site design. source control. and treatment control strategy and compliance with the MS4 
permit and SUSMP requirements. 

Concentrations of hydrocarbons are expected to increase. while concentrations of pathogens. pesticides. 
and trash and debris may increase under Alternative 7 conditions. when compared to existing conditions. 
but none of the qualitatively assessed constituents are expected to significantly impact receiving waters 
due to the implementation of a comprehensive site design. source control. and treatment control strategy 
in compliance with the MS4 permit requirements. SUSMP requirements and Mitigation Measures SP-
4.2-7 and WQ-1. Therefore. long-term indirect impacts on surface water quality from Alternative 7 would 
not be significant. after implementation of required PDFs (as described for Alternative 2) under Criteria 1 
through 3. and no further mitigation measures are required. 

SCP Indirect Impacts. Under Alternative 7. the SCP would indirectly facilitate previously approved 
urban development within the Specific Plan area. and on portions of the Entrada planning area. Potential 
water quality impacts of the Specific Plan development are evaluated above. Under Alternative 7. no 
development would be facilitated on the VCC planning area. and approximately 852 residential units and 
51.000 square feet of nonresidential units on a portion of the Entrada planning area would be facilitated. 
Alternative 7 would result in 873 fewer residential units and 3.8 msfless nonresidential square footage in 
the Entrada and VCC planning areas when compared to Alternative 2. 

Short-Term Indirect Impacts to Surface Water Quality. Alternative 7 would result in a reduction in 
development area when compared to Alternative 2. Based on the finding that the potential impacts of 
Entrada construction on surface water quality would be less than significant for Alternative 2 given 
applicable regulatory requirements. Mitigation Measures SP-4.2-7 and WQ-1. and implementation of the 
proposed PDFs. the potential short-term indirect impacts of Alternative 7 on surface water quality also 
would be less than significant. after implementation of required PDFs (as described for Alternative 2) 
under Criteria 1 through 3, and no further mitigation measures are required. 

Long-Term Indirect Impacts to Surface Water. Under this alternative, development within the VCC 
planning area would not be facilitated. There would be no change to the existing land uses within this 
area, which consists of open space and agriculture. No mitigation would be required for the ongoing 
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agricultural acliv!lies. and these ex1stmg uses may result in adverse but less-than-significant indirect 
impacts to surface water quality related to Significance Criterion 1. Alternative 7 would have no 
significant indirect impacts regarding Significance Criteria 1 through 3. and no further mitigation 
measures are required. 

The decrease in Entrada development area under Alternative 7 would decrease the predicted increase in 
pollutant loads and ammonia and chloride concentrations. when compared to Alternative 2. As 
concentrations of all modeled constituents (except for ammonia and chloride) are predicted to decrease 
under Alternative 2. when compared to existing conditions after the application of PDFs. concentrations 
of all modeled constituents (except for ammonia and chloride) are also predicted to decrease under 
Alternative 7. The modeled concentrations in runoff from developed areas with PDFs are predicted to be 
below all benchmark water quality objectives and criteria and TMDL wasteload allocations for the Santa 
Clara River and are addressed by a comprehensive site design. source control. and treatment control 
strategy. summarized in Table 4.4-12. and compliance with MS4 permit. SUSMP requirements and 

Mitigation Measure WQ-1. 

For the Entrada planning area. concentrations of hydrocarbons are expected to increase. while 
concentrations of pathogens. pesticides. and trash and debris may increase under proposed conditions 
when compared to existing conditions. but none of the qualitatively assessed constituents are expected to 
significantly impact receiving waters due to implementation of regulatory requirements. Mitigation 
Measure WQ-1. a comprehensive site design. source control. and treatment control strategy in compliance 
with the MS4 permit and SUSMP requirements. Therefore. long-term indirect impacts on surface water 
quality from build-out of the Entrada project under Alternative 7 would not be significant under Criteria 1 

through 3 after implementation of required PDFs (as described for Alternative 2). and no further 
mitigation measures are required. 

4.4.6. 7.3 Secondary Impacts to Surface Water 

RMDP Secondary Impacts. The potential short-term. construction-related direct and indirect water 
quality impacts of Alternative 7 would be reduced to a less-than-significant level under Criteria 1 through 
3 within the Project boundary. Therefore. the short-term secondary impacts to water quality in the Santa 
Clara River beyond the boundaries of the Project area due to the RMDP construction activities also would 
be reduced to a less-than-significant level. 

Similarly. the comprehensive site design. source control. and treatment control strategy summarized in 
Table 4.4-12. and compliance with regulatory requirements and Mitigation Measures SP-4.2-7 and WQ-1 
would ensure that long-term direct and indirect impacts from RMDP maintenance activities and Specific 
Plan build-out on receiving water quality would not be significant under Criteria 1 through 3. Therefore. 
the long-term secondary impacts to water quality in the Santa Clara River beyond the boundaries of the 
Project area due to RMDP operation and maintenance and Specific Plan build-out also would be reduced 

to a less-than-significant level. and no further mitigation measures are required. 

SCP Secondary Impacts. Under Alternative 7. short-term. construction-related direct water quality 
impacts of the SCP. and short-term indirect impacts would not be significant (as described for Alternative 
2). under Criteria 1 through 3. Therefore. the short-term secondary impacts to water quality in the Santa 
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Clara River beyond the boundaries of the Project area also would be reduced to a less-than-significant 
level under this alternative. 

Similarly. the comprehensive site design. source control (including the IPM strategy for SCP 
maintenance). and treatment control strategy. compliance with regulatory requirements. and Mitigation 
Measures SP-4.2-7 and WQ-1 would ensure that long-term direct from SCP maintenance activities and 
development of the Specific Plan and Entrada projects on receiving water quality would not be 
significant. after PDF implementation (as described for Alternative 2). under Criteria 1 through 3 for 
Alternative 7. Therefore. the long-term secondary impacts to surface water quality in the Santa Clara 
River beyond the boundaries of the Project area from these activities and development also would be less 
than significant. and no further mitigation measures are required. 

Under Alternative 7. development within the VCC planning area would not be facilitated. There would be 
no change to the existing land uses within this area. which consists of open space and agriculture. No new 
additional mitigation would be required for the ongoing agricultural activities. and these existing uses 
may result in adverse but less-than-significant secondary impacts to surface water quality related to 
Significance Criterion 1 if indirect impacts occur and these impacts are carried off-site in the Santa Clara 
River. 

4.4.6. 7.4 Direct Impacts to Groundwater Quality 

RMDP Direct Impacts. 

Short-Term Direct Impacts to Groundwater Quality. Alternative 7 would result in a reduction in 
development area when compared to Alternative 2. Based on the finding that the impacts of RMDP 
construction on groundwater quality would be less than significant for Alternative 2 after regulatory 
compliance. Mitigation Measures SP-4.2-7 and WQ-1. and implementation of the proposed PDFs. the 
short-term direct impacts of Alternative 7 on groundwater quality also would be less than significant (as 
described for Alternative 2) under Significance Criterion 4. and no further mitigation measures are 
required. 

Long-Term Direct Impacts to Groundwater Quality. As fewer infrastructure improvements are 
proposed in Alternative 7 when compared to Alternative 2. less operation and maintenance would be 
required. Based on the finding that the impacts of the RMDP operation and maintenance on groundwater 
quality would be less than significant for Alternative 2. the long-term direct impacts of Alternative 7 on 
groundwater quality also would be less than significant (as described for Alternative 2). under 
Significance Criterion 4. and no further mitigation measures are required. 

SCP Direct Impacts. Alternative 7 differs from Alternative 2 in that there would be an additional 493 
acres of spineflower preserves. Implementation of the Alternative 7 SCP would not result in development 
and. therefore. there would be no short-term direct impacts to groundwater quality caused by the SCP 
under Significance Criterion 4. 

Long-term groundwater quality impacts of the SCP would be related to the occasional use of pesticides. 
which may increase slightly with the increased preserve area. but would be less than significant relative to 
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Significance Criterion 4 based on the utilization ofiPM techniques identified in the SCP management and 
monitoring program. 

4.4.6. 7.5 Indirect Impacts to Groundwater Quality 

RMDP Indirect Impacts. Implementation of the RMDP component of Alternative 7 would indirectly 
facilitate previously approved urban development within the Specific Plan area. Alternative 7 would 
provide 4.414 fewer residential units and result in a 1. 79 msf reduction in nonresidential uses within the 
Specific Plan area when compared to the proposed Project (Alternative 2). 

Short-Term Indirect Impacts to Groundwater Quality. Alternative 7 would result in a reduction in 
development area when compared to Alternative 2. Based on the finding that the impacts of Specific Plan 
project construction on groundwater quality would be less than significant for Alternative 2 after 
regulatory compliance. Mitigation Measures SP-4.2-7 and WQ-1. and implementation of the proposed 
PDFs. the short-term indirect impacts ofRMDP Alternative 7 project construction on groundwater quality 
also would be less than significant (as described in Alternative 2) under Significance Criterion 4. and no 
further mitigation measures are required. 

Long-Term Indirect Impacts to Groundwater. Alternative 7 would result in a reduction in 
development area when compared to Alternative 2. Based on the finding that the impacts of Specific Plan 
projects on groundwater quality would be less than significant for Alternative 2 after applying required 
regulatory requirements. Mitigation Measures SP-4.2-7 and WQ-1. the proposed PDFs. the long-term 
indirect impacts of Alternative 7 on groundwater quality also would be less than significant (as described 
for Alternative 2) under Significance Criterion 4. and no further mitigation measures are required. 

SCP Indirect Impacts. Implementation of the Alternative 7 SCP would indirectly facilitate previously 
approved urban development within the Specific Plan area. and on portions of the Entrada planning area. 
Potential groundwater quality impacts of the Specific Plan development are evaluated above. Alternative 
7 would not facilitate development on the VCC planning area and would result in approximately 873 
fewer residential units and 3.8 msfless nonresidential square footage when compared to Alternative 2. 

Short-Term Indirect Impacts to Groundwater Quality. Alternative 7 would result in a reduction in 
development area when compared to Alternative 2. Based on the finding that the potential impacts of 
VCC and Entrada construction on groundwater quality would be less than significant for Alternative 2 
given regulatory compliance. Mitigation Measures SP-4.2-7 and WQ-1. and implementation of proposed 
PDFs. the short-term indirect impacts of Alternative 7 on groundwater quality also would be less than 
significant under the requirements of Significance Criterion 4 after implementation of required PDFs (as 
described for Alternative 2). and no further mitigation measures are required. 

Long-Term Indirect Impacts to Groundwater. Under Alternative 7. development within the VCC 
planning area would not be facilitated. There would be no change to the existing land uses within this 
area. which consists of open space and agriculture. No new additional mitigation would be required for 
the ongoing agricultural activities. and these existing uses may result in adverse but less-than-significant 
indirect impacts to groundwater quality related to Significance Criterion 4. and no further mitigation 
measures are required. 
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Alternative 7 would result in a reduction in development area when compared to Alternative 2. Based on 
the finding that the impacts of the Entrada project on groundwater quality would be less than significant 
for Alternative 2. after applying PDFs. the potential long-term indirect impacts of Alternative 7 on 
groundwater quality also would be less than significant (as described for Alternative 2) under 
Significance Criterion 4. and no further mitigation measures are required. 

4.4.6. 7.6 Secondary Impacts to Groundwater 

RMDP Secondary Impacts. The short-term. construction-related direct and indirect water quality 
impacts of Alternative 7 would be less than significant under Significance Criterion 4 within the Project 
boundary. Therefore. the short-term secondary impacts to groundwater quality beyond the boundaries of 
the Project area due to the RMDP construction activities also would be less than significant. 

Similarly. the comprehensive site design. source control. and treatment control strategy summarized in 
Table 4.4-12. and full compliance with regulatory requirements and Mitigation Measures SP-4.2-7 and 
WQ-1 would ensure that long-term direct and indirect impacts from RMDP maintenance activities and 
Specific Plan build-out on groundwater quality would not be significant under Significance Criterion 4. 
Therefore. the long-term secondary impacts to groundwater quality due to the RMDP operation and 
maintenance and Specific Plan build-out also would not be significant and no mitigation measures are 
required. 

SCP Secondary Impacts to Groundwater Quality. Short-term. construction-related direct groundwater 
quality impacts of the SCP. and short-term indirect impacts would not be significant (as described for 
Alternative 2). under Significance Criterion 4 under Alternative 7. Therefore. the short-term secondary 
impacts to groundwater quality beyond the boundaries of the Project area also would be less than 
significant for this alternative. 

Similarly. the comprehensive site design. source control BMPs (including the IPM strategy for SCP 
maintenance). treatment control BMPs. compliance with regulatory requirements. and Mitigation 
Measures SP-4.2-7 and WQ-1 would ensure that long-term direct and indirect impacts from SCP 
maintenance activities and development of the Specific Plan and Entrada projects on groundwater quality 
would not be significant. after PDF implementation (as described for Alternative 2) under Significance 
Criterion 4 for Alternative 7. Therefore. the long-term secondary impacts to groundwater also would not 
be significant for Alternative 7. and no further mitigation measures are required. 

Under Alternative 7. development within the VCC planning area would not be facilitated. There would be 
no change to the existing land uses within this area. which consists of open space and agriculture. No new 
additional mitigation would be required for the ongoing agricultural activities. and these existing uses 
may result in adverse but less-than-significant secondary impacts to groundwater quality related to 
Significance Criterion 4 if indirect groundwater impacts occurred and impacted groundwater traveled off

site. 
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4.4.6. 7. 7 Total Impacts -Alternative 7 

Alternative 7 would result in a reduction in development area when compared to Alternative 2. Based on 
the finding that the potential short- and long-term direct. indirect. and secondary impacts of the total 
Project on surface water and groundwater quality would be less than significant for Alternative 2 with 
implementation of regulatory requirements. Mitigation Measures SP-4.2-7 and WQ-1. and the proposed 
PDF measures. the short- and long-term direct. indirect. and secondary impacts of Alternative 7 on 
surface water and groundwater quality also would be less than significant under the requirements of 
Significance Criteria 1 through 4. and no further mitigation measures are required. 

4.4. 7 MITIGATION MEASURES 

4.4. 7.1 Mitigation Measures Already Required by the Adopted Newhall Ranch Specific Plan 
EIR 

The County of Los Angeles previously adopted mitigation measures to ensure that water quality impacts 
within the Specific Plan area were reduced to less-than-significant levels as part of its adoption of the 
Newhall Ranch Specific Plan and WRP. These measures are found in the previously certified Newhall 
Ranch Specific Plan Program EIR and the adopted Mitigation Monitoring Plans for the Specific Plan and 
WRP (May 2003). and are summarized above in Table 4.4-1. In addition. these mitigation measures are 
set forth in full below. and preceded by "SP." which stands for Specific Plan. 

Specific Plan 

SP-4.2-7 The applicant for any subdivision map permitting construction shall satisfY all applicable 
requirements of the NPDES Program in effect in Los Angeles County to the satisfaction 
of the County of Los Angeles Department of Public Works. These requirements 
currently include preparation of an Urban StormWater Mitigation Plan (USWMP) 
containing design features and Best Management Practices (BMPs) appropriate and 
applicable to the subdivision. In addition. the requirements currently include preparation 
of a Stormwater Management Pollution Prevention Plan (SWPPP) containing design 
features and BMPs appropriate and applicable to the subdivision. The County of Los 
Angeles Department of Public Works shall monitor compliance with those NPDES 
requirements. 

Water Reclamation Plant 

SP-5.0-52 A new County sanitation district shall be formed to administer operation of the Newhall 
Ranch water reclamation plant. The district shall encompass the entire Newhall Ranch 
Specific Plan site. 

SP-5.0-52(b) The applicant shall initiate a request to the new County sanitation district formed for the 
Newhall Ranch Specific Plan site to adopt an ordinance prohibiting the installation and 
use of self-regenerating water softeners within the new sanitation district prior to 
connection of the first residential unit to the sanitary sewer system. 
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SP-5.0-53 

SP-5.0-54 

SP-5.0-55 

SP-5.0-56 

4.4.7.2 

4.4 WATERQUALITY 

The Newhall Ranch water reclamation plant shall be designed and operated to satisfY the 
requirements of Title 22 of the California Administrative Code. which regulates reuse of 
reclaimed water. 

The Newhall Ranch water reclamation plant shall be designed and operated to satisfY the 
California Regional Water Quality Control Board. Los Angeles Region discharge limits 
for reclaimed water discharged to the Santa Clara River and for the irrigation of 
landscaped areas. 

The Newhall Ranch water reclamation plant shall obtain a National Pollutant Discharge 
Elimination System permit from the California Regional Water Quality Control Board. 
Los Angeles Region for reclaimed water discharged to the Santa Clara River and for the 
irrigation oflandscaped areas. 

All facilities of the sanitary sewer system will be designed and constructed for 
maintenance by the County of Los Angeles Department of Public Works and County 
Sanitation Districts of Los Angeles County. and/or the new County sanitation district or 
similar entity in accordance with their manuals. criteria. and requirements. 

Mitigation Measures Already Required by the Adopted vee EIR 

The previously certified VCC EIR (April 1990) did not address impacts related to water quality. 
However. as noted in Subsection 4.4.1.2.1. above. additional environmental review will be conducted by 
Los Angeles County with respect to the VCC planning area. because the applicant recently submitted the 
last tentative parcel map for build-out of the VCC planning area. Additional mitigation can and should be 
adopted by Los Angeles County if build-out of the VCC project area were to result in significant impacts 
to water quality within the vee planning area. 

4.4.7.3 Mitigation Measures Relating to the Entrada Planning Area 

The County of Los Angeles has not yet prepared or released a draft EIR for the proposed development 
within the portion of the Entrada planning area that would be facilitated by approval of the SCP 
component of the proposed Project. As a result. there are no previously adopted mitigation measures for 
the Entrada planning area. However. the adoption and implementation of measures similar to those 
previously adopted for the Specific Plan area and/or recommended for the proposed Project would ensure 
that potential impacts to water quality within the Entrada planning area are reduced to the extent feasible. 

4.4.7.4 Additional Mitigation Measures Proposed by this EIS/EIR 

The analysis provided above determined that with implementation of applicable regulatory requirements 
and proposed PDFs, the proposed Project and alternatives would not result in significant water quality 
impacts. However, proposed Mitigation Measure WQ-1 is proposed for Alternatives 2 through 7 to 
further ensure that the water quality-related impacts remain less-than-significant, and to facilitate the 
implementation of a mitigation monitoring program that addresses water quality-related requirements. 
This proposed mitigation measure is to be implemented in addition to those previously adopted by the 
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County of Los Angeles in connection with its approval of the Specific Plan and WRP projects. This 
measure is preceded by "WQ." to designate that it is water quality-related mitigation. 

This mitigation requirement applies to all development on the Specific Plan site. and development on the 
portions of the VCC and Entrada project sites included in the Project area. This mitigation measure will 
ensure that short- and long-term water quality impacts of the proposed Project and alternatives remain 
less than significant. 

WQ-1 Prior to the recordation of any final subdivision map (except those maps for financing or 
conveyance purposes only) or the issuance of any grading or building permit (whichever 
comes first). a final SUSMP shall be prepared consistent with the terms and content of both 
the Newhall Ranch Specific Plan Sub-Regional Stormwater Mitigation Plan and Project Water 
Quality Technical Report that specifically identifies the BMPs to be used on site. The SUSMP 
shall be submitted to the DPW for review. The SUSMP shall identifY. at a minimum: (1) site 
design BMPS (as appropriate); (2) the source control BMPs; (3) treatment control BMPs; (4) 
hydromodification control BMPs; and (5) the mechanism(s) by which long-term operation and 
maintenance of all structural BMPs would be provided. The BMPs identified in the SUSMP 
shall include. as applicable. but not be limited to. the PDFs set forth in Table 4.4-12 of this 
EIS/EIR and duplicated below. 
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I. Runoff Flow Control 

4.4 WATERQUALITY 

Table 4.4-12 (Duplicate) 
Standard Urban Stormwater Mitigation Plan Requirements and 

Corresponding Specific Plan Project Design Features 

Criteria/ Description 
Control post-development peak 
storm water runoff discharge rates, 
velocities, and duration in natural 
drainage systems to prevent 
accelerated downstream erosion and to 
protect habitat related beneficial uses 2 

All post-development runoff from a 
two-year, 24-hour storm shall not 
exceed the predevelopment peak flow 
rate, burned,3 from a two-year, 24-hour 
storm when the predevelopment peak 
flow rate equals or exceeds five cfs. 
Discharge flow rates shall be 
calculated using fhe County of Los 
Angeles' modified rational method. 

Post-development runoff from fhe 50-
year capital storm shall not exceed the 
predevelopment peak flow rate, burned 
and bulked,' from fhe 50-year capital 
storm. 

Control peak flow discharge to provide 
stream channel and over bank flood 
protection, based on flow design 
criteria selected by the local agency. 

Corresponding Specific Plan PDFs 

Hydrornodification source controls include 
minimizing impervious surfaces through 
clustering development and using vegetated 
treatment control BJ\1Ps such as bioretention, 
vegetated swales, and extended detention 
basins to disconnect impervious surfaces and 
reduce runoffvolurues through 
evapotranspiration and infiltration. 

Extended detention basins can provide 
hydrornodification control as well as water 
quality treatment. 

In-stream stabilization techniques (grade 
control and drop structures) would be 
employed in the tributaries fhat would 
receive post-development Specific Plan 
project runoff to prevent accelerated erosion 
and to protect habitat related beneficial uses, 
per the RMDP. 

The Specific Plan tract maps would be 
conditioned to require, as a design feature, 
sizing and design of hydraulic features as 
necessary to control hydromodification 
impacts in accordance with fhe Newhall 
Ranch Specific Plan Sub-Regional 
Storm water Mitigation Plan. 5 

2. Conserve Natural Areas Concentrate or cluster development on 
portions of a site while leaving the 
remaining land in a natural undisturbed 
condition. 

The Specific Plan clusters development into 
villages. Approximately 70% (8,335 acres) 
of the Specific Plan site would remain 
undeveloped. 

RMDP-SCP EISIEIR 

Limit clearing and grading of native 
vegetation at a site to the minimum 
amount needed to build lots, allow 
access, and provide fire protection. 

Maximize trees and other vegetation at 
each site, planting additional 
vegetation, clustering tree areas, and 
promoting the use of native and/or 
drought tolerant plants. 

Promote natural vegetation by using 
parking lot islands and other 
landscaped areas. 

Preserve riparian areas and wetlands. 

4.4-173 

Site clearing and grading would be limited as 
necessary to allow development, allow 
access, and provide fire protection. 

Native and/or nonnative/noninvasive 
vegetation would be utilized within fhe 
development. 

The final project stormwater system would 
include fhe use of fhe vegetated treatruent 
BMPs, including bioretention (placed in 
common area landscaping in commercial and 
multi-family residential areas, roadway 
median strips, and parking lot islands (where 
applicable), vegetated swales, and extended 
detention basins. 

Riparian buffers would be preserved along 
the Santa Clara River Corridor and tributary 
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Table 4.4-12 (Duplicate) 
Standard Urban Stormwater Mitigation Plan Requirements and 

Corresponding Specific Plan Project Design Features 

SUSMP Requirement' 

3. Minimize Stormwater 
Pollutants of Concern 

4. Protect Slopes and 
Channels 

RMDP-SCP EISIEIR 

Criteria/ Description 

Minimize to the maximum extent 
practicable, the introduction of 
pollutants of concern that may result in 
significant impacts, generated from 
site runoff of directly connected 
impervious areas, to the storm water 
conveyance system as approved by the 
building official. 

Project plans must include BMPs 
consistent with local codes and 
ordinances and the SUSMP 
requirements to decrease the potential 
of slopes and/or channels from eroding 
and impacting storm water runoff: 

Convey runoff safely from the tops of 
slopes and stabilize disturbed slopes; 

Utilize natural drainage systems to the 
maximum extent practicable; 

Control or reduce or eliminate flow to 
natural drainage systems to the 
maximum extent practicable; 

4.4-174 

Corresponding Specific Plan PDFs 
drainages by clustering development upland 
and away from the River and tributary 
drainages. 

Treatment control BMPs would be selected 
to address the pollutants of concern for the 
Project. These BMPs are designed to 
minimize introduction of pollutants to the 
Maximum Extent Practicable (MEP). 

The Specific Plan projects would include 
numerous source controls, including animal 
waste bag stations, street sweeping and catch 
basin cleaning, an IPM program for common 
area landscaping in multi-family residential 
areas and commercial areas, use of native 
and/or nonnative/noninvasive vegetation, 
and installation of a car wash pad in multi
family residential areas. 

An education program would be 
implemented that includes both the education 
of residents and commercial businesses 
regarding water quality issues. Topics would 
include services that could affect water 
quality, such as carpet cleaners and others 
that may not properly dispose of cleaning 
wastes; community car washes; and 
residential car washing. The education 
program would emphasize animal waste 
management, such as the importance of 
cleaning up after pets and not feeding 
pigeons, seagulls, ducks, and geese. 

Vegetated treatment control BMPs would 
allow for infiltration of treated storm water. 

The Specific Plan projects would provide 
slope stabilization to areas with significant 
slopes. 

Natural slopes and native vegetation on 
slopes adjacent to the Santa Clara River 
would be preserved and/or restored and 
enhanced. Native plants would be used in all 
plant palettes placed on restored slopes. 

Project PDFs, including swales, bioretention 
areas, and water quality basins (hydrologic 
source controls), would reduce flows to 
natural channels through infiltration and 
evapotranspiration. 
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Table 4.4-12 (Duplicate) 
Standard Urban Stormwater Mitigation Plan Requirements and 

Corresponding Specific Plan Project Design Features 

SUSMP Requirement' 

5. Provide Storm Drain 
System Stenciling and 
Signage 

6. Properly Design 
Outdoor Material Storage 
Areas 

7. Properly Design Trash 
Storage Areas 

RMDP-SCP EISIEIR 

Criteria/ Description 
Stabilize permanent channel crossings; 

Vegetate slopes with native or drought 
tolerant vegetation; 

Install energy dissipaters, such as 
riprap, at the outlets of new storm 
drains, culverts, conduits, or channels 
that enter unlined channels in 
accordance with applicable 
specifications to minimize erosion 
with the approval of all agencies with 
jurisdiction, (e.g., the Corps and 
CDFG). 

All storm drain inlets and catch basins 
within the project area must be 
stenciled with prohibitive language 
and/or graphical icons to discourage 
illegal dumping. 

Signs and prohibitive language and/or 
graphical icons, which prohibit illegal 
dumping, must be posted at public 
access points along channels and 
creeks within the project area. 

Legibility of stencils and signs must be 
maintained. 

Where proposed project plans include 
outdoor areas for storage of materials 
that may contribute pollutants to the 
stormwater conveyance system 
measures to mitigate impacts must be 
included. 

All trash containers must meet the 
following structural or treatment 
control BMP requirements: 

Trash container areas must have 
drainage from adjoining roofs and 
pavement diverter around the areas. 

4.4-175 

Corresponding Specific Plan PDFs 

The banks of the Santa Clara River at 
portions of this site would be stabilized 
primarily using buried bank stabilization per 
the Newhall Ranch RMDP. After the 
implementation of these measures and other 
flow control and volume reduction PDFs, the 
Santa Clara River would be capable of 
handling the expected flow regime with little 
or no eroswn. 

All outlet points to the Santa Clara River and 
tributaries would include energy dissipaters. 

In-stream stabilization techniques would be 
employed in the tributaries that would 
receive post-development Specific Plan 
runoff to prevent accelerated erosion and to 
protect habitat related beneficial uses, per the 
Newhall Ranch RMDP. Geomorphic 
principles would be used to design stable, 
naturalistic drainages given the expected 
hydrologic and sediment regimes. 

All storm drain inlets and water quality inlets 
would be stenciled or labeled. 

Signs would be posted in areas where 
dumping could occur. 

The County, a Landscape or Local 
Maintenance District (LMD), Home Owners 
Association (HOA), or other maintenance 
entity would maintain stencils and signs .. 

Pesticides, fertilizers, paints, and other 
hazardous materials used for maintenance of 
common areas, parks, commercial areas, and 
multi-family residential common areas 
would be kept in enclosed storage areas. 

All outdoor trash storage areas would be 
covered and isolated from stormwater runoff. 
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Table 4.4-12 (Duplicate) 
Standard Urban Stormwater Mitigation Plan Requirements and 

Corresponding Specific Plan Project Design Features 

SUSMP Requirement' 

8. Provide Proof of 
OngoingBMP 
Maintenance 

9. Design Standards for 
Structural or Treatment 
Control BMPs 

IO.B.l Properly Design 
Loading/ Unloading Dock 
Areas (100,000 ft2 

Commercial 
Developments) 

RMDP-SCP EISIEIR 

Criteria/ Description 
Trash container areas must be screened 
or walled to prevent off-site transport 
oftrash. 

Applicant required to provide 
verification of maintenance provisions 
through such means as may be 
appropriate, including, but not limited 
to legal agreements, covenants, and/or 
Conditional Use Permits. 

Post-construction structural or 
treatment control BMPs shall be 
designed to mitigate (infiltrate or treat) 
storm water runoff using either 
volumetric treatment control BJ\1Ps or 
flow-based treatment control BMPs 
sized per listed criteria. 

Cover loading dock areas or design 
drainage to minimize run-on and 
runoff of storm water. 

Direct connections to storm drains 
from depressed loading docks (truck 
wells) are prohibited. 

4.4-176 

Corresponding Specific Plan PDFs 

Depending on the type and location of the 
BMP, either the County, a Landscape or 
Local Maintenance District (LMD), or Home 
Owners Association (HOA) will be 
responsible for maintenance. The County 
will have the right, but not the duty, to 
inspect and maintain the BJ\!!Ps that are 
maintained by the HOA or LMD, at the 
expense of the HOA or LMD, if they are not 
being properly maintained. 

Storm water treatment facilities would be 
designed to meet or exceed the sizing 
standards in the County; SUSMP. 

Volume-based treatment control BMPs for 
the Specific Plan projects would be designed 
to capture 80 percent or more of the annual 
runoff volume per criterion 2 of the MS4 
permit. 

Flow-based BMPs would be sized using 
criteria 3, which would provide 80 percent 
capture of annual runoff volume per criteria 
of the MS4 permit. 

The size of the facilities would be finalized 
during the design stage by the project 
engineer with the final hydrology study, 
which would be prepared and approved to 
ensure consistency with this analysis prior to 
issuance of a final grading permit. 

Types of treatment control BMPs that would 
be employed include extended detention 
basins, bioretention, vegetated swales, 
cartridge media filtration, and a combination 
thereof 

Loading dock areas would be covered or 
designed to preclude run-on and runoff 

Direct connections to storm drains from 
depressed loading docks (truck wells) would 
be prohibited. 

Below grade loading docks for fresh food 
items would drain through a treatment 
control BMP applicable to the use, such as a 
catch basin insert. 
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Table 4.4-12 (Duplicate) 
Standard Urban Stormwater Mitigation Plan Requirements and 

Corresponding Specific Plan Project Design Features 

SUSMP Requirement' 

10.B.2. Properly Design 
Repair/ Maintenance Bays 
(100,000 ft' Commercial 
Developments) 

10.B.3. Properly Design 
Vehicle/ Equipment Wash 
Areas (100,000 ft2 

Commercial 
Developments) 

lO.C. Properly Design 
Equipment/ Accessory 
Wash Areas (Restaurants) 

lO.D. Properly design 
fueling area (Retail 
Gasoline Outlets) 

RMDP-SCP EISIEIR 

Criteria/ Description 

Repair/maintenance bays must be 
indoors or designed in such a way that 
does not allow storm water run-on or 
contact with storm water runoff. 

Design a repair /rn aintenance bay 
drainage system to capture all wash 
water, leaks, and spills. Connect drains 
to a sump for collection and disposal. 
Direct connection of the repair/ 
rn aintenance bays to the storm drain 
system is prohibited. If required by 
local jurisdiction, obtain an industrial 
waste discharge perm it. 

Self-contained and/or covered, 
equipped with a clarifier, or other 
pretreatment facility, and properly 
connected to a sanitary sewer. 

Self-contained, equipped with a grease 
trap, and properly connected to a 
sanitary sewer. 

If the wash area is to be located 
outdoors, it must be covered, paved, 
have secondary containment, and be 
connected to the sanitary sewer. 

The fuel dispensing area must be 
covered with an overhanging roof 
structure or canopy. The cover's 
minimum dimensions must be equal to 
or greater than the area within the 
grade break. The cover must not drain 
onto the fuel dispensing area and the 
downspouts must be routed to prevent 
drainage across the fueling area. 

4.4-177 

Corresponding Specific Plan PDFs 
Loading docks would be kept in a clean and 
orderly condition through weekly sweeping 
and litter control, at a minimum and 
immediate cleanup of spills and broken 
containers without the use of water. 

Commercial areas would not have 
repair/maintenance bays, or the bays would 
comply with design requirements. 

Areas for washing/steam cleaning of vehicles 
would be self-contained or covered with a 
roof or overhang; would be equipped with a 
wash racks and with the prior approval of the 
sewering agency; would be equipped with a 
clarifier or other pretreatment facility; and 
would be properly connected to a sanitary 
sewer. 

Food preparation areas shall have either 
contained areas or sinks, each with sanitary 
sewer connections for disposal of wash 
waters containing kitchen and food wastes. 

If located outside, the containment areas or 
sinks shall also be structurally covered to 
prevent entry of stormwater. Adequate signs 
shall be provided and appropriately placed 
stating the prohibition of discharging 
washwater to the storm drain system. 

Retail gasoline outlets would comply with 
design requirements. 
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Table 4.4-12 (Duplicate) 
Standard Urban Stormwater Mitigation Plan Requirements and 

Corresponding Specific Plan Project Design Features 

SUSMP Requirement' 

I 0 .E. I. Properly design 
fueling area (Automotive 
Repair Shops) 

IO.E.2. Properly design 
repair/maintenance bays 
(Automotive Repair 
Shops) 

IO.E.3. Properly design 
vehicle/equipment wash 
areas (Automotive Repair 
Shops) 

IO.E.4. Properly design 
loading/unloading dock 
areas (Automotive Repair 
Shops) 

IO.F.l. Properly Design 
Parking Area (Parking 
Lots) 

RMDP-SCP EISIEIR 

Criteria/ Description 
The fuel dispensing area must be 
paved with Portland cement concrete 
(or equivalent smooth impervious 
surface). The use of asphalt concrete 
shall be prohibited. 

The fuel dispensing areas must have a 
two to four percent slope to prevent 
ponding, and must be separated from 
the rest of the site by a grade break that 
prevents run-on of urban runoff. 

At a minimum, the concrete fuel 
dispensing area must extend 6.5 feet 
(two meters) from the comer of each 
fuel dispenser, or the length at which 
the hose and nozzle assembly may be 
operated plus one foot (0.3 meter), 
whichever is less. 

See requirement lO.D. above. 

See requirement IO.B.2 above. 

Self-contained and/or covered, 
equipped with a clarifier, or other 
pretreatment facility, and properly 
connected to a sanitary sewer or to a 
permitted disposal facility. 

See requirement IO.B.l above. 

Reduce impervious land coverage of 
parking areas. 

Infiltrate runoff before it reaches the 
storm drain system. 

Treat runoff before it reaches storm 
drain system. 

4.4-178 

Corresponding Specific Plan PDFs 

Automotive repair shop fueling areas would 
comply with design requirements. 

Autorn otiv e repair shop repair /rn aintenance 
bays would comply with design 
requirements. 

Vehicle/equipment wash areas at automotive 
repair shops would comply with design 
requirements. 

Automotive repair shop loading/unloading 
dock areas would comply with design 
requirements. 

Commercial and multi-family parking lots 
would incorporate bioretention facilities 
located in islands to promote filtration and 
infiltration of runoff 

Storm water runoff from parking lots would 
be directed to treatment control BMPs, 
including swales, water quality basins, 
bioretention areas, and/or catch basin media 
filters in compliance with SUSMP 
requirements. 
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Table 4.4-12 (Duplicate) 
Standard Urban Stormwater Mitigation Plan Requirements and 

Corresponding Specific Plan Project Design Features 

SUSMP Requirement' Criteria/ Description Corresponding Specific Plan PDFs 

IO.F.2. Properly Design to 
Limit Oil Contamination 
and Perform Maintenance 
(Parking Lots) 

13. Limitation of Use of 
Infiltration BMPs 

Notes: 

Treat to remove oil and petroleum 
hydrocarbons at parking lots that are 
heavily used. 

Ensure adequate operation and 
maintenance of treatment systems, 
particularly sludge and oil removal. 

Infiltration is limited based on design 
ofBMP, pollutant characteristics, land 
use, soil conditions, and traffic. 

Appropriate conditions must exist to 
utilize infiltration to treat and reduce 
storm water runoff for tlie project. 

See lO.F.l above. 

Treatment of runoff in detention basins, 
bioretention areas, or catch basin inserts 
would be used to address oil and petroleum 
hydrocarbons from high-use parking lots. 

The HOAs or property owners would be 
responsible for operation and maintenance of 
treatment control BJ\1Ps that serve private 
parking lots. 

Per the Los Angeles RWQCB clarification 
letter (Los Angeles RWQCB, 2006), 
generally, the common pollutants in 
stormwater are filtered or adsorbed by soil, 
and unlike hydrophobic solvents and salts, 
do not cause groundwater contamination. In 
any case, infiltration of one to two inches of 
rainfall in semiarid areas like southern 
California where there is a high rate of 
evapotranspiration, presents minimal risks. 

The proposed treatment control BMPs are 
not considered infiltration BMPS; they allow 
for infiltration of fully-treated runoff only. 

SUSMP Requirements lOA (Single Family Hillside Home), 11 (Waiver), and 12 (Mitigation Funding) do not apply to tlie 
Project and are, therefore, not listed in Table 4.4-12. 

This requirement is from Part 4, Section D.l of the MS4 permit. 

Refer to Section 4.1, Surface Water Hydrology and Flood Control, for a description of"burned" 4 
4 Refer to Section 4.1, Surface Water Hydrology and Flood Control, for a description of "burned and bulked" conditions. 

Refer to Section 4.2, Geomorphology and Riparian Resources, for a description ofhydromodification control features. 

Source: Geosyntec, 2008. 

Proposed Mitigation Measure WQ-2 has been provided to ensure that an Integrated Pest Management 

program is implemented as proposed, and to facilitate the implementation of a mitigation monitoring 

program. 

WQ-2 Prior to issuance of a building permit, and as a part of the design level hydrology study and 

facilities plan, the project applicant shall submit to the Department of Regional Planning a 

Landscape and Integrated Pest Management Plan, identified in this Section 4.4, which shall be 

designed to meet the standards set forth below. 

A Landscape and Integrated Pest Management Plan shall be developed and implemented for 

common area landscaping within the Specific Plan, Entrada, and vee Project that addresses 

integrated pest management (IPM) and pesticide and fertilizer application guidelines. IPM is 
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a strategy that focuses on long-term prevention or suppression of pest problems (i.e .• insects. 
diseases and weeds) through a combination of techniques including: using pest-resistant 
plants; biological controls; cultural practices; habitat modification (Techniques I - 6 below); 
and the limited use of pesticides according to treatment thresholds. when monitoring indicates 
pesticides are needed because pest populations exceed established thresholds (Technique 7). 
The Landscape and Integrated Pest Management Plan will address the following components: 

I. Pest identification. 

2. Practices to prevent pest incidence and reduce pest buildup. 

3. Monitoring to examine vegetation and surrounding areas for pests to evaluate trends and 
to identifY when controls are needed. 

4. Establishment of action thresholds that trigger control actions. 

5. Pest control methods - cultural. mechanical. envirornnental. biological. and appropriate 
pesticides. 

6. Fertilizer management - soil assessment. fertilizer types. application methods. and 
storage and handling. 

7. Pesticide management - safety (e.g .• Material Safety Data Sheets. precautionary 
statements. protective equipment); regulatory requirements; spill mitigation; 
groundwater and surface water protection measures associated with pesticide use; and 
pesticide applicator certifications. licenses. and training (i.e .• all pesticide applicators 
must be certified by the California Department of Pesticide Regulation). 

4.4.8 SUMMARY OF SIGNIFICANCE FINDINGS 

Using the significance criteria identified above. it has been determined that the proposed Project and 
alternatives would not result in significant water quality impacts after applying the required PDFs. BMPs. 
regulatory requirements. and above mitigation measures. 

Table 4.4-44 presents a summary of the significance criteria relating to each of the Project alternatives. 
and the reduced level of impact that would be achieved for each alternative by applying the above 
mitigation measures. 
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4.4 WATERQUALITY 

Table 4.4-44 
Summary of Significant Water Quality Impacts- Pre- and Post-Mitigation 

Applicable 
Planning 

Impact of Alternatives- Pre/Post-Mitigation 
Significance Criteria Mitigation Area Alt 1 Alt2 Alt3 Alt 4 Alt5 Alt 6 Alt7 Measures 

1: Violate any water quality NRSP NI SI!M SI!M SI!M SI!M SI!M SI!M 

standards or waste discharge 
WQ-1 vee NI SI!M SI!M SI!M SI!M SI!M SI!M 

requirements. 
WQ-2 

Entrada NI SI!M SI!M SI!M SI!M SI!M SI!M 

2: Create or contribute runoff 
water which would exceed NRSP NI SI!M SI!M SI!M SI!M SI!M SI!M 

the capacity of existing or 
WQ-1 

planned storrnwater drainage 
WQ-2 

vee NI SI!M SI!M SI!M SI!M SI!M SI!M 
systems or provide 
substantial additional sources Entrada N1 SI!M SI!M SI!M SI!M SI!M SI!M 
of polluted runoff 

NRSP NI SI!M SI!M SI!M SI!M SI!M SI!M 
3: Otherwise substantially WQ-1 vee NI SI!M SI!M SI!M SI!M SI!M SI!M degrade water quality. WQ-2 

Entrada NI SI!M SI!M SI!M SI!M SI!M SI!M 

4: Through changes in 
surface water runoff quality NRSP NI SI!M SI!M SI!M SI!M SI!M SI!M 
and quantity and changes in 
groundwater recharge, result 
in a violation of any WQ-1 vee NI SI!M SI!M SI!M SI!M SI!M SI!M 
groundwater quality WQ-2 
standards or waste discharge 
requirements or othervvise 
substantially degrade Entrada NI SI!M SI!M SI!M SI!M SI!M SI!M 
groundwater quality. 

Notes: 

SliM = Significant Impact, but mitigated to less-than-significant level 

NI =No Impact, and no mitigation required 

4.4.9 SIGNIFICANT UNA VOIDABLE IMPACTS 

As shown in Table 4.4-44. above. the proposed Project and alternatives would not result m any 

significant water quality impacts. 
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Regional Board 4 - Los Angeles Region APPENDIX F

  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

Abalone Cove Beach 40511000 1.07 Miles 5 DDT (sediment) A 01/01/2019
Indicator Bacteria B 06/19/2003
PCBs (Polychlorinated 
biphenyls)

A 01/01/2019

Alamitos Bay 40512000 328 Acres 5 Indicator Bacteria A 01/01/2019
Aliso Canyon Wash 40521000 10.13 Miles 5 Copper A 01/01/2019

Fecal Coliform A 01/01/2019
Selenium B 12/22/2005

Amarillo Beach 40431000 0.64 Miles 5 DDT A 01/01/2019
PCBs (Polychlorinated 
biphenyls)

A 01/01/2019

Arroyo Seco Reach 1 
(LA River to West Holly 
Ave.)

40515010 5.15 Miles 5 Coliform Bacteria A 01/01/2009

Trash B 07/24/2008
Arroyo Seco Reach 2 
(Figueroa St. to 
Riverside Dr.)

40515010 4.42 Miles 5 Coliform Bacteria A 01/01/2009

Trash B 07/24/2008
Artesia-Norwalk Drain 40515010 2.5 Miles 5 Copper A 01/01/2021

Indicator Bacteria A 01/01/2021
Selenium A 01/01/2021

Avalon Beach 40511000 0.67 Miles 5 Indicator Bacteria A 01/01/2019
Ballona Creek 40513000 6.47 Miles 5 Cadmium (sediment) A 01/01/2005

Coliform Bacteria B 03/26/2007

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

1



Regional Board 4 - Los Angeles Region APPENDIX F

  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

Copper, Dissolved B 12/22/2005
Cyanide A 01/01/2019
Lead B 12/22/2005
Selenium B 12/22/2005
Shellfish Harvesting Advisory B 01/01/2006
Toxicity B 01/01/2005
Trash B 01/01/2001
Viruses (enteric) B 03/26/2007
Zinc B 12/22/2005

Ballona Creek Estuary 40513000 2.31 Miles 5 Cadmium B 12/22/2005
Chlordane (tissue & sediment) B 12/22/2005
Coliform Bacteria B 01/01/2007
Copper B 12/22/2005
DDT (tissue & sediment) B 12/22/2005
Lead (sediment) B 12/22/2005
PAHs (Polycyclic Aromatic 
Hydrocarbons) (sediment)

B 12/22/2005

PCBs (Polychlorinated 
biphenyls) (tissue & sediment)

B 12/22/2005

Sediment Toxicity B 01/01/2005
Shellfish Harvesting Advisory A 01/01/2006
Silver B 12/22/2005
Zinc (sediment) B 12/22/2005

Ballona Creek Wetlands 40517000 289.21 Acres 5 Exotic Vegetation A 01/01/2019

2



Regional Board 4 - Los Angeles Region APPENDIX F

  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

Habitat alterations A 01/01/2019
Hydromodification A 01/01/2019
Reduced Tidal Flushing A 01/01/2019
Trash B 01/01/2019

Bell Creek 40521000 8.92 Miles 5 Coliform Bacteria A 01/01/2009
Big Rock Beach 40431000 0.74 Miles 5 Coliform Bacteria B 06/19/2003

DDT A 01/01/2019
PCBs (Polychlorinated 
biphenyls)

A 01/01/2019

Bluff Cove Beach 40511000 0.55 Miles 5 DDT A 01/01/2019
Indicator Bacteria B 06/19/2003
PCBs (Polychlorinated 
biphenyls)

A 01/01/2019

Brown Barranca/Long 
Canyon

40321000 2.6 Miles 4A Nitrate and Nitrite B 03/18/2004

Bull Creek 40521000 2.3 Miles 5 Indicator Bacteria A 01/01/2021
Burbank Western 
Channel

40521000 13.17 Miles 5 Copper B 12/22/2005

Cyanide A 01/01/2019
Indicator Bacteria A 01/01/2021
Lead B 12/22/2005
Selenium A 01/01/2021
Trash B 07/24/2008

Cabrillo Beach (Outer) 40512000 0.58 Miles 5 DDT A 01/01/2019
Indicator Bacteria B 06/19/2003

3



Regional Board 4 - Los Angeles Region APPENDIX F

  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

PCBs (Polychlorinated 
biphenyls)

A 01/01/2019

Calleguas Creek Reach  
1 (was Mugu Lagoon on 
1998 303(d) list)

40311000 343.8 Acres 5 Chlordane (tissue) B 01/01/2005

Copper B 03/23/2007
DDT (tissue & sediment) B 01/01/2005
Dieldrin B 03/14/2006
Endosulfan (tissue) A 01/01/2005
Mercury B 03/26/2007
Nickel B 03/23/2007
Nitrogen B 06/20/2003
PCBs (Polychlorinated 
biphenyls) (tissue)

B 01/01/2005

Sediment Toxicity B 01/01/2005
Sedimentation/Siltation B 01/01/1900
Toxaphene B 03/14/2006
Zinc B 03/23/2007

Calleguas Creek Reach  
2 (estuary to Potrero Rd- 
was Calleguas Creek 
Reaches 1 and 2 on 1998 
303d list)

40312000 4.32 Miles 5 Ammonia B 06/20/2003

4



Regional Board 4 - Los Angeles Region APPENDIX F

  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

ChemA (tissue) A 01/01/2005
Chlordane (tissue) B 01/01/2005
Copper, Dissolved B 03/23/2007
DDT B 01/01/2005
DDT (tissue & sediment) B 01/01/2005
Dieldrin B 03/14/2006
Endosulfan (tissue) A 01/01/2005
Fecal Coliform A 01/01/2006
Nitrogen B 06/20/2003
PCBs (Polychlorinated 
biphenyls) (tissue)

B 01/01/2005

Sediment Toxicity B 01/01/2005
Sedimentation/Siltation A 01/01/2005
Toxaphene (tissue & sediment) B 01/01/2005

Calleguas Creek Reach  
3 (Potrero Road 
upstream to confluence 
with Conejo Creek on 
1998 303d list)

40312000 3.47 Miles 5 Ammonia B 01/01/2003

Chlordane B 03/14/2006
Chloride B 12/02/2008
DDT B 01/01/2019
Dieldrin B 01/01/2019
Nitrate and Nitrite B 06/20/2003
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Regional Board 4 - Los Angeles Region APPENDIX F

  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

PCBs (Polychlorinated 
biphenyls)

B 03/14/2006

Sedimentation/Siltation A 01/01/2005
Total Dissolved Solids B 12/02/2008
Toxaphene B 01/01/2019

Calleguas Creek Reach  
4 (was Revolon Slough 
Main Branch: Mugu 
Lagoon to Central 
Avenue on 1998 303d 
list)

40311000 7.19 Miles 5 ChemA (tissue) A 01/01/2005

Chlordane (tissue & sediment) B 01/01/2005
Chlorpyrifos (tissue) B 01/01/2005
DDT (tissue & sediment) B 01/01/2005
Diazinon B 03/14/2006
Dieldrin (tissue) B 01/01/2005
Endosulfan (tissue & sediment) A 01/01/2005
Fecal Coliform A 01/01/2006
Nitrate as Nitrate (NO3) B 01/01/2003
Nitrogen B 06/20/2003
PCBs (Polychlorinated 
biphenyls) (tissue)

B 01/01/2005

Sedimentation/Siltation A 01/01/2005
Selenium B 03/23/2007
Toxaphene (tissue & sediment) B 01/01/2005
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Regional Board 4 - Los Angeles Region APPENDIX F

  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

Toxicity B 01/01/2005
Trash B 02/27/2008

Calleguas Creek Reach  
5 (was Beardsley 
Channel on 1998 303d 
list)

40311000 4.35 Miles 5 ChemA (tissue) A 01/01/2005

Chlordane (tissue & sediment) B 01/01/2005
Chlorpyrifos (tissue) B 01/01/2005
DDT (tissue & sediment) B 01/01/2005
Dacthal (sediment) A 01/01/2005
Diazinon B 03/14/2006
Dieldrin (tissue) B 01/01/2005
Endosulfan (tissue & sediment) A 01/01/2005
Nitrogen B 06/20/2003
PCBs (Polychlorinated 
biphenyls) (tissue)

B 01/01/2005

Sedimentation/Siltation A 01/01/2005
Toxaphene (tissue & sediment) B 01/01/2005
Toxicity B 01/01/2005
Trash B 02/27/2008

Calleguas Creek Reach  
6 ( was Arroyo Las 
Posas Reaches 1 and 2 
on 1998 303d list)

40362000 15.3 Miles 5 Ammonia B 06/20/2003

7



Regional Board 4 - Los Angeles Region APPENDIX F

  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

Chlordane B 03/14/2006
Chloride B 12/02/2008
Chlorpyrifos B 03/14/2006
DDT (sediment) B 01/01/2005
Diazinon B 03/14/2006
Dieldrin B 03/14/2006
Fecal Coliform A 01/01/2006
Nitrate and Nitrite B 06/20/2003
Nitrate as Nitrate (NO3) B 06/20/2003
Sedimentation/Siltation A 01/01/2005
Sulfates B 12/02/2008
Total Dissolved Solids B 12/02/2008
Toxicity B 03/14/2006

Calleguas Creek Reach  
7 (was Arroyo Simi  
Reaches 1 and 2 on 1998 
303d list)

40367000 13.92 Miles 5 Ammonia B 06/20/2003

Boron B 12/02/2008
Chloride B 12/02/2008
Chlorpyrifos B 03/14/2006
Diazinon B 03/14/2006
Indicator Bacteria A 01/01/2019
Organophosphorus Pesticides B 01/01/2005
Sedimentation/Siltation A 01/01/2005
Sulfates B 12/02/2008

8



Regional Board 4 - Los Angeles Region APPENDIX F

  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

Total Dissolved Solids B 12/02/2008
Toxicity B 03/14/2006
Trash A 01/01/2021

Calleguas Creek Reach  
8 (was Tapo Canyon 
Reach 1)

40366000 7.19 Miles 5 Boron B 12/02/2008

Chlordane B 03/14/2006
Chloride B 12/02/2008
Chlorpyrifos B 03/14/2006
DDT B 03/14/2006
Diazinon B 03/14/2006
Dieldrin B 03/14/2006
PCBs (Polychlorinated 
biphenyls)

B 03/14/2006

Sedimentation/Siltation A 01/01/2005
Sulfates B 12/02/2008
Total Dissolved Solids B 12/02/2008
Toxaphene B 03/14/2006

Calleguas Creek Reach  
9A (was lower part of 
Conejo Creek Reach 1 
on 1998 303d list)

40312000 1.69 Miles 5 ChemA (tissue) A 01/01/2005

Chlordane (tissue) B 01/01/2005
Chlorpyrifos B 03/14/2006

9



Regional Board 4 - Los Angeles Region APPENDIX F

  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

DDT (tissue) B 01/01/2005
Diazinon B 03/14/2006
Dieldrin (tissue) B 01/01/2005
Endosulfan (tissue) A 01/01/2005
Fecal Coliform A 01/01/2006
Lindane/gamma-
Hexachlorocyclohexane (gamma-
HCH) (tissue)

A 01/01/2005

Nitrate as Nitrate (NO3) B 06/20/2003
Nitrogen, Nitrate B 06/20/2003
PCBs (Polychlorinated 
biphenyls) (tissue)

B 01/01/2005

Sulfates B 12/02/2008
Total Dissolved Solids B 12/02/2008
Toxaphene (tissue & sediment) B 01/01/2005
Toxicity B 03/14/2006

Calleguas Creek Reach  
9B (was part of Conejo 
Creek Reaches 1 and 2 
on 1998 303d list)

40363000 6.21 Miles 5 Ammonia B 06/20/2003

ChemA (tissue) A 01/01/2005
Chlordane B 03/14/2006
Chloride B 12/02/2008
Chlorpyrifos B 03/14/2006
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Regional Board 4 - Los Angeles Region APPENDIX F

  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

DDT (tissue) B 01/01/2005
Diazinon B 03/14/2006
Dieldrin B 03/14/2006
Endosulfan (tissue) A 01/01/2005
Indicator Bacteria A 01/01/2019
PCBs (Polychlorinated 
biphenyls)

B 03/14/2006

Sulfates B 12/02/2008
Total Dissolved Solids B 12/02/2008
Toxaphene (tissue & sediment) B 01/01/2005
Toxicity B 03/14/2006

Calleguas Creek Reach 
10 (Conejo Creek (Hill 
Canyon)-was part of 
Conejo Crk Reaches 2 & 
3, and lower Conejo 
Crk/Arroyo Conejo N Fk 
on 1998 303d list)

40364000 2.96 Miles 5 Ammonia B 01/01/2002

ChemA (tissue) A 01/01/2005
Chlordane B 03/14/2006
Chloride B 12/02/2008
Chlorpyrifos B 03/14/2006
DDT (tissue) B 01/01/2005
Diazinon B 03/14/2006
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Regional Board 4 - Los Angeles Region APPENDIX F

  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

Dieldrin B 03/14/2006
Endosulfan (tissue) A 01/01/2005
Fecal Coliform A 01/01/2006
Nitrogen, Nitrite B 06/20/2003
PCBs (Polychlorinated 
biphenyls)

B 03/14/2006

Sulfates B 12/02/2008
Total Dissolved Solids B 12/02/2008
Toxaphene (tissue & sediment) B 01/01/2005
Toxicity B 01/01/2005

Calleguas Creek Reach 
11 (Arroyo Santa Rosa, 
was part of Conejo 
Creek Reach 3 on 1998 
303d list)

40365000 8.69 Miles 5 Ammonia B 06/20/2003

ChemA (tissue) A 01/01/2005
Chlordane B 03/14/2006
DDT (tissue) B 01/01/2005
Dieldrin B 03/14/2006
Endosulfan (tissue) A 01/01/2005
Fecal Coliform A 01/01/2006
PCBs (Polychlorinated 
biphenyls)

B 03/14/2006

Sedimentation/Siltation A 01/01/2005

12



Regional Board 4 - Los Angeles Region APPENDIX F

  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

Sulfates B 12/02/2008
Total Dissolved Solids B 12/02/2008
Toxaphene (tissue & sediment) B 01/01/2005
Toxicity B 01/01/2005

Calleguas Creek Reach 
12 (was Conejo 
Creek/Arroyo Conejo 
North Fork on 1998 
303d list)

40364000 5.49 Miles 4A Ammonia B 06/20/2003

Chlordane (tissue) B 01/01/2005
DDT (tissue) B 01/01/2005
Dieldrin B 03/14/2006
PCBs (Polychlorinated 
biphenyls)

B 03/14/2006

Sulfates B 12/02/2008
Total Dissolved Solids B 12/02/2008
Toxaphene B 03/14/2006

Calleguas Creek Reach 
13 (Conejo Creek South 
Fork, was Conejo Cr 
Reach 4 and part of 
Reach 3 on 1998 303d 
list)

40368000 17.15 Miles 5 Ammonia B 06/20/2003

ChemA (tissue) A 01/01/2005
Chlordane B 03/14/2006
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Regional Board 4 - Los Angeles Region APPENDIX F

  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

Chloride B 12/02/2008
DDT (tissue) B 01/01/2005
Dieldrin B 03/14/2006
Endosulfan (tissue) A 01/01/2005
PCBs (Polychlorinated 
biphenyls)

B 03/14/2006

Sulfates B 12/02/2008
Total Dissolved Solids B 12/02/2008
Toxaphene (tissue & sediment) B 01/01/2005
Toxicity B 01/01/2005

Canada Larga (Ventura 
River Watershed)

40210010 8.01 Miles 5 Fecal Coliform A 01/01/2019

Low Dissolved Oxygen A 01/01/2019
Total Dissolved Solids A 01/01/2021

Carbon Beach 40416000 1.46 Miles 5 DDT A 01/01/2019
Indicator Bacteria B 06/19/2003
PCBs (Polychlorinated 
biphenyls)

A 01/01/2019

Castlerock Beach 40513000 0.21 Miles 5 DDT A 01/01/2019
Indicator Bacteria B 06/19/2003
PCBs (Polychlorinated 
biphenyls)

A 01/01/2019

Channel Islands Harbor 
Beach

40311000 0.03 Miles 4A Indicator Bacteria A 01/01/2015
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Regional Board 4 - Los Angeles Region APPENDIX F

  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

Colorado Lagoon 40512000 13.23 Acres 5 Chlordane (tissue & sediment) A 01/01/2019
DDT (tissue) A 01/01/2019
Dieldrin (tissue) A 01/01/2019
Indicator Bacteria A 01/01/2019
Lead (sediment) A 01/01/2019
PAHs (Polycyclic Aromatic 
Hydrocarbons) (sediment)

A 01/01/2019

PCBs (Polychlorinated 
biphenyls) (tissue)

A 01/01/2019

Sediment Toxicity A 01/01/2019
Zinc (sediment) A 01/01/2019

Compton Creek 40515010 8.51 Miles 5 Coliform Bacteria A 01/01/2009
Copper B 12/22/2005
Lead B 12/22/2005
Trash A 01/01/2019
pH B 03/18/2004

Coyote Creek 40515010 13.31 Miles 5 Ammonia C
Coliform Bacteria A 01/01/2009
Copper, Dissolved B 03/27/2007
Diazinon A 01/01/2019
Lead B 03/27/2007
Sulfates A 01/01/2021
Total Dissolved Solids A 01/01/2021
Toxicity A 01/01/2008
pH A 01/01/2019
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Regional Board 4 - Los Angeles Region APPENDIX F

  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

Coyote Creek, North 
Fork

40515010 5 Miles 5 Copper A 01/01/2021

Indicator Bacteria A 01/01/2021
Selenium A 01/01/2021

Crystal Lake 40543000 3.71 Acres 5 Organic Enrichment/Low 
Dissolved Oxygen

A 01/01/2019

Dan Blocker Memorial 
(Coral) Beach

40431000 2.1 Miles 4A Coliform Bacteria B 01/01/2002

Dockweiler Beach 40512000 4.61 Miles 4A Indicator Bacteria B 06/19/2003
Dominguez Channel 
(lined portion above 
Vermont Ave)

40351000 6.7 Miles 5 Ammonia A 01/01/2019

Copper A 01/01/2019
Diazinon A 01/01/2021
Indicator Bacteria A 01/01/2007
Lead A 01/01/2019
Toxicity A 01/01/2021
Zinc A 01/01/2019

Dominguez Channel 
Estuary (unlined portion 
below Vermont Ave)

40512000 140 Acres 5 Ammonia A 01/01/2019

Benthic Community Effects A 01/01/2019
Benzo(a)pyrene (PAHs) A 01/01/2019
Benzo[a]anthracene A 01/01/2019
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Regional Board 4 - Los Angeles Region APPENDIX F

  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

Chlordane (tissue) A 01/01/2019
Chrysene (C1-C4) A 01/01/2019
Coliform Bacteria A 01/01/2007
DDT (tissue & sediment) A 01/01/2019
Dieldrin (tissue) A 01/01/2019
Lead (tissue) A 01/01/2019
PCBs (Polychlorinated 
biphenyls)

A 01/01/2019

Phenanthrene A 01/01/2019
Pyrene A 01/01/2019
Sediment Toxicity A 01/01/2021
Zinc (sediment) A 01/01/2019

Dry Canyon Creek 40521000 3.92 Miles 5 Fecal Coliform A 01/01/2009
Selenium, Total B 12/22/2005

Duck Pond Agricultural 
Drains/Mugu 
Drain/Oxnard Drain No 
2

40311000 11.86 Miles 4A ChemA (tissue) B 01/01/2005

Chlordane (tissue) B 01/01/2005
DDT (tissue & sediment) B 01/01/2005
Nitrogen B 06/20/2003
Sediment Toxicity B 01/01/2005
Toxaphene (tissue) B 01/01/2005
Toxicity B 01/01/2005
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Regional Board 4 - Los Angeles Region APPENDIX F

  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

Echo Park Lake 40515010 12.95 Acres 5 Algae A 01/01/2019
Ammonia A 01/01/2019
Copper A 01/01/2019
Eutrophic A 01/01/2019
Lead A 01/01/2019
Odor A 01/01/2019
PCBs (Polychlorinated 
biphenyls) (tissue)

A 01/01/2019

Trash A 01/01/2007
pH A 01/01/2019

El Dorado Lakes 40515010 31.05 Acres 5 Algae A 01/01/2019
Ammonia A 01/01/2019
Copper A 01/01/2019
Eutrophic A 01/01/2019
Lead A 01/01/2019
Mercury (tissue) A 01/01/2019
pH A 01/01/2019

Elizabeth Lake 40351000 123.18 Acres 5 Eutrophic A 01/01/2019
Organic Enrichment/Low 
Dissolved Oxygen

A 01/01/2019

Trash B 02/27/2008
pH A 01/01/2019

Escondido Beach 40434000 1.21 Miles 5 DDT A 01/01/2019
Indicator Bacteria B 06/19/2003
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Regional Board 4 - Los Angeles Region APPENDIX F

  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

PCBs (Polychlorinated 
biphenyls)

A 01/01/2019

Flat Rock Point Beach 
Area

40511000 0.11 Miles 5 DDT A 01/01/2019

Indicator Bacteria B 06/19/2003
PCBs (Polychlorinated 
biphenyls)

A 01/01/2019

Fox Barranca (tributary 
to Calleguas Creek 
Reach 6)

40362000 6.72 Miles 5 Boron A 01/01/2019

Nitrate and Nitrite B 06/20/2003
Sulfates A 01/01/2019
Total Dissolved Solids A 01/01/2019

Hermosa Beach 40512000 1.98 Miles 4A Indicator Bacteria B 06/19/2003
Hobie Beach (Channel 
Islands Harbor)

40311000 0.1 Miles 4A Indicator Bacteria B 12/18/2008

Hopper Creek 40341000 13.39 Miles 5 Sulfates A 01/01/2019
Total Dissolved Solids A 01/01/2019

Inspiration Point Beach 40511000 0.14 Miles 5 DDT A 01/01/2019
Indicator Bacteria B 06/19/2003
PCBs (Polychlorinated 
biphenyls)

A 01/01/2019

La Costa Beach 40416000 0.74 Miles 5 DDT A 01/01/2019
Indicator Bacteria B 06/19/2003
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Regional Board 4 - Los Angeles Region APPENDIX F

  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

PCBs (Polychlorinated 
biphenyls)

A 01/01/2019

Lake Calabasas 40521000 18.01 Acres 5 Ammonia A 01/01/2006
Eutrophic A 01/01/2019
Odor A 01/01/2019
Organic Enrichment/Low 
Dissolved Oxygen

A 01/01/2019

pH A 01/01/2019
Lake Hughes 40351000 21.43 Acres 5 Algae A 01/01/2019

Eutrophic A 01/01/2019
Fish Kills A 01/01/2019
Odor A 01/01/2019
Trash B 02/27/2008

Lake Lindero 40423000 14.64 Acres 5 Algae B 03/21/2003
Chloride A 01/01/2019
Eutrophic B 03/21/2003
Odor B 03/21/2003
Selenium A 01/01/2019
Specific Conductivity A 01/01/2019
Trash A 01/01/2019

Lake Sherwood 40426000 135.07 Acres 5 Algae B 03/21/2003
Ammonia B 03/21/2003
Eutrophic B 03/21/2003
Mercury (tissue) A 01/01/2019
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Regional Board 4 - Los Angeles Region APPENDIX F

  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

Organic Enrichment/Low 
Dissolved Oxygen

B 03/21/2003

Las Flores Beach 40415000 1.12 Miles 5 Coliform Bacteria B 06/19/2003
DDT A 01/01/2019
PCBs (Polychlorinated 
biphenyls)

A 01/01/2019

Las Tunas Beach 40412000 1.15 Miles 5 DDT A 01/01/2019
Indicator Bacteria B 06/19/2003
PCBs (Polychlorinated 
biphenyls)

A 01/01/2019

Las Virgenes Creek 40422010 11.62 Miles 5 Coliform Bacteria B 01/01/2005
Invasive Species A 01/01/2021
Nutrients (Algae) B 03/21/2003
Organic Enrichment/Low 
Dissolved Oxygen

B 03/21/2003

Scum/Foam-unnatural B 03/21/2003
Sedimentation/Siltation A 01/01/2019
Selenium A 01/01/2019
Trash A 01/01/2019

Legg Lake 40531000 24.76 Acres 5 Ammonia A 01/01/2019
Copper A 01/01/2019
Lead A 01/01/2019
Odor A 01/01/2019
Trash B 02/27/2008
pH A 01/01/2019
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Regional Board 4 - Los Angeles Region APPENDIX F

  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

Leo Carillo Beach 
(South of County Line)

40444000 1.77 Miles 4A Coliform Bacteria B 06/19/2003

Lincoln Park Lake 40515010 3.75 Acres 5 Ammonia A 01/01/2019
Eutrophic A 01/01/2019
Lead A 01/01/2019
Odor A 01/01/2019
Organic Enrichment/Low 
Dissolved Oxygen

A 01/01/2019

Trash A 01/01/2007
Lindero Creek Reach 1 40423000 2.98 Miles 5 Algae B 03/21/2003

Coliform Bacteria B 01/01/2005
Invasive Species A 01/01/2021
Scum/Foam-unnatural B 03/21/2003
Selenium A 01/01/2019
Trash A 01/01/2019

Lindero Creek Reach 2 
(Above Lake)

40425000 4.49 Miles 5 Algae B 03/21/2003

Coliform Bacteria B 01/01/2005
Scum/Foam-unnatural B 03/21/2003
Selenium A 01/01/2019
Trash A 01/01/2019

Long Beach City Beach 40512000 4.7 Miles 5 Indicator Bacteria A 01/01/2019

Long Point Beach 40511000 0.7 Miles 5 Coliform Bacteria B 06/19/2003
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Regional Board 4 - Los Angeles Region APPENDIX F

  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

DDT A 01/01/2019
PCBs (Polychlorinated 
biphenyls)

A 01/01/2019

Los Angeles Harbor - 
Cabrillo Marina

40512000 77 Acres 5 Benzo(a)pyrene (PAHs) A 01/01/2021

DDT A 01/01/2019
PCBs (Polychlorinated 
biphenyls)

A 01/01/2019

Los Angeles Harbor - 
Consolidated Slip

40512000 36 Acres 5 2-Methylnaphthalene A 01/01/2008

Benthic Community Effects A 01/01/2019
Benzo(a)pyrene (PAHs) A 01/01/2008
Benzo[a]anthracene A 01/01/2008
Cadmium (sediment) A 01/01/2019
Chlordane (tissue & sediment) A 01/01/2019
Chromium (sediment) A 01/01/2019
Chrysene (C1-C4) A 01/01/2008
Copper (sediment) A 01/01/2019
DDT (tissue & sediment) A 01/01/2019
Dieldrin A 01/01/2008
Lead (sediment) A 01/01/2019
Mercury (sediment) A 01/01/2019
PCBs (Polychlorinated 
biphenyls) (tissue & sediment)

A 01/01/2019

Phenanthrene A 01/01/2008
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Regional Board 4 - Los Angeles Region APPENDIX F

  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

Pyrene A 01/01/2008
Sediment Toxicity A 01/01/2019
Toxaphene (tissue) A 01/01/2019
Zinc (sediment) A 01/01/2019

Los Angeles Harbor - 
Fish Harbor

40518000 91 Acres 5 Benzo(a)pyrene (PAHs) A 01/01/2008

Benzo[a]anthracene A 01/01/2019
Chlordane A 01/01/2019
Chrysene (C1-C4) A 01/01/2019
Copper A 01/01/2019
DDT A 01/01/2019
Dibenz[a,h]anthracene A 01/01/2019
Lead A 01/01/2019
Mercury A 01/01/2019
PAHs (Polycyclic Aromatic 
Hydrocarbons)

A 01/01/2019

PCBs (Polychlorinated 
biphenyls)

A 01/01/2019

Phenanthrene A 01/01/2019
Pyrene A 01/01/2019
Sediment Toxicity A 01/01/2019
Zinc A 01/01/2019

Los Angeles Harbor - 
Inner Cabrillo Beach 
Area

40512000 82 Acres 5 DDT A 01/01/2019
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Regional Board 4 - Los Angeles Region APPENDIX F

  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

Indicator Bacteria B 01/01/2004
PCBs (Polychlorinated 
biphenyls)

A 01/01/2019

Los Angeles River 
Estuary (Queensway 
Bay)

40512000 207 Acres 5 Chlordane (sediment) A 01/01/2019

DDT (sediment) A 01/01/2019
PCBs (Polychlorinated 
biphenyls) (sediment)

A 01/01/2019

Sediment Toxicity A 01/01/2019
Trash B 07/24/2008

Los Angeles River 
Reach 1 (Estuary to 
Carson Street)

40512000 3.38 Miles 5 Ammonia B 03/18/2004

Cadmium B 12/22/2005
Coliform Bacteria A 01/01/2009
Copper, Dissolved B 12/22/2005
Cyanide A 01/01/2019
Diazinon A 01/01/2019
Lead B 12/22/2005
Nutrients (Algae) B 03/18/2004
Trash B 07/24/2008
Zinc, Dissolved B 12/22/2005
pH B 01/01/2003
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Regional Board 4 - Los Angeles Region APPENDIX F

  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

Los Angeles River 
Reach 2 (Carson to 
Figueroa Street)

40515010 18.8 Miles 5 Ammonia B 03/18/2004

Coliform Bacteria A 01/01/2009
Copper B 12/22/2005
Lead B 12/22/2005
Nutrients (Algae) B 03/18/2004
Oil A 01/01/2019
Trash B 07/24/2008

Los Angeles River 
Reach 3 (Figueroa St. to 
Riverside Dr.)

40521000 7.94 Miles 4A Ammonia B 03/18/2004

Copper B 12/22/2005
Lead B 12/22/2005
Nutrients (Algae) B 03/18/2004
Trash B 07/24/2008

Los Angeles River 
Reach 4 (Sepulveda Dr. 
to Sepulveda Dam)

40521000 11.06 Miles 5 Ammonia B 03/18/2004

Coliform Bacteria A 01/01/2009
Copper B 12/22/2005
Lead B 12/22/2005
Nutrients (Algae) B 03/18/2004
Trash B 07/24/2008
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Regional Board 4 - Los Angeles Region APPENDIX F

  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

Los Angeles River 
Reach 5 ( within 
Sepulveda Basin)

40521000 1.9 Miles 5 Ammonia B 03/18/2004

Copper B 12/22/2005
Lead B 12/22/2005
Nutrients (Algae) B 03/18/2004
Oil A 01/01/2019
Trash B 07/24/2008

Los Angeles River 
Reach 6 (Above 
Sepulveda Flood Control 
Basin)

40521000 7 Miles 5 1,1-Dichloroethylene (DCE)/ 
Vinyldine Chloride

A 01/01/2019

Coliform Bacteria A 01/01/2009
Selenium B 12/22/2005
Tetrachloroethylene/PCE A 01/01/2019
Trichloroethylene/TCE A 01/01/2019

Los Angeles/Long Beach 
Inner Harbor

40518000 3003 Acres 5 Beach Closures A 01/01/2004

Benthic Community Effects A 01/01/2019
Benzo(a)pyrene (PAHs) A 01/01/2021
Chrysene (C1-C4) A 01/01/2021
Copper A 01/01/2008
DDT A 01/01/2019
PCBs (Polychlorinated 
biphenyls)

A 01/01/2019
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Regional Board 4 - Los Angeles Region APPENDIX F

  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

Sediment Toxicity A 01/01/2009
Zinc A 01/01/2008

Los Angeles/Long Beach 
Outer Harbor (inside 
breakwater)

40512000 4042 Acres 5 DDT A 01/01/2019

PCBs (Polychlorinated 
biphenyls)

A 01/01/2019

Sediment Toxicity A 01/01/2008
Los Cerritos Channel 40515010 30.5 Acres 5 Ammonia A 01/01/2019

Bis(2ethylhexyl)phthalate 
(DEHP)

A 01/01/2019

Chlordane (sediment) A 01/01/2019
Coliform Bacteria A 01/01/2019
Copper A 01/01/2019
Lead A 01/01/2019
Trash A 01-JAN-1800
Zinc A 01/01/2019

Lunada Bay Beach 40511000 0.63 Miles 4A Indicator Bacteria B 01/01/2002
Machado Lake (Harbor 
Park Lake)

40512000 44.98 Acres 5 Algae B 03/11/2009

Ammonia B 03/11/2009
ChemA (tissue) A 01/01/2019
Chlordane (tissue) A 01/01/2019
DDT (tissue) A 01/01/2019
Dieldrin (tissue) A 01/01/2019
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Regional Board 4 - Los Angeles Region APPENDIX F

  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

Eutrophic B 03/11/2009
Odor B 03/11/2009
PCBs (Polychlorinated 
biphenyls) (tissue)

A 01/01/2019

Trash B 03/06/2008
Malaga Cove Beach 40511000 0.39 Miles 5 DDT A 01/01/2019

Indicator Bacteria B 01/01/2002
PCBs (Polychlorinated 
biphenyls)

A 01/01/2019

Malibou Lake 40424000 39.51 Acres 4A Algae B 03/21/2003
Eutrophic B 03/21/2003
Organic Enrichment/Low 
Dissolved Oxygen

B 03/21/2003

Malibu Beach 40421000 0.77 Miles 5 DDT A 01/01/2019
Indicator Bacteria B 01/01/2002

Malibu Creek 40421000 10.85 Miles 5 Coliform Bacteria B 01/01/2002
Fish Barriers (Fish Passage) A 01/01/2019
Invasive Species A 01/01/2021
Nutrients (Algae) B 03/21/2003
Scum/Foam-unnatural B 03/21/2003
Sedimentation/Siltation A 01/01/2019
Selenium A 01/01/2019
Sulfates A 01/01/2019
Trash A 01/01/2019

Malibu Lagoon 40421000 14.72 Acres 5 Benthic Community Effects C
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Regional Board 4 - Los Angeles Region APPENDIX F

  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

Coliform Bacteria B 01/01/2005
Eutrophic B 03/21/2003
Shellfish Harvesting Advisory A 01/01/2005
Swimming Restrictions B 01/10/2006
Viruses (enteric) B 01/10/2006
pH A 01/01/2006

Malibu Lagoon Beach 
(Surfrider)

40421000 1.01 Miles 5 Coliform Bacteria B 06/19/2003

DDT A 01/01/2019
PCBs (Polychlorinated 
biphenyls)

A 01/01/2019

Manhattan Beach 40512000 2 Miles 4A Indicator Bacteria B 01/01/2002
Marina del Rey Harbor - 
Back Basins

40517000 390.91 Acres 5 Chlordane (tissue & sediment) B 01/01/2005

Copper (sediment) B 01/01/2005
DDT (tissue) A 01/01/2005
Dieldrin (tissue) A 01/01/2005
Fish Consumption Advisory B 01/01/2005
Indicator Bacteria B 03/18/2004
Lead (sediment) B 01/01/2005
PCBs (Polychlorinated 
biphenyls) (tissue & sediment)

B 01/01/2005

Sediment Toxicity B 01/01/2005
Zinc (sediment) B 01/01/2005
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Regional Board 4 - Los Angeles Region APPENDIX F

  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

Marina del Rey Harbor 
Beach

40517000 0.29 Miles 4A Indicator Bacteria B 03/18/2004

Matilija Creek Reach 1 
(Jct. With N. Fork to 
Reservoir)

40220012 0.64 Miles 5 Fish Barriers (Fish Passage) A 01/01/2019

Matilija Creek Reach 2 
(Above Reservoir)

40220010 14.52 Miles 5 Fish Barriers (Fish Passage) A 01/01/2019

Matilija Reservoir 40220012 120.89 Acres 5 Fish Barriers (Fish Passage) A 01/01/2019
McCoy Canyon Creek 40521000 4.03 Miles 5 Fecal Coliform A 01/01/2009

Nitrate A 01/01/2019
Nitrogen, Nitrate A 01/01/2019
Selenium, Total B 12/22/2005

McGrath Beach 40311000 1.7 Miles 4A Coliform Bacteria B 11/20/2003
McGrath Lake 40311000 20.14 Acres 5 Chlordane (sediment) A 01/01/2019

DDT (sediment) A 01/01/2019
Dieldrin (sediment) A 01/01/2019
Fecal Coliform A 01/01/2019
PCBs (Polychlorinated 
biphenyls) (sediment)

A 01/01/2019

Sediment Toxicity A 01/01/2019
Medea Creek Reach 1 
(Lake to Confl. with 
Lindero)

40424000 2.57 Miles 5 Algae B 03/21/2003

Coliform Bacteria B 01/01/2005
Sedimentation/Siltation A 01/01/2019
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Regional Board 4 - Los Angeles Region APPENDIX F

  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

Selenium A 01/01/2019
Trash A 01/01/2019

Medea Creek Reach 2 
(Abv Confl. with 
Lindero)

40423000 5.41 Miles 5 Algae B 03/21/2003

Coliform Bacteria B 01/01/2005
Invasive Species A 01/01/2021
Sedimentation/Siltation A 01/01/2019
Selenium A 01/01/2019
Trash A 01/01/2019

Mint Canyon Creek 
Reach 1 (Confl to 
Rowler Cyn)

40351000 8.11 Miles 4A Nitrate and Nitrite B 03/18/2004

Monrovia Canyon Creek 40531000 3.36 Miles 4A Lead B 12/22/2005

Munz Lake 40351000 6.57 Acres 5 Eutrophic A 01/01/2019
Trash B 02/27/2008

Nicholas Canyon Beach 40444000 1.65 Miles 5 DDT A 01/01/2019

Indicator Bacteria B 01/01/2002
PCBs (Polychlorinated 
biphenyls)

A 01/01/2019

Ormond Beach 40311000 3.1 Miles 5 Indicator Bacteria A 01/01/2015
Palo Comado Creek 40423000 6.76 Miles 4A Coliform Bacteria B 01/01/2005
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Regional Board 4 - Los Angeles Region APPENDIX F

  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

Palo Verde Shoreline 
Park Beach

40511000 0.24 Miles 5 Pathogens B 06/19/2003

Pesticides A 01/01/2019
Paradise Cove Beach 40435000 1.66 Miles 5 DDT A 01/01/2019

Fecal Coliform B 06/19/2003
PCBs (Polychlorinated 
biphenyls)

A 01/01/2019

Peck Road Park Lake 40531000 103.22 Acres 5 Chlordane (tissue) A 01/01/2019
DDT (tissue) A 01/01/2019
Lead A 01/01/2019
Odor A 01/01/2019
Organic Enrichment/Low 
Dissolved Oxygen

A 01/01/2019

Trash A 01/01/2007
Peninsula Beach 40311000 0.15 Miles 5 Indicator Bacteria A 01/01/2003
Piru Creek (from gaging 
station below Santa 
Felicia Dam to 
headwaters)

40342000 67 Miles 5 Chloride A 01/01/2019

pH A 01/01/2019
Point Dume Beach 40435000 2.5 Miles 5 DDT A 01/01/2019

Indicator Bacteria B 01/01/2002
PCBs (Polychlorinated 
biphenyls)

A 01/01/2019
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Regional Board 4 - Los Angeles Region APPENDIX F

  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

Point Fermin Park Beach 40512000 1.6 Miles 5 DDT A 01/01/2019

PCBs (Polychlorinated 
biphenyls)

A 01/01/2019

Total Coliform B 01/01/2002
Point Vicente Beach 40511000 0.63 Miles 4A Indicator Bacteria B 01/01/2002
Pole Creek (trib to Santa 
Clara River Reach 3 )

40331000 9.02 Miles 5 Sulfates A 01/01/2019

Total Dissolved Solids A 01/01/2019
Port Hueneme Harbor 
(Back Basins)

40311000 64.8 Acres 4B DDT (tissue) C

PCBs (Polychlorinated 
biphenyls) (tissue)

C

Port Hueneme Pier 40311000 0.33 Miles 5 PCBs (Polychlorinated 
biphenyls)

A 01/01/2019

Portuguese Bend Beach 40511000 1.4 Miles 5 DDT A 01/01/2019

Indicator Bacteria B 01/01/2002
PCBs (Polychlorinated 
biphenyls)

A 01/01/2019

Promenade Park Beach 40210000 0.58 Miles 5 Indicator Bacteria A 01/01/2015

Puddingstone Reservoir 40552000 243.08 Acres 5 Chlordane (tissue) A 01/01/2019
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  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

DDT (tissue) A 01/01/2019
Mercury (tissue) A 01/01/2019
Organic Enrichment/Low 
Dissolved Oxygen

A 01/01/2019

PCBs (Polychlorinated 
biphenyls) (tissue)

A 01/01/2019

Puente Creek 40515010 5.8 Miles 5 Indicator Bacteria A 01/01/2021
Selenium A 01/01/2021
Sulfates A 01/01/2021

Puerco Beach 40431000 0.5 Miles 5 DDT A 01/01/2019
Indicator Bacteria B 01/01/2002
PCBs (Polychlorinated 
biphenyls)

A 01/01/2019

Redondo Beach 40512000 1.49 Miles 5 Coliform Bacteria B 06/19/2003
DDT A 01/01/2019
PCBs (Polychlorinated 
biphenyls)

A 01/01/2019

Resort Point Beach 40511000 0.15 Miles 4A Indicator Bacteria B 01/01/2002
Rincon Beach 40100010 0.38 Miles 5 Indicator Bacteria A 01/01/2015
Rio De Santa 
Clara/Oxnard Drain No. 
3

40311000 1.92 Miles 5 ChemA (tissue) A 01/01/2019

Chlordane (tissue) A 01/01/2019
DDT (tissue) A 01/01/2019
Nitrogen B 06/20/2003
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  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

PCBs (Polychlorinated 
biphenyls) (tissue)

A 01/01/2019

Sediment Toxicity A 01/01/2019
Toxaphene (tissue) A 01/01/2019

Rio Hondo Reach 1 
(Confl. LA River to Snt 
Ana Fwy)

40515010 4.55 Miles 5 Coliform Bacteria A 01/01/2009

Copper B 12/22/2005
Cyanide A 01/01/2021
Lead B 12/22/2005
Toxicity A 01/01/2021
Trash B 07/24/2008
Zinc B 12/22/2005
pH B 03/18/2004

Rio Hondo Reach 2 (At 
Spreading Grounds)

40515010 4.92 Miles 5 Coliform Bacteria A 01/01/2009

Robert H. Meyer 
Memorial Beach

40441000 1.17 Miles 5 Beach Closures A 01/01/2019

DDT A 01/01/2019
PCBs (Polychlorinated 
biphenyls)

A 01/01/2019

Royal Palms Beach 40511000 1.14 Miles 5 DDT A 01/01/2019
Indicator Bacteria B 01/01/2002
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  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

PCBs (Polychlorinated 
biphenyls)

A 01/01/2019

San Antonio Creek 
(Tributary to Ventura 
River Reach 4)

40220023 9.79 Miles 5 Indicator Bacteria A 01/01/2021

Nitrogen A 01/01/2019
Total Dissolved Solids A 01/01/2023

San Buenaventura Beach 40210000 1.8 Miles 5 Indicator Bacteria A 01/01/2015

San Gabriel River 
Estuary

40516000 3.36 Miles 5 Copper B 03/27/2007

Dioxin A 01/01/2021
Nickel A 01/01/2021
Oxygen, Dissolved A 01/01/2021

San Gabriel River Reach 
1 (Estuary to Firestone)

40515010 6.37 Miles 5 Coliform Bacteria A 01/01/2019

Total Dissolved Solids A 01/01/2021
pH A 01/01/2009

San Gabriel River Reach 
2 (Firestone to Whittier 
Narrows Dam

40515010 12.28 Miles 5 Coliform Bacteria A 01/01/2011

Cyanide A 01/01/2021
Lead B 03/27/2007
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  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

San Gabriel River Reach 
3 (Whittier Narrows to 
Ramona)

40531000 7.16 Miles 5 Indicator Bacteria A 01/01/2021

San Gabriel River, East 
Fork

40543000 5.87 Miles 4A Trash B 01/01/1999

San Jose Creek Reach 1 
(SG Confluence to 
Temple St.)

40531000 2.67 Miles 5 Ammonia C

Coliform Bacteria A 01/01/2009
Sulfates A 01/01/2021
Total Dissolved Solids A 01/01/2021
Toxicity A 01/01/2007
pH A 01/01/2021

San Jose Creek Reach 2 
(Temple to I-10 at White 
Ave.)

40531000 17.27 Miles 5 Coliform Bacteria A 01/01/2019

San Pedro Bay Near/Off 
Shore Zones

40512000 8173 Acres 5 Chlordane A 01/01/2019

DDT (tissue & sediment) A 01/01/2019
PCBs (Polychlorinated 
biphenyls)

A 01/01/2019

Sediment Toxicity A 01/01/2009
Santa Clara River 
Estuary

40311000 49.06 Acres 5 Arsenic A 01/01/2021

ChemA A 01/01/2019
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  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

Coliform Bacteria A 01/01/2019
Nitrogen, Nitrate A 01/01/2021
Toxaphene A 01/01/2019
Toxicity A 01/01/2019

Santa Clara River 
Estuary Beach-Surfers 
Knoll

40311000 1 Miles 5 Indicator Bacteria A 01/01/2021

Santa Clara River Reach  
1 (Estuary to Hwy 101 
Bridge)

40311000 10 Miles 5 Toxicity A 01/01/2019

Santa Clara River Reach  
3 (Freeman Diversion to  
A Street)

40331000 31 Miles 5 Ammonia B 03/18/2004

Chloride B 01/01/2002
Total Dissolved Solids A 01/01/2023
Toxicity A 01/01/2021

Santa Clara River Reach  
5 (Blue Cut gaging 
station to West Pier Hwy 
99 Bridge) (was named 
Santa Clara River Reach 
7 on 2002 303(d) list)

40351000 9.4 Miles 5 Ammonia B 03/18/2004

Chloride B 01/01/2005
Chlorodibromomethane A 01/01/2021
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  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

Coliform Bacteria A 01/01/2019
DDT A 01/01/2023
Dichlorobromomethane A 01/01/2021
Iron A 01/01/2021
Nitrate and Nitrite B 03/18/2004
PCBs (Polychlorinated 
biphenyls)

A 01/01/2021

Specific Conductivity A 01/01/2021
Santa Clara River Reach  
6 (W Pier Hwy 99 to 
Bouquet Cyn Rd) (was 
named Santa Clara River 
Reach 8 on 2002 303(d) 
list)

40351000 5.2 Miles 5 Ammonia B 03/18/2004

Bis(2ethylhexyl)phthalate 
(DEHP)

A 01/01/2021

Chloride B 01/01/2005
Chlorodibromomethane A 01/01/2021
Chlorpyrifos A 01/01/2019
Coliform Bacteria A 01/01/2019
Copper A 01/01/2021
Diazinon A 01/01/2019
Dichlorobromomethane A 01/01/2021
Iron A 01/01/2021
Specific Conductance A 01/01/2021
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  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

Toxicity A 01/01/2019
Santa Clara River Reach  
7 ( Bouquet Canyon Rd 
to above Lang Gaging 
Station) (was named 
Santa Clara River Reach 
9 on 2002 303(d) list)

40351000 21 Miles 5 Coliform Bacteria A 01/01/2019

Santa Clara River Reach 
11 (Piru Creek, from 
confluence with Santa 
Clara River Reach 4 to 
gaging station below 
Santa Felicia Dam)

40341000 6.2 Miles 5 Boron A 01/01/2019

Specific Conductance A 01/01/2021
Sulfates A 01/01/2019
Total Dissolved Solids A 01/01/2021

Santa Fe Dam Park Lake 40531000 19.76 Acres 5 Copper A 01/01/2019

Lead A 01/01/2019
pH A 01/01/2019

Santa Monica Bay 
Offshore/Nearshore

40513000 146645 Acres 5 DDT (tissue & sediment) A 01/01/2019

Debris A 01/01/2019
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  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

Fish Consumption Advisory A 01/01/2019
PCBs (Polychlorinated 
biphenyls) (tissue & sediment)

A 01/01/2019

Sediment Toxicity A 01/01/2019
Santa Monica Beach 40513000 3.04 Miles 4A Indicator Bacteria B 01/01/2002
Santa Monica Canyon 40513000 2.7 Miles 5 Indicator Bacteria B 01/01/2002

Lead A 01/01/2019
Sawpit Creek 40531000 3.9 Miles 5 Bis(2ethylhexyl)phthalate 

(DEHP)
A 01/01/2019

Fecal Coliform A 01/01/2019
Sea Level Beach 40441000 0.21 Miles 5 DDT A 01/01/2019

Indicator Bacteria B 01/01/2002
PCBs (Polychlorinated 
biphenyls)

A 01/01/2019

Sepulveda Canyon 405.13 0.83 Miles 5 Ammonia A 01/01/2019
Copper B 12/22/2005
Indicator Bacteria B 02/20/2007
Lead B 12/22/2005
Selenium B 12/22/2005
Zinc B 12/22/2005

Sespe Creek (from 500 ft 
below confluence with 
Little Sespe Cr to 
headwaters)

40332020 54 Miles 5 Chloride A 01/01/2019

pH A 01/01/2019
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  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

Solstice Canyon Creek 40432000 4.8 Miles 5 Invasive Species A 01/01/2021
Stokes Creek 40422020 4.72 Miles 4A Coliform Bacteria B 01/01/2005
Surfers Point at Seaside 40210000 0.4 Miles 5 Indicator Bacteria A 01/01/2015

Topanga Beach 40413000 2.5 Miles 5 Coliform Bacteria B 06/19/2002
DDT A 01/01/2019
PCBs (Polychlorinated 
biphenyls)

A 01/01/2019

Topanga Canyon Creek 40411000 8.55 Miles 5 Lead A 01/01/2019

Torrance Beach 40512000 1.08 Miles 4A Coliform Bacteria B 01/01/2002
Torrance Carson 
Channel

40512000 3.39 Miles 5 Coliform Bacteria A 01/01/2007

Copper A 01/01/2019
Lead A 01/01/2019

Torrey Canyon Creek 40341000 1.74 Miles 4A Nitrate and Nitrite B 03/18/2004
Trancas Beach (Broad 
Beach)

40437000 1.74 Miles 5 DDT A 01/01/2019

Fecal Coliform B 01/01/2002
PCBs (Polychlorinated 
biphenyls)

A 01/01/2019

Triunfo Canyon Creek 
Reach 1

40424000 2.51 Miles 5 Lead A 01/01/2019

Mercury A 01/01/2019
Sedimentation/Siltation A 01/01/2019
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  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

Triunfo Canyon Creek 
Reach 2

40424000 3.32 Miles 5 Lead A 01/01/2019

Mercury A 01/01/2019
Sedimentation/Siltation A 01/01/2019

Tujunga Wash (LA 
River to Hansen Dam)

40521000 9.68 Miles 5 Ammonia B 03/18/2004

Coliform Bacteria A 01/01/2009
Copper B 12/22/2005
Trash B 07/24/2008

Venice Beach 40513000 2.54 Miles 4A Indicator Bacteria B 01/01/2002
Ventura Harbor:  
Ventura Keys

40311000 178.78 Acres 5 Coliform Bacteria A 01/01/2019

Ventura Marina Jetties 40311000 0.69 Miles 5 DDT A 01/01/2019
PCBs (Polychlorinated 
biphenyls)

A 01/01/2019

Ventura River Estuary 40210011 0.2 Miles 5 Algae A 01/01/2019
Eutrophic A 01/01/2019
Total Coliform A 01/01/2019
Trash B 02/27/2008

Ventura River Reach 1 
and 2 (Estuary to 
Weldon Canyon)

40210011 4.49 Miles 5 Algae A 01/01/2019

Ventura River Reach 3 
(Weldon Canyon to 
Confl. w/ Coyote Cr)

40210011 2.82 Miles 5 Indicator Bacteria A 01/01/2021
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  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

Pumping A 01/01/2019
Water Diversion A 01/01/2019

Ventura River Reach 4 
(Coyote Creek to 
Camino Cielo Rd)

40220021 19.22 Miles 5 Pumping A 01/01/2019

Water Diversion A 01/01/2019
Verdugo Wash Reach 1 
(LA River to Verdugo 
Rd.)

40521000 2.02 Miles 5 Coliform Bacteria A 01/01/2009

Copper A 01/01/2021
Trash B 07/24/2008

Verdugo Wash Reach 2 
(Above Verdugo Road)

40524000 7.55 Miles 5 Coliform Bacteria A 01/01/2009

Trash B 07/24/2008
Walnut Creek Wash 
(Drains from 
Puddingstone Res)

40531000 11.7 Miles 5 Copper, Dissolved A 01/01/2021

Indicator Bacteria A 01/01/2021
Lead A 01/01/2021
pH A 01/01/2007

Westlake Lake 40425000 118.98 Acres 5 Algae B 03/21/2003
Ammonia B 03/21/2003
Eutrophic B 03/21/2003
Lead A 01/01/2019
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  2008 CWA SECTION 303(d) LIST OF WATER QUALITY LIMITED SECTIONS

WATER BODY NAME CALWATER 
WATERSHED

ESTIMATED 
SIZE 

AFFECTED

INTEGRATED 
REPORT 

CATEGORY
POLLUTANT

TMDL 
REQUIREMENT 

STATUS*

EXPECTED 
TMDL 

COMPLETION 
DATE

DATE 
USEPA 

APPROVED 
TMDL

(Those requiring TMDLs (A), being addressed by USEPA approved TMDLs (B), and being addressed by actions other than TMDLs (C))

Organic Enrichment/Low 
Dissolved Oxygen

B 03/21/2003

Wheeler Canyon/Todd 
Barranca

40321000 10.09 Miles 5 Nitrate and Nitrite B 03/18/2004

Sulfates A 01/01/2019
Total Dissolved Solids A 01/01/2019

Whites Point Beach 40511000 1.11 Miles 5 DDT A 01/01/2019
Indicator Bacteria B 01/01/2002
PCBs (Polychlorinated 
biphenyls)

A 01/01/2019

Will Rogers Beach 40513000 3.01 Miles 4A Indicator Bacteria B 01/01/2002
Wilmington Drain 40342000 0.56 Miles 5 Coliform Bacteria A 01/01/2007

Copper A 01/01/2019
Lead A 01/01/2019

Zuma Beach (Westward 
Beach)

40436000 1.59 Miles 5 DDT A 01/01/2019

Indicator Bacteria B 01/01/2002
PCBs (Polychlorinated 
biphenyls)

A 01/01/2019
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Technical Memorandum 

To: Tony Locacciato 
Partner 
Meridian Consultants 
910 Hampshire Road, Suite V 
Westlake Village, California 91361 
 

From: Tim Thompson, Rod Struck, Karen Demsey, Mary Hingst (GSI) 
 
Date: February 12, 2015 

Re:   Supplemental Evaluation of Potential Effects of Stormwater Runoff from the  
East Area 1 Project 

 

Introduction 

This document presents technical responses to the recent comments from the Ventura Coastkeeper 

(VCK) and Wishtoyo Foundation provided in advance of the scheduled public hearing for approval of the 

East Area 1 Project (Project) (letter dated January 21, 2015, and referred to herein as the “VCK 

Comments”1).  GSI Water Solutions, Inc. (GSI) was retained to provide the responses presented in this 

document based on our review of relevant information and our professional expertise.2 

The VCK Comments are organized into two major parts.  Part I reiterates VCK’s concerns stated in its 

November 2014 comments on the Draft Supplemental Environmental Impact Report (SEIR).  Part II 

presents VCK’s requests for additional analysis of potential Project impacts on water quality in Santa 

Paula Creek, the Santa Clara River downstream of the Project, and the Santa Clara River Estuary.  Many 

of the VCK Comments, particularly in Part I, are substantially similar to VCK’s November 2014 comments 

                                                            
1 Letter to the City of Santa Paula Planning Department from J. Weiner, Ventura Coastkeeper, a Program of the 
Wishtoyo Foundation, re: “Comments on Public Hearing for the Approval of the East Area 1 Specific Plan 
Amendment Project SCH #2006071134 and for the Certification of the East Area 1 Specific Plan Supplemental 
Environmental Impact Report”.  Submitted via email, January 21, 2015. 
2 Resumes for GSI staff involved in the development of the responses presented in this technical memorandum are 
provided as Attachment A‐1. 
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on the Draft SEIR,3 which were addressed in a previously‐submitted technical response to comments 

(RTC) by GSI4 included as Appendix B to the Final SEIR (referred to herein as the “previous RTC”).  For 

purposes of conciseness, the responses below reference the previous RTC; specific information from the 

previous RTC is repeated in this supplemental response only as needed for clarity or completeness.  For 

the most part, details regarding the Project drainage design and other detailed technical information are 

not repeated in this supplemental response. 

Responses to VCK Comments 

Part I.  Responses to Reiterated Concerns Voiced in VCK’s November 17, 2014 Draft SEIR 
Comments 

Comments presented in Part I of the VCK Comments are nearly identical to those in its November 17, 

2014, comment letter on the Draft SEIR.  To focus the responses to these Part I comments, the text of 

the comments is included below with underline/strikeout format used where changes have been made 

relative to its Draft SEIR comments.  The responses below are primarily focused on addressing the few 

changes where additional analysis, clarification, or elaboration was desirable. 

Response I‐1: 

VCK provided the following comment: 

As expressed in our November 17, 2014 Draft SEIR comments, our overarching concern is that the 
Project’s impacts on water quality will severely impair the Santa Clara River ecosystem, our 
Ventura’s coastal waters, aquatic species such as the Southern California Steelhead, and human 
health. We expect the Project to result in massive increases in pollutant loading to the Santa Clara 
River, increases in concentrations of pollutants of concern in the Santa Clara River, the Santa Clara 
River Estuary, and in marine waters, and an alteration of the natural flow regime of the Santa Clara 
River. All of these impacts will cause and contribute to, in the Santa Clara River, Santa Clara River 
Estuary, and the marine waters engulfing the Santa Clara River watershed: 

1.) Eutrophic conditions; 

2.) Bioaccumulation of pollutants harming benthic macroinvertebrates; 

3.) Acute, sublethal, and chronic toxicity impacts to endangered species like migrating steelhead 
smolt and adult steelhead; 

4.) And aquatic and riparian habitat degradation 

This comment contains no substantive changes from the wording as presented in VCK’s Draft SEIR 

comments in November 2014.  The response to this comment was provided in the Final SEIR Response 

                                                            
3 Email re: Ventura Coastkeeper EIR Comments for the East Area One Project (Project), submitted to Janna Minsk 
(City of Santa Paula).  Prepared and submitted by Jason Weiner on behalf of Ventura Coastkeeper (“VCK”), a 
Program of the Wishtoyo Foundation.  November 17, 2014, 
4 GSI, 2015.  Technical Memorandum re: Evaluation of Potential Effects of Stormwater Runoff from the East Area 1 
Project.  To T. Locacciato (Meridian Consultants) from T. Thomson, R. Struck, A. Davidson, J. Gorski, and K. Demsey 
(GSI Water Solutions, Inc.).  January 14, 2015. 
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to Comments, Response 13‐2.5  In summary, based on several separate lines of evidence – including the 

infiltration and treatment that will be provided by the Project’s extensive low‐impact development (LID) 

stormwater best management practices (BMPs) and the predicted low concentrations of dissolved 

metals in Project stormwater discharges – the Project will not result in the adverse impacts identified in 

the VCK Comments.  A detailed analysis of the potential effects of Project stormwater discharges on 

toxicity impacts to Southern California Steelhead and bioaccumulation‐related impacts on benthic 

macroinvertebrates was previously provided in the technical memorandum entitled, Effects of Dissolved 

Copper and Other Metals on Southern Steelhead Smolt in the Santa Clara River (AECOM, 2015a), which 

accompanied the previous RTC. 

One of the key points discussed in the previous RTC is that the Project drainage design provides for 

capture and infiltration (and thereby 100% treatment) of all Project site runoff from storms as large as at 

least the 85th percentile storm event – which is a storm that brings approximately 1 inch of rainfall.  For 

larger events, the initial 1.0 – 1.8 inches of rainfall (which would constitute what is qualitatively known 

as the “first‐flush” component of the storm) will be completely infiltrated on the Project site, and all 

other stormwater flows will be conveyed through the Project BMPs that will slow and treat runoff 

through vegetation before offsite discharge.  The Project detention basins have been sized in 

accordance with the Ventura County Hydrology Manual (Ventura County, 2006) to attenuate a 10‐year, 

50‐year, and 100‐year storm event with the peak flows for Project runoff not exceeding existing peak 

flows for each respective storm event (Jensen, 2014).  In fact, with the debris/detention basins upstream 

of the development and the detention basin at the downstream end of the system, the Project 

stormwater management system will keep the developed condition peak flow rates below the existing 

condition peak flow rates for each storm event (Jensen, 2014).  This flow attenuation as part of the 

overall LID design incorporated into the Project will result in Project discharges that mimic the natural 

hydrologic cycle, thereby avoiding habitat degradation in the adjacent creeks and the downstream Santa 

Clara River. 

The LID elements included in the current Project drainage design, as described in the previous RTC, 

exceed requirements under the County’s current Municipal Stormwater Permit (the “MS4 Permit”; 

Order No. R4‐2010‐0108, effective October 2011).  The Project’s drainage design provides almost twice 

the infiltration capacity required under the County’s current permit, which will ensure that the water 

quality of any discharged stormwater will be significantly better than what is required by the MS4 

Permit. 

Response I‐2: 

VCK provided the following comment: 

As stated indicated in the SEIR, the predicted total loading of pollutants and copper into the Santa 
Clara River from the Project’s urban runoff alone (which will increase significantly for all constituents 
from existing conditions and which will depend on the effectiveness of proposed BMPs) into the 
Santa Clara River, its estuary, and its coastal marine waters will increase. The concentrations of 
dissolved copper from Project area stormwater discharges is also projected to increase during the 
wet season. Of note, a NOAA published study (see attached NOAA Technical Memorandum NMFS‐

                                                            
5 Meridian Consultants, East Area 1 Specific Plan Amendment Supplemental Environmental Impact Report, SCH No. 
2006071134 (January 2015), p. 3.0‐86 – 3.0‐87. 
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NWFSC‐83) documents sublethal effects to juvenile steelhead smolt from dissolved Cu (copper) 
concentrations between .75 micrograms per liter – 2.1 micrograms per liter (loss of smell, reduced 
swimming speed, loss of ability to locate spawning grounds). 

This comment contains no substantive changes from the wording as presented in VCK’s Draft SEIR 

comments.  In addition, the National Oceanic and Atmospheric Administration, National Marine 

Fisheries Service (NOAA) 2007 study cited here is the same one attached to the VCK’s Draft SEIR 

comments.  The response to this comment was provided in the Final SEIR Response to Comments, 

Response 13‐3.6  As noted in that response, this comment misinterprets the SEIR with regard to 

statements pertaining to predicted loading of metals from the Project’s stormwater discharges, because 

the Draft SEIR clearly states that BMPs designed to remove pollutants from stormwater will treat Project 

stormwater before it is discharged to offsite receiving waters.  The previous RTC included a detailed 

evaluation of concentrations of key metals (copper, lead, and zinc) that may be present in Project 

stormwater discharges to offsite receiving waters.  This evaluation included three steps: 

1. Estimate pre‐treatment stormwater concentrations – Evaluate concentrations for untreated 

stormwater discharging from residential land uses (e.g., single family, multi‐family, and high 

density residential) using readily available, representative data.  Data for metals of interest 

(copper, lead and zinc) were evaluated. 

2. Assess BMP effectiveness – Assess the treatment efficiencies of the planned stormwater BMPs 

using published values for the planned Project technologies. 

3. Estimate post‐BMP stormwater concentrations – Estimate the concentrations in the stormwater 

discharging from the Project (i.e., post‐treatment). 

Results of this evaluation indicate that estimated geometric mean (i.e., typical) concentrations7 of 

dissolved copper, lead, and zinc in Project stormwater discharges will be less than the applicable 

regulatory criteria.  In addition, as discussed in the Final SEIR Response to Comments, Response 13‐4,8 

even the typical pre‐treatment dissolved copper concentration estimated to occur in stormwater runoff 

entering Project BMPs will be lower than the updated NOAA 2014 application for dissolved copper9 

established to protect salmonids from sublethal toxicity effects.  (Note that the issue of specific 

concentrations of dissolved copper associated with sublethal effects on Southern California Steelhead 

smolts was addressed in the Final SEIR Response to Comments, Response 13‐410 and evaluated in detail 

in the accompanying Effects of Dissolved Copper and Other Metals on Southern Steelhead Smolt in the 

                                                            
6 Meridian Consultants, East Area 1 Specific Plan Amendment Supplemental Environmental Impact Report, SCH No. 
2006071134 (January 2015), p. 3.0‐88 – 3.0‐98. 
7The geometric mean of the data was calculated to represent typical values for dissolved copper, lead and zinc in 
pre‐treatment stormwater entering the Project BMPs.  The geometric mean is a type of mean or average, which 
indicates the central tendency or typical value of a set of numbers by using the product of their values (as opposed 
to an arithmetic mean uses their sum). 
8 Meridian Consultants, East Area 1 Specific Plan Amendment Supplemental Environmental Impact Report, SCH No. 
2006071134 (January 2015), p. 3.0‐98 – 3.0‐102. 
9 NOAA application for dissolved copper provided in the recent ESA Section 7 Informal Consultation (Stelle 2014) .  
In the previous RTC, the NOAA 2014 application was referred to as the NOAA benchmark concentration (BMC).  
The NOAA 2014 application is technically distinct from the NOAA 2007 BMCs, so the terminology has been 
corrected in this response. 
10 Meridian Consultants, East Area 1 Specific Plan Amendment Supplemental Environmental Impact Report, SCH 
No. 2006071134 (January 2015), p. p. 3.0‐98 – 3.0‐102. 
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Santa Clara River [AECOM, 2015a].)  Zinc concentrations in Project offsite stormwater discharges 

following treatment in the BMPs also are predicted to be lower than the corresponding NOAA 2014 

application for dissolved zinc. 

Table A‐1 attached to this supplemental response provides a summary of the estimated pre‐treatment 

stormwater runoff concentrations for the Project based on a comprehensive, representative and 

publically‐available data set.  Table A‐2 attached to this document presents a summary of treatment 

effectiveness / removal efficiency data (percentage reduction in metals concentrations) for the 

applicable BMPs.  These tables have been modified from the corresponding tables included in the 

previous RTC to include values for additional metals to provide further support for the findings in the 

previous RTC and to address issues raised in Part II of the VCK Comments. 

Response 2 in the previous RTC also discussed the following additional considerations to support the 

finding that the Project will not significantly increase concentrations of dissolved metals in receiving 

waters or otherwise impact Southern California Steelhead (refer to the previous RTC, starting on p. 12 of 

26, for details): 

 Benefits of Project stormwater infiltration.  The Project drainage design provides for infiltration 

of at least the 85th percentile storm event.  For larger events (which occur less frequently than 

once a year, on average), the initial 1.0 – 1.8 inches of rainfall will be captured and infiltrated on 

site, and all other stormwater flows will be conveyed through the Project BMPs that will slow 

and treat runoff before offsite discharge.  In addition to fully removing pollutants from 

stormwater runoff to surface waters, infiltration recharges groundwater and allows stormwater 

discharges to mimic natural hydrologic conditions. 

 LID components of future private development.  The calculated Project infiltration capacity as 

described in the previous RTC is a conservative estimate.  It only takes into account the BMPs 

planned for the public infrastructure; private development within the Project area will be 

required to include additional LID elements, which will increase the overall infiltration capacity 

of the Project and therefore decrease offsite stormwater discharge.   

 Brake pad legislation.  The estimated copper concentrations in pre‐treatment Project 

stormwater listed in Table A‐1 also are considered conservative estimates, because a common 

source of copper to urban runoff will be significantly reduced over the next decade as recently 

enacted brake pad legislation comes into effect as the Project is built out over 10 years.  Health 

and Safety Code §§ 25250.50, et seq. requires that brake pads sold in California contain no more 

than 5% copper by weight by 2021, and no more than 0.5% copper by weight in 2025.  With this 

legislation in effect, copper concentrations in the pre‐treatment stormwater runoff entering the 

Project BMPs will be lower than the estimated values listed in Table A‐1, with further 

corresponding reductions expected in the post‐treatment discharge from the Project. 

 Timing of stormwater discharges.  Most of the average annual rainfall in Ventura County is 

during the period of November through March, which largely precedes the typical window of 

Southern California Steelhead smolt migration in the Santa Clara River (mid‐March to early May; 

Stoecker and Kelley, 2005; UWCD, 2007‐2013; AECOM, 2015b).  Furthermore, the probability of 

a storm of 1.5 inches or more to occur in mid‐March is 10% or less.  By April 1, the probability of 

as much as 1.5 inches of rainfall to occur is less than 5%, and the probability is smaller for that 

amount of rain to fall within a single day.  (Refer to  Figure 3, Santa Paula Probability of 1.50” 
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Precipitation in the Final SEIR Response to Comments.)  Given that the Project can fully infiltrate 

as much as 1.8 inches of rainfall on the Project site, with no discharge of runoff to any adjacent 

creeks or river, there is only a very small chance in any given year that the Project will discharge 

any stormwater during times when smolts are present in the Santa Clara River.  (Steelhead 

smolt life history, including presence and usage of the Santa Clara River and Estuary is 

summarized below in Response II‐2 of this supplemental response.) 

 Downstream attenuation.  All stormwater runoff from developed/urbanized areas that is not 

infiltrated will be discharged (after being routed through Project BMPs) to Farm Creek at a point 

roughly 2,000 feet upstream of where this creek discharges to the Santa Clara River (after 

merging into Haun/Orcutt Creek).  (See Figure A‐1, attached.)  Dissolved metals concentrations 

in the treated Project discharges, which will already be low, will further attenuate in the 

distance between the infiltration basin outlet and the Santa Clara River through degradation, 

sorption, and dispersion.  (Note that Southern California Steelhead smolts are not known to be 

present in Farm Creek or Haun/Orcutt Creek [AECOM, 2015a] at any time, and no runoff from 

developed urban areas will be discharged to Santa Paula Creek ‐ see Figure A‐1 for location of 

Project discharge.) 

 Receiving water concentrations.  As shown on Table A‐1, the estimated pre‐treatment 

stormwater concentrations of copper and lead in runoff from the developed Project are similar 

to the concentrations that are already present in the Santa Clara River downstream.11  After 

BMP treatment, concentrations of dissolved copper and lead in the treated Project discharges 

will be similar to or lower than concentrations in the river – therefore, Project discharges will 

not increase concentrations of these metals in the Santa Clara River.  Estimated dissolved zinc 

concentrations in post‐treatment Project stormwater offsite discharges are higher than those in 

the river, but below the applicable regulatory criteria and, as noted above, less than the NOAA 

2014 application for dissolved zinc.  Additional comparison of metals concentrations in Project 

stormwater discharges to those in the river (for an expanded list of metals) is included in 

Response II‐2 in Part II of this supplemental response. 

Response I‐3: 

VCK provided the following comment: 

The SEIR does not identify or analyze the Project’s significant direct, indirect, and cumulative water 
quality impacts to juvenile Southern California Steelhead smolt residing in the Santa Clara River 
Estuary, migrating adult steelhead in the Santa Clara River, or migrating smolt steelhead in the 
Santa Clara River, nor does it provide measures to mitigate those impacts to a less than significant 
effect. 

More specifically, the SEIR does not analyze the direct, indirect, and cumulative sublethal toxicity 
impacts of metals contained in the Project’s urban stormwater runoff discharges on the threatened 

                                                            
11 Geometric mean concentration for dissolved copper in the Santa Clara River near Santa Paula is 2.1 µg/L.  This is 
23% of the lowest California Toxics Rule freshwater criteria for dissolved copper (9 µg/L; USEPA, 2000) and is 
essentially equivalent to the 2 µg/L dissolved copper concentration identified as acceptable in the VCK 
Comments for the protection of steelhead in the Santa Clara River.  The geometric mean dissolved copper 
concentrations for the river (2.1. µg/L) and the estimated pre‐treatment stormwater for the developed Project 
(3.1 µg/L) are similar.  The 95th percentile UCL mean concentrations for the river (4.5 µg/L) and the estimated 
untreated stormwater for the developed Project (4.6 µg/L) also are similar.   
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and endangered species that utilize the Santa Clara River and its Estuary, including the Southern 
California Steelhead. For example, the SEIR overlooks that the Project discharges of dissolved copper 
from stormwater runoff is forecasted to will increase dissolved copper concentrations in the Santa 
Clara River and is forecasted to will contain concentrations of dissolved copper that could result in 
sublethal olfactory, sensory system, behavioral (predator avoidance), growth, reproduction, and 
primary production impacts to juvenile steelhead smolt. Studies have indicated that dissolved copper 
concentrations from .18 to 2.5 micrograms per liter have sublethal inhibitory effects on juvenile 
salmonid.12 Steelhead smolt, which qualify as juvenile salmonid, migrate from the Santa Clara River 
mainstem and tributaries to the estuary, and hold in the estuary during the rainy season and 
summer months, and thus the copper concentrations in the Project’s discharge alone will likely 
impart sublethal impacts on Southern California Steelhead. (See attached steelhead studies that 
document the utilization of the Santa Clara River and the Santa Clara River Estuary by Steelhead and 
the sublethal effect of metals on steelhead and juvenile steelhead smolt). The SEIR must therefore set 
forth mitigation measures to reduce dissolved copper concentrations from the Project contained in 
the Project’s stormwater discharges to less than .18 micrograms per liter or at least to less than 2.0 
micrograms per liter. 

This comment is substantively the same as the version included in the VCK’s Draft SEIR comments, which 

was addressed in the Final SEIR Response to Comments, Response 13‐4,13 with the exception that the 

new comment specifies “direct, indirect, and cumulative” impacts.  A brief summary of the previous RTC 

supplemented by additional responsive information is provided below, followed by a discussion of the 

direct, indirect, and cumulative water quality impacts of the Project.   

As discussed in detail in the Final SEIR Response to Comments, Response 13‐4,14 and supported by the 

additional analysis presented in Part II of this supplemental response and the accompanying 

supplemental ecological evaluation (AECOM, 2015b), the Project will not result in significant adverse 

impacts on sensitive life stages of anadromous fish species such as Southern California Steelhead smolts 

from exposure to dissolved copper and other metals in the Santa Clara River, based on the following 

separate points: 

 The basis for identification of sublethal impacts to juvenile salmonids associated with dissolved 

copper concentrations in the range of 0.18 µg/L to 2.1 µg/L is from results of the NOAA 2007 

study attached to VCK’s comments (Hecht et al., 2007; “NOAA report”).  However, based on the 

recent ESA Section 7 Informal Consultation (Stelle 2014), NOAA’s application for limiting 

sublethal effects due to dissolved copper is 5.3 µg/L; the NOAA 2014 application for dissolved 

copper is defined as 2.3 µg/L above the study control background concentration of 3.0 µg/L 

(Stelle, 2014).  NOAA 2014 applications are included in Table A‐1. 

 The NOAA 2014 application for dissolved copper concentrations cited in the recent ESA Section 

7 Informal Consultation (Stelle 2014) as causing sublethal impacts overstate the actual toxicity 

                                                            
12 Scott A. Hecht, David H. Baldwin et all., An Overview of Sensory Effects on Juvenile Salmonids Exposed to 
Dissolved Copper, NOAA Technical Memorandum NMFS‐NWFSC‐83, Oct. 2007 (available at: 
http://www.nwfsc.noaa.gov/assets/25/6696_11162007_114444_SensoryEffectsTM83Final.pdf). 
13 Meridian Consultants, East Area 1 Specific Plan Amendment Supplemental Environmental Impact Report, SCH 
No. 2006071134 (January 2015), p. 3.0‐98 – 3.0‐102. 
14 Meridian Consultants, East Area 1 Specific Plan Amendment Supplemental Environmental Impact Report, SCH 
No. 2006071134 (January 2015), p. 3.0‐98 – 3.0‐102. 
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of dissolved copper under the water quality conditions present in the Santa Clara River.  The 

NOAA 2014 application for dissolved copper was derived from a study conducted under 

hatchery conditions using soft municipal water.  In contrast, the Santa Clara River near the 

Project has significantly harder water and higher pH, both of which reduce the bioavailability of 

dissolved copper (and some other metals), thereby raising the concentration at which toxicity 

effects begin to occur.  Multiple studies cited in Stelle (2014) point out the role of dissolved 

organic carbon (DOC) in reducing the olfactory toxicity of dissolved copper.  The Santa Clara 

River also has concentrations of DOC that are high enough to further reduce the level of 

olfactory inhibition associated with dissolved copper.  Based on these site‐specific water quality 

characteristics, development of site‐specific screening criteria for dissolved metals is 

appropriate to realistically evaluate toxicity thresholds in the Santa Clara River (AECOM, 2015a).  

These site‐specific water quality criteria are included in Table A‐1. 

 The estimated geometric mean (i.e., typical) concentrations of dissolved copper, lead and zinc in 

the pre‐treatment stormwater runoff entering Project BMPs are below the unadjusted and the 

adjusted criteria, and the 95% mean Upper Confidence Limit (UCL) concentrations15 in the pre‐

treatment stormwater are below the adjusted criteria.  As noted above, the estimated dissolved 

copper concentrations in pre‐treatment Project stormwater will typically be less than the NOAA 

2014 application for dissolved copper of 5.3 µg/L (based on the geometric mean concentration), 

and will be further reduced through treatment in the BMPs before offsite discharge.  Estimated 

pre‐treatment dissolved zinc concentrations are higher than the NOAA 2014 application for 

dissolved zinc (18.6 µg/L); however, based on the estimated single‐BMP removal efficiencies for 

dissolved zinc (see Table A‐2), dissolved zinc concentrations in the Project discharges will be less 

than the NOAA 2014 application for dissolved zinc. 

 The potential for Project discharges to impact other life stages of Southern California Steelhead 

is very limited based on observations of steelhead life history in the Santa Clara River system.  

Steelhead adults do not linger in the Santa Clara River mainstem during their migration to the 

upstream tributaries for spawning because adult holding habitat is lacking in the mainstem 

(AECOM, 2015b).  Adult holding habitat is also negligible in the lower reach of Santa Paula Creek 

in the vicinity of the Project Site.  No life stage of Southern California Steelhead is known to 

occur in Farm Creek or Hahn/Orcutt Creek due to lack of suitable habitat (AECOM, 2015a). 

 Based on research and field observations in the Santa Clara River and Estuary system conducted 

for the accompanying supplemental ecological evaluation (AECOM, 2015b), steelhead smolt 

utilization of the Santa Clara River Estuary is only marginal at best, due to the typical 

disconnection of the estuary with the upper watershed, and due to poor quality estuarine 

rearing habitat.  In larger rivers with suitable upstream rearing habitat, such as is found in the 

Santa Clara River and the Santa Ynez River basins, it is the upper watershed that is most 

important for juvenile steelhead rearing.  Typical smolt steelhead (greater than 150 millimeters 

[mm] in length) appear to enter the ocean as soon as possible (mid‐March through early May), 

precluding an estuary rearing phase (Bond 2006).  In addition, the analysis conducted for the 

previous RTC and this supplemental response indicates that there will be no significant water 

quality signature of Project stormwater discharges in the Estuary.  Refer to Response II‐2, below, 

for more detail on steelhead smolt life history.   

                                                            
15 The 95% UCL for a mean is defined as a value that, when repeatedly calculated for randomly drawn subsets of 
size n, equals or exceeds the true population mean 95% of the time. 
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Evaluation of Direct Impacts 

The findings summarized above, together with those provided in the Final SEIR Response to Comments, 

Response 13‐316 (and further substantiated by the additional findings presented in Part II of this 

supplemental response), clearly demonstrate that Project stormwater discharges will have no significant 

direct impacts on Southern California Steelhead.  To summarize key points in support of this conclusion:   

 The public portions of the Project infrastructure alone will infiltrate at least the 85th percentile 

storm event, so that only large events (occurring on less than an annual basis) will result in 

offsite stormwater discharge.  In these occasional, larger events, the “first flush” volume will still 

be fully infiltrated on site, and the excess stormwater runoff will be treated in the Project BMPs 

before offsite discharge.  Total infiltration capacity within the Project site will be even greater 

with LID elements that will be incorporated into privately developed portions of the Project 

area. 

 Estimated dissolved concentrations of copper, lead and zinc in Project stormwater discharged 

off site are lower than applicable water quality criteria and NOAA 2014 applications (where 

applicable) established to protect salmonids from sublethal toxicity effects.   

 Site‐specific water quality characteristics of the Santa Clara River in the Project vicinity reduce 

the bioavailability of dissolved metals, such that unadjusted regulatory criteria (e.g., the 

California Toxics Rule water quality criteria) overstate the toxicity thresholds of dissolved metals 

in the river.  In any case, Project stormwater discharges will meet all regulatory criteria.  

 Given (a) the November‐March timeframe for most of the annual rainfall in the Ventura County 

area, (b) the Project’s ability to infiltrate on the Project site up to 1.8 inches of rainfall per event, 

and (c) the mid‐March to early May migration window for Southern California Steelhead in the 

Santa Clara River, the chance that the Project will discharge any stormwater during times when 

smolts are present in the Santa Clara River is very small. 

 The point of Project offsite stormwater discharge is to a location in Farm Creek (a drainage that 

does not support salmonids; AECOM, 2015a) approximately 2,000 feet from upstream of the 

Santa Clara River.  Concentrations of dissolved copper, lead, and zinc in the Project stormwater 

discharges will further attenuate over the distance between the discharge point and the river.  

As a result (and because Project stormwater discharges will likely be very small in comparison to 

concurrent flow in the river), the Project is unlikely to have a measurable effect on 

concentrations of dissolved copper, lead and zinc at the point of confluence with the Santa Clara 

River near the Project, much less 15 miles downstream at the Estuary. 

Discussion of Lack of Indirect Impacts: 

Project stormwater discharges also will have no significant indirect impact on Southern California 

Steelhead smolt or any threatened and endangered species that utilize the Santa Clara River and its 

Estuary.  This conclusion is supported by the same set of facts as for direct impacts, summarized as 

follows: 

                                                            
16 Meridian Consultants, East Area 1 Specific Plan Amendment Supplemental Environmental Impact Report, SCH 
No. 2006071134 (January 2015), p. 3.0‐88 – 3.0‐98. 
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 The extensive LID elements incorporated into the Project drainage design will allow Project 

stormwater discharges to mimic the natural hydrologic cycle and thereby avoid habitat 

degradation in the receiving waters, including Santa Paula Creek and the Santa Clara River.   

 Concentrations of dissolved metals that may be present in Project stormwater that is discharged 

offsite after treatment in the Project BMPs will in all cases meet applicable water quality criteria 

and in most cases will be similar to or lower than existing concentrations in the Santa Clara River 

(refer to additional analysis in Response II‐2, below).  

 As noted above, no urban runoff will be discharged to Santa Paula Creek.   

 Based on these considerations, there will be no significant impacts on habitat or biota that could 

in turn impact Southern California Steelhead or other listed species.  Specifically, Project 

stormwater discharges will not significantly impact steelhead smolt prey including benthic 

macroinvertebrates in Santa Paula Creek or the Santa Clara River (AECOM, 2015a). 

 

Discussion of Lack of Cumulative Impacts: 

Likewise, the potential cumulative impacts of Project stormwater discharges also are less than 

significant.   

 As detailed in the previous RTC (summarized above) and supported by the further analysis 

presented in Part II below, Project stormwater discharges will not impair habitat in the 

immediate Project vicinity or downstream, will meet all applicable regulatory criteria for 

dissolved metals as well as the NOAA 2014 applications for dissolved copper and dissolved zinc 

established to protect salmonids from sublethal toxicity effects, and will generally not increase 

concentrations of dissolved metals in the Santa Clara River or Estuary.   

 The lack of cumulative effects is further demonstrated by comparison of estimated metals 

concentrations in stormwater discharges from the developed Project versus runoff from this 

area under the current (baseline) agricultural conditions.  Available data indicates 

concentrations of total and dissolved metals, as well as total suspended solids, will generally be 

similar to or lower than under baseline conditions (refer to Response II‐2 below for details 

regarding comparison of estimated Project conditions to estimated baseline conditions). 

 Future development within the Project area also will be required to meet all applicable water 

quality criteria. 

Response I‐4: 

VCK provided the following comment: 

In addition to analyzing and mitigating for the direct, indirect, and cumulative sublethal effects to 
the threatened and endangered species that utilize the Santa Clara River and the Santa Clara River 
Estuary from dissolved copper contained in the Project’s urban stormwater runoff discharges, the EIR 
must also examine the presence and effects of trace concentrations of zinc, lead, arsenic, cadmium, 
mercury, nickel, and other metals that have been determined by scientific studies to have sublethal 
toxicity effects on steelhead smolt, the other threatened and endangered species that utilize the 
estuary and Santa Clara River downstream of the Project, and on benthic marcroinvertebrate 
populations of the Santa Clara River. 
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This comment is the same as the version included in the VCK’s Draft SEIR comments with the exception 

that it specifies “direct, indirect, and cumulative” impacts.  Except for this additional language, this 

comment was addressed in the Final SEIR Response to Comments, Response 13‐5.17  In summary, that 

previous response stated that, as with copper, lead, and zinc, other metals also are not projected to be 

present at elevated concentrations in runoff from the Project based on the same set of factors described 

above: (a) infiltration of a substantial portion of the stormwater within the Project; (b) the relatively low 

metals concentrations that would be expected in runoff from new/future urban development compared 

to older urbanized areas with legacy sources; (c) the demonstrated effectiveness of the planned types of 

BMPs at removing total and dissolved metals (as well as TSS); and (d) the very small chance that a storm 

large enough to generate runoff will occur when Southern California Steelhead smolts are present in the 

Santa Clara River.  Likewise, direct, indirect, and cumulative effects on listed species and benthic 

macroinvertebrate populations due to potential trace concentrations of these metals in Project 

stormwater discharges are less than significant. 

Subsequent to submittal of the previous RTC, specific estimates of concentrations of several other 

metals in pre‐treatment stormwater runoff in the Project (included in Table A‐1) were obtained.  In 

addition, data on BMP treatment effectiveness data for these metals (see Table A‐2) were compiled 

using the same representative, robust datasets previously used for copper, lead and zinc.  We have also 

compiled available data for runoff from representative agricultural land uses for purposes of estimating 

metals concentrations in runoff from the Project area under the existing (baseline) conditions.  These 

estimated baseline concentrations, which are discussed in detail in the Part II responses below, further 

corroborate the findings in the previous RTC. 

Part II.  Responses to VCK Comments Regarding Additional Analysis Needed in SEIR 

Response II‐1: 

VCK provided the following comment: 

Despite new water quality impacts, and new mitigation measures to mitigate water quality impacts 
disclosed in the SEIR from grading changes, hydrology changes, drainage changes, and other design 
changes to the Project from the previously adopted East Area 1 Specific Plan EIR, the SEIR fails to 
provide a sufficiently detailed analysis as to water quality impacts and associated biological impacts 
to juvenile steelhead smolt so as to enable informed decision making, adequate public participation, 
and the mitigation of impacts to a less than significant effect. 

The refinements made to the previously adopted drainage design reflect the types of responsive 

adaptations envisioned under the California Environmental Quality Act (CEQA) consultation process.  

Notably, with the drainage design refinements described in the SEIR and the additional refinements 

described in the previous RTC, the Project will exceed all LID requirements under the County’s current 

MS4 Permit (Order No. R4‐2010‐0108) (effective October 2011).  In fact, the Project will provide almost 

twice the infiltration capacity required under the County’s current MS4 Permit.  The previous RTC 

provided the detailed analysis of potential water quality and associated biological impacts of Project 

stormwater discharges that is requested in this comment and demonstrated that the stormwater 

                                                            
17 Meridian Consultants, East Area 1 Specific Plan Amendment Supplemental Environmental Impact Report, SCH 
No. 2006071134 (January 2015), p. 3.0‐102 – 3.0‐103. 
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discharges will have a less‐than‐significant effect on these resources.  Additional data and evidence in 

support of this finding is presented in the responses below. 

Response II‐2: 

VCK provided the following comment: 

The SEIR contains no analysis of the concentrations and loading of dissolved copper (and other 
metals such as lead, arsenic, zinc, and aluminum) from the Project’s stormwater discharges in 
comparison to the existing concentrations of these dissolved metals from the Project site with the 
existing land use and baseline conditions. The dissolved fraction of copper (and other metals) that 
will be discharged from the Project in stormwater discharges from the Project’s urban area as the 
result of the Project must be analyzed, as the NOAA Technical Memorandum18 indicates that 
dissolved copper in concentrations from .18 to 2.5 micrograms per liter discharged from the Project 
in stormwater runoff poses sub‐lethal toxicity threats on juvenile steelhead smolt in Santa Paula 
Creek, the Santa Clara River downstream of the Project, and in the Santa Clara River Estuary (where 
juvenile steelhead smolt rear, hold and acclimate19) that could lead to mortality. 

Approach 

As noted in the Part I responses, the previous RTC presented results of a detailed, quantitative analysis 

of estimated concentrations of key metals of interest (copper, lead and zinc) in Project stormwater 

discharges based on representative data for untreated urban/residential runoff and expected ranges of 

reductions in these concentrations through treatment in Project BMPs.  (For details, refer to the Final 

SEIR Response to Comments, Response 13‐4).20  The estimated Project stormwater discharge 

concentrations were screened against the applicable freshwater regulatory criteria, NOAA 2014 

applications for dissolved copper and dissolved zinc, and concentrations in the Santa Clara River.  To 

respond to these new VCK Comments, this analysis has been expanded to cover an expanded set of 

metals – aluminum, arsenic, cadmium, copper, lead, mercury, nickel, and zinc – and to include a 

comparison to estimated baseline conditions. 

Site‐specific data do not exist either for Project stormwater discharges (a future condition) or for current 

runoff from the Project area under existing conditions.  Stormwater data has not been collected at the 

Project site due to the absence of multiple storm events of sufficient magnitude to do so during the 

SEIR’s preparation in 2014/2015.  Furthermore, stormwater monitoring is not required for the current 

agricultural land use by any agency for other purposes.  However, as with stormwater runoff into the 

Project BMPs, baseline stormwater runoff quality can be estimated using data for representative land 

                                                            
18 Scott A. Hecht, David H. Baldwin et al., An Overview of Sensory Effects on Juvenile Salmonids Exposed to 
Dissolved Copper, NOAA Technical Memorandum NMFS‐NWFSC‐83, Oct. 2007 (available at: 
http://www.nwfsc.noaa.gov/assets/25/6696_11162007_114444_SensoryEffectsTM83Final.pdf). 
19 See Hayes, et. al, Steelhead Growth in a Small Central California Watershed: Upstream and Estuarine Rearing 
Patterns. Transactions of the American Fisheries Society 137:114–128, 2008; See Kelley, Elise, Steelhead Trout 
Smolt Survival in the Santa Clara and Santa Ynez Estuaries, August 2008; See Kelley, Elise, Information synthesis 
and priorities regarding steelhead trout (Oncorhynchus mykiss) on the Santa Clara River, February 2004; See Bond, 
Morgan H., IMPORTANCE OF ESTUARINE REARING TO CENTRAL CALIFORNIA STEELHEAD (ONCORHYNCHUS MYKISS) 
GROWTH AND MARINE SURVIVAL, June 2006. 
20 Meridian Consultants, East Area 1 Specific Plan Amendment Supplemental Environmental Impact Report, SCH 
No. 2006071134 (January 2015), p. 3.0‐98 – 3.0‐102. 
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uses from other similar properties and uses.  In addition, the previous RTC does reference existing 

baseline data for water quality, including metals in the Santa Clara River, which is an important baseline 

used for comparison to Project stormwater runoff.   

To estimate baseline conditions, we compiled data for metals concentrations in runoff from agricultural 

areas in southern California from published studies (Geosyntec, 2008; Walker Associates, 2014; Mazor 

et al., 2011; Ackerman and Schiff, 2003; and Ventura County, 2008).  The data are summarized in Table 

A‐3, attached to this supplemental response.  The data represent a range of types of agriculture, as 

noted in Table A‐3.  Note that because the agricultural runoff data are from unrelated studies, the 

metals analyzed and the summary statistics used vary among the studies.  For the purposes of this 

analysis, values selected to represent “typical” concentrations include the average (arithmetic mean), 

median, or geometric mean values, depending on which values were reported in a given study.  The 

right‐hand column of Table A‐3 provides an overall summary of the minimum and maximum “typical” 

concentrations among the reported values for each metal.  These “typical” concentrations in agricultural 

runoff provide a baseline for comparison to estimated concentrations in stormwater discharges after 

Project development. 

Table 1 below summarizes the estimated geometric mean (i.e., typical) concentrations of metals in pre‐

treatment stormwater entering the Project BMPs and values for comparison (as applicable/available), 

including estimated baseline concentrations, concentrations in the Santa Clara River near the Project, 

freshwater regulatory criteria, and NOAA 2014 applications for dissolved copper and dissolved zinc.  

Findings based on these comparisons are discussed below. 
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Table 1.  Comparison of Metals Concentrations Estimated for Pre‐Treatment Stormwater Runoff Entering Project 
BMPs to Screening Levels, Santa Clara River Data, and Estimated Baseline Concentrations. 

Metal 

Estimated  
Pre‐Treatment 

Project 
Stormwater (1) 

(Geometric 
Mean) 

Estimated 
Baseline 

Condition (2) 

(Range of 
“Typical” Values) 

Santa Clara 
River Water 

Quality Data (3) 

(Geometric 
Mean) 

Screening Levels 

CTR Freshwater Criteria (4) 

and/or NAWQC (5)  

Adjusted/Site‐Specific 

NOAA  
2014 

Applications (6) 
CCC  CMC 

Dissolved Metals (µg/L) 

Aluminum  46  <5  4.5  NA  NA  NA 

Arsenic  1  1.1 ‐ 2.5  1.2  150  340  NA 

Cadmium  0.1  0.08 ‐ 0.2  0.2  0.64  7.7  NA 

Copper  3.2  1.7 – 22.5  2.1  29  50  5.3 

Lead  0.2  <0.05 ‐ 0.02  0.1  11  280  NA 

Mercury  0.7  2.8  2.8  0.77 (7)  1.4 (7)  NA 

Nickel  1.5  2.7 ‐ 3.4  2.5  170  1,500  NA 

Zinc  20.5  2.4 – 40.1 3 380 380  18.6

Total Metals (µg/L) 

Aluminum  340  10,065  1,005  87 (7)  750 (7)  NA 

Arsenic  1.2  2.7 ‐ 9.0  3.1  NA  NA  NA 

Cadmium  0.1  0.09 ‐6.7  0.6  NA  NA  NA 

Copper  10.3  1.6 ‐ 152  9.3  NA  NA  NA 

Lead  2.7  0.04 – 48.5  1.6  NA  NA  NA 

Mercury  0.4  0.04 ‐ 118.4 14.0 NA NA  NA

Nickel  2.7  3.6 ‐ 95  10.3  NA  NA  NA 

Zinc  54.2  4.5 ‐ 304 20.6 NA NA  NA

Notes: 
µg/L = micrograms per liter 
NA = Not available / not established 

 (1) Refer to Table A‐1 for details.  Concentrations listed here represent runoff entering Project BMPs; these concentrations will be 

reduced by treatment in the BMPs (see Table A‐2 for BMP removal efficiencies). 
(2) Data representing runoff from agricultural land uses in southern California.  “Typical” values represented in this range include median, 

arithmetic mean, and geometric mean concentrations, depending on how data were reported in the original sources.  Refer to Table A‐
3 for data sources and additional details. 

(3) Data from station “Santa Clara River at Freeman Diversion” (Site ID ME‐SCR) (Ventura County, 2014).  Refer to Table A‐1 for details. 
(4) CTR = California Toxics Rule (USEPA, 2000).   
(5) NAWQC = National Ambient Water Quality Criteria, for freshwater CCCs and CMCs (USEPA, 2013). 

CCC = Criteria Continuous Concentrations (4‐day average exposure);  
CMC =Criteria Maximum Concentrations (1‐hour average exposure).  Refer to Response 3 in the previous RTC (starting on p. 15 of 26) 
and AECOM (2015) for details regarding development and applicability of site‐specific CCCs and CMCs.  Refer to Table A‐1 for detailed 
notes. 

(6) NOAA 2014 Application = Concentration recommended in the recent ESA Section 7 Informal Consultation for limiting sublethal effects 

on juvenile salmonids (short‐term exposure; a few hours).  Source: Stelle, 2014. 
(7) Values provided in the table for total aluminum and dissolved mercury are NAWQC values; there are no standards for aluminum or 

mercury in the CTR. 
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Comparison of Estimated Project Conditions to Estimated Baseline Conditions 

The Project area is currently, and has been historically, used for agriculture.  It primarily contains citrus 

and avocado orchards, with a small portion used for row crops (City of Santa Paula, 2008).  While no 

stormwater runoff water quality data are available for the Project site, in general, studies have shown 

that stormwater and irrigation runoff from agricultural areas can be sources of pollutants to receiving 

waters (Ackerman and Schiff, 2003).  Urban runoff (from streets, roofs, etc.) also can be a source of 

pollutants, which is why the Project has been designed with extensive LID treatment BMPs to infiltrate 

(and thereby provide 100% treatment for) at least the 85th percentile storm event and to treat any 

excess urban stormwater runoff generated during larger events before it is discharged offsite.  Note that 

the Project infiltration capacity also will prevent offsite discharge of any non‐stormwater “nuisance” 

runoff.  (Refer to the Final SEIR Response to Comments, Topical Response to Letter 13, Overview of 

Stormwater Drainage Design and Treatment Approach, for details on the Project drainage design and 

BMPs.)21  Such extensive site infiltration and BMPs do not exist now on the Project site. 

Comparison of the data for total metals (i.e., dissolved and suspended fractions) indicates that for every 

metal analyzed, the estimated “typical” concentrations for the baseline condition range consistently 

higher than the estimated “typical” concentration in pre‐treatment stormwater runoff into the Project 

BMPs (see Table 1).  (The same is true for total suspended solids; compare values in Tables A‐1 and A‐3).   

For dissolved metals, the estimated concentrations in pre‐treatment Project stormwater runoff are in 

the same general range or lower than concentrations for the estimated baseline condition, except for 

aluminum and lead.  Again, dissolved metals, as well as suspended solids and metals bound to 

particulates, will be treated as the urban runoff is routed through the Project BMPs, further reducing 

concentrations of these constituents in stormwater that is discharged from the Project.  Given the range 

of removal efficiencies for Project BMPs (see Table A‐2), it is unlikely that BMP treatment will reduce 

concentrations of dissolved aluminum and dissolved lead in Project stormwater to concentrations that 

are the same or lower than the estimated baseline condition; however, as discussed below, other 

factors (e.g., water quality criteria) indicate concentrations of these metals in Project stormwater 

discharges will not result in significant adverse impacts.  These factors, as discussed in more 

detail  below, include: 

 Dissolved lead concentrations estimated for even pre‐treatment Project stormwater discharges 
are below all regulatory criteria. 

 Regulatory criteria are not established for dissolved aluminum.  Criteria for this metal (unlike the 
other metals evaluated) are established for total aluminum (which includes the suspended 
fraction as well as the dissolved fraction), and estimated total aluminum concentrations in 
Project discharges meet one of the two applicable criteria.  Aluminum in Project stormwater 
discharges is expected to be substantially less toxic than predicted by the regulatory criteria 
based on the water quality characteristics of the Santa Clara River near the Project (i.e., high pH 
and hardness). 

 As noted above, total aluminum concentrations in Project stormwater discharges are lower than 
both the estimated baseline condition and the documented concentrations that exist in the 
Santa Clara River.” 

                                                            
21 Meridian Consultants, East Area 1 Specific Plan Amendment Supplemental Environmental Impact Report, SCH 
No. 2006071134 (January 2015), p. 3.0‐81 – 3.0‐84. 
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Overall loading of metals to the river is estimated to be lower with the Project in place than under 

baseline conditions.  This conclusion is not only based on the comparison of estimated concentrations in 

current runoff vs. Project stormwater discharges as discussed above but also because with the Project in 

place, only larger storms (greater than 1.0 – 1.8 inches of rainfall) will generate excess runoff beyond the 

Project infiltration capacity and the “first‐flush” runoff from these larger storms will be captured and 

infiltrated. 

In summary, available data from representative land uses indicate that stormwater discharges from the 

Project are likely to have similar or lower concentrations compared to runoff under estimated baseline 

conditions for all total metals and for all dissolved metals except dissolved aluminum and dissolved lead.  

However, as discussed below, estimated concentrations of these two dissolved metals are low 

compared to other comparison/screening values and/or will not result in direct, indirect, or cumulative 

impacts based on the weight of evidence.    

Comparison of Estimated Project Stormwater Discharges to Santa Clara River Water Quality Data 

Comparison of metals concentrations in pre‐treatment Project stormwater runoff to concentrations in 

the Santa Clara River near the Project site (included in Table 1) indicates that the estimated typical pre‐

treatment concentrations in stormwater entering the Project BMPs are lower than the typical 

concentrations that are already present in the Santa Clara River downstream, except for:  dissolved 

aluminum, copper, lead, and zinc; and total copper, lead and zinc.   

Taking into account BMP removal efficiencies (see Table A‐2), concentrations of dissolved copper, 

dissolved lead, total copper, and total lead will be similar to or less than concentrations known to be 

present in the Santa Clara River now.  Only dissolved aluminum, dissolved zinc, and total zinc 

concentrations are likely to remain higher in post‐BMP Project stormwater discharges than 

concentrations in the river.   

In summary, estimated metals concentrations in stormwater discharges from the Project will be similar 

to or lower than concentrations already present in the Santa Clara River except for dissolved aluminum 

and dissolved and total zinc.  However, considering: (a) the anticipated attenuation of metals 

concentrations over the 2000‐foot distance between the Project stormwater discharge point (in Farm 

Creek) and the Santa Clara River; and (b) the fact that during large storm events, flow in the Santa Clara 

River is likely to be several orders of magnitude greater than concurrent stormwater discharge from the 

Project (given the respective drainage areas and the large infiltration capacity of the Project), it is 

unlikely that Project stormwater discharges will result in significant increases in zinc or dissolved 

aluminum concentrations in the river. 

Comparison of Estimated Project Stormwater Discharges to Screening Levels 

Table 1 shows that the estimated typical concentrations of dissolved metals in pre‐treatment 

stormwater runoff entering Project BMPs will meet all of the applicable freshwater regulatory criteria, 

including the Criteria Maximum Concentration (CMC) (acute exposure criteria) and the Criteria 

Continuous Concentration (CCC) (chronic exposure criteria) established under the California Toxics Rule 

(CTR) (USEPA, 2000) or, where CTR criteria have not been established, the National Ambient Water 

Quality Criteria (NAWCQ) (USEPA, 2013a).  The CCC and CMC values are expressed as dissolved 
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concentrations (except for aluminum, which are expressed as total recoverable concentrations) and 

serve to protect 95% of all aquatic taxa (plankton, aquatic plants, invertebrates, and fish), which include 

sensitive species (EPA 2013b).  The estimated 95% Upper Confidence Limit (UCL) mean concentration for 

dissolved mercury in pre‐treatment stormwater entering the Project BMPs exceeds the CCC and the 

CMC (see Table A‐1); however, applying BMP treatment efficiencies similar to those for other metals 

(see Table A‐2)22, the 95% UCL will meet the CMC and be close to meeting the CCC.  As shown on Table 

1, the estimated dissolved mercury concentration in pre‐treatment stormwater entering the Project 

BMPs is lower than both the estimated baseline and the existing Santa Clara River concentrations. 

The only metal for which the regulatory criteria are established for total (dissolved plus suspended) 

instead of dissolved concentrations is aluminum.  The estimated typical total aluminum concentration in 

pre‐treatment Project stormwater runoff is less than the CMC and less than ambient conditions in the 

Santa Clara River, but higher than the CCC.  The estimated 95% mean Upper Confidence Limit (UCL) 

concentration exceeds the CMC as well as the CCC (see Table A‐1).  Assuming treatment efficiencies 

comparable to those for other total metals, the post‐BMP concentrations of total aluminum in Project 

stormwater runoff may still be higher than the CCC.  However, as discussed below (under “Discussion”) 

based on water quality characteristics of the river near the Project (i.e., high pH and hardness), 

aluminum is expected to be substantially less toxic than predicted by the regulatory criteria, including 

the CCC.   

For dissolved copper and zinc, the recent ESA Section 7 Informal Consultation (Stelle 2014) provides 

NOAA 2014 applications established specifically for limiting sublethal olfactory effects on juvenile 

salmonids.  As shown in Table 1, the estimated typical dissolved copper concentration in pre‐treatment 

stormwater entering Project BMPs is estimated to be less than the NOAA 2014 application of 5.3 µg/L.  

Dissolved zinc in the pre‐treatment stormwater is estimated to be slightly higher than the corresponding 

NOAA 2014 application of 18.6 µg/L; however based on BMP removal efficiencies for dissolved zinc of 

27% to 58% (see Table A‐2), estimated dissolved zinc concentrations in stormwater discharged from the 

Project after treatment in the BMPs are lower than the NOAA 2014 applications for dissolved copper 

and dissolved zinc. 

With regard to the reference in this VCK comment to sublethal toxicity threats posed by dissolved 

copper concentrations from 0.18 to 2.5 µg/L, we reiterate that based on the recent ESA Section 7 

Informal Consultation (Stelle 2014), the NOAA 2014 application for dissolved copper, set for protection 

of juvenile salmonids from sublethal olfactory effects, is 5.3 µg/L, which is higher than estimated typical 

dissolved copper concentrations in Project stormwater discharge, as discussed above.  Please refer to 

the Final SEIR Response to Comments, Response 13‐423 and the supporting detailed analysis provided in 

the toxicology assessment accompanying the previous RTC (AECOM, 2015a). 

Because this comment implies that dissolved copper in stormwater discharges from the Project will 

potentially impact Southern California Steelhead smolts in Santa Paula Creek, note that the Project 

drainage design routes all urban runoff (after BMP treatment) to a single discharge point in Farm Creek, 

and does not discharge to Santa Paula Creek.  The only stormwater runoff that will be discharged to 

                                                            
22 BMP removal efficiencies for dissolved mercury were not provided in the datasets used for this analysis (see 
Table A‐2).   
23 Meridian Consultants, East Area 1 Specific Plan Amendment Supplemental Environmental Impact Report, SCH 
No. 2006071134 (January 2015), p. 3.0‐98 – 3.0‐102. 
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Santa Paula Creek will be from one of the upstream debris/detention basins designed to capture and 

slow runoff from undeveloped upstream tributary areas, and does not include any residential 

development runoff.  For this reason, stormwater discharges from urbanized areas of the Project will 

have no potential for impacting habitat or aquatic life in Santa Paula Creek. 

In summary, estimated typical concentrations of dissolved metals in stormwater discharges from the 

Project will meet all applicable regulatory criteria and will be lower than NOAA 2014 applications for 

dissolved copper and dissolved zinc established to protect juvenile salmonids from sublethal effects.  

The only constituent that will potentially exceed the screening levels evaluated is total aluminum, which 

may exceed the freshwater regulatory criteria during the occasional larger rainfall events that exceed 

the Project’s retention capacity and generate discharge to Farm Creek.  Total aluminum concentrations 

in typical Project stormwater discharges are estimated to meet the NAWQC CMC, but not the CCC. The 

potential exceedance of the CCC is considered to be of minor significance because the exposure 

duration associated with stormwater discharges is only on the order of a few hours as opposed to the 4 

days assumed in development of the CCC (AECOM, 2015b).  As discussed below, aluminum from natural 

sources is prevalent in Ventura County area sediments (Ventura County, 2008). 

Discussion 

The preceding analysis results in the following findings: 

 Project stormwater discharges offsite (i.e., to Farm Creek) are likely to have similar or lower 

concentrations compared to runoff under baseline conditions for all total metals and for all 

dissolved metals except dissolved aluminum and dissolved lead.   

 Overall loading of metals to the river is estimated to be lower with the Project in place than 

under baseline conditions, not only based on the estimated runoff concentrations but also 

because with the Project in place, only larger storms (greater than 1.0 – 1.8 inches of rainfall) 

will generate excess runoff beyond the Project infiltration capacity and the “first‐flush” runoff 

from these larger storms will be fully infiltrated. 

 Estimated metals concentrations in stormwater discharges from the Project will be similar to or 

lower than concentrations already present in the Santa Clara River except for dissolved 

aluminum and dissolved and total zinc.  Even these constituents, Project stormwater discharges 

are unlikely to result in any measurable increases in metals concentrations in the river because 

concentrations will attenuate between the discharge point and the river and because Project 

stormwater discharges are expected to be small compared to a large contemporaneous flow in 

the river during larger storm events. 

 Dissolved metals concentrations in stormwater discharges from the Project will meet all 

applicable regulatory criteria and will be lower than NOAA 2014 applications for dissolved 

copper and dissolved zinc established to protect juvenile salmonids from sublethal effects.   

 The only metal that is estimated to exceed any of the screening levels evaluated in Project 

stormwater discharges to Farm Creek is total aluminum, which exceeds one of the freshwater 

regulatory criteria (the NAWQC CCC).  However, as noted above, estimated total aluminum 

concentrations in Project discharges are significantly below total aluminum concentrations 

estimated for the baseline condition and the concentrations already present in the river.  
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The general conclusion from these findings is that any potential direct, indirect, or cumulative impact of 

metals (including without limitation to copper, zinc, aluminum, and lead) in Project stormwater 

discharges on aquatic species including without limitation to Southern California Steelhead will be less 

than significant.   

Aluminum is the only metal evaluated for which the estimated concentration in Project stormwater 

discharges will not meet all freshwater regulatory criteria.  Aluminum is a ubiquitous natural element in 

Ventura County sediment because of the area’s aluminum‐rich geologic formations (Ventura County, 

2008).  Although the estimated total aluminum concentration in Project stormwater discharges is higher 

than the NAWQC CCC, it is lower than the estimated existing baseline concentration in the Santa Clara 

river.  Therefore, the net effect of the Project will be to reduce loading of total aluminum to the Santa 

Clara River.  Although estimated dissolved aluminum concentrations in Project stormwater discharges 

are greater than estimated baseline concentrations and existing concentrations in the river, 

concentrations will be attenuated between the Project discharge point and the river.   

No standards are available for aluminum in the CTR, but EPA (2013a) presents freshwater NAWQC for 

total aluminum (both a CCC and CMC).  These criteria are applicable to waters with a pH between 6.5 

and 9.  Unlike the criteria for the other metals included in this evaluation that are based on dissolved 

concentrations, the aluminum criteria are based on total recoverable aluminum concentrations in the 

water column. As described in EPA’s (2013a) footnotes, in laboratory tests with the brook trout under 

conditions of low pH and hardness (unlike the Santa Clara River and Estuary), the incidence of toxic 

effects increased with increasing concentrations of total aluminum even though the concentration of 

dissolved aluminum was constant.  

As discussed in the accompanying supplemental ecological evaluation (AECOM, 2015b), data from a 

study referenced in EPA’s footnotes indicate that aluminum is substantially less toxic at higher pH and 

hardness (“Aluminum Water‐Effect Ratio for the 3M Plant Effluent Discharge, Middleway, West Virginia, 

May 1994” as cited in EPA 2013a).  Field data indicate that many high quality waters in the United States 

contain more than 87 µg/L, when either total recoverable or dissolved aluminum is measured.  pH levels 

in the vicinity of the Project area range from 7.5 to 8.23 (mean of 7.98), and hardness levels in the 

vicinity of the Project range from 142 mg/L to 1,990 mg/L (mean of 550 mg/L).  Project area water is 

classified as very hard water (USEPA, 1986) with a high pH, which would decrease bioavailability, and 

thus toxicity of aluminum.  These findings provide evidence indicating that pH and hardness levels in the 

Santa Clara River would be significant mitigating factors in reducing the potential for Project‐related 

concentrations of aluminum to cause toxicity in aquatic organisms by decreasing the bioavailability of 

aluminum to these receptors.  Due to the high pH and hardness levels associated with surface waters in 

the vicinity of the Project area, aluminum is expected to be substantially less toxic than predicted by the 

NAWQC.  In addition, it is likely that the DOC levels present in the Santa Clara River and estuary will also 

help to modify any potential toxicity due to aluminum.  The toxicity of aluminum to freshwater 

invertebrates has been observed to decrease with increased DOC (2 ‐ 4 mg/L) over a range of pH levels 

(6‐8) and hardness levels (10 ‐ 120 mg/L) in freshwater testing (Rodriguez et al., 2009). 

Project BMPs are designed for effective reduction in concentrations of dissolved and total metals, along 

with suspended sediment and other particulates.  The total aluminum content of a water sample is 

directly related to the concentrations in the suspended particulate matter.  The reduction in total 
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aluminum concentrations discharging from the site by reducing TSS will further reduce the potential for 

toxicity to aquatic organisms.  

The VCK comment closes with a statement that juvenile steelhead smolt rear, hold, and acclimate in the 

Santa Clara River Estuary.  The information presented above indicates Project stormwater discharges 

will have no significant (or likely measureable) effect on water quality in the Estuary.  In addition, as 

discussed in detail in the accompanying supplemental ecological evaluation (AECOM, 2015b), and 

summarized below, specific characteristics of the Santa Clara Estuary further reduce the potential that 

Project stormwater discharges could have any impact on steelhead smolts in the Estuary.   

Estuaries are often important to steelhead populations that spawn in smaller coastal tributaries, such as 

Scott Creek in central coastal California, among others, due to the more limited availability of rearing 

habitat in the headwaters of smaller stream systems (McEwan and Jackson 1996).  In addition, there is 

often a strong connection between the upper watershed and the estuary in small coastal tributaries like 

Scott Creek cited in the studies submitted by VCK with its January 21, 2015, supplemental letter (VCK 

Comments).  The estuary is more responsive to storm events (large and small) and rising stream 

elevations, and juvenile steelhead of all age classes age class 0+ (Young‐of‐the‐Year) through age class 

2+ may out‐migrate to the estuary to rear.  However even in small coastal estuaries like Scott Creek, 

typical sized smolt steelhead (greater than 150 mm in length) appeared to enter the ocean as soon as 

possible (mid‐March through early May), precluding an estuary rearing phase (Bond 2006). 

In larger rivers with suitable upstream rearing habitat, such as is found in the Santa Clara River and the 

Santa Ynez River basins, it is the upper watershed that is most important for juvenile steelhead rearing.  

Rearing of age class 1+ and 2+ juvenile steelhead is common in the Little Santa Paula Creek and Sisar 

Creek (Santa Paula Creek tributaries), as well as in Piru Creek and the Sespe Creek basin, especially in 

larger pool habitats that are more abundant in larger river basins (Stillwater Sciences 2007).  Kelley 

(2008) found that all tagged steelhead smolts in Santa Clara River passed through the estuary and into 

the ocean; half of the tagged smolts exited the estuary within two days of being released in the river 

upstream from the estuary (post tagging), and the majority spent less than three days exiting through 

the estuary.  Tagged steelhead smolts in the Santa Ynez River spent even less time (less than two days) 

exiting through the estuary.  Kelley (2008) further reported on other studies of steelhead smolts moving 

continuously downstream and out into the ocean rather than milling about in the estuary.  The recent 

AECOM February 2015 Supplemental Report (AECOM, 2015b) confirms this finding.  In contrast, Bond 

(2006) found that in Scott Creek, smaller steelhead smolts (average fork length of 112 mm) had a 

tendency to remain in the estuary until the following winter, presumably to grow in length and weight 

for better ocean survival.  This is in full contrast to the Santa Clara River estuary, where Young‐of‐the‐

Year steelhead that are sometimes observed in the Freeman Diversion downstream trap in June are 

generally thought to be lost to the population (i.e., will not survive).  These are fish that had been 

displaced from upstream rearing habitat, and are not actively outmigrating because they are not smolts.  

Rearing habitat is lacking in the Santa Clara River, and during summer months, streamflows in the Santa 

Clara River are not conducive to passing fish into the estuary (AECOM, 2015b). 
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Response II‐3: 

VCK provided the following comment: 

Conversion of the Project site from open space and agricultural fields to a dense urban environment 
will, without question, result in increases of dissolved copper loading and concentrations in 
stormwater discharges from the Project site. (See Attached Newhall Ranch RMDP SCP EIR for 
example of a water quality analysis detailing increases in dissolved copper concentrations and 
loading from the conversion of land from open space / agricultural fields to an urban environment; 
see also Center for Watershed Protection, March 2003: Impacts of Impervious Cover on Aquatic 
Ecosystems for explanation of how conversion of open space to an urban environment results in 
increased copper and metals loading and concentrations in stormwater discharges.) As the SEIR 
provides: 

Most of the East Area 1 Specific Plan Amendment Area is currently in agricultural use with the 
remainder consisting of undeveloped open space. Potential effects from development of the 
Project include an increase of impervious surfaces which will increase the amount of surface 
runoff generated from the Project Site. Paved areas and streets will collect dust, soil, and other 
impurities that will then be assimilated into surface runoff during rainfall events. Pollutants such 
as trash and debris, oil and grease, metals, sediment, pathogens, organic compounds, nutrients, 
pesticides and oxygen‐demanding substances can be expected to be present in surface water 
runoff once Project development occurs. 

Response II‐2, above, addressed the issues raised in this comment.  To reiterate the findings detailed in 

that response, the Project is not expected to result in increases in dissolved copper loading and 

concentrations in stormwater discharges from the Project site based on a quantitative analysis of 

stormwater data from representative land uses, including a comparison of estimated metals 

concentrations in Project stormwater discharges to estimated concentrations in runoff from this area 

under the baseline condition. 

The above‐cited analysis completed for the Newhall Ranch EIR is not directly applicable to the East Area 

1 Project in the City of Santa Paula, in part because it relied on somewhat older stormwater data that 

are likely to be less representative of conditions that will exist when the Project is developed compared 

to the data used in our 2015 analysis for the Project.  The analysis for the Newhall Ranch EIR used data 

for dissolved copper concentrations in urban stormwater runoff from event mean concentrations 

(EMCs24) measured for residential scenarios in Los Angeles County, as presented in the Los Angeles 

County 1994‐2000 Integrated Receiving Water Impacts Report and Los Angeles County 2000‐2001 

Stormwater Monitoring Report and compiled in the Structural BMP Prioritization and Analysis Tool 

(Geosyntec, 2008).  As discussed in the Final SEIR Response to Comments, Response 13‐3,25 the dataset 

generated for the East Area 1 analysis, queried from the International Stormwater BMP (ISWBMP) 

Database (ISWBMP, 2014), was also compared to the EMCs for copper, lead, and zinc.  This comparison 

indicated that the EMCs for these metals are within the range of concentrations generated in the 

ISWBMP Database query, but are slightly higher than median and geometric mean concentrations for 

                                                            
24 The event mean concentration (EMC) is used to characterize the “mean” concentration of a single storm runoff 
event. The EMC is determined by compositing a set of stormwater samples that are collected at various times 
throughout the duration of a given storm (e.g., in proportion to flow or time).  

25 Meridian Consultants, East Area 1 Specific Plan Amendment Supplemental Environmental Impact Report, SCH 
No. 2006071134 (January 2015), p. 3.0‐89. 
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the ISWBMP data.  This is likely because the timeframe of the data from which the EMCs were 

calculated is earlier (1994‐2001) than the period in the dataset obtained from the ISWBMP Database 

query (2002 – 2010).  Based on the more recent timeframe represented here, the dataset generated 

from the ISWBMP Database is considered more representative of near‐future development such as the 

Project. 

Similarly, the other study cited in this comment (Center for Watershed Protection, 2003; referred to 

herein as the “Impacts of Impervious Cover” report) predates the bulk of the stormwater data used for 

our analysis as presented in the previous RTC and this supplemental response.  In addition, several 

statements made in the Impacts of Impervious Cover report either support the findings of our analysis 

or suggest that the Impacts of Impervious Cover study is not directly applicable to findings for the 

Project.  For instance, the report includes the caveat that the analysis it presents should only be applied 

in ecoregions in which it has been tested and that for a number of reasons it may not be accurate for 

arid or semiarid regions (such as Ventura County) (see p. 3 and 8 of the report).  More importantly, the 

findings in the report are based on the fact that development typically increases the area of impervious 

surfaces relative to open space (see p. 27).  However, the extensive LID elements incorporated into this 

Project’s drainage design will have the net effect of providing enough infiltration and detention of runoff 

to in essence negate the effect that the impervious surfaces otherwise would have on offsite receiving 

surface waters.  That is, peak flows will be no higher (and actually will be lower) than they would be 

without the Project, and all rainfall up to approximately the 1‐year recurrence storm event falling on the 

urbanized portions of the Project will be fully infiltrated (see Final SEIR Response to Comments, Topical 

Response to Letter 1326).  Notably, the Impacts of Impervious Cover report points out (on p. 25) that 

smaller storm events typically generate runoff with higher pollutant concentrations than do larger 

events (i.e., the “first flush” mobilizes most of the pollutants on the impervious surfaces).  Because the 

Project will in effect fully infiltrate the “first flush,” the corresponding impact of the Project LID features 

on reducing metals concentrations in runoff to the receiving waters is enhanced.   

We also note that the Impacts of Impervious Cover report points out (p. 15) that cropland (unlike 

undeveloped open space) often generates high sediment yield to receiving surface waters and that for 

this reason, conversion from agricultural to residential uses may in some cases actually decrease 

sediment loads.  This observation is consistent with the findings of our analysis that total suspended 

sediment concentrations in the estimated baseline condition (typical concentrations in the range of 6.3 

to 8,148 milligrams per liter [mg/L]; see Table A‐3) range higher than the estimated typical 

concentrations in pre‐treatment runoff from the developed Project (14.3 mg/L; see Table A‐1).  

Reductions in sediment loading also correspond to reductions in total metals concentrations, which 

include the fraction of the metals bound to particulates; the lower suspended sediment concentration is 

presumably the reason behind the lower total metals concentrations in pre‐treatment stormwater 

runoff estimated for the Project compared to concentrations estimated for the baseline/agricultural 

condition of the Project area (as discussed in Response II‐2 above).  

The inclusion of the SEIR excerpt in this comment is misleading in that it does not reflect the potential 

impacts of the Project on offsite receiving waters.  As made clear in the previous RTC and this 

supplemental response, the Project drainage design has been refined to incorporate extensive LID 

                                                            
26 Meridian Consultants, East Area 1 Specific Plan Amendment Supplemental Environmental Impact Report, SCH 
No. 2006071134 (January 2015), p. 3.0‐81 – 3.0‐84. 
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elements that in sum will provide up to almost twice the infiltration capacity required under the 

County’s current MS4 Permit (Order No. R4‐2010‐0108) and will treat all runoff from urbanized areas 

that exceeds the Project infiltration capacity before the stormwater is discharged offsite.  Stormwater 

treatment in the Project BMPs will capture trash and debris, remove a high percentage of particulates, 

and filter out particulate‐bound and dissolved pollutants of all types by filtration through vegetation, 

which helps remove pollutants through metabolic uptake and sorption.  As noted in the Final SEIR 

Response to Comments, Topical Response to Letter 13, Response 13‐2,27 because the infiltration 

capacity of the Project BMPs will greatly exceed the volume of any dry‐weather flow runoff from the 

developed areas (e.g., from landscape irrigation runoff and other “nuisance” flows), there will be no 

discharge from the Project during the times of the year when fertilizers or other nutrients that can cause 

eutrophication are typically used. 

Response II‐4: 

VCK provided the following comment: 

While the SEIR provides that best management practices (BMPs) and project design features such as 
detention basins, bioswales to treat nutrients, storm drain systems, and vegetation in the landscape 
buffer area along Santa Paula Creek will be implemented in accordance with the 2011 County of 
Ventura Technical Guidance Manual and to comply with NPDES Clean Water Act permit 
requirements, and thus that no significant water quality impacts will result from implementation of 
the Project and no mitigation measures are required, the SEIR provides no numerical analysis or 
figures as to the severity of the increased concentrations and loading of dissolved copper discharged 
from the proposed Project in comparison to existing baseline conditions. While the SEIR admits that 
concentrations and loading of metals such as dissolved copper will increase in stormwater discharges 
from the Project even after implementation of BMPs and project design features, the SEIR does not 
provide for what the exact concentration of dissolved copper in stormwater discharges will be after 
Project implementation. An analysis providing these figures is needed, not only to ensure that the 
SEIR provides accurate analysis as to whether the concentrations of dissolved copper discharged 
from the Project will meet all applicable water quality standards and the NOAA Technical 
Memorandum (NMFS‐NWFSC‐83) thresholds for juvenile steelhead smolt, but to allow for 
stormwater treatment and pollution prevention measures to be planned, designed, and implemented 
that ensure the Project’s discharges of dissolved copper in stormwater will not impart significant 
biological impacts on endangered juvenile steelhead smolt. 

This comment is fully addressed in the previous RTC and Response II‐2 above.  As is clear from those 

responses and results of the supporting analysis, the VCK’s characterization of the “severity of the 

increased concentrations and loading of dissolved copper discharged from the proposed Project in 

comparison to existing baseline conditions” is inaccurate.  

                                                            
27 Meridian Consultants, East Area 1 Specific Plan Amendment Supplemental Environmental Impact Report, SCH 
No. 2006071134 (January 2015), p. 3.0‐86. 
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Response II‐5: 

VCK provided the following comment: 

As the NOAA Technical Memorandum (NMFS‐NWFSC‐83) indicates, sub‐lethal impacts to juvenile 
steelhead smolt can occur in minutes to hours of exposure of dissolved copper in the water column at 
levels significantly below Clean Water Act / California Toxic Rules Water Quality standards. The SEIR 
providing a comparison of projected concentrations of dissolved copper in stormwater discharges 
from the Project to: 1.) baseline dissolved copper concentrations and loading in stormwater 
discharges from the existing Project site; 2.) the NOAA Technical Memorandum (NMFS‐NWFSC‐83) 
dissolved copper sub‐lethal thresholds for juvenile steelhead smolt, 3.) applicable water quality 
standards for dissolved copper; and 4.) to existing water quality conditions in Santa Paula Creek, the 
Santa Clara River, and the Santa Clara River Estuary, is therefore needed. 

This comment also is fully addressed in the previous RTC and Response II‐2 above, which demonstrate, 

based on several separate grounds, that dissolved copper concentrations in stormwater discharges from 

the Project will have a less‐than‐significant effect on Southern California Steelhead and will not result in 

increased loading of copper to the river compared to baseline conditions.  This comment makes 

reference to potential sublethal effects on steelhead smolt resulting from very short‐term exposures to 

dissolved copper.  As discussed in the previous RTC and the responses above, stormwater discharges 

from the Project are expected to have dissolved copper concentrations that are below the 5.3 µ/L NOAA 

2014 application for dissolved copper (Stelle, 2014), so even short‐term exposure to Project stormwater 

discharges should not cause sublethal olfactory impacts on steelhead smolt.  Moreover, concentrations 

will further decrease over the 2,000 feet distance between the Project stormwater discharge point and 

the confluence with the Santa Clara River, and steelhead are not present in the intervening distance 

(AECOM, 2015a).  There also is a very small chance that smolts will be present in the Santa Clara when 

the Project might be discharging stormwater in a large storm event, based on the Project infiltration 

capacity, the typical annual hydrograph, and the typical mid‐March to early May smolt migration 

window (see the Final SEIR Response to Comments, Response 13‐328).  Because there is no anticipated 

adverse impact to smolts in the river immediately downstream of the Project discharge point, there is 

no anticipated adverse impact for smolts that might be present in the Estuary.  Finally, as noted in the 

responses above, no runoff from urbanized areas of the Project will discharge to Santa Paula Creek. 

Response II‐6: 

VCK provided the following comment: 

As data in the attachments and studies to this letter provide, the concentrations of dissolved copper 
in the Santa Clara River and Estuary downstream of the Project are above the NOAA Technical 
Memorandum (NMFS‐NWFSC‐83) dissolved copper sublethal thresholds for juvenile steelhead smolt, 
and the Santa Clara River and Santa Clara River Estuary downstream of the Project are listed on the 
Clean Water Act 303(d) impaired waterbody list for toxicity. Thus, the SEIR must analyze the direct, 
indirect, and cumulative sub‐lethal toxicity impacts of metals and dissolved copper contained in the 
Project’s urban stormwater runoff discharges on juvenile Southern California steelhead smolt, and 
provide mitigation, such as advanced filtration, infiltration, or enhanced treatment, that ensures that 

                                                            
28 Meridian Consultants, East Area 1 Specific Plan Amendment Supplemental Environmental Impact Report, SCH 
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the concentrations and loading of dissolved copper in the Project’s stormwater discharges are below 
existing conditions and the sub‐lethal thresholds in the NOAA Technical Memorandum (NMFS‐
NWFSC‐83) for juvenile steelhead smolt. 

Results of the analysis presented in the previous RTC, and expanded upon in this supplemental response 

indicate that stormwater discharges from the Project will have less‐than‐significant direct, indirect, and 

cumulative impacts on Southern California Steelhead, including potential sublethal toxicity impacts of 

dissolved copper and other metals.  In addition, regarding the reference in this comment to existing 

toxicity impairments of the Santa Clara River and Estuary downstream of the Project, the Project will not 

result in further impairment of these reaches based on the following key findings: 

 Project stormwater discharges offsite will have similar or lower concentrations compared to 

runoff under baseline conditions for all total metals and for all dissolved metals except dissolved 

aluminum and dissolved lead, which will not result in a significant impact either, for the reasons 

explained below.   

 Overall loading of metals to the river is estimated to be lower with the Project in place than 

under baseline conditions, not only based on the estimated runoff concentrations but also 

because with the Project in place, only larger storms (greater than 1.0 – 1.8 inches of rainfall) 

will generate excess runoff beyond the Project infiltration capacity, and the “first‐flush” runoff 

from these larger storms will be captured and infiltrated. 

 Estimated metals concentrations in stormwater discharges from the Project will be similar to or 

lower than concentrations already present in the Santa Clara River except for dissolved 

aluminum and dissolved and total zinc.  Even for these constituents, Project stormwater 

discharges are unlikely to result in any measurable increases in metals concentrations in the 

river because concentrations will attenuate between the discharge point (Farm Creek) and the 

confluence with the river (approximately 2,000 feet downstream of the discharge point) and 

because Project stormwater discharge volumes are expected to be small compared to 

contemporaneous flow in the river during larger storm events, above the 85th percentile which 

is the only time the Project will discharge stormwater beyond its on‐site infiltration capacity. 

 Dissolved metals concentrations in stormwater discharges from the Project will meet all 

applicable regulatory criteria and will be lower than NOAA 2014 applications for dissolved 

copper and dissolved zinc established to protect juvenile salmonids from sublethal effects.   

 The only metal that is estimated to exceed any of the screening levels evaluated in Project 

stormwater discharges to Farm Creek is total aluminum, which exceeds one of the freshwater 

regulatory criteria (the NAWQC CCC; but not the CMC).  However, estimated total aluminum 

concentrations in Project discharges are significantly below total aluminum concentrations 

estimated for the baseline condition and the concentrations already present in the river; 

therefore, the Project will not result in further impairment of the river.  To the contrary, the 

Project is likely to be net beneficial with regard to total aluminum concentrations in any Project 

stormwater reaching nearby receiving waters. 

As discussed in detail in the previous RTC and reiterated throughout this supplemental response, the 

Project incorporates extensive LID elements including infiltration, filtration, and treatment.  These 

measures allow the Project to be highly protective of the environment, and to have less‐than‐significant 

impacts on habitat and biota in the receiving waters. 
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Table A‐1.  Estimated Pre‐Treatment Stormwater Concentrations (Urban Runoff) and Summary of Water Quality Data for the Santa Clara River 

Unadjusted
Adjusted3

(Site Specific)
Unadjusted

Adjusted3

(Site Specific)

Dissolved Aluminum µg/L NA NA NA NA 54 3.0 1,400 100 46 221

Total Aluminum µg/L 87
 8,9

87
 8,9

750 8,9 750
 8,9 56 9.0 36,400 355 340 5,123

Dissolved Arsenic  µg/L 150 150 340 340 54 0.2 2.7 1.4 1.0 1.8

Total Arsenic µg/L NA NA NA NA 56 0.2 9.8 1.5 1.2 2.1

Dissolved Cadmium µg/L 2.2 0.64 
9 4.3 7.7 9 82 0.0 0.4 0.1 0.1 0.2

Total Cadmium µg/L NA NA NA NA 84 0.0 9.5 0.2 0.1 1.0

Dissolved Copper  µg/L 9 29 13 50 186 0.3 13.1 3.1 3.2 4.6

Total Copper
10 µg/L NA NA NA NA 200 0.3 390 8.9 10.3 32.0

Dissolved Lead µg/L 2.5 11 9 65 280
 9 90 0.005 15.9 0.1 0.2 2.2

Total Lead µg/L NA NA NA NA 186 0.04 274 2.3 2.7 18.2

Dissolved Mercury µg/L 0.77 
8,9

0.77 8,9 1.4 
8,9

1.4 8,9 18 0.1 2.0 0.5 0.7 1.7

Total Mercury µg/L NA NA NA NA 116 0.001 19.6 1.8 0.4 4.4

Dissolved Nickel µg/L 52 170 470 1500 54 0.7 6.9 1.4 1.5 2.8

Total Nickel µg/L NA NA NA NA 56 1.2 56 2.1 2.7 10.0

Dissolved Zinc µg/L 120 380 120 380 190 1.0 135 22.7 20.5 32.4

Total Zinc µg/L NA NA NA NA 200 1.6 2,640 49.0 54.2 186.7

Total Suspended Solids
10 mg/L NA NA NA NA 290 1.0 2,870 7.0 14.3 155.0

Dissolved Aluminum µg/L NA NA NA NA 56 0.2 2,950 5 4.5 289.4

Total Aluminum µg/L 87 
8,9

87 
8,9

750 
8,9

750
 8,9 59 2.7 170,000 2,000 1,005 19,047

Dissolved Arsenic  µg/L 150 150 340 340 68 0.2 4.9 1.2 1.2 1.9

Total Arsenic µg/L NA NA NA NA 68 0.6 84.7 2 3.1 13.2

Dissolved Cadmium µg/L 2.2 0.64 
9 4.3 7.7 9 68 0.02 8.0 0.2 0.2 0.8

Total Cadmium µg/L NA NA NA NA 68 0.03 101 0.5 0.6 9.9

Dissolved Copper  µg/L 9 29 13 50 68 0.3 18.1 2.1 2.1 3.3

Total Copper µg/L NA NA NA NA 68 0.9 430 10 9.3 71.0

Dissolved Lead µg/L 2.5 11 9 65 280 
9 68 0.01 1.8 0.05 0.1 0.2

Total Lead µg/L NA NA NA NA 68 0.03 210 1.9 1.6 26.9

Dissolved Mercury µg/L 0.77 
8,9

0.77 
8,9

1.4 
8,9

1.4 
8,9 68 0.05 67 2.6 2.8 15.2

Total Mercury µg/L NA NA NA NA 72 0.05 890 14.8 14.0 304

Dissolved Nickel µg/L 52 170 470 1500 68 0.01 32 3 2.5 5.5

Total Nickel µg/L NA NA NA NA 68 0.2 480 7.55 10.3 81.1

Dissolved Zinc µg/L 120 380 120 380 68 0.1 63.9 4.1 3.0 9.5

Total Zinc µg/L NA NA NA NA 68 1 1,300 21.1 20.6 122

Notes:
µg/L

= Estimated untreated stormwater runoff concentration for developed East Area 1 project area.
mg/L = milligrams per liter
NA  = not available
SD

UCL = upper confidence limit
MFR = Multi‐family residential setting
SFR = Single‐family residential setting
Bold = Concentration greater than CCC ‐ adjusted value
Italic = Concentration greater than CMC ‐ adjusted value

1

2

3

4

5

6

7

8

9

10

11

Values provided in the table for total aluminum and dissolved mercury are NAWQC values, as there are no standards for aluminum or mercury in the CTR. The bioavailability/toxicity of aluminum is highly dependent on site‐

specific conditions. As such, NAWQC criteria values for total Al are only applicable in waters with a pH between 6.5 and 9.  EPA provides extensive footnotes about the uncertainties with applying these Al criteria due to the 

strong influence of site hardness and pH on toxicity.  Due to these uncertainties, water‐effect ratios may be appropriate.

Units

95% Mean UCL5,6

CCC1  CMC
2

= standard deviation

CCC = criteria continuous concentration.  The CCC reflects chronic exposures (4‐day average exposure).  CCCs are based on sublethal toxicity endpoints at sensitive life stages (e.g., growth, development, reproduction).  

Unadjusted values are based on the CTR default hardness value of 100 mg/L as calcium carbonate.  

CMC = criteria maximum concentration.  The CMC reflects acute exposures (1‐hour average exposure).  CMCs are typically based on mortality. Unadjusted values are based on the CTR default hardness value of 100 mg/L as 

calcium carbonate.  

Adjusted or site‐specific values were calculated to account for the effects of hardness in accordance with the Biotic Ligand Model (USEAP, 2007; see AECOM, 2015 [p. 14‐15]), except where otherwise noted.

The Geometric mean is a type of mean or average, which indicates the central tendency or typical value of a set of numbers by using the product of their values (as opposed to an arithmetic mean which uses their sum).  The 

geometric mean is defined as the n th root of the product of n numbers, and represents the central tendency or typical value of a set of n numbers.  Reference:  Costa, 2014.

The 95 percent upper confidence limit (95% UCL) for a mean is defined as a value that, when repeatedly calculated for randomly drawn subsets of size n, equals or exceeds the true population mean 95% of the time. EPA’s 

Superfund program has traditionally used the 1‐sided 95% UCL for the mean as the concentration term in point estimates of reasonable maximum exposure (RME) for human health risk assessment.  Reference:  USEPA, 2001.

Values calculated using the hardness‐dependent equation from the 2013 EPA National Ambient Water Quality Criteria (NAWQC) Table (USEPA, 2013; refer to AECOM, 2013b).

Stormwater influent concentrations are consistent with concentrations for urban source areas (e.g., residential roofs, residential driveways, commercial parking lots, park and ride facilities; residential lawns) included in 

Horner (2007).  Stormwater influent concentrations also are consistent with concentrations for data collected in residential use areas in Los Angeles County as included in the SCCWRP Database (SCCWRP, 2014).

Data from Ventura County Watershed Protection District from 2001 to 2014, collected at the District's Mass Emissions monitoring station at the Freeman Diversion, which is approximately 5 miles downstream of the Project 

site.

Analyte

Part B:  Santa Clara River Surface Water Data 11

California Toxic Rule Criteria (USEPA, 2000)

and/or National Ambient Water Quality Criteria (USEPA, 2013)
Statistical Evaluation of Pre‐Treatment Stormwater Data and Santa Clara River Data

= micrograms per liter

Total Number of 

Observations 

Minimum 

Concentration 

Maximum 

Concentration 

Median 

Concentration 

Geometric Mean 

Concentration4

Part A:  Influent Stormwater Data
7

The UCL method selected for the statistics presented is the 95% Chebyshev (mean, standard deviation) UCL except in two cases:  for dissolved zinc in stormwater and for total zinc in the Santa Clara River, the UCL method 

selected was the 95% Adjusted Gamma UCL.  Values were determined using EPA statistical software ProUCL 5.0.00 for Environmental Applications for Data Sets with and without Nondetect Observations.  Downloaded from 

http://www.epa.gov/osp/hstl/tsc/software.htm.

The International Stormwater BMP Database (ISWBMP) (downloaded from http://www.bmpdatabase.org/ on November 26, 2014) was used as the source of stormwater data. Specifically, available post‐2000 data for 

California residential land use stormwater flowing into stormwater treatment facilities was pulled from the ISWBMP database. The ISWBMP database is intended to provide a consistent and scientifically defensible set of data 

on Best Management Practice (“BMP”) designs and related performance to support long‐term scientific research. 
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Table A‐2:  Summary of Stormwater Treatment BMP Removal Efficiencies

Inflow 

Concentration 1

Outflow 

Concentration 

Removal 

Efficiency

Inflow 

Concentration 1

Outflow 

Concentration 

Removal 

Efficiency

Detention Basin NA NA NA NA NA NA NA ISWBMP, 2012a,c

Bioswale NA NA NA NA NA NA NA ISWBMP, 2012a,c

Retention  Pond NA NA NA NA NA NA NA ISWBMP, 2012a,c

Detention Basin NA NA NA NA NA NA NA ISWBMP, 2012a,c

Bioswale NA NA NA NA NA NA NA ISWBMP, 2012a,c

Retention  Pond NA NA NA NA NA NA NA ISWBMP, 2012a,c

Detention Basin 44/42 1.05 1.04 1% 1.74 1.75 ‐1% ISWBMP, 2012a, c

Bioswale 44/37 0.6 0.60 1% 0.832 0.7 16% ISWBMP, 2012a, c

Retention  Pond 25/24 NA NA NA NA NA NA ISWBMP, 2012a, c

Detention Basin 62/52 2.2 1.78 19% 2.07 1.63 21% ISWBMP, 2012a, c

Bioswale 44/37 1.7 1.18 30% 1.66 1.2 29% ISWBMP, 2012a, c

Retention  Pond 25/24 1.35 0.848 37% 1.28 0.9 32% ISWBMP, 2012a, c

Detention Basin2 141/147 (see note)2 (see note)2 (see note)2 (see note)2 (see note)2 (see note)2 ISWBMP, 2011, 2012a,c

Bioswale 83/75 0.2 0.12 41% 0.2 0.12 38% ISWBMP, 2012a, c

Retention  Pond 63/78 0.167 0.102 39% 0.158 0.1 37% ISWBMP, 2012a, c

Detention Basin 162/178 0.388 0.311 20% 0.376 0.30 20% ISWBMP, 2012a, c

Bioswale 136/123 0.5 0.31 37% 0.556 0.3 44% ISWBMP, 2012a, c

Retention  Pond 374/384 0.487 0.228 53% 0.471 0.3 45% ISWBMP, 2012a, c

Detention Basin 170/170 5.56 3.52 37% 5.2 3.98 23% ISWBMP, 2012a,c

Bioswale 109/92 11.0 8.00 27% 10.6 7.4 30% ISWBMP, 2012a,c

Retention  Pond 202/213 6.57 4.24 35% 6.79 4.4 35% ISWBMP, 2012a,c

Detention Basin 193/203 10.62 5.67 47% 11.4 5.5 52% ISWBMP, 2012a,c

Bioswale 258/300 10.86 6.54 40% 11.8 7.03 40% ISWBMP, 2012a,c

Retention Pond 525/517 9.57 4.99 48% 9.79 4.78 51% ISWBMP, 2012a,c

Detention Basin 170/171 0.799 0.657 18% 0.756 0.66 13% ISWBMP, 2012a,c

Bioswale 109/92 1.4 1.08 21% 2.02 1.3 34% ISWBMP, 2012a,c

Retention  Pond 202/214 0.765 0.477 38% 0.634 0.5 27% ISWBMP, 2012a,c

Detention Basin 193/203 6.08 3.09 49% 7.66 3.4 55% ISWBMP, 2012a,c

Bioswale 277/318 3.93 2.02 49% 5.34 2.44 54% ISWBMP, 2012a,c

Retention Pond 631/627 8.48 2.76 67% 8.86 2.88 67% ISWBMP, 2012a,c

Detention Basin NA NA NA NA NA NA NA ISWBMP, 2012a,c

Bioswale NA NA NA NA NA NA NA ISWBMP, 2012a,c

Retention Pond NA NA NA NA NA NA NA ISWBMP, 2012a,c

Detention Basin NA NA NA NA NA NA NA ISWBMP, 2012a,c

Bioswale NA NA NA NA NA NA NA ISWBMP, 2012a,c

Retention Pond NA NA NA NA NA NA NA ISWBMP, 2012a,c

Detention Basin 52/46 2.81 2.55 9% 2.85 2.5 12% ISWBMP, 2012a, c

Bioswale 31/23 4.91 2.04 58% 5.24 2.42 54% ISWBMP, 2012a, c

Retention Pond 45/45 (see note)2 (see note)2 (see note)2 (see note)2 (see note)2 (see note)2 ISWBMP, 2011, 2012a, c

Detention Basin 60/54 5.65 3.35 41% 6.36 3.3 49% ISWBMP, 2012a, c

Bioswale 31/23 9.25 3.16 66% 9.07 3.72 59% ISWBMP, 2012a, c

Retention Pond 115/112 4.44 2.19 51% 4.75 3.01 37% ISWBMP, 2012a, c

Detention Basin 169/171 15.6 11.08 29% 15.0 10.90 27% ISWBMP, 2012a,c

Bioswale 109/92 52.7 24.5 54% 54.4 25.3 53% ISWBMP, 2012a,c

Retention  Pond 201/212 22.5 9.6 57% 19.1 8.0 58% ISWBMP, 2012a,c

Detention Basin 193/212 70 29.7 58% 69.4 24.4 65% ISWBMP, 2012a,c

Bioswale 292/327 36.2 22.9 37% 44.6 25.4 43% ISWBMP, 2012a,c

Retention Pond 574/579 53.6 21.2 60% 56.9 17.9 69% ISWBMP, 2012a,c

Detention Basin 278/299 66,900 24,200 64% 55.1 22.4 59% ISWBMP, 2012b

Bioswale 338/354 21,600 13,600 37% 21.0 12.7 40% ISWBMP, 2012b

Retention Pond 725/723 70,800 13,500 81% 60.1 12.9 79% ISWBMP, 2012b

Notes:

µg/L = micrograms per liter

mg/L = milligrams per liter

NA = data not available in International Stormwater BMP database
1

2

Dissolved 

Aluminum

(µg/L)

Total Aluminum

(µg/L) 

Dissolved Arsenic

(µg/L) 

Dissolved 

Cadmium 

(µg/L)

Total Aresnic

(µg/L) 

Total Cadmium 

(µg/L)

Dissolved Mercury

(µg/L)

Dissolved Nickel

(µg/L)

Total Nickel

(µg/L)

Data not applicable for statistics.  Analyses included large number of non‐detects causing statistics to be inaccurate (ISWBMP 2011).

Dissolved Copper

(µg/L) 

Total Suspended 

Solids

(mg/L)

Total Copper

(µg/L)

Stormwater inflow concentrations are consistent with pollutant concentrations for urban source areas (e.g., residential roofs, residential driveways, commerial parking lots, park 

and ride facilities; residential lawns) included in Horner (2007).

Total Mercury

(µg/L)

Total Lead

(µg/L)

Dissolved Lead

(µg/L)

Dissolved Zinc

(µg/L)

Total Zinc

(µg/L)

Data Source

Total Number of 

Observations  

(inflow/outflow)

BMP TypeAnalyte

Median Geometric Mean Concentration
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Table A‐3.  Summary of Metals Concentrations in Runoff from Agricultural Areas in Southern California (Estimated Project Baseline Conditions)

Ventura County (2008)4

Mass Emission to Santa Clara 

River from Agricultural/Urban 

Area

Constituent Units Arithmetic Mean (3 events)

Dissolved Al µg/L NA NA NA NA NA NA NA <5 NA NA <5 <5

Total Al µg/L NA NA NA NA NA NA NA 10,065 NA NA 10,065 10,065

Dissolved As µg/L NA NA 20 2.5 NA NA NA 1.1 NA NA 1.1 2.5

Total As µg/L NA NA 19 2.7 NA NA NA 9.0 NA NA 2.7 9.0

Dissolved Cd µg/L NA NA 15 0.08 NA NA NA 0.2 NA NA 0.08 0.2

Total Cd µg/L NA NA 16 0.09 15 4.5 4.31 6.7 NA NA 0.09 6.7

Dissolved Cu µg/L 18 22.5 20 1.7 NA NA NA 2.2 17 3.6 1.7 22.5

Total Cu µg/L 21 100.1 19 1.6 15 96 152 43.2 17 9.4 1.6 152

Dissolved Pb µg/L NA NA 20 0.02 NA NA NA <0.05 NA NA <0.05 0.02

Total Pb µg/L 21 30.2 19 0.04 15 48.5 43.4 22.0 NA NA 0.04 48.5

Dissolved Hg µg/L NA NA NA NA NA NA NA 2.8 NA NA 2.8 2.8

Total Hg µg/L NA NA NA NA 16 0.04 0.11 118.4 NA NA 0.04 118.4

Dissolved Ni µg/L NA NA 20 3.4 NA NA NA 2.7 NA NA 2.7 3.4

Total Ni µg/L NA NA 19 3.6 15 95 77.8 56 NA NA 3.6 95

Dissolved Zn µg/L 21 40.1 20 3.4 NA NA NA 2.4 NA NA 2.4 40.1

Total Zn µg/L 21 274.8 20 4.5 15 304 223 109 NA NA 4.5 304

TSS mg/L 20 999.2 19 6.3 14 1,191 1,520 8,148 13 143 6.3 8,148

Notes:
mg/L = milligrams per liter
µg/L = micrograms per liter

NA = not available

< = not detected above given detection limit

3

4

5

Ackerman, D., and K. Schiff.  2003.  Modeling Stormwater Mass Emissions to the Southern California Bight.  Journal of Environmental Engineering. April 2003.

Sampling Methods : Samples were collected from small, homogeneous land‐use areas. Data presented represent flow‐weighted concentrations from 667 site‐events at 45 sites. Nondetects were reported as 0 for calculations.

Type of Agriculture : No description of types of agriculture included in study area.

Ventura County.  2008.  2007/08 Water Quality Monitoring Report.  Ventura Countywide Stormwater Monitoring Program.  July 2008.

Sampling Methods : Multiple samples were collected during a wet‐weather event at temporal intervals from a diversion point along Santa Clara River.

Type of Agriculture : No description of types of agriculture included in study area.
Walker Associates.  2014.  Draft 2012‐2013 Annual Monitoring Report.  Prepared by: Larry Walker Associates on behalf of the Ventura County Agricultural Irrigated Lands Group (VCAILG).  Document submitted to the Los Angeles Regional 

Water Quality Control Board.  Dated February 26, 2014.

Sampling Methods:  Samples were collected in stream at multiple sites downstream of drainage areas surrounded by agricultural land. 

Type of Agriculture : Row crops, cut flowers, citrus, avacados, other tree crops, berries, sod, and nurseries.

Number of Data 

Points

1

2

Geosyntec.  2008.  A User's Guide for the Structural BMP Prioritization and Analysis Tool (SBPAT v1.0) Technical Appendencies.  Prepared by Geosyntec Consultants for Heal the Bay, the City of Los Angeles, and the County of Los Angeles 

Department of Public Works.  December 2008.

Sampling Methods : Multiple samples were collected during a 24‐hour storm even from a run‐off point along a stream. Total concentrations were weighted based on land area ratios and run‐off coefficients.

Types of Agriculture : 84% crop/pastureland; 9% nurseries, vineyards and orchards; 5% horse ranch; <0.5% livestock/poultry; 1.5% other agriculture.

Mazor, R.D., D., Gillett, K. Schiff, K. Ritter, and E.D. Stein.  2011.  Ecological Condition of Watersheds in Coastal Southern California: Summary of the Stormwater Monitoring Coalition's Stream Monitoring Program First Year (2009).  

Southern California Coastal Water Research Project Technical Report 639.  February 2011.

Sampling Methods:  Multiple samples were collected during single events between May 15th and July 15th, 2009 from established monitoring points in streams that represent designated watersheds based on dominant land use. 

Concentrations were weighted based on watershed area.

Types of Agriculture : The study does not describe agricultural use by type.  Data are for areas of mixed land use where agriculture was a dominant land use.

Number of Data 

Points

Arithmetic 

Mean

Range of Median and Mean 

Values from All References

Minimum Maximum

Geosyntec (2008)1 Mazor et al. (2011)2 Ackerman and Schiff (2003)3

Arithmetic 

Mean 

Number of Data 

Points

Walker Asociates (2014)5

Median

Geometric 

Mean

Number of Data 

Points Median
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NOTES:
    As discussed in the attached response, the BMPs planned for the Project,
including detention/retention basins and other features designed to slow and
infiltrate stormwater runoff on the Project site, will minimize potential hydrologic
and water quality impacts to the adjacent creeks and the Santa Clara River.
All urban runoff within the Project boundary during small and medium storm
events will be captured and infiltrated on site; during larger storm events that
exceed the Projects infiltration capacity all urban runoff will be routed through
the stormwater treatment BMPs with only the later-stage flows of these events
allowed to discharge off site.
    No life stage of Southern Steelhead is present in Farm Creek or Orcutt Creek.
    Additional stormwater treatment will occur between the discharge point
and the Santa Clara River through infiltration, dispersion, sorption, and
degradation processes.
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EDUCATION 

 

MS, Geology, University of 

California, Santa Barbara 

 

BS, Geology, University of 

California, Los Angeles 

 

PROFESSIONAL 

REGISTRATIONS 

 

Professional Geologist: 

California 

 

Certified Hydrogeologist: 

California 

 

Registered Geologist: 

Arizona 

 

SAFETY TRAINING 

 

First Aid/CPR/AED 

 

DISTINGUISHING 

QUALIFICATIONS 

 
 Expertise in stormwater 

treatment, water quality 

compliance, and TMDLs 

 Expertise in western 

U.S. water resource 

issues: supply, quality, 

and management 

 Expertise in assessment 

of groundwater basin 

yield, water quality, 

natural recharge, and 

sustainability 

 Experience in well 

design, construction, 

and maintenance 

 Experience in 

groundwater 

exploration, 

development, and 

management 

 Litigation support and 

Tim has 29 years of experience in water resource and environmental sciences, regulatory issues, 
litigation support, and project management for public-sector and private-sector clients, primarily in 
California, Nevada, and Arizona. He has extensive knowledge of local, state, and federal regulations 
and policies. Tim works on projects that include regional groundwater basin analysis, groundwater 
modeling, groundwater management, development and implementation of long-term monitoring 
programs, water quality degradation, water rights disputes, water resource planning, water quantity 
and water quality modeling, reclaimed water use, conjunctive use and artificial recharge, stormwater 
and surface water quality modeling and monitoring, stormwater treatment, and regulatory 
compliance.  
 

REPRESENTATIVE PROJECTS 

Stormwater and Groundwater Support, Shea Homes, Oxnard (Ventura County), California. 
Tim provided stormwater and groundwater support for the RiverPark Development. Work included 
groundwater modeling, stormwater quality modeling, California Environmental Quality Act 
(CEQA) documentation, water rights assessments, groundwater/surface water interaction, 
evaluation of groundwater nitrate issues, evaluation of future water quality constraints, re-
abandonment of numerous oil wells, TMDL issues, large-scale groundwater dewatering plan design 
and Regional Board permitting, monitoring well installation, water quality analysis of 
groundwater/surface water interactions, and assessment of adjacent methyl tert-butyl ether 
(MTBE)-contaminated zones issues and impacts.  

(Before recently joining GSI, Tim worked on the following projects.) 

Stormwater and Groundwater Support, Shea Homes, Oxnard (Ventura County), California. 
Tim provided stormwater and groundwater support for the RiverPark Development. Work included 
groundwater modeling, stormwater quality modeling, California Environmental Quality Act 
(CEQA) documentation, water rights assessments, groundwater/surface water interaction, 
evaluation of groundwater nitrate issues, evaluation of future water quality constraints, re-
abandonment of numerous oil wells, TMDL issues, large-scale groundwater dewatering plan design 
and Regional Board permitting, monitoring well installation, water quality analysis of 
groundwater/surface water interactions, and assessment of adjacent methyl tert-butyl ether 
(MTBE)-contaminated zones issues and impacts.  

Stormwater Runoff Evaluation, Department of Food and Agriculture, California. As part of a 
team preparing a programmatic EIR for the eradication of the light brown apple moth (Epiphyas 
postvittana) from affected counties in California, Tim analyzed potential stormwater runoff issues 
related to water quality and watershed effects associated with the various methods contemplated for 
eradication.  

Stormwater Water Quality Modeling, TriMark, Ventura County, California. Tim managed this 
project to develop a stormwater water quality model and subsequent best management practices 
design recommendations to establish compliance with City of Oxnard and state regulatory limits for 
the North Shore Mandalay Development. He also provided long-term groundwater monitoring 
services for an adjacent wetland mitigation parcel at McGrath State Beach, as required for project 
approvals. 

Hydrogeologic Support, Los Angeles County, California. Tim was a project scientist on a team 
that prepared the Los Angeles County Department of Public Works North Santa Monica Bay 
Watersheds (NSMBW) Regional Watershed Implementation Plan and the Malibu Creek Bacteria 
TMDL. He provided technical support regarding overview of the hydrogeology of the NSMBW and 
Malibu Creek watersheds, and water quality model-based support for the development of structural 
and non-structural solutions, and municipal codes associated with stormwater quality.  

Stormwater Pollutant Load Evaluations, City of Los Angeles (Los Angeles County), 
California. As project scientist, Tim worked with the City’s Watershed Division in coordination 
with CREST (Cleaner Rivers through Effective Stakeholder TMDLs) to (1) prepare stormwater 
pollutant load estimates in this highly urbanized Los Angeles area watershed and (2) predict the 
impacts of various watershed management scenarios on in-stream water quality TMDLs. Work 
included preparing Ballona Creek bacteria TMDL: devising various implementation options for 
achieving bacteria limits for the three reaches of the creek, understanding effects of potential 
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expert testimony  

 

PUBLICATIONS 

 

Available upon request. 

implementation options, and evaluating the range of suggested options in relation to a series of 
goals and objectives.  

Water Quality Management Plan, M. Timm Development, Inc., Carpinteria (Santa Barbara 
County), California. Tim developed a water quality management plan for stormwater treatment 
and regulatory compliance at the Mission Terrace Development. 

Groundwater Resources Support, Young-Nak Presbyterian Church, Lake Hughes (Los 
Angeles County), California. Tim provided groundwater supply assessment, groundwater quality 
modeling, stormwater modeling, and regulatory liaison services associated with California 
Environmental Quality Act documentation requirements for site expansion impacts analysis. 

Water Resources Support, Permit/Resource Management Department, Sonoma County, 
California. Tim prepared water resources and water quality sections of the Preservation Ranch 
Environmental Impact Report (EIR) for a proposed 19,000-acre vineyard and restoration project in 
northwest Sonoma County. Work involved (1) determining project impacts on water resources 
including groundwater, water quality, stormwater, total maximum daily loads (TMDL), and other 
water resources considerations; and (2) evaluating potential groundwater/surface water interactions 
by conducting a diagnostic pumping test to evaluate effects of pumping on flow in nearby springs.  

Permitting Support, NW Natural, Fresno and Madera Counties, California. Tim provided 
comprehensive permitting support to Northwest Natural and its partner PG&E for the Gill Ranch 
Gas Storage Project. He provided water resources, discharge permitting, groundwater analyses, and 
regulatory support. Key aspects of this work included preparation and submittal of “Notice of 
Intent” forms to the Central Valley Regional Board for anticipated water discharges associated with 
different aspects of the 27-mile-long pipeline installation and hydrostatic testing. Discharges were 
permitted under a Board order associated with discharges considered “Low Threat to Water 
Quality.” The primary hydrostatic testing involved 1 million gallons of water that was discharged 
across a fallow field. 

Gorman Post Ranch, Los Angeles County, California. Tim provided comprehensive aquifer and 
sustainable yield investigations, preparation of a Water Supply Assessment, groundwater recharge 
calculation, water quality, and regulatory consulting in association with this proposed development. 

Groundwater Evaluation, University of California (UCSB), Santa Barbara (Santa Barbara 
County), California. Tim evaluated groundwater safe yield projections and recycled water demand 
forecasts as prepared by a local water purveyor (Goleta Water District) in support of UCSB’s 
preparation of its Long-Range Development Plan Environmental Impact Report (EIR). Work was 
based on modeling scenarios and was associated with evaluation of drought period minimum 
supplies.  

REPRESENTATIVE LITIGATION SUPPORT PROJECTS 

 Antelope Valley Groundwater Adjudication – Expert witness retained to evaluate historical 
water use of the 4,000+ Small Pumpers Class (ongoing). 

 City of Arcadia – Expert witness to testify on groundwater provenance considerations. 

 Sierra Club v. California American Water Company – Retained by California American to 
evaluate groundwater usage issues associated with Endangered Species Act considerations. 

 Southern California Edison (SCE) v. Sunrise Growers – Retained by SCE for evaluation of 
groundwater usage. 

 Ladd Construction v. Ventura County Public Works – Retained by Ventura County for 
litigation support regarding timing and execution of Los Angeles Regional Water Quality Board 
permitting.  

 Santa Barbara Channel Keeper v. Venoco – Provided litigation support related to potential 
water quality issues associated with a proposed Paredon well drilling program.  

 Keller et al. v. D.R. Horton Homes – Deposed as a fact witness for land ownership lawsuit 
related to water resources and permitting-related technical matters associated with timing of 
entitlements associated with RiverPark Development in Oxnard, California. 
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EDUCATION 

 

MS, Geology, San Diego State 

University  

BS, Geology, University of 

Washington 

PROFESSIONAL 

REGISTRATIONS 

 

Registered Geologist: 

Oregon 

 

DISTINGUISHING 

QUALIFICATIONS 

 Extensive experience in 

investigation and 

remediation of soil, 

groundwater, sediments, 

and stormwater 

 Expertise in stormwater 

source control and water 

quality compliance 

 Qualified Environmental 

Professional as defined by 

EPA AAI rule 

 Strong working knowledge 

of federal and state 

environmental regulations 

including CERCLA, RCRA, 

Oregon Environmental 

Cleanup Laws, and the 

federal Clean Water Act  

 Expertise in addressing 

complex environmental 

issues  

 Project manager and lead 

hydrogeologist at EPA 

Region 10 CERCLA sites 

and Oregon DEQ Cleanup 

Sites. 

 Excellent communications 

skills 

 Strong project 

management skills 

Rod is a senior project manager with 29 years of experience in managing and conducting 
environmental investigations and remediation in Oregon, Washington, Idaho, California, Ohio, 
and Colorado. His expertise includes strategic and innovative solutions to complex 
environmental issues; negotiations with regulatory agencies; collecting and evaluating soil, 
groundwater, sediment, and stormwater data; assessing contaminant fate and transport; 
understanding and predicting nonaqueous-phase liquid (NAPL) migration; and selecting and 
implementing remedial actions. He is knowledgeable and experienced in interpreting and 
applying local, state, and federal environmental regulations and has excellent working 
relationships with regulatory agencies. Rod has strong project management skills and has led 
multiple stakeholders through project investigations, feasibility studies, permitting, and 
remediation phases of projects. His previous work for public agencies included public and 
stakeholder involvement, permitting, negotiations with regulatory agencies, and preparation of 
regulatory policy and guidance documents.  

As a member of DEQ’s Portland Harbor Superfund Site team, Rod provided hydrogeologic and 
stormwater expertise to the in-water remedial investigation and regulatory Technical 
Coordination Team (consisting of DEQ, EPA, U.S. Fish and Wildlife Service, National Oceanic 
and Atmospheric Administration [NOAA], and six tribal governments). Coauthored the 
December 2005 “Final Portland Harbor Joint Source Control Strategy” and the August 2005 
“Framework for Portland Harbor Stormwater Screening Evaluations.”  
 

REPRESENTATIVE PROJECTS 

Columbia Slough – Source Tracing, City of Portland, Bureau of Environmental Services 
(BES), Oregon. Rod is working with BES to identify and address stormwater contaminant 
sources in drainage basins that discharge to City outfalls within the Columbia Slough. This work 
includes developing project strategies and approaches to locate contaminant sources and 
coordinating with DEQ’s Cleanup Program and the City’s Industrial Waste Program to track and 
address stormwater issues. Rod managed the development of sampling and analyses plans (SAP) 
in 2013 and 2014 describing investigation activities to evaluate whether discharges to City 
stormwater conveyance systems could contribute to sediment contamination within the Whitaker 
and Lower Columbia Sloughs. The SAPs were prepared in accordance with the 
intergovernmental agreement between DEQ and the City. 

Columbia Slough – Environmental Database, City of Portland, BES, Oregon. Rod is 
working with BES to develop and maintain a database that incorporates more than 20 years of 
sediment, surface water, stormwater, fish tissue, and source control sampling results. Rod serves 
as project manager for this project, which involved compilation and review of data collected for 
the Columbia Slough by the City, DEQ, and private parties. The purpose of this data synthesis is 
to support data analyses and visualization tools to assist in determining the nature of 
contamination associated with upland facilities’ discharges to the City stormwater conveyance 
system, the migration pathways of those contaminants, and potential upland sources of the 
contamination.  

Stormwater Sampling, St. Helens Fiberboard Plant, St. Helens, Oregon. Rod managed the 
stormwater source control investigation at this large industrial facility. The stormwater 
monitoring program includes the collection of hourly stormwater samples from six outfalls for 
up to 6 hours. The data were used to determine if source control measures were needed under 
current conditions in accordance with DEQ guidance and to support the upland RI. Rod assisted 
the St. Helens team in preparing the upland RI report for the site, which is in the Oregon 
Voluntary Cleanup Program. Rod prepared the stormwater, stormwater loading, and source 
control sections of the document.  

Stormwater Source Control at Portland Harbor Superfund Site, City of Portland, BES, 
Oregon. Rod supports the City with its source control efforts to identify and address stormwater 
issues in drainage basins that discharge to City outfalls within the Portland Harbor Superfund 
Site. This work includes developing project strategies and approaches to locate contaminant 
sources, and coordinating with DEQ’s Cleanup Program project managers to track and address 
stormwater issues on identified cleanup sites. 
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2014 PRESENTATIONS 

 

Struck, R. and H. Blischke. Case 
Study: Sediment Characterization 
using Incremental Sampling 
Methodology (ISM) from ASTSWMO 
Superfund and Brownfields Joint 
Managers Symposium in Denver, 
Colorado - June 2014. 
 
Struck. R.  Understanding Spills to 
Stormwater UICs – How risky are 
they? Presented to the Oregon 
Association Clean Water Agencies 
Groundwater Committee.  October 
2014. 
 
Struck, R. and B. Adkins (City of 
Portland). Stormwater Underground 
Injection - An Alternative to NPDES 
Discharge.  Presented at the 
Washington State Municipal 
Stormwater Conference  - November 
2014. 
 
Struck, R. and H. Blischke. Case 
Study: Sediment Characterization 
using Incremental Sampling 
Methodology (ISM).  Accepted for 
Battelle Conference on Remediation 
and Management of Contaminated 
Sediments in New Orleans, Louisiana 
- January 2015 

 

 

 

Preliminary Assessment and Source Control Evaluation for End of Swan Island, City of 
Portland, BES, Oregon. Rod is working with BES to obtain a source control decision and No 
Further Action determination for City-owned property located adjacent to Swan Island Lagoon. 
Rod reviewed and evaluated historical information and analytical data collected on the property 
to develop a conceptual site model, perform a screening level risk assessment, and conduct a 
source evaluation. The information is being used to support Site closure under Oregon 
Environmental Cleanup Laws and a source control decision under the Portland Harbor Joint 
Source Control Strategy. 

Removal/Remedial Action, Brownfield Redevelopment, Portland, Oregon. Rod is 
providing technical assistance related to the redevelopment of the Former Westinghouse 
Property in northeast Portland that is contaminated with PCBs. The Portland Water Bureau 
(PWB) currently is completing construction of its Interstate Maintenance Facility on this 
brownfield property. Rod worked closely with the PWB and the Portland Bureau of 
Environmental Services (BES) during regulatory negotiations and strategic planning to address 
environmental issues to achieve site closure under Oregon Environmental Cleanup Laws and the 
federal Toxic Substances Control Act (TSCA). He worked with the City to develop a risk-based 
site closure strategy, evaluate the extent of PCB contaminated soil, perform a streamlined risk 
assessment, prepare a DEQ- and EPA-approved Removal/Remedial Action Plan (RRAP), and 
prepared a DEQ-approved work plan to complete groundwater and stormwater source control 
evaluations in accordance with the Portland Harbor Joint Source Control Strategy. The RRAP describes 
the proposed risk-based final remedial action for the Site that includes soil hot spot removal, 
using the planned construction (e.g., building, paved areas) as an engineered cap, and institutional 
controls to manage long-term risks. 

(Before joining GSI, Rod worked on the following projects.) 

Portland Harbor Superfund Program, City of Portland, Oregon. Rod was a water resources 
manager for the City’s Portland Harbor Superfund Program. He developed and implemented 
technical strategies and policies; conducted and managed environmental investigations of City 
stormwater outfalls including scopes, schedules, and budgets; negotiated with regulatory agencies; 
coordinated activities with stakeholders; and assisted the legal team with developing the City’s 
allocation strategy.  

Underground Injection Control (UIC) Program, City of Portland, Oregon. As the City’s 
hydrogeologist, Rod developed and implemented the City’s UIC Program for stormwater 
management under the first regional municipal UIC permit in Oregon and the nation. His work 
ensured compliance with applicable state and federal regulations. Rod served as the City’s expert 
in negotiations with EPA Region 10 and the U.S. Department of Justice. He managed three of 
the four elements of the City’s UIC Program including:  

 Corrective Actions. Managed a $10 million Capital Improvement Project (CIP) to evaluate, 
select, and implement stormwater solutions for noncompliant City-owned UICs. 
Responsibilities included evaluating corrective action alternatives (e.g., UIC shallowing and 
alternative UIC design, surface infiltration, and protectiveness demonstration) overseeing 
pre-design activities, public outreach, CIP budget development, field investigations, and 
negotiating permit modifications and compliance schedules with DEQ. 

 Stormwater Monitoring. Managed the City’s comprehensive sampling and analyses program 
for stormwater discharging to the UIC system and monitoring best management practices, 
developed sampling designs, performed data quality control audits, directed development of 
water quality database, and prepared the annual stormwater monitoring reports.  

 Evaluation and Response. Determined UIC compliance with permit requirements and 
identified, evaluated, and prioritized actions necessary to achieve compliance and protect 
groundwater quality. Developed groundwater protectiveness demonstration framework to 
allow consistent, streamlined evaluations and decisions regarding potential adverse impacts to 
groundwater associated with the discharge of stormwater to UICs. Applied the framework to 
obtain No Further Action determinations from DEQ for more than 500 noncompliant UICs 
resulting in a cost savings to the City of $10 million to $15 million. This work and the City’s 
stormwater data were subsequently used by DEQ and other municipalities to develop and 
negotiate a science-based statewide UIC permit template. 
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EDUCATION 

 
MS, Geosciences, 

University of Arizona 

BS, Geology, Williams 

College  

 

DISTINGUISHING 

QUALIFICATIONS 

 

 Strong skills in 

synthesizing and 

communicating 

complex information  

 Experienced in a wide 

range of technical, 

natural resource, and 

regulatory fields 

 Stormwater evaluation 

and source control. 

 Experienced in 

evaluation and 

remediation of sites 

with groundwater and 

soil, contamination 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Karen has more than 25 years of experience applying her background in geosciences to problem 
solving and communications for clients in a variety of fields. She specializes in the evaluation, 
synthesis and effective presentation of technical information for a range of audiences. 
 

REPRESENTATIVE PROJECT 

Source Control at Portland Harbor Superfund Site, City of Portland, Bureau of Environmental 
Services, Oregon. Karen is the senior project and program manager supporting the City with its 
source control efforts to identify and address stormwater and groundwater issues in drainage basins 
that discharge to City outfalls within the Portland Harbor Superfund Site. Her work includes review, 
evaluation, and synthesis of data from the municipal stormwater conveyance system and from upland 
sites within the City’s outfall basins. She has also contributed to development and drafting of major 
study reports, including: a system-wide Stormwater Evaluation Report that provided a basis for 
identifying further source tracing needs; comprehensive Source Investigation Reports for individual 
outfall basins; Basin Completion Summary Reports documenting completion of remedial investigation 
and source control measures for City outfall basins; and a Stormwater Source Control Evaluation 
Report for the City’s Terminal 1 North property. 

Stormwater Report, Cowlitz County Public Utility District (PUD) East Kelso Substation, 
Kelso, Washington. GSI supported the PUD in its application process for a major upgrade and site 
redevelopment at its East Kelso Substation through preparation of the Stormwater Report required 
by the City of Kelso’s planning department and the state’s Stormwater Management Manual for 
Western Washington. Karen was the lead on the GSI team for drafting the report, which includes all 
technical information and analyses required to demonstrate that stormwater at the redeveloped site 
will be appropriately managed. 

Confidential Project, Portland Harbor, Portland, Oregon. Karen assisted in the review and 
evaluation of historical site information for property formerly owned by the Portland Development 
Commission, to respond to information requests related to the Portland Harbor Superfund Site 
process. The review covered a large collection of historical documents. Karen helped prepare written 
responses to specific information requests. 

Closure Report, Weyerhaeuser NR Company, Klamath Falls, Oregon. GSI is supporting 
Weyerhaeuser in completing an RI/FS project under the Oregon DEQ Voluntary Cleanup Program 
for a former sawmill site, which has addressed contamination in soil, groundwater, and Klamath River 
sediments. Karen assisted in preparation of a Closure Report summarizing remedial investigation and 
removal activities completed over a 20-year period at the site. The purpose of the report was to 
provide the critical project elements needed for DEQ to recommend a No Further Action decision 
for this site. 

Water Management and Conservation Plan, Port of Portland, Oregon. GSI provides water 
resources planning services to the Port of Portland. Karen assisted with the development and drafting 
of the Port’s Water Management and Conservation Plan (WMCP), which was required under the 
terms of the Port’s water rights permits. The Port’s WMCP included establishing existing uses, 
identifying future demands, developing forecasts, and establishing formal benchmarks for continuing 
the Port’s water conservation projects. 
 
(Before joining GSI Karen worked in the following capacities.) 

Senior Licensing Consultant, Long View Associates, Inc., Ridgefield, Washington. Karen 
conducted a wide range of project activities associated with the Federal Energy Regulatory 
Commission (FERC) licensing and associated Section 401 state certification licensing processes for 
hydropower projects. She was instrumental in preparing licensing documents and supporting the 
stakeholder consultation process. She played a major role in drafting, editing and production of the 
license application, settlement agreement documents, and resource management plans for the FERC 
licensing and settlement processes for the Cooper Lake Hydroelectric Project, Alaska, for Chugach 
Electric Company. She also was technical editor and production coordinator for the licensing and 
settlement agreement documents for Portland General Electric Company’s Pelton Round Butte and 
Clackamas Projects, in Oregon. Karen also wrote and edited material for a wide array of stakeholder 
and public communications, including material for project websites. 
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PUBLICATIONS & 

PRESENTATIONS 

(selected) 

Demsey, K.A., 1987, Late 

Quaternary faulting and 

tectonic geomorphology 

along the Wassuk Range, 

west-central Nevada 

[abst.]: Geological Society 

of America Abstracts with 

Programs, v. 19 

Demsey, K.A., 1988, Map 

of Quaternary and Upper 

Tertiary Alluvium in the 

Phoenix North 30’ x 60’ 

Quadrangle., Arizona: 

Arizona Geological Survey 

Open-File Report 88-17, 

scale 1:100,000 

Demsey, K.A., 1990, Map 

of Quaternary and Upper 

Tertiary Alluvium in the 

Little Horn Mountains 30’ 

x 60’ Quadrangle, 

Arizona: Arizona 

Geological Survey Open-

File Report 90-8, scale 

1:100,000 

Demsey, K.A., and 

Pearthree, P.A., 1990, A 

geomorphic assessment 

of fan flooding potential 

on the southern piedmont 

of the Tortolita 

Mountains, southern 

Arizona [abst.]: Geological 

Society of America 

Abstracts with Programs, 

v. 22, no. 3 

Demsey, K.A. Pearthree, 

P.A., and Fouty, S., 1988, 

Segmentation of faulting 

and relative tectonic 

activity along the Wassuk 

Range, west-central 

Nevada [abst.]: Geological 

Society of America 

Abstracts with Programs, 

v. 20 

Freelance Technical Writer. Karen provided technical, legal, and publications writing and editing 
services to a range of clients, including labor arbitrators, high-tech companies, and others. Her 
projects included synthesizing and evaluating evidential materials and preparing draft decisions for 
labor arbitration proceedings; drafting instructional materials for a CD-ROM-based computer repair 
manual; writing articles for a labor industry newsletter; and editing scientific papers and other written 
materials for publication. 

Geologist, GeoEngineers, Inc., Portland, Oregon. Karen was involved in environmental 
assessment and remediation projects in a full range of capacities. She conducted fieldwork including 
soil and groundwater sampling; performed environmental site assessments; developed sampling and 
remediation plans for sites with subsurface petroleum-related contamination; and prepared Corrective 
Action Plans and project reports. 

Geologist, Arizona Geological Survey, Tucson, Arizona. Karen participated in several projects 
with responsibilities including field work, data evaluation, and presentation of findings. She mapped 
Quaternary geologic units in central, western, and southeastern Arizona; evaluated evidence of 
potential flooding and seismic hazards in areas near Tucson and Phoenix; and prepared accompanying 
maps and reports. 
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EDUCATION 
 
MS, Geology, University of 
Texas at Austin  
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Geosciences, Michigan 
State University 

 
SAFETY TRAINING 
 
OSHA 40-hr HAZWOPER 
 
First Aid/CPR/AED 
 
CSTOP 
 
DISTINGUISHING 
QUALIFICATIONS 
 
 Experienced in 

sampling 
groundwater, soil, and 
soil gas 

 Experienced in 
environmental 
compliance and 
remediation 
techniques 

 Experienced in sample 
analysis and well log 
interpretation 

 Expertise in ArcGIS 
and AutoCAD  

 

 

 

 

 

 

 

 

 

Mary recently joined GSI after completing her master’s degree in geology and working for an 
engineering firm in Texas. She has 2 years of experience working in the environmental and petroleum 
industries. Her experience includes groundwater, soil, soil gas and sediment sampling and analysis; 
interpreting well logs from stratigraphically complex areas; creating geologic maps for clients; and 
coordinating with analytical laboratories. Mary is experienced in environmental compliance and 
remediation techniques and has 40-hour HAZWOPER training. She is proficient in several computer 
software programs. 
 
REPRESENTATIVE PROJECTS 

ASR Well Drilling, City of Cornelius, Oregon. The City was awarded a federal grant to drill and 
ASR well. Mary is in charge of overseeing the drilling, coordinating with the contractor and city, and 
performing aquifer tests. 

ASR Program Expansion, City of Beaverton, Oregon. The City is expanding its ASR system and 
increase its water supply. Mary assisted in writing the technical specifications for the drilling contract 
for an observation well. During drilling, Mary was responsible for overseeing the drilling and keeping 
the City up-to-date on the progress of the well. Mary also performed aquifer tests and analyzed the 
data that was collected to determine specific capacities.  

ASR Program, City of Kennewick, Washington. The City has implemented an ASR program. 
Mary have collected water samples and field parameters from the ASR well and monitoring wells, and 
assisted with preparation of data for technical reports. 

Rhone-Poulenc Site Clean-up, Oregon Department of Environmental Quality (DEQ), 
Portland, Oregon. DEQ is in the process of assessing report on the environmental impacts of 
Rhone-Poulenc on its surrounding property and the Willamette River. Mary reviewed geological and 
contamination data to help better define the hydrogeology of the site and assisted with preparation of 
responses to DEQ’s comments.  

Hydrogeologic Review, Private Party, Salem, Oregon. The property is located in a groundwater 
recharge-sensitive zone. A hydrogeologic review was needed to determine the impact a new domestic 
well would have on the groundwater supply. Mary analyzed the surrounding geology and groundwater 
recharge information to determine whether the additional well would deplete the aquifer. 

New Municipal Well, City of Sodaville, Oregon. The City is in need of additional water supplies. 
GSI is serving as the hydrogeologist for this project and is subcontracted to an engineering firm. Mary 
reviewed well logs and hydrogeologic data from the area to prepare a groundwater budget that would 
help to determine an optimal location for a new municipal well. 

Alternative Water Supply Evaluation, City of Lafayette, Oregon. The City hired GSI to assess 
potential supplemental water sources. Mary reviewed hydrogeologic data from two options to 
determine their production potential, and assisted with preparing the technical memorandum that 
documented GSI’s assessment process. 

Municipal Water Supply Well, City of Oakridge, Oregon. The City hired an engineering firm and 
GSI to evaluate adding another well to its municipal water supply. Mary reviewed geologic and 
hydrogeologic information to select three locations for further exploration as potential well sites and 
prepared a technical memorandum detailing the selection process. 

New Municipal Well, City of Adrian, Oregon. The City has been in need of a new municipal well 
because of poor water quality of its current well. Mary designed the filter pack; oversaw the drilling, 
aquifer testing, and completion of the new well; and collected water quality samples. 

Well Rehabilitation, City of Wilsonville, Oregon. The City uses the Gesselshaft Well as an 
emergency water supply. Coliform has been detected in the well water. GSI coordinated rehabilitation 
of the well. Mary oversaw the rehabilitation fieldwork and collected water samples that were analyzed 
for the presence of bacteria. 

Columbia Slough Database, City of Portland, Bureau of Environmental Services (BES), 
Oregon. During the past 20 years, regulatory agencies have been collecting chemical, geospatial, and 
other environmental data in and around the Columbia Slough. Results of sampling efforts by the City 
and DEQ were stored as separate, individual databases. Mary assisted with consolidating the data into 
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Hingst, M.C., 2013. 
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School of Geosciences 
Master’ Saturday 2013. 
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C. Yang, M. Young. 2013. 
Geochemical Effects of 
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Meeting, 2013. 
 
Wolaver, B., J.P. Nicot, 
M.C. Hingst. 2011. 
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Poster, 2011 AGU Fall 
meeting.  
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State University 
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and Arts Forum.  

a normalized Microsoft Access database.

(Before joining GSI, Mary worked for another consulting firm and as a student intern, where she gained the following 
experience.)  

Staff Geologist, Tolunay-Wong Engineers, Houston, Texas.  

 Marathon Galveston Bay Refinery Land Treatment Facility, Texas City, Texas. Oversaw 
ongoing soil and groundwater monitoring program of a land treatment facility for Marathon 
Petroleum. Collected weekly moisture samples and semiannual sediment and groundwater 
samples from wells and lysimeters for analysis of volatiles, semivolatiles, metals, carbon, and 
sulfur. 

 Marathon Galveston Bay Refinery, Texas City, Texas. Sampled and gauged groundwater 
wells for contamination in the Marathon Galveston Bay Refinery to monitor hydrocarbon plume 
migration.  

 Phytoremediation, BP Chemical, Texas City, Texas. Compiled analytical reports and created 
geological maps of contaminant concentrations for an ongoing phytoremediation project at a 
former petroleum chemical plant location contaminated by elevated metals. 

 Geotechnical Logging, Southeast Texas. For various clients, logged and collected sediment 
samples for geochemical and geotechnical analyses to evaluate structural integrity for crane lifts, 
houses, and shelters. Performed field penetrometer and torvane tests and followed U.S. 
Geological Survey sediment classification standards. 

 For various projects, managed projects and budgets, and supervised technicians. Coordinated with 
analytical laboratories for sample collection and data reporting, and with equipment contractors. 
 

Geoscience Intern, Apache Corporation, Tulsa, Oklahoma.  

 Interpreted and correlated well logs from stratigraphically complex areas of interest in the 
Anadarko basin in western Oklahoma. 

 Evaluated depositional environments; mapped net and gross sand intervals for isopach maps. 

 Created hand-drawn structure maps, and evaluated seal and trap mechanisms for prospect 
evaluation. 

 Participated in team meetings and training courses (e.g., well log interpretation, petrophysics, 
Petrosleeve). 

 Collected oil and gas samples from multiple wells for geochemical isotopical analysis 

 Presented drilling prospects to management as a final presentation.  

 

Graduate Research Assistant, University of Texas at Austin, Texas.  

For her thesis, Mary evaluated the effects of elevated methane and carbon dioxide on the 
geochemistry of near-surface sediments above an enhanced oil recovery and carbon sequestration 
reservoir. She collected soil gas, sediment and water samples. Mary completed analyses for metal 
concentrations, soil moisture, grain size, SEM, and carbon content. She statistically analyzed the data 
to create a conceptual model and provide basic risk assessment, and presented her findings to fellow 
researchers, government employees, and industry professionals. For a separate project, Mary 
collected, reviewed, and summarized well and property records to help determine nonpotable and 
sustainable sources for hydraulic fracturing. 
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SUPPLEMENTAL DOCUMENTATION - ECOLOGICAL 
EVALUATION OF EFFECTS OF DISSOLVED COPPER AND OTHER 

METALS ON SOUTHERN STEELHEAD SMOLT IN THE SANTA 
CLARA RIVER 

INTRODUCTION 

This document presents technical responses to the recent comments from the Ventura Coastkeeper (VCK) and 

Wishtoyo Foundation provided in advance of the scheduled public hearing for approval of the East Area 1 Project 

(Project) (letter dated January 21, 2015, and referred to herein as “Supplemental VCK Comments”
1
). AECOM 

was retained to provide the responses presented in this document based on our review of relevant information and 

our professional expertise in the areas of fisheries biology and environmental toxicology.
2
 

Many of the comments from VCK on January 21, 2015, are virtually identical to VCK’s November 2014 

comments on the Draft SEIR.
3
 These comments are not repeated or addressed in this document since they have 

been previously addressed. However, some clarifications are included. Responses to the Supplemental VCK 

Comments that are presented here are organized into two major parts. Part I includes clarifications from AECOM 

on aspects of the responses that were presented in AECOM’s Exhibit A of the previously-submitted technical 

response to comments (RTC)
 
(referred to herein as the “previous RTC”).

4
 Part II presents VCK’s requests for 

additional analysis of potential Project impacts on fisheries biology or toxicological impacts in Santa Paula Creek, 

the Santa Clara River downstream of the Project, and the Santa Clara River Estuary. For purposes of conciseness, 

the responses below reference the previous RTC; specific information from the previous RTC is repeated in this 

document only as needed for clarity or completeness. Part II also includes responses to relevant aspects of the 

other documents included in the VCK letter. 

PART I - CLARIFICATIONS 

TERMINOLOGY REGARDING NOAA RECOMMENDED CONCENTRATIONS 

A clarification has been made in this supplemental RTC with regards to the terminology used in the previous RTC 

when discussing NOAA’s more current recommendations to protect sensitive aquatic organisms from olfactory 

toxicity caused by dissolved copper (Stelle 2014). In the previous RTC, the NOAA 2014 application was referred 

to as the NOAA benchmark concentration (BMC). The NOAA 2014 application is technically distinct from the 

NOAA 2007 BMCs, which actually are a range of BMCs, so the terminology has been corrected in this 

                                                      
1  Letter to the City of Santa Paula Planning Department from J. Weiner, Ventura Coastkeeper, a Program of the Wishtoyo Foundation, 

re: “Comments on Public Hearing for the Approval of the East Area 1 Specific Plan Amendment Project SCH #2006071134 and for 

the Certification of the East Area 1 Specific Plan Supplemental Environmental Impact Report”.  Submitted via email, January 21, 

2015. 

2  Resumes for AECOM staff involved in the development of the responses presented in this technical memorandum are provided as 

Attachment B-1 in this document.. 

3  Email re: Ventura Coastkeeper EIR Comments for the East Area One Project (Project), submitted to Janna Minsk (City of Santa 

Paula).  Prepared and submitted by Jason Weiner on behalf of Ventura Coastkeeper (“VCK”), a Program of the Wishtoyo Foundation.  

November 17, 2014 

4  AECOM. 2015.  Technical Memorandum re: Evaluation of Potential Effects of Stormwater Runoff from the East Area 1 Project.  To 

T. Locacciato (Meridian Consultants) from T. Thomson, R. Struck, A. Davidson, J. Gorski, and K. Demsey (GSI Water Solutions, 

Inc.).  January 14, 2015. 
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supplemental RTC. The NOAA 2014 application is described in the recent ESA Section 7 Informal Consultation 

(Stelle 2014). In this Section 7 Consultation letter, NOAA recognized that exposure to dissolved copper at a 

concentration of 2.3 µg/L above background levels is the relevant effects threshold in the absence of other water 

quality parameters, specifically dissolved organic carbon (Stelle 2014). In this letter, NOAA also recommended 

an application for dissolved zinc of 18.6 µg/L, which reflects exposure to dissolved zinc at a concentration of 5.6 

µg/L above background levels. To summarize, the previous terminology “NOAA 2014 BMCs” has been more 

accurately replaced with the “NOAA 2014 applications for dissolved copper and dissolved zinc.” 

INFLUENCE OF DISSOLVED ORGANIC CARBON, HARDNESS AND PH 

Another clarification is appropriate to address the discussion in the previous RTC (including Appendix C) of how 

dissolved organic carbon, hardness, and other water quality parameters influence the bioavailability of dissolved 

copper and, hence the potential for olfactory toxicity in Southern Steelhead smolt. As discussed in the ESA 

Section 7 Informal Consultation (Stelle 2014, page 8), some studies have noted that hardness and pH have a 

limited capacity for mitigating neurological effects (e.g., olfactory toxicity) associated with exposure of 

developing fish species to dissolved copper (Linbo et al. 2009 and McIntyre et al. 2008a,b,c). These studies have 

demonstrated that increasing levels of DOC are the primary means of reducing olfactory toxicity in sensitive fish 

species from exposure to dissolved copper. However, water quality parameters including hardness, alkalinity, 

DOC, and pH are also known to alter the bioavailability and toxicity of dissolved copper in surface waters with 

regards to other ecological endpoints, such as mortality, growth, and reproduction (USEPA 2000a, 2007a, 2007b). 

For example, hardness, alkalinity, and DOC are recognized as the primary parameters that influence the 

development of site-specific screening criteria developed in USEPA’s biotic ligand model for copper (USEPA 

2007b). For these reasons, site-specific data for all of the water quality parameters described above were 

evaluated in Appendix C of the previous RTC to better understand the applicability of the literature-based 

screening criteria for dissolved copper, both olfactory-based and non-olfactory-based endpoints, and the capacity 

for Project-related discharges to elicit both types of toxic effects in freshwater aquatic organisms, including 

steelhead smolt. The current evaluation is comprehensive, robust and sensitive since it considers the general 

influence of several environmental factors on a range of toxicological effects and also specifically considers the 

influence of DOC on olfactory endpoints for steelhead smolt. 

VEGETATION PLANTING TO INCREASE DOC 

A third clarification is needed to address the potential need to plant trees as part of the BMP process, which is 

suggested in the NOAA ESA Section 7 Informal Consultation (Stelle 2014, pages 9 and 10). As noted in Stelle 

(2014), constructed wetlands, which are shallow wetland pond systems designed to treat stormwater, have been 

documented by the Washington State Department of Transportation as providing one of the most effective BMP 

options in comparison to detention basins, bioswales, wet ponds, etc., especially when it comes to reducing 

effluent concentrations of dissolved copper and zinc. Natural wetlands, such as bogs and forested wetlands 

contain substantially higher levels of DOC, the primary parameter documented to reduce the potential for 

olfactory toxicity to developing fish species. The DOC levels measured in bogs and wetlands are high in 

comparison to the DOC of 6 mg/L reported in McIntyre (2008a,b,c) as the DOC level required to completely 

eliminate copper olfactory toxicity to salmonids exposed to 20 ug/L. In Stelle (2014), planting of native shrubs 

and trees is proposed in a constructed wetland to increase the presence of organic matter, which may, in turn, 

increase DOC levels to greater than 6 mg/L. Dissolved organic carbon levels in the vicinity of the Project range 

from approximately 1.49 mg/L to 29 mg/L (mean of 5 mg/L and median of 2.9 mg/L), and pre- and post-
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treatment dissolved copper concentrations are below 20 ug/L (maximum pre-treatment concentration is estimated 

as 13 ug/L – see Table A-3 of Appendix C of previous RTC). Although the mean DOC level in the vicinity of the 

Project area is close to 6 mg/L, and Project-related dissolved copper concentrations are below 20 ug/L, planting 

additional trees is recommended for consideration in the BMP design as an additional means of ensuring higher 

DOC levels to further reduce dissolved copper bioavailability, to the maximum extent possible. Care must be 

taken to avoid situations where the decomposition of the organic matter may lead to high biological oxygen 

demand (BOD) and subsequent dissolved oxygen depletion, thus creating stress for aquatic biota (CWP 2003). 

PART II – RESPONSES TO VCK COMMENTS  

Comment II-1  

Page 1 of VCK Letter: “....the SEIR does not identify and disclose all significant impacts to water quality and 

biological resources” 

Response 

Appendix C of the “previous RTC” and additional information presented in this second response to comments 

provide an evaluation of the potential toxicity of dissolved aluminum, arsenic, cadmium, copper, lead, mercury, 

nickel and zinc on steelhead salmon and their invertebrate prey. Although storm water runoff discharges are 

typically expected to be seasonal and short-term in nature and may not necessarily be detectable the entire 

downstream length of the river, this evaluation included consideration of toxicity effects related to both acute 

(short-term) and chronic (long-term) exposures for both freshwater and saltwater habitats.  This was done by 

comparing predicted project-related inputs and receiving water concentrations to water quality criteria established 

by federal (USEPA water quality criteria, [USEPA, 2013]) and state agencies (California Toxics Rule, [USEPA, 

2000a]). These criteria are developed to be protective of survival, growth and development of 95% of exposed 

aquatic biota, including fish, invertebrates and algae.  

In addition, a more site-specific evaluation was conducted for copper and zinc toxicity for a protected species 

(steelhead fish species) at a sensitive life stage (smolt outmigration) using effects endpoints (olfactory and 

neurophysiological disturbance) that were considered to be more sensitive than typical growth endpoints. The 

site-specific water quality conditions in the Santa Clara River were reviewed. Site-specific screening levels that 

were developed for copper and zinc would be protective of olfactory and neurophysiological endpoints as well as 

the typical range of survival, growth and development endpoints. It is expected that concentrations of dissolved 

metals that are protective of steelhead smolt under acute and chronic exposures will also be protective of other 

threatened and endangered and listed aquatic species. Chinook salmon, and salmonids in general, were found to 

be the most sensitive fish species to acute and chronic exposures to copper of those species evaluated in the 

original ambient water quality criteria document for copper (USEPA 1985). In a study conducted in San Francisco 

Bay, Chinook salmon, was the species identified in the literature review whose olfactory function was found to be 

the most sensitive to copper (San Francisco Bay Copper Site-Specific Objective Workgroup 2005). Steelhead are 

closely related (congeners - Oncorhynchus) to Chinook salmon. Olfactory effects in juvenile fish species have 

been documented to be the most sensitive toxicity endpoint (also most sensitive life stage) (Hecht et al. 2007). For 

these reasons, the evaluation conducted for steelhead smolt will protect other sensitive aquatic species that may be 

present. 
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The comparisons discussed above demonstrated that project-related inputs of these metals to the Santa Clara 

River and Estuary would not be expected to result in adverse effects to aquatic biota. This evaluation is 

considered to be applicable to the range of aquatic biological species present in the Santa Clara River and Estuary 

since it considered the potential toxicity of these metals in a comprehensive manner for all aquatic biota (using the 

freshwater and saltwater criteria for both short-term acute and long-term chronic exposure covering lethal and 

sub-lethal toxicity) and in an even more site-specific and sensitive manner for a protected species.  

Comment II-2 

Page 2 of VCK Letter: The Santa Clara River… is home to as many as 17 species listed as threatened or 

endangered by state and federal governments, and includes critical habitat for the Southern California Steelhead, 

California Red-Legged Frog, Arroyo Toad, and Least Bell’s Vireo. It provides numerous ecosystem services and 

aquatic ecosystem functions to the Santa Clara River Watershed and Ventura’s Coast including: habitat for 

endangered and threatened species, groundwater recharge, clean and safe water quality for swimmers, surfers, 

other recreational users, and consumers of fish and seafood. 

Response 

Human exposures 

Human exposures to surface waters in the Santa Clara River and estuary are very limited. Surface water in the 

freshwater reaches of the river are seasonal and not used for drinking water purposes (LA Basin Plan, 2011). 

Other direct contact with the river is also limited due to the seasonally dry flow patterns and lack of access to 

many sections of the river. McGrath State Beach is the closest recreational area in the vicinity of the Santa Clara 

Estuary. It is currently closed to visitors due to flooding (McGrath State Beach 2014). When the State Beach is 

open, swimming, surfing and water sports are strongly discouraged in the ocean area due to rip currents. Fishing 

is allowed on the ocean side. Swimming, surfing and fishing are prohibited in the enclosed estuary/lagoon area, 

which is part of the Santa Clara Estuary Nature Preserve.  

Based on these limitations, the only potential exposure for humans is consumption of bioaccumulated metals in 

fish and shellfish from the ocean side of the Estuary. Scientific studies typically expose organisms to chemicals in 

sediment or water for 28 days or more to determine the potential for bioaccumulation (USEPA, 2000b). The 

passage of stormwater discharge from the project to the estuary is anticipated to be on the order of hours or days. 

Therefore, exposure of fish to bioaccumulative metals from the stormwater discharge is expected to be minimal 

due to the BMPs designed in the system and the limited exposure duration for invertebrates and fish during the 

periods of flow, as shown in Table 1 of the GSI Technical Response submitted concurrently. 

A comparison of estimated concentrations to human health-based water quality criteria for the fish consumption 

pathway demonstrates that this pathway is of low concern with respect to project stormwater discharges 

(Table B-1). Fish consumption-based water quality criteria are available only for a few metals due to the generally 

low bioaccumulation potential of most metals. USEPA ambient water quality criteria for fish/shellfish 

consumption for the metals included in this evaluation are listed in Table B-1. 
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Table B-1.  Comparison of Dissolved Metals Concentrations Estimated for Pre-Treatment Stormwater 
Runoff Entering Project BMPs to Saltwater Screening Levels. 

Metal 

Estimated  
Pre-Treatment Project 

Stormwater (1) 

(Geometric Mean - µg/L) 

Screening Levels - µg/L 

CTR Saltwater Criteria (2) 

CCC CMC Seafood Consumption(4) 

Aluminum 46 NA NA NA 

Arsenic 1 36 69 1 

Cadmium 0.1 9.3 42 NA 

Copper 3.2 3.1 4.8 NA 

Lead 0.2 8.1 210 NA 

Mercury 0.7 0.94
 (3)

 1.8
 (3)

 NA 

Nickel 1.5 8.2 74 4,600 

Zinc 20.5 81 90 26,000 

Notes: µg/L = micrograms per liter; CCC = Criteria Continuous Concentrations (4-day average exposure); CMC =Criteria Maximum 

Concentrations (1-hour average exposure); NA = Not available / not established 
(1)

  Refer to Table A-1 of GSI’s Supplemental RTCs for details. Concentrations listed here represent runoff entering Project BMPs; these 

concentrations will be reduced by treatment in the BMPs (see Table A-2 of GSI’s Supplemental RTCs for BMP removal efficiencies). 
(2)  

CTR = California Toxics Rule (USEPA, 2000).  
(3)

  No criteria available in CTR for mercury and, therefore, National Ambient Water Quality Criteria for saltwater CCCs and CMCs used 

(USEPA, 2013). 
(4)

  National Ambient Water Quality Criteria for human consumption of organisms only (USEPA 2013). 

 

Estimated levels of nickel and zinc in both the pre-treatment project stormwater and in the Santa Clara River are 

well below the fish consumption criteria. Estimated arsenic in the pre-treatment project stormwater is slightly 

lower than in the river water and both are slightly higher than the criterion value. With the expected removal 

efficiency from BMPs, project contribution to exceedance of the arsenic fish consumption screening value is 

expected to be minimal. 

There are no water quality criteria for inorganic mercury that are protective of fish consumption. Although a fish 

consumption advisory, based on PCBs and mercury, exists for marine fish from Ventura Harbor south to San 

Mateo Point (California Office of Environmental Health Hazard Assessment 2009), the sources and locations 

from which these ocean-resident fish may take up mercury is unknown and not relevant to the current project 

evaluation. Therefore, a more site-specific approach was taken. Available tissue data for the Santa Clara estuary 

area were compared to mercury TMDLs (0.3 mg/kg tissue wet weight) developed for the protection of human 

health in San Francisco Bay (San Francisco Water Board, 2006). The only readily available tissue data for Santa 

Clara Estuary provided a value of 0.017 mg/kg in clams (Corbicula fluminea) in the estuary (Kamer and Fairey 

2005). This value is well below the tissue threshold value of 0.3 mg/kg. Therefore, the planned BMPs and the low 

mercury levels in estuarine tissue provide evidence that project-related mercury inputs are unlikely to be a cause 

for human health concern.  
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Marine/Estuarine Aquatic Organism Exposures 

As shown in Table B-1, the estimated pre-treatment project stormwater concentrations for dissolved metals are 

equivalent to (i.e., copper) or below all of the available saltwater screening criteria. No data for metals from the 

estuary were identified and, therefore, only pre-treatment concentrations could be screened. These findings for 

pre-treatment concentrations provide evidence to support the conclusion that no adverse acute or chronic effects 

to aquatic organisms are expected to occur in the Santa Clara River estuary as a result of the Project. 

Amphibian Exposures  

As shown in Table B-2 below, the estimated pre-treatment project stormwater concentrations for dissolved metals 

are well below the available surface water screening levels protective of amphibians developed in the Naval 

Facilities Engineering Command (NAVFAC) Technical Report, Development of a Standardized Approach for 

Assessing Potential Risks to Amphibians Exposed to Sediment and Hydric Soils (ENSR International 2004). This 

NAVFAC report provides a suggested approach for quantitatively evaluating amphibians, a receptor group for 

which ecotoxicity studies are very limited making it difficult to assess in ecological risk assessments. It provides 

one of the most comprehensive frameworks for assessing the potential for risk to amphibians and its use is often 

requested by regulatory agencies in California, especially at sites with protected species like the red-legged frog. 

The selected screening levels in Table B-2 are from the first tier of the NAVFAC approach document. The lack of 

amphibian screening level exceedances by estimated pre-treatment concentrations, as well as by estimated 

baseline conditions and Santa Clara River concentrations (with a couple minor exceptions, i.e., copper and 

mercury) provides evidence to support the conclusion that no adverse acute or chronic effects to these organisms, 

including protected species, are expected to result from Project-related stormwater releases.  

Estimated baseline concentrations of copper and mercury and river concentrations of mercury are slightly above 

the amphibian screening levels, while all concentrations of cadmium and zinc are below these levels. The 

maximum estimated baseline concentration of copper is less than two times higher than the chronic screening 

level for amphibians, and well below the acute screening level. Similarly, the remaining screening level 

exceedances, which occurred for estimated baseline and river concentrations of mercury, are also minor (<2 times 

higher than chronic screening level) and the concentrations are below the acute screening level. 
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Table B-2.  Comparison of Dissolved Metals Concentrations Estimated for Pre-Treatment Stormwater 
Runoff, Estimated Baseline Concentrations, and Santa Clara River Data to Screening 
Levels Protective of Amphibians. 

Metal 

Estimated  
Pre-Treatment Project 

Stormwater (1) 

(Geometric Mean - 
µg/L) 

Estimated Baseline 
Condition (2) 

(Range of “Typical” 
Values) 

Santa Clara River 
Water Quality Data (3) 

(Geometric Mean - 
µg/L) 

Screening Levels - µg/L 

NAVFAC Surface Water Screening 
Criteria for Amphibians (4) 

Chronic (5) Acute (6) 

Aluminum 46 <5 4.5 NA NA 

Arsenic 1 1.1 - 2.5 1.2 NA NA 

Cadmium 0.1 0.08 - 0.2 0.2 444 5,962 

Copper 3.2 1.7 – 22.5 2.1 11.8 243 

Lead 0.2 <0.05 - 0.02 0.1 NA NA 

Mercury 0.7 2.8 2.8 1.52 54 

Nickel 1.5 2.7 - 3.4 2.5 NA NA 

Zinc 20.5 2.4 – 40.1 3 94 6,050 

Notes: µg/L = micrograms per liter;  

NA = Not available / not established 
(1)

 Refer to Table A-1 in GSI’s Supplemental RTCs for details. Concentrations listed here represent runoff entering Project BMPs; these 

concentrations will be reduced by treatment in the BMPs (see Table A-2 of GSI’s Supplemental RTCs for BMP removal efficiencies). 
(2)

 Data representing runoff from agricultural land uses in southern California. “Typical” values represented in this range include median, 

arithmetic mean, and geometric mean concentrations, depending on how data were reported in the original sources. Refer to Table A-3 in 

GSI’s Supplemental RTCs for data sources and additional details. 
(3)

 Data from station “Santa Clara River at Freeman Diversion” (Site ID ME-SCR) (Ventura County, 2014). Refer to Table A-1 for details. 
(4)

 NAVFAC = Naval Facilities Engineering Command (ENSR International, 2004).  
(5)

 Acute screening criteria defined as calculated 50th centile of results from selected amphibian toxicity studies. 
(6)

 Chronic screening criteria defined as calculated 10th centile of results from selected amphibian toxicity studies. 

 

Comment II-3 

Page 3 of VCK Letter: …the SEIR does not analyze the direct, indirect, and cumulative sub- lethal toxicity impacts 

of metals contained in the Project’s urban stormwater runoff discharges on the threatened and endangered 

species that utilize the Santa Clara River and its Estuary, including the Southern California Steelhead. 

Response 

An analysis and evaluation of the direct, indirect and cumulative sub-lethal impacts is provided in GSI’s 

Technical Response to VCK comments, submitted concurrently. 

 

Comment II-4  

Page 3 of VCK Letter:  …the EIR must also examine the presence and effects of trace concentrations of zinc, lead, 

arsenic, cadmium, mercury, nickel, and other metals that have been determined by scientific studies to have 

sublethal toxicity effects on steelhead smolt, the other threatened and endangered species that utilize the estuary 

and Santa Clara River downstream of the Project, and on benthic macroinvertebrate populations of the Santa 

Clara River. 
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Response 

The previous RTC document focused the evaluation of metals in Project-related surface water to dissolved 

copper, lead, and zinc. Five additional metals were added to this supplemental RTC document based on VCK’s 

supplemental comments: aluminum, arsenic, cadmium, mercury, and nickel. Please refer to Response for II-2 in 

GSI’s supplemental RTC document for a detailed description of the methods used to estimate pre-treatment 

stormwater concentrations and baseline concentrations for these additional metals. These concentrations as well as 

concentrations in the Santa Clara River were compared to freshwater CCCs and CMCs, as performed in the 

previous RTC document (see Table 1 of GSI’s supplemental RTC). The findings indicate that aluminum is the 

only metal evaluated for which the estimated concentration in Project stormwater discharges will not meet all 

freshwater regulatory criteria. However, due to the high pH and hardness levels associated with surface waters in 

the vicinity of the Project area, aluminum is expected to be substantially less toxic than predicted by the 

NAWQC. It is also likely that the DOC levels present in the Santa Clara River and estuary will also help to 

modify any potential toxicity due to aluminum.  The toxicity of aluminum to freshwater invertebrates decreased 

with increased DOC (2-4 mg/L) over a range of pH levels (6-8) and hardness levels (10-120 mg/L) in freshwater 

testing (Rodriguez et al, 2009). In addition, project BMPs are designed for effective reduction in concentrations of 

dissolved and total metals, along with suspended sediment and other particulates. The reduction in total aluminum 

concentrations discharging from the site by reducing TSS will further reduce the potential for toxicity to aquatic 

organisms. 

The five additional metals listed above were also evaluated for potential adverse effects in saltwater organisms, 

and it was also possible to evaluate some of these metals for potential effects in amphibians (see Tables B-1 and 

B-2). The findings of these evaluations also provide evidence to support the conclusion that no adverse acute or 

chronic effects to saltwater species or amphibians are expected to result from Project-related stormwater releases.  

Comment II-5 

Page 4 of VCK letter: “…juvenile steelhead smolt in Santa Paula Creek, the Santa Clara River downstream of the 

Project, and in the Santa Clara River Estuary (where juvenile steelhead smolt rear, hold and acclimate5)… 

Response:  

Specifically, this response addresses two major issues: Does the Santa Clara River estuary/lagoon have physical 

and biological conditions similar or comparable to the Scott Creek estuary/lagoon, as described by Bond (2006) 

and Bond et al. (2008); and are the three steelhead rearing life history strategies hypothesized to be present in 

Scott Creek by Hayes et al. (2008) comparable to Santa Clara River steelhead rearing life history strategy? 

Our opinions are based on our Project site visits, our observation of the nearby creeks, Santa Clara river and 

estuary, previous work conducted by the author on the Santa Clara River and Santa Ynez River (Past member of 

the Santa Ynez River Technical Advisory Group, assisted COMBS with initial steelhead study program, and 

performed steelhead analyses for the Cachuma Water Project alternatives), review of pertinent literature, and 

                                                      
5  See Hayes, et. al, Steelhead Growth in a Small Central California Watershed: Upstream and Estuarine Rearing Patterns. Transactions 

of the American Fisheries Society 137:114–128, 2008; See Kelley, Elise, Steelhead Trout Smolt Survival in the Santa Clara and Santa 

Ynez Estuaries, August 2008; See Kelley, Elise, Information synthesis and priorities regarding steelhead trout (Oncorhynchus mykiss) 

on the Santa Clara River, February 2004; See Bond, Morgan H., IMPORTANCE OF ESTUARINE REARING TO CENTRAL 

CALIFORNIA STEELHEAD (ONCORHYNCHUS MYKISS) GROWTH AND MARINE SURVIVAL, June 2006. 
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review of annual tidewater goby (estuary) and steelhead (Freeman Diversion fish traps) monitoring reports.
6
 We 

provide this additional supplemental information specifically in response to the Wishtoyo Foundation/Ventura 

Coastkeeper Second Response Letter dated January 21, 2015. Our fisheries response is primarily focused on the 

estuarine rearing of Southern steelhead smolts and other T&E species, as well as the estuary–specific importance 

of steelhead including recently cited literature deemed as relevant by Wishtoyo (Bond 2006, Hayes et al. 2008). 

We have augmented our previous review of southern steelhead ecology and steelhead life history strategy in the 

Santa Clara River, for comparison with the three hypothesized life history strategies put forth by Hayes et al. 

(2008): estuarine rearing life history strategy; upper watershed rearing life history strategy; and a combination of 

the two strategies.  

Estuarine Rearing and Upper Watershed Rearing Life History Strategies 

Estuaries are often important to steelhead populations that spawn in smaller coastal tributaries, such as Scott 

Creek among others, due to the more limited availability of rearing habitat in the headwaters of smaller stream 

systems (McEwan and Jackson 1996). In addition, there is often a strong connection between the upper watershed 

and the estuary in small coastal tributaries like Scott Creek. In this case, the estuary is more responsive (e.g., 

extent and water level, water chemistry, breaching) to storm events (large and small) and rising stream elevations, 

and juvenile steelhead of all age classes; age class 0+ (YOY) and older, may out-migrate to the estuary to rear.  

Steelhead smolt utilization of the Santa Clara River Estuary is currently marginal at best, due to the typical 

disconnection of the estuary with the upper watershed, unsuitable aquatic and benthic invertebrate communities 

for steelhead prey, and poor quality cover and rearing habitat. In larger rivers with suitable upstream rearing 

habitat, such as the Santa Clara River and the Santa Ynez River basins, the upper watershed contains the primary 

and most important habitat for juvenile steelhead rearing. Age class 1+ and 2+ juvenile steelhead are commonly 

found in the Little Santa Paula Creek and Sisar Creek (Santa Paula Creek tributaries), and tributaries of Piru 

Creek and Sespe Creek, especially in suitable pool habitats (Stillwater Sciences 2007). 

This upper watershed rearing pattern in the Santa Clara River is consistent with that observed for many other west 

coast lagoon/estuaries, such as the Carmel and Mattole rivers, Big Sur River and many other ‘larger’ river 

estuaries, as described by Hanson (2011). For both lagoon/estuarine rearing and upper watershed rearing life 

history strategies, steelhead smolt greater than 150 mm in length (typical size at ocean entry) appear to pass 

quickly through the estuary and enter the ocean (mid-March through early May), precluding an estuary rearing 

phase.  

As discussed in our original document, and as documented in the United Water Conservation District (UWCD) 

annual steelhead monitoring reports (UWCD 2007 through 2013) and City of Ventura tidewater goby monitoring 

reports (Cardno Entrix 2010 through 2014; Entrix 2008 and 2009), the SCR estuary exists in much reduced extent 

(25%); estuarine connectivity with the upper watershed, estuarine productivity and quality of habitat are also 

reduced in comparison to historic conditions. A recent site visit by AECOM personnel (February 3, 2015) 

                                                      
6
  It should be noted that Elise Kelley, Ph.D, in her letter to the City of Ventura Public Works Department (February 23, 2011) requested 

that her study “Steelhead Trout Smolt Survival in the Santa Clara and Santa Ynez River Estuaries” (August 2008) not be cited for the 

proposition that the steelhead use the Santa Clara River as a migration corridor only, due to inferior habitat, and therefore are not 

present for very long in the river or estuary. AECOM staff is not relying upon Kelley (2008) for the conclusions presented in this 

supplemental document, rather conclusions presented in this document are based on expert observations of the nearby creeks, Santa 

Clara River and estuary, and other published reports.   
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confirmed the authors understanding and opinion regarding the estuary and its disconnection with the river and 

upper watershed. The estuary is currently shallow, lacking deep-water cover as refugia for steelhead.  

Marine mortality of steelhead, presumably from predation, occurs soon after ocean entry and (McEwan and 

Jackson 1996). Because predation mortality and fish size are likely to be inversely related, the growth that takes 

place in estuaries may be important for increasing the odds of marine survival (McEwan and Jackson 1996, 

Shapovalov and Taft 1954). Therefore, for steelhead populations in Scott Creek and other small coastal streams, 

young-of-the-year (YOY) steelhead prefer the estuary habitat prior to smolting for gaining weight and length (to 

approximately 150 mm) for ocean entry. However, in larger rivers such as the Santa Clara and Santa Ynez rivers, 

juvenile steelhead (age class 1+ and older) are more often observed as smolts in the mainstem, especially during 

the out-migration period from March through early-May (UWCD 2007 through 2013). Suitable length for ocean 

entry of steelhead smolts is generally recognized as 150 mm and larger. 

YOY rainbow trout (non-smolting) are also sometimes observed at the Vern Freeman Diversion downstream trap 

on the Santa Clara River, often in June after the smolt out-migration period (Table B-3). This is consistent with 

rearing patterns of rainbow trout. After emergence from spawning gravels in spring, steelhead fry move to 

shallow-water, low-velocity habitats such as stream margins and low-gradient riffles in the vicinity of their redds 

(egg nests), and will forage in open areas, often lacking instream cover. As fry increase in size in late spring and 

summer, they increasingly use areas with cover and show a preference for higher-velocity, deeper mid-channel 

waters near the thalweg (Everest and Chapman 1972).   

Territorial behavior is a tactic by which juvenile steelhead individuals increase their fitness through the defense 

and acquisition of resources, primarily food and cover (shelter). However, because the costs of defending those 

resources can outweigh the benefits of holding a territory, juvenile steelhead defend territories to the extent that 

there is a net benefit or in the case of competing with their cohorts, until they can no longer compete. YOY 

steelhead begin defending feeding territories (i.e., rearing) at 2 to 3 cm in length. Typically, the more fit 

individuals will successfully defend their territory until they initiate smoltification at about 14 to 18 cm (Keeley 

1999). Those fish that cannot defend habitat are forced downstream in search of defendable habitat. In the case of 

the Santa Clara River, these fish are effectively lost to the population due to demands of energy expenditure 

necessary to defend habitat and occupy feeding stations.  

In small coastal streams (including Scott Creek, among others), displaced YOY steelhead are more able to find 

their way to the estuary, where they can thrive and gain in weight and length, increasing their survival chances 

prior to entering the ocean. Unfortunately, in the case of the Santa Clara River and Estuary, by the time these fish 

are displaced from upstream rearing habitat and driven to the mainstem, mainstem flows are receding, sometimes 

to the point of subsurface flow. These fish are most often stranded in declining reaches such as occurs 

downstream of the Freeman Diversion Dam. 
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Table B-3.  Native Fish Captured at Vern Freeman Dam during Monitoring Activities, Santa Clara River 

Monitoring 
Year 

Rainfall 
(inches) 

Timing of Open 
Sandbar  

(between Jan - June) 

Timing of 
Downstream 
Monitoring 

Timing of 
Steelhead 

Smolt 
Collection 

Timing of 
Rainbow 
YOY/Res 

Collection 

Steelhead 
adult - kelt 

(downstream) 

Steelhead 
adult 

(upstream) 
Steelhead 

smolt 

Rainbow 
Trout 

resident 

Rainbow 
Trout 
YOY 

Threespine 
Stickleback 

Arroyo 
Chub 

Santa 
Ana 

Sucker 

2013 6 closed 

Jan 14 -  

June 1 none 

     

1 5103 1433 435 

2012 10 Mar 20 - Apr 20 

Jan 18 -  

June 29 

Mar 13 - 

June 16 

Apr 1 - 

June 30 1 2 31 5 59 1694 4686 2920 

2011 31.8 Jan 12-13 & 25-27 

Jan 12 -  

June 30 

Feb 11 - 

June 17 

Feb 24 - 

Apr 25 

  

19 4 

 

198 1297 138 

  

Feb 19- Jun 30 

           

2010 18.5 Jan 18 - Mar 29 

Jan 5 -  

June 22 

Mar 18 - 

May 28 

Feb 11 & 

June 1-8 

  

72 5 23 129 850 153 

  

Apr 8 - May 11 

 

Jun 17 & 

Jul 19 

         

2009 11.5 Feb 7 - Mar 30 

Jan 5 -  

May 22 

Jan 30 - 

May 15 

Feb  16 - 

May 15 1 1 160 3 

 

927 2019 376 

2008 24.3 Jan 1 - May 1 

Jan 12 -  

June 20 

Jan 30 - 

June 3 

May 16 - 

June 20 

 

2 133 12 12 5751 336 831 

2007 5.4 closed 

Jan 4 -  

June 15 

Mar 9 - 

Apr 13 

May 5 - 

June 13 

  

12 2 60 7054 570 557 
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The Scott River estuary differs markedly from the Santa Clara River estuary in fish community. The Scott 

River is dominated by native fish species, while the Santa Clara River estuary is dominated by non-native fish 

species (Table B-4). A few special-status fish species have been historically present in the Santa Clara 

Estuary, namely the tidewater goby, arroyo chub, and partially-armored threespine stickleback. However, 

none of those species were present in seining efforts during 2012 and 2013 (the latest estuarine monitoring 

reports). There is also a marked difference in productivity between the two estuaries. Hayes et al. 2008 reports 

that seining efforts in Scott River Estuary were often difficult due to the large volumes of freshwater algae 

growing there and marine algae that were deposited by waves. Large numbers of invertebrates 

(amphipods Eogammarus spp. and Corophium spp.; mysid shrimp Neomysis spp.; and isopods Gnorimos-

phaeroma spp.) were regularly observed in association with the algae. These organisms are all preferred prey 

for juvenile steelhead. This pattern is in contrast to the Santa Clara River estuary where none of these 

preferred food items for juvenile salmonids are present. Benthic invertebrates in the Santa Clara Estuary 

consist primarily of oligochaete worms, dipteran flies, cladocerans, and an estuarine polychaete worm 

(Aquatic Bioassay Consulting Laboratories 2009), none of which are typically preferred food items for 

juvenile steelhead. Steelhead will prey upon them in the absence of preferred prey items; however their 

nutritional content is not comparable to preferred food items. 

In light of the above analyses, estuarine rearing life history may indeed be utilized in Scott Creek, but not in 

the Santa Clara River in which upper watershed rearing life history appears to be the primary life history 

strategy. In addition, estuarine rearing conditions (connectivity, productivity and quality of habitat) are not 

comparable between the two estuaries, as assumed in VCK’s supplemental comment letter. 

Finally, we had previously made the statement that the Santa Clara River is primarily a migration corridor and 

that adult holding habitat is lacking. This is supported by UWCD (2007 through 2013). Also, during our most 

recent site visit in February 2015, these findings were corroborated by the observation of a disconnected 

estuary, absence of surface flow in the river reach between the Freeman Diversion Dam and the estuary, 

isolated pool habitat downstream from the confluence of Santa Paula Creek, and a reduced estuary extent (less 

than 25 percent of historical size).  
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Table B-4.  Results of Annual Fish Surveys (USFWS Tidewater Goby Protocol) in the Santa Clara River Estuary 

Monitoring  
Year 

Seine 
Hauls  

Tidewater 
Goby  

Striped 
Mullet 

Common 
Carp 

Common 
Killifish 

Mosquito 
 fish 

Threespine 
Stickleback 

Arroyo 
Chub 

Miss. 
Silverside 

Green 
Sunfish Topsmelt 

Pacific  
Staghorn 
Sculpin 

Prickly 
Sculpin 

Fathead 
Minnow TOTAL 

2008 35 462 3 4 0 63 0 2 60 1 47 0 0 6 648 

2009 38 186 0 3 0 297 1 1 339 8 0 0 1 30 866 

2010 28 1855 0 97 1 51 10 15 15 114 0 2 63 102 2325 

2011 25 244 0 27 2 2 17 3 75 0 0 0 0 0 370 

2012 18 139 0 1 >5 27 8 >51 >6 1 p* 0 0 1 >239 

2013 21 0 0 5 0 68 0 0 813 38 0 0 0 3 927 

2014 21 0 0 0 0 343 0 0 1689 146 0 0 0 0 2178 

TOTAL 

 

2886 3 137 8 851 36 73 2997 308 47 2 64 142 7554 

Notes: *p indicates that the species was present but not counted due to large numbers 

USFWS tidewater goby protocol includes use of a 3 meter net in water less than 1 meter depth. 

Source: Cardno Entrix 2010 through 2014; Entrix 2008 and 2009 
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Comment II-6 

Page 4 of VCK Letter: The VCK letter cites water quality analyses in the Newhall Ranch EIR as a recommended 

example. The comments and responses that follow (II-6 and II-7) illustrate how the evaluations done in the 

current evaluation are appropriate for the EA1 Project.  

Water Quality Analysis from Newhall Ranch WQ EIR- Page 4.4-11: “The CTR also contains human health 

criteria which are derived for drinking water sources and for fish consumption only. Since the human health 

criteria are less stringent than the aquatic life criteria for the pollutants of concern for the proposed Project, the 

aquatic life criteria are used.” 

Response 

This document evaluates both human health and ecological health. It uses published criteria for both human health 

and ecological receptors that are protective of the relevant pathways of exposure. Please see responses to 

Comment II-1 and II-2. 

Comment II-7 

Water Quality Analysis from Newhall Ranch WQ EIR- Page 4.4-12: (used acute only) “Acute criteria represent 

the highest concentration of a pollutant to which aquatic life can be exposed for a short period of time without 

deleterious effects... Due to the intermittent nature of stormwater runoff (especially in southern California), the 

acute criteria are considered to be more applicable to stormwater conditions than chronic criteria, and are used 

as benchmarks in assessing Project runoff. For example, the average storm duration in the 38-year Newhall gage 

rainfall record is 11.3 hours.”  

Response 

The evaluation included in the current document is more comprehensive and extensive than the evaluation in the 

Newhall ranch EIR. Both acute and chronic criteria were used for purposes of comprehensiveness and 

conservatism. Please see response to Item #1. 

Comment II-8 

Page 5 of VCK Letter: The SEIR should provide a comparison of projected concentrations to: 

1. baseline dissolved copper concentrations and loading in stormwater discharges from the existing Project 

site; 

2. the NOAA Technical Memorandum (NMFS-NWFSC-83) dissolved copper sub-lethal thresholds for 

juvenile steelhead smolt; 

3. applicable water quality standards for dissolved copper; and 

4. to existing water quality conditions in Santa Paula Creek, the Santa Clara River, and the Santa Clara 

River Estuary 

Response 

A detailed evaluation of the potential for Project stormwater discharges to adversely affect Southern California 

Steelhead and their potential food sources, aquatic organisms and benthic macroinvertebrates, was previously 

provided in the Appendix A of the previous RTC, and is summarized in the main text of the previous RTC. Please 

also refer to Responses for I-1 and I-2 in GSI’s supplemental RTC document for a brief description of these 
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previous evaluations that were conducted with a primary focus on olfactory toxicity in Southern Steelhead smolts 

from exposure to Project-related concentrations of dissolved copper, as well as lead and zinc. A weight-of-

evidence approach was used to develop conclusions that support the position that Project stormwater discharges 

of copper, lead, and zinc, both pre- and post-treatment, will not induce adverse effects in aquatic organisms, 

including Southern Steelhead that could be present in the Santa Clara River and its tributaries in the vicinity of the 

Project area. Further evaluation of these metals in this supplemental RTC that entailed a comparison to screening 

criteria protective of saltwater organisms indicated that estuarine aquatic organisms will also not be adversely 

affected by the Project (see Tables B-1 and B-2). 

Comment II-9 

Page 5 of VCK Letter: As data in the attachments and studies to this letter provide, the concentrations of 

dissolved copper in the Santa Clara River and Estuary downstream of the Project are above the NOAA Technical 

Memorandum (NMFS-NWFSC-83) dissolved copper sub- lethal thresholds for juvenile steelhead smolt, and the 

Santa Clara River and Santa Clara River Estuary downstream of the Project are listed on the Clean Water Act 

303(d) impaired waterbody list for toxicity. Thus, the SEIR must analyze the direct, indirect, and cumulative sub-

lethal toxicity impacts of metals and dissolved copper contained in the Project’s urban stormwater runoff 

discharges on juvenile Southern California steelhead smolt, and provide mitigation, such as advanced filtration, 

infiltration, or enhanced treatment, that ensures that the concentrations and loading of dissolved copper in the 

Project’s stormwater discharges are below existing conditions and the sub-lethal thresholds in the NOAA 

Technical Memorandum (NMFS-NWFSC-83) for juvenile steelhead smolt. 

Response 

The 303(d) list of impaired water bodies (LA Water Board 2009) includes the following: 

The following segments of the Santa Clara River are downstream of the Project area and are listed on the 2008 

Clean Water Act Section 303(d) for the Los Angeles Region: 

► Reach 3 (Freeman Diversion to A Street): ammonia, chloride, TDS, and toxicity 

► Reach 1 (Estuary to Highway 101 Bridge): toxicity 

► Estuary: arsenic, ChemA, coliform bacteria, nitrogen/nitrate, toxaphene, toxicity 

Reach 2 is not listed.  

Of the metals evaluated in this supplemental RTC due to their potential relevance to the Project, only arsenic is 

also listed above indicating current impairment of the estuary due to arsenic concentrations. Given the very low 

estimated pre-treatment and baseline arsenic concentrations, as well as the concentrations from the river (see 

Table 1 in GSI’s Supplemental RTC), which are well below surface water screening criteria, the Project will not 

significantly contribute to additional arsenic impacts to the estuary.  

As in any receiving environment, the 303(d) listings for toxicity in Reaches 1, 3 and the estuary of the Santa Clara 

River may be due to multiple physical and chemical stressors. The earlier response to comments and the current 

supplement both evaluate individual metals that could be contributed by project stormwater discharge. These 

evaluations demonstrated that even pre-treatment project-related discharges are generally below screening levels 

that would be protective of aquatic biota and human health. As noted in the technical response prepared by GSI, 
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Inc., the BMPs that are part of the design for project stormwater are expected to minimize the inputs of a variety 

of water quality constituents in addition to the individual metals that were evaluated in more detail. Based on 

these evaluations and the proposed BMPs, the project discharge is not likely to contribute any additional sources 

of toxicity to Reach 1, 3 and the estuary. 

Comment II-10  

Page 5 of VCK Letter: Conversion of the Project site from open space and agricultural fields to a dense urban 

environment will, without question, result in increases of dissolved copper loading and concentrations in 

stormwater discharges from the Project site. (See Attached Newhall Ranch RMDP SCP EIR for example of a 

water quality analysis detailing increases in dissolved copper concentrations and loading from the conversion of 

land from open space / agricultural fields to an urban environment; see also Center for Watershed Protection, 

March 2003: Impacts of Impervious Cover on Aquatic Ecosystems for explanation of how conversion of open 

space to an urban environment results in increased copper and metals loading and concentrations in stormwater 

discharges.) As the SEIR provides: 

Most of the East Area 1 Specific Plan Amendment Area is currently in agricultural use with the remainder 

consisting of undeveloped open space. Potential effects from development of the Project include an increase of 

impervious surfaces which will increase the amount of surface runoff generated from the Project Site. Paved areas 

and streets will collect dust, soil, and other impurities that will then be assimilated into surface runoff during 

rainfall events. Pollutants such as trash and debris, oil and grease, metals, sediment, pathogens, organic 

compounds, nutrients, pesticides and oxygen-demanding substances can be expected to be present in surface 

water runoff once Project development occurs. 

Response: 

Response II-3 of the GSI Supplemental Response addresses this comment. In addition, much of the information 

and methodology presented in the Impervious Cover document is not applicable to evaluation of impacts on 

fisheries and biological systems in the Santa Clara River and Estuary. The reasons are noted below: 

IC document, Page 3 – The IC methodology: 

► Should only be applied within the ecoregions where it has been tested, including the mid-Atlantic, Northeast, 

Southeast, Upper Midwest, and Pacific Northwest (Page 3). 

►  Has not yet been validated for non-stream conditions (e.g., estuaries) (Page 3).  

► ICM is meant as a general group index and “extreme care should be exercised if ICM is used to predict the 

fate of individual species” (Page 3).  

► For streams in the arid and semi-arid Southwest, it is unclear what, if any, IC threshold exists given the 

naturally stressful conditions for these intermittent and ephemeral streams… (Maxted, 1999). Southwestern 

streams are characterized by seasonal bursts of short but intense rainfall and tend to have aquatic communities 

that are trophically simple and relatively low in species richness ... (Page 116) 
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In summary, the assumptions and methodology recommended by the Impervious Cover document are not usable 

for the Project Area. However, the general and site-specific evaluations presented in the SEIR and the response 

documents provide a comprehensive and site-specific evaluation of the issues and concerns that are identified in 

the Impervious Cover document. 
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RESUMES 

 



 

Usha Vedagiri, Ph.D. 
Principal Human Health and Ecological Scientist/Risk Assessor 

Overview 
Dr. Vedagiri manages the Health Risk Assessment and Management 
Group in the URS Oakland Office and is the practice leader for Northern 
California.  She has more than 20 years of ecological risk assessment 
(ERA) and human health risk assessment (HHRA) experience in 
consulting, government, and industry. She has used her exposure 
assessment and toxicological skills to manage and support health risk 
assessments for government and private clients in the United States, 
Argentina, Australia, Azerbaijan and Africa. She is an active member of 
the Interstate Technology and Regulatory Council (ITRC) Risk 
Assessment Team.  
Her experience in aquatic toxicology is particularly focused on the effects 
of petroleum hydrocarbon-related contaminants on aquatic biota, 
especially chronic toxicity for fish and invertebrates in marine and 
freshwater environments.  For example, she is familiar with some of the 
key publications discussing the effects of PAHs on juvenile salmonids and 
fish eggs (e.g., Barron et al 2003, NFSC publications).  
She has worked on ecological risk issues related to petroleum 
hydrocarbons (TPH) and polyaromatic hydrocarbons (PAHs) for a very 
wide variety of sources ranging from drilling muds and crude oils to 
releases of finished products in freshwater and marine environments and 
has developed ecologically protective benchmarks and remediation goals 
for TPH and PAHs in water and sediments.  She has used a variety of 
approaches to evaluate the ecotoxicity of TPH and PAHs, ranging from 
literature reviews to modeling approaches such as PETROTOX and field 
and laboratory-based toxicity testing.  
Her Master’s degree research focused on toxicity testing using the water 
flea (Daphnia spp).  She has also performed toxicity tests with chironomid 
larvae and algal species among others. 
 
Relevant Project Experience 

Ecological Risk Assessment 

Lead Ecotoxicologist, Aquatic Toxicity of Crude Oils and 
Dispersants, Confidential Client, 2014-Ongoing: A confidential client 
is using multi-species acute toxicity tests to evaluate the toxicity of crude 
oil/dispersant mixtures as apart of a selection process to identify the least 
toxic dispersants in the Caspian Sea.  Dr. Vedagiri interacts with and 
reviews raw data and procedures used by the toxicity testing lab and is 
developing evaluation reports to compare the toxicity of different 
dispersants and make selection recommendations. The test species include 
phytoplankton, zooplankton and amphipod species.  

Senior Ecological Risk Assessor, Confidential Site in Indian Ocean, 
Confidential Client, 2013-2014: Dr. Vedagiri functioned as the technical 
lead and director for an evaluation of a TPH plume release into freshwater 

Areas of Expertise 
Ecological Exposure Assessments 
Aquatic Ecotoxicity Studies in San 
Francisco Bay 
Green Chemistry  

Years of Experience 
With URS: 14 Years 
With Other Firms: 10 Years 

Education 
PhD/Environmental Science/1989/ 
Rutgers University, New Brunswick, 
NJ 
MS/Environmental Science/1982/ 
Rutgers University, New Brunswick, 
NJ 
BS/Botany/Ethiraj College/1978/ 
Madras, India 

Registration/Certification 
2008/URS Project Management 
Certification 
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and coastal waters in a tropical island in the Indian Ocean.  She and her 
team customized the PETROTOX program in an innovative manner to 
develop species sensitivity distributions (SSDs) for TPH fractions, 
including PAHs.  Data for 42 test species was evaluated, included 
freshwater and marine juvenile fish, larval fish, invertebrate larvae and 
algae. Risk-based target levels were developed that would be protective of 
1%, 5%, 10% and 20% of the exposed biota in aquatic environments and 
an ecological risk assessment was performed.  The findings and 
conclusions were accepted without significant comment and further work 
to refine the target levels was authorized. 

Senior Technical Reviewer and Senior Consultant, Ecological Risk 
Support on Multiple Projects in Australia, Multiple Clients 
(Chevron, BP, others), 2012 – Ongoing: Dr. Vedagiri serves as an 
internal resource and technical leader in supporting the URS-Melbourne 
office on ecological risk assessment projects.  Projects to date include: 
Sampling and ecological evaluation of an accidental release of fire-
suppressant foam containing perfluorinated chemicals into a coastal 
estuary, release of arsenic-containing groundwater plume into marine 
waters, and releases of petroleum hydrocarbon plumes into multiple 
tropical ocean environments.  Data evaluation included water, sediment 
and tissue data for adult and juvenile fish, bivalve molluscs and 
benthic invertebrates.  Her contributions include development of project 
strategy, data evaluation and report writing and technical review. 

Project Manager and Senior Ecotoxicologist, Ecotoxicological 
Support, Confidential Site, OR, Confidential Client, 2007 – 2010:  Dr. 
Vedagiri provided ecotoxicological and ecological risk assessment support 
related to the effects of petroleum hydrocarbons on aquatic and benthic 
resources. The evaluations are done as part of anticipated NRDA claims. 
The evaluation included a critical review of existing methods for the 
development of sediment quality criteria for PAHs and their applicability 
to the PAHs associated with the site. 

Project Manager and Senior Ecotoxicologist, BP Oil, Azerbaijan, 
2011 – 2014: BP’s Operations in the Caspian Sea require the use of 
environmentally friendly and non-toxic drilling muds to the extent 
practicable. Dr. Vedagiri worked through the London offices of URS to 
provide support to BP in evaluating the toxicity of water-based (WBM) 
and synthetic based (SBM) drilling muds. She and her team performed a 
review of the literature regarding drilling mud toxicity and developed 
toxicity threshold values for WBM and SBM that will be used by BP to 
ensure compliance with Caspian Sea protocols for use and discharge of 
drilling muds. 

Lead Human Health and Ecological Risk Assessor, Shearwater Site, 
San Francisco, CA, U.S. Steel, 1998 – 2000: Served as lead risk assessor 
in developing risk-based remediation and risk management approaches for 
a site in the San Francisco Bay identified as “Toxic Hot Spots” (Shearwater 
Offshore site) with high levels of PCBs, PAHs, lead and other metals. Dr. 
Vedagiri designed and interpreted a site-specific sediment toxicity testing 
program for bulk sediment and elutriate tests for multiple marine 
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invertebrate test species. The results were critical in shrinking the area of 
concern and proposing targeted remediation.  The remedial alternatives, 
accepted by the agencies, successfully incorporated demonstration of 
natural capping in sediments as a risk-reduction mechanism, and limited 
removal actions to targeted hot spots. The project won an RWQCB award 
for excellence.  

Ecological Risk Assessor, Upland and Creek Remediation, Fairfield, 
CA, Travis AFB, 2003 – 2004: Provided ecological risk assessment 
services and worked with interagency task groups for two air force bases in 
California, including upland and freshwater aquatic habitats with issues of 
salmon protection and contamination with PAHs and metals. The lead 
agencies include DTSC, RWQCB, USEPA, and federal and state natural 
resource trustee agencies. The ultimate remediation goals for PCBs and 
PAHs were developed with the support of site-specific toxicity tests. 

Senior Ecotoxicologist, Cook Inlet Beluga Whale Project, 
Anchorage, AK, National Marine Fisheries Service (NMFS), 2009 – 
2011: NMFS is concerned that the lack of recovery shown by a population 
of beluga whales in Cook Inlet, Alaska, may, in part, be influenced by 
adverse effects resulting from exposure to emerging chemicals of concern 
(ECs) such as pharmaceuticals and personal-care products, fire retardants, 
and pesticides. Dr. Vedagiri worked with the URS office in Anchorage, 
compiled and performed a critical review of available information 
regarding the potential presence of ECs in Cook Inlet and its associated 
wastewater discharges, and the potential toxicity of these chemicals to 
marine mammals. The results of the review will be used by NMFS to 
develop an evaluation strategy and sampling and analysis plan, as part of 
the population recovery plan for these whales.  Also prepared a 
companion report regarding potential effects of pathogens on Cook Inlet 
belugas.  Both reports are available at NOAA website: 
http://www.fakr.noaa.gov/protectedresources/whales/beluga/reports/ci
btoxicology0310.pdf  and at: 
http://www.fakr.noaa.gov/protectedresources/whales/beluga/reports/pa
thogensexpcib2011.pdf 

Senior Technical Reviewer, Hercules Site, Hercules/Shell, Santa 
Barbara, CA, Aera Inc, 2008 – Ongoing:  Peer reviewer and senior 
technical reviewer for a complex ecological risk assessment for a coastal 
upland and offshore site contaminated with PCBs. Assisted in the review 
of complex soil, sediment, and tissue-sampling plans and tiered risk 
assessment work plans.  

Senior Technical Reviewer, Pyrethroid Toxicity, Oakland, CA, 
Pyrethroid Working Group, 2008 – Ongoing:  Part of a URS team and 
senior technical reviewer for a project involving the tracking of regulatory 
and technical developments in the use of synthetic pyrethroid pesticides in 
California, with a particular focus on pelagic organism decline. The project 
includes attendance at relevant stakeholder meetings and review of 
scientific literature. 
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Project Manager and Lead Ecological Risk Assessor, Wastewater 
Discharge, Confidential Site, AK, Confidential Client, 2008 – 2010:  
Dr. Vedagiri conducted an evaluation of the impacts to aquatic biota  
(algae, invertebrates, fish) associated with discharges of ammonia-
containing wastewater into coastal Arctic waters. The risk assessment, in 
combination with surface water modeling, was used to develop NPDES 
permit limit conditions and to negotiate potential claims regarding 
damages to natural resources. 

Senior Human Health and Ecological Risk Assessment Team 
Leader, Peyton Slough and Richmond Field Station Projects, 
Martinez, CA, University of California at Berkeley and Rhodia, 
1999 – 2002: Provided risk assessment, risk management and strategic 
support in planning remedial activities and residual risk management 
planning for two “toxic hot spot” sites in the San Francisco Bay 
(Richmond Stege Marsh) for UC-Berkeley and for Peyton Slough site in 
Martinez (owned by Rhodia, Inc.). Both sites had upland and wetland 
environments that were contaminated with heavy metals and acidity from 
disposal of smelting and mining wastes and slag.  Field tissue collection for 
invertebrates and fish and toxicity tests using invertebrate test species 
were a critical part of the ecological risk assessments.  

 Lead Human Health and Ecological Risk Assessor, Columbia 
River Sites, OR, U.S. Army Corps of Engineers (USACE), 1998 – 
2004:  Evaluated human health and ecological risks associated with PCBs, 
sandblasting grit and paint chips for a mixed upland and estuarine site in 
Oregon and several other sites in Portland Harbor and the Columbia 
River, for sites owned by the U.S. Coast Guard and U.S. Army Corps of 
Engineers. The lead agency was Oregon Department of Environmental 
Quality (ODEQ).  

Senior Technical Assistance, San Francisco Airport Reconfiguration 
Study, San Francisco, CA, Federal Aviation Administration (FAA), 
2000 – 2003: Senior member of team to develop a risk-based approach 
for evaluation, reuse, and management of dredged materials for the San 
Francisco Airport runway expansion and reconfiguration project. The 
approach took into account the controversial nature of the project, the 
presence of multiple agencies and public groups as stakeholders and the 
costs of different management alternatives.  

Human Health and Ecological Risk Assessment Task Leader, Hwy 
37 Widening, Napa, CA, Caltrans, 1998 – 2000: Conducted human 
health and ecological risk assessments and developed remediation goals 
for metals, solvents, and other organic chemicals for estuarine wetland 
and aquatic sites in San Francisco Bay for California Department of 
Transportation, for properties considered for acquisition for the Highway 
37 widening project.  

Lead Ecological Risk Assessor, NARL Property, Point Barrow, AK, 
U.S. Navy, EFA-Northwest, 1998 – 1999: Developed a tiered, RBCA-
type, ecological risk-based approach for TPH fractions to estimate clean-
up goals for petroleum hydrocarbons and solvents for Navy sites in Arctic 
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environments, using TPH Working Group, Alaska DEC, and USEPA 
Region 10 guidelines for risk assessment.  

Lead Human Health and Ecological Risk Assessor, IRP Projects, 
Various Locations, HI, AFCEE, Hickam AFB, and Other Sites, US 
Air Force, 1994 – 1996: Conducted human and ecological risk 
assessments and developed remediation goals for inland sites in Hawaii 
for the U.S. Coast Guard and U.S. Air Force.  

Lead Human Health and Ecological Risk Assessor, Whittaker-
Bermite Property, Santa Clarita, CA, Acton, Mickelson, Inc., 1996 – 
1998: Developed a baseline risk assessment work plan and risk-based 
remediation goals for a multipathway, multiple receptor combined human 
health and ecological risk assessment for a RCRA corrective action project 
in southern California.  

Project Management and Project Strategy Development 

Project Manager, IR Site 24A, Concord Naval Weapons Station, 
Concord, CA, U.S. Navy EFA-Southwest, 2010 – 2012: Soil at a former 
shooting range and munitions disposal area at Site 24A was contaminated 
with lead and other metals and some PAHs from treated wood.  The City 
of Concord proposes to redevelop this site as recreational open space.  As 
PM, she was responsible for a HHRA and ERA in support of an EE/CA 
(environmental evaluation/corrective action study).  The twenty-five 
chemicals detected at the site were refined to a short list of five driver 
chemicals of concern based on the risk assessments and risk-based clean-
up goals were developed to support the Navy’s decision-making options.   

Strategic Risk Assessment and Risk Management Liaison, Tesoro 
Golden Eagle Refinery, Avon, CA, Avon Remediation Team (ART), 
2007 – 2010: A blended team of consultants from multiple firms has been 
tasked with developing and implementing closure plans for a large 
number of former waste management units under RCRA (Title 22) and 
Solid Waste Management (Title 27) regulations at the Golden Eagle 
Refinery. As a member of the URS team for three of the units 
(contaminated with heavy metals and petroleum-related chemicals), liaison 
role was to ensure that the closure strategies developed for the units are 
consistent with the findings of the human health and ecological risk 
assessments performed by other teams and that the scope of current and 
future risk assessments is appropriate and relevant for closure of the URS-
assigned waste units. Interacted with a multi-disciplinary team of 
managers and technical staff in the development of strategies for 
definition of waste, delineation of waste-disposal boundaries, and 
development of risk-based approaches for remediation and closure.  

Senior Human Health Risk Assessor and Ecological Risk Reviewer, 
Signature “Estuary” Site, Oakland, CA, Shell Oil, Inc., 2012 – 
Ongoing: The Estuary site is a former petroleum bulk storage facility 
located in an urban area with residential uses adjacent to the Oakland 
estuary. Soils, soil gas, and groundwater at the site contain elevated levels 
of petroleum hydrocarbons. This is a highly visible project with health 
concerns related to vapor intrusion and discharge of contaminated 
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groundwater to the Estuary. Dr. Vedagiri assists with developing risk 
assessment and remediation strategy for the project, negotiation with the 
Water Board, and also oversees planning and execution of the human 
health and ecological risk assessments. 

Task Manager and Lead Human Health Risk Assessor, Transbay 
Cable and Converter Station Project, San Francisco, CA, Transbay 
Cable, LLC, 2006 – 2007: Transbay Cable LLC proposed  to construct a 
high-voltage, direct-current electric transmission cable from a converter 
station near the PG&E switchyard near Pittsburg, California, to the station 
near the PG&E switchyard in near Warm Water Cove in San Francisco. 
Issues of concern included risk management and redevelopment in areas 
with fill and groundwater contaminated with polynuclear aromatic 
hydrocarbons (PAHs) and metals. Lead human health risk assessor for the 
project and led scoping and negotiation meetings with the Water Board to 
define the scope and objectives of the risk assessment. The approach 
resulted in successful negotiations to apply risk management approaches as 
an acceptable substitute for extensive remediation.  

Task Manager and Lead Human Health Risk Assessor, Oakland 
Chemical Site, Oakland, CA, Chevron, Inc., 2006 – 2011: The 
Oakland chemical site is a former petroleum bulk storage facility located 
in an urban area with mixed industrial and commercial use and adjacent to 
the Oakland estuary. Soils, soil gas, and groundwater at the site contain 
elevated levels of chlorinated solvents and petroleum hydrocarbons. 
Developed the human health risk assessment work plan and assisted in 
the development of soil, soil gas, and groundwater sampling plans to 
characterize the site. Concerns related to vapor intrusion and ecological 
impacts were addressed by the risk assessment, with frequent 
communication and negotiation with the RWQCB as lead agency and 
resulted in the elimination of VOC-related exposures as pathways of 
concerns. 

Senior Risk Assessor, BRAC Project, North Antenna Field (NAF), 
Hamilton Army Airfield (HAAF), Novato, CA, U.S. Army Corps of 
Engineers (USACE), 2004 – 2006: The NAF area at HAAF is under 
consideration for a variety of development scenarios including remaining 
as uplands or reconversion to wetlands. Chemicals of concern include 
PCBs (polychlorinated biphenyls), PAHs (polynuclear aromatic 
hydrocarbons), and lead. The multi-agency reviewers include DTSC, the 
Regional Water Quality Control Board, California Department of Fish 
and Game, and U.S. Fish and Wildlife Service. While at CH2M HILL, led 
the human health risk assessment for fish consumption exposures and 
evaluated risks under different combinations of redevelopment scenarios. 
The risk assessment was accepted by the agencies without comment.  

 

Professional Societies/Affiliates 
Society for Environmental Toxicology and Chemistry (National and 
Northern California) (SETAC) 
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Risk Assessment Team – Interstate Technology and Regulatory Council 
(ITRC) 
Groundwater Resources Association (GRA) 
Association for Environmental Health and Sciences (AEHS) 
 
Languages 
Tamil – reading, writing, and speaking skills 
 
Specialized Training 
Certified Project Manager, URS, 2008 
Engineering Project Management Training, 1992, 1997 
Ecological Risk Assessment, USEPA, 1990, 1993 
OSHA 40-Hr Health and Safety Training, 1989 et seq. 
 
Publications 
 
Vedagiri, U., Cybele, H., Cole, S., Smith, S.  Ecological risk assessment 
aspects of perfluorinated chemicals (PFCs).  Presentation in preparation 
for National AEHS conference, San Diego, CA.  
 
Vedagiri, U., Patel-Coleman, K., and Curren, J.  2014.  A Critical Review 
of USEPA’s RSLs (2013) for Petroleum Hydrocarbons.  Presented at the 
Annual Meeting of Association for Environmental Health and Sciences 
(AEHS), San Diego, CA.  March.  
 
Vedagiri, U and Wakeman, J. 2013. Evaluation and Decision-Making 
Implications of the Infant Milk Ingestion Pathway in Human Health Risk 
Assessment.  Presented at Annual Meeting of Association of 
Environmental Health and Science (AEHS), San Diego, CA.  
 
Vedagiri, U., Kleinleder, R., Robey, S., and Watkins, V.  2010.  Chemical 
Exposures to Cook Inlet Beluga Whales.  Invited Presentation at NMFS 
Symposium on Cook Inlet Beluga Whales, Anchorage, Alaska.  October.  
 
MacMillan, S., Loso, H., Hedgecock, J., Vedagiri, U., and Patel-Coleman, 
K. 2009.  Analysis and Interpretation of PCB Congener Data for Risk 
Assessments.  Technical Workshop Presented at 20th International 
Conference of Association for Environmental Health and Science 
(AEHS), San Diego, CA.  March. 
 
Vedagiri, U., C.W. Wong, H. Loso, J. Wallace, L. McWilliams, C. Wheeler, 
and J. Wakeman.  2009.  Evaluation of Sediment and Tissue Data for Use 
in Risk Assessment.  Proceedings of the 5th International Battelle Conference on 
Remediation of Contaminated Sediments, Jacksonville, Florida.  February.   
 
Vedagiri, U., and H. Loso.  2008. Sediment Toxicity Testing: The Good, 
the Bad and the Ugly.  Presented at the Sponsors Meeting of the Sediment 
Management Work Group, Houston, TX.  September. 
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Vedagiri, U., and C. Marks.  2008.  Monitoring and Performance Metrics 
for a Sediment Remediation Project.  Presented at Sponsors Meeting of 
the Sediment Management Work Group, Kalamazoo, MI. 
 
Patel-Coleman, Kanan, and Usha Vedagiri.  2008.  How an Unassuming 
Exposure Pathway Can Derail Site Closure: Outdoor Vapor Inhalation.  
Presented at 18th Annual West Coast Meeting of Association for 
Environmental Health and Sciences, San Diego, CA.  March. 
 
Vedagiri, U., and C. Marks. 2007. Effectiveness of Remediation at a 
Sediment Site in San Francisco Bay.  Presented at Annual meeting of the 
Society for Environmental Toxicology and Chemistry, Milwaukee, WI.   
 
Vedagiri, U., and G. Lytle. 2005. Mining the RMP Database to Reduce 
Uncertainty in Risk Assessment for SF Bay. Presented at the Annual 
Meeting of the Northern California Society for Environmental Toxicology 
and Chemistry, Berkeley, CA.  
 
Vedagiri, U. and J. Kepke. 2005. Dischargers’ Perspectives on TMDLs. 
Presented at the Annual Meeting of the Industrial Environmental 
Association, San Diego, CA.  
 
Vedagiri, U., H. Loso, D. Mims, and M. Zak. 2001. Assessment of 
Remediation Needs for Contaminated Sediments with Respect to 
Screening Benchmarks and Toxicity Test Results. Presented at Annual 
Meeting of Nor-Cal SETAC, Santa Cruz. June 2001.  
 
Vedagiri, U., R. Brewer, M. Horrigan, and G. Pascoe. 1997. A Review of 
Available and Proposed Approaches to Ecological Risk Assessment of 
TPH Chemicals. Presented at 18th Annual SETAC Meeting, San 
Francisco, CA.  
 
Vedagiri, U., R. Brewer, and G. Pascoe. 1997. Development of an 
Ecological Risk-Based Cleanup Approach for TPH-Contaminated Sites in 
the Arctic. Presented at 18th Annual SETAC Meeting, San Francisco, CA.  
 
Vedagiri, U. 1995. Implications to Risk Assessment of Tissue 
Concentrations and Toxicity of PAHs in Terrestrial and Aquatic Plants. 
Presented at 16th Annual SETAC Meeting, Vancouver, Canada.  
 
Tardiff, R.G., M.R. Raybourn, U. Vedagiri, A. Kim, W. Barry, and 
W. Grannis. 1995. Use of Risk-Based Screening to Rank Sites for USAF 
15th ABW Installation Restoration Program. Presented at 16th Annual 
SETAC Meeting, Vancouver, Canada.  
 
Vedagiri, U., M.R. Raybourn, and A. Kim, 1995. What shall we do with 
this site? Agreements and disagreements in ecological risk screening using 
federal, regional and DOD procedures. Presented at Annual Meeting of 
Northern California Society of Environmental Toxicology and Chemistry, 
Santa Cruz, CA.  
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Vedagiri, U. 1994. Session Chair, Wetlands and Plant Communities in 
Ecological Risk Assessment, 15th Annual Society of Environmental 
Toxicology Meeting (SETAC), Denver, CO.  
 
Vedagiri, U. 1994. Industrial Contaminants and Risks to Plant 
Communities. Presented at 15th Annual Meeting, SETAC, Denver, CO.  
 
Vedagiri, U. 1993. Baseline Ecological Risk Assessment and Remediation 
Alternatives for a Hydrocarbon-Contaminated Estuarine Wetland. 
Presented at 14th Annual SETAC Meeting, Houston, TX.  
 
Vedagiri, U., D. Duh, L. Yates, and C. Papageorgis. 1992. Status of 
Benthic Macro Invertebrate Communities in the Vicinity of Fresh Kills 
Landfill in the New York Harbor Area. Presented at 13th Annual SETAC 
Meeting, Cincinnati, OH.  
 
Vedagiri, U., and J. Ehrenfeld. 1992. Fractionation and partitioning of lead 
in pristine and polluted waters of naturally acidic wetlands. Water, Air and 
Soil Pollution 64:511–524.  
 
Vedagiri, U. and J. Ehrenfeld. 1992. Effects of sphagnum moss and urban 
runoff on bioavailability of lead and zinc from acidic wetlands in the New 
Jersey Pinelands. Environmental Pollution 72(4):317–330.  
 
Winfield, T., and U. Vedagiri. 1991. Visual effects of a No.2 fuel oil spill 
on the intertidal Spartina marshes along the Arthur Kill and tributaries. 
Presented at 12th Annual SETAC Meeting, Seattle, WA.  
 
Vedagiri, U., and W.S. Douglas. 1989. Acute toxicity of urban and 
suburban residential runoff. Presented at 10th Annual SETAC Meeting, 
Toronto, Canada. 
 
Chronology 
2006 – Present: Principal Risk Assessor, URS Corporation, Oakland, CA 
2004 – 2006: Senior Technologist, CH2M HILL, Oakland, CA 
1998 – 2004: Senior Consultant, URS Corporation, Oakland, CA 
1994 – 1998: Project Manager, EA Engineering, Science and Technology, 
Lafayette, CA  
1989 – 1994: Senior Scientist, IT Corporation, Edison, NJ 
1986 – 1987: Environmental Professional, Division of Water Resources, 
Dept. of Environmental Protection, Trenton, NJ 
1982 – 1983: Environmental Compliance Professional, Ethicon, Inc., 
Somerville, NJ 
 
Contact Information 
URS Corporation 
1333 Broadway, Suite 800 
Oakland, CA 94612-1924 
Tel: 510.893.3600 
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Direct: 510.874.3123 
Fax:  510.874.3268 
Usha.vedagiri@urs.com 
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Heather Loso 
Principal Risk Assessor 

Overview 
Ms. Loso has over 19 years of environmental consulting experience with a 
focus on ecological risk assessment and ecotoxicology.  Ms. Loso 
currently manages and executes risk assessments for government and 
commercial projects.  She applies risk-based evaluation and remediation 
approaches to industrial and developed areas slated for reuse and 
redevelopment, including aquatic, wetland, and terrestrial environments.  
She has served as peer reviewer on ecological risk assessments conducted 
in several states and has worked closely with many federal, state, and local  
regulatory agencies. 

Project Specific Experience 

Federal Projects 

Task Leader, Ecological Risk Assessment, Burrow Canyon 
Treatment Facility Open Burn/Open Detonation site, China Lake 
Naval Air Weapons Station, CA, 2013 – 2014, $50K: Task leader for 
evaluation of ecological risks associated with residual concentrations of 
metals and perchlorate as part of the 5-year review process.  Updated 
former ERA to be consistent with DTSC guidance and estimated risks 
from exposure of desert flora and fauna using site-specific tissue data for 
metals and two types of literature models to estimate perchlorate 
concentrations in plants.  Worked closely with DTSC on perchlorate risk 
estimates, and successfully completed ERA process within a short 
timeframe. 

Task Manager, Risk Assessment and Risk-Based Remediation, 
Bradford Island, OR, U.S. Army Corps of Engineers (USACE), 1999 
– Present, $1.8M:  Task leader for evaluation of ecological risks and 
development of remediation goals for a former landfill in Oregon owned 
by USACE.  The site is an island in the Columbia River, and impacts 
associated primarily with PCBs in the river, and metals, pesticides, PAHs, 
and VOCs in soil of the upland landfill and other former disposal areas, as 
well as groundwater discharging to surface water, are being addressed. 

Prepared ecological risk assessments for upland and river habitats as part 
of Remedial Investigation that included a comprehensive pre-removal 
sediment investigation.  Benthic and fish tissues analyzed for purposes of 
trophic modeling (includes methylmercury).  Subsistence fish harvesters 
and threatened and endangered birds comprise the focus of the 
remediation efforts.  Potential impacts to protected fish species, including 
salmonids, also considered.  Latest fugacity-based model appropriate for 
the site (i.e., AQUAWEB) may be used.  Evaluating both Aroclors and 
PCB congeners in river media (sediment and tissue), including media of 
an upstream reference site.  Remedial goals may be calculated in the 
Feasibility Study. 

 

Areas of Expertise 
Ecological Risk Assessment 
Risk-Based Remediation 
Contaminated Sediment Remediation 

Years of Experience 
With URS: 15 Years 
With Other Firms: 4 Years 

Education 
BS/Environmental Policy and 
Behavior/1996/University of 
Michigan, Ann Arbor 

Registration/Certification 
2008/URS Project Management 
Certification 
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Senior Ecological Risk Assessor, Garrison Yuma Proving Ground, 
Arizona, U.S. Army, 2014, $10K: Third party reviewer of ecological risk 
assessment conducted for metals and perchlorate for several sites at the 
Army base, and responses to Arizona DEQ comments.  Provided 
condensed letter describing principal ecological issues to address in order 
to successfully complete risk assessment process. 

Task Leader, Ecological Risk Assessment, Stanford Linear 
Accelerator Center (SLAC), Menlo Park, CA, U.S. Dept. of Energy 
(US DOE), 2011, $200K: Task leader for an evaluation of current and 
potential future ecological impacts from activities performed at two OUs 
associated with the Stanford National Accelerator Laboratory. Potential 
chemicals of concern include metals, PCBs, TPH, and PAHs in soil, 
sediment, and surface water. Presence of special status amphibian and fish 
species is documented in nearby aquatic habitats, although both terrestrial 
and aquatic habitats were evaluated. Evaluation of modeled PCB levels in 
storm water potentially discharging into nearby creek involved rigorous 
investigation of AWQC for PCBs and appropriate application. Site-
specific PRGs for soil, sediment, and water developed as part of the 
ecological risk assessment. High-profile project that involved rigorous 
stakeholder reviews of each work product. 

Senior Ecological Risk Assessor, East Bay Hills Fire Reduction 
Project, Oakland, CA, Federal Emergency Management Agency 
(FEMA), 2010 – Present: Design and implement an ERA approach for 
assessing impacts to target and non-target receptors of terrestrial and 
aquatic habitats from herbicides applied to eradicate non-native plant 
species and to reduce fuel build-up to grantees including the cities of 
Oakland and Emeryville and the University of California-Berkeley.  
Evaluation of ecological impacts is being conducted in support of an EIS. 
Both common and sensitive species, such as steelhead trout and 
California red-legged frogs, are being assessed. 

Customized exposure models are being developed to estimate point 
concentrations based on the proposed herbicide application methods and 
rates of application of specific herbicide mixtures.  The ecotoxicity of 
active and inert (e.g., surfactants) herbicide ingredients are being 
considered.  These concentrations will be used to evaluate the effects of 
herbicides on native vs. non-native species, effects on protected species, 
and direct toxicity as well as food web-based effects. 

Senior Ecological Risk Assessor, Former Concord Naval Weapons 
Station and Naval Base Coronado in California, 2009 – Present, 
$1M: Managed and executed multi-site ecological risk assessments for 
former munitions and firing range sites.  Currently serving as peer 
reviewer. Risks to ecological receptors from exposure to metals, 
explosives, VOCs, PAHs, PCBs, and/or lead shot at several naval sites in 
southern and northern California in support of Site Investigations, 
Remedial Investigations, and Engineering Evaluations/Cost Analysis.  
Sensitive receptors at these sites include protected species of amphibians, 
reptiles, and birds (e.g., burrowing owls and shorebirds). 

P:\BP\2014_60308958\60327666_Santa_PaulaFish\900_WORKING-DOCS\940_Draft-Docs\Exhibit A. 

CopperToxOnSteelhead\Loso_Heather_MASTER.doc 2 



 
 
 
 

Heather Loso 

Task Manager, Risk Assessment and Risk-Based Remediation, 
Travis Air Force Base, Fairfield, CA and Beale AFB, Sacramento, 
CA, U.S. Air Force, 1999 – 2006, > $8M: Managed risk assessments and 
worked closely with inter-agency task groups for two air force bases in 
California.  The lead agencies include DTSC, RWQCB, USEPA, and 
federal and state natural resource trustee agencies.  Evaluated risks for 
several upland sites with threatened and endangered species, as well as 
freshwater aquatic habitats that involved salmon protection due to the 
potential presence of wild species and hatchery strays in the main creek at 
Travis AFB.  Provided recommendations in support of remedial designs 
and site closures, and developed ecological cleanup goals in support of the 
Record of Decision.  Field-collected crayfish tissue and collocated 
sediment samples analyzed for bioaccumulative chemicals (including 
PCBs) used to assess risks to wildlife.  Developed and executed plan to 
collect sediment samples from former landfill site for toxicity test and 
bioaccumulation test analysis primarily due to the presence of PCBs.  
Interpreted bioassay results in support of remedial decisions. 

Risk Support, Ecological Risk Assessment and Risk-Based 
Remediation, McClellan, CA, McClellan Air Force Base, 2005 – 
2008, $250K: Prepared a screening level (Tier 1) and/or site-specific (Tier 
2) ecological risk assessments for seven creek sites at McClellan AFB in 
support of Remedial Investigation Characterization Summaries (RICS).  
Calculated ecological risk-based screening levels for bioaccumulative 
chemicals, including PCBs, in to be used as potential remediation goals at 
applicable sites. In addition to freshwater aquatic habitats of the creeks, 
potential impacts to vernal pools were also assessed, some of which are 
known to harbor protected species of freshwater aquatic invertebrates.  
The lead agencies include DTSC, RWQCB, USEPA, and federal and state 
natural resource trustee agencies. 

Risk Support, Ecological Risk Assessment, San Francisco Airport 
Expansion Project, San Francisco, CA, Federal Aviation 
Administration (FAA), 2000 – 2003, $7.5M: Developed risk-based 
approach for evaluation, reuse, and management of dredged materials for 
the San Francisco International Airport runway expansion and 
reconfiguration project.  Conducted an ecological evaluation of potential 
impacts posed by construction activities during dredging and disposal 
(several dredging alternatives under consideration). Reviewed toxicological 
studies for the development of target risk-based concentrations for 
mercury, PCBs, and PAHs protective of marine species.  Past and current 
risk-based approaches take into account the controversial nature of the 
project, the presence of multiple agencies and public groups as 
stakeholders, and the costs of different management alternatives. 

Ecotoxicologist, Big Bear Lake Environmental Restoration Project, 
Big Bear Lake, CA, U.S. Army Corps of Engineers (USACE), 2006 – 
2007, $250K:  Evaluated chemical analytical data collected from pre-
dredged sediment locations in Big Bear Lake (3,000 acres) to assess the 
potential for risk to aquatic and terrestrial habitats based on various 
sediment reuse options, e.g., in-water disposal sites completely 
submerged, creation of small islands for resident and migratory birds, or 

P:\BP\2014_60308958\60327666_Santa_PaulaFish\900_WORKING-DOCS\940_Draft-Docs\Exhibit A. 

CopperToxOnSteelhead\Loso_Heather_MASTER.doc 3 



 
 
 
 

Heather Loso 

upland reuse as beach sediments.  Primary source of metals and PAH 
contamination originates from recreational activities in the lake, including 
a large marina.  Several stakeholders involved in reuse and restoration 
decisions, including federal, state, and local agencies, as well as public 
advocacy groups. 

Risk Support, Ecological Risk Assessment, Tongue Point, Astoria, 
WA, U.S. Coast Guard, 2000 – 2002, $250K: Technical support for site 
investigation and risk screening for a site owned by the U.S. Coast Guard 
that is part of the adjacent Lewis and Clark National Wildlife Refuge. 
Evaluated ecological risks for mixed upland and estuarine habitats 
impacted by metals and PAHs originating from sandblasting grit piles and 
a hazardous waste landfill on the peninsula adjacent to the Columbia 
River.  Transport of sandblast grit to the black sand beach and offshore 
sediments was a primary concern.  Developed target cleanup goals for 
soil. 

Ecological Risk Assessor, PCB Ecological Risk Evaluation, 
Aleutian Islands, Amchitka, Alaska, 2007 – 2009 $50K: Provided peer 
review risk assessment services for ecological RI investigation reports 
evaluating sediment, soil, surface water and biota tissues impacted by 
PCBs. 

Ecological Risk Assessor, Wake Island Airfield Environmental 
Evaluation, Wake Island, U.S. Air Force, 2001 – 2008, $200K:  
Provided peer review risk assessment services for ecological RI 
investigation reports for sediment, soil, surface water and biota tissues 
impacted by ordnance, petroleum pipeline releases, pesticides, herbicides, 
PCBs and inorganics to the workforce on the atoll, as well as impacts to 
the ocean, lagoon environment, and areas with sensitive bird nesting 
habitat. 

Risk Support, Ecological Risk Assessment, San Luis Drainage EIS, 
San Joaquin Valley, CA, U.S. Bureau of Reclamation (USBR), 2002 
– 2005, $2.3M: Conducted an evaluation of potential ecological impacts 
due to several different alternatives for disposal of selenium-laden 
agricultural drainage water from the California Central Valley.  Assessed 
site-specific toxicological and bioaccumulative effects of selenium to 
freshwater aquatic organisms and birds, with extensive literature review 
and project-specific experiments. 

Risk Support, Ecological Risk Assessment, Hamilton Army Airfield, 
Novato, CA, U.S. Army, 1997 – 1999,>$1M: Prepared a baseline 
ecological risk assessment under a future land use scenario for Hamilton 
Army Airfield, owned by the USACE.  Duties included:  statistical analysis 
and graph preparation; calculation of partitioning coefficients, 
bioaccumulation factors, and site-specific trophic transfer factors; 
derivation of TPH toxicity threshold values for birds and mammals; 
evaluation of sediment toxicity data; development of conceptual models; 
selection of life history parameters; development and implementation of 
models to calculate exposure point doses or target cleanup concentrations 
for sediment; and technical writing.  Contributed to risk management 
decisions in support of a feasibility study. 
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Risk Support, Ecological Risk Assessment, Vandenberg Air Force 
Base, CA, U.S. Air Force, 1998—2000, $250K: Assisted with 
preparation of a baseline ecological risk assessment for a cluster of sites at 
Vandenberg Air Force Base with differing habitats and exposure scenarios 
to identify risk. 

State and Local Authority Projects 

Task Leader, Ecological Risk Assessment, San Dieguito Unified 
High School District – La Costa Valley Site, Carlsbad, CA, 2014, 
2014 – Present, $50K: Conducted ecological risk assessment in support 
of Preliminary Endangerment Assessment in accordance with DTSC 
guidance. Evaluated impacts of arsenic and pesticides on terrestrial and 
aquatic organisms and wildlife for proposed future site development that 
include construction of athletic fields, a gymnasium and a multi-purpose 
building. Extended scope of PEA to include an abbreviated baseline risk 
assessment to support no further action. 

Risk Assessor, Ecological Risk Assessment on Lead Shot, 
Chatsworth Park, City of Los Angeles, CA, 2009 – Present, $80K:  
Peer review support for evaluation of the ecological impacts from metals, 
residual clay targets and lead shot pellets at a former skeet shooting range.  
Relative risk to birds based on preferred grit size ingestion as compared to 
lead pellet sizes was performed.  Back-calculated ecological cleanup goals 
for use in future remedial action. 

Risk Support, Ecological Risk Assessment, Aquatic Pesticide 
NPDES Permit Compliance and CEQA Documentation, San 
Joaquin Valley, CA, San Joaquin River Group Authority, 2002 – 
2005, $150K: Assisted five irrigations districts in compliance with new 
requirements for aquatic herbicide use.  Conducted ecotoxicological 
research and review of primary literature on herbicides, including 
Magnacide H, glyphosate, and various copper compounds. 

Risk Support, Ecological Risk Assessment for Algaecide 
Application, Marin County, CA, Marin Municipal Water District 
(MMWD), 2004 – 2004, $67K: Conducted an evaluation of potential 
ecological impacts as a result of applying copper sulfate to drinking water 
reservoirs for control of algae.  Included review of biological survey data 
to identify aquatic communities and special status species, and a detailed 
literature review of copper toxicity data focused on these site-specific 
communities and species. Assessment was used to support CEQA 
documentation. 

Task Manager, Ecological Risk Assessment, Mobile Smelting, 
Mojave, CA, DTSC, 2000 – 2006, $350K: Task managed an ecological 
risk assessment for a DTSC-orphan site in the Mojave desert 
characterized by metals and dioxins contamination.  DTSC-HERD was 
the reviewer on this project.  Implemented a TEF/TEQ approach to 
evaluate the impacts of dioxins to sensitive desert-residing organisms.  
Site-specific and literature-based transfer factors for dioxins in soils 
accumulating in bird egg tissues quantitatively evaluated.  Results of the 
risk assessment used to facilitate remedial decisions, and target cleanup 
goals developed for the forthcoming Remedial Design. 
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Private Sector Projects 

Task Leader, Ecological Risk-Based Evaluation, Valero Refinery 
Company, Valero Refinery, Benicia, CA, 2014, $50K: Lead evaluation 
of risks to estuarine aquatic organisms in creeks adjacent to wastewater 
treatment ponds and main refinery from potential groundwater discharge.  
Successfully negotiated groundwater discharge requirements for TPH, 
BTEX, and MTBE that reflect application of mixing and attenuation 
factor for interior wells of treatment ponds, as well as main refinery; 
approved by San Francisco Bay Regional Water Quality Control Board. 
 
Senior Technical Reviewer, Soil and Groundwater Risk Assessment 
for Former Shell Cabras Island, Guam, Shell Oil Products, 2014-
Present, $60K:   Provided technical input on a risk-based approach to 
assess former pipeline releases to soil and groundwater for six areas of 
concern, with specific focus on groundwater to ocean transport.  Assessed 
risk to adjacent marine ecosystem, including fish consumption pathway 
for human health, from exposure to TPH, PAHs, and BTEX.  Direct 
toxicity to aquatic organisms as well as the potential for bioaccumulation 
exposure by upper trophic levels receptors are the ecological endpoints of 
concern.  Through an evaluation of multiple lines of evidence, no further 
action for groundwater was supported for three sites, and a reduction in 
groundwater monitoring was concluded for a fourth site. 

Senior Risk Assessor, Ecological Risk Assessment on Mercury in 
Groundwater, Clorox Site, Oakland, CA, 2014:  Conducted a risk-
based evaluation of the ecological impacts from mercury in groundwater 
discharging to San Francisco Bay via storm drain transport.  Assessed 
measured and modelled mercury concentrations at point of discharge as 
well as benthic invertebrate and fish tissue data to formulate conclusions 
about the potential for direct toxicity and bioaccumulation exposure via 
organism consumption.  Reviewed regional surface water and tissue data 
for mercury to separate site-related impacts from other non-point sources 
entering the Bay in this industrial area. 

Senior Technical Reviewer, Development of Groundwater Action 
Levels Protective of Sediment Exposure, Former Agat Terminal, 
Guam, Shell Global, 2010.  Provided technical input on modeling 
approach for sediment equilibrium partitioning to address the 
contribution of groundwater discharge to sediment concentrations of 
PAHs from historic operations.  The model utilized known sediment 
concentrations protective of benthic organisms to back-calculate 
acceptable pore water, surface water and groundwater concentrations.  
This simplistic model has numerous practical applications for situations 
where multiple potentially responsible parties (PRPs) contribute to 
sediment contamination or where a property transfer has occurred and a 
PRP is liable only for historic groundwater contributions. 

Senior Technical Lead, Ecological Risk Assessment and Risk-
Based Remediation, Santa Barbara, CA, Former Hercules Gas 
Plant, Shell Exploration and Production Company, 2003 – Present, 
> $2M: Serving as technical lead and peer reviewer on tiered ecological 
risk assessments being performed on upland and marine habitats 
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associated with the former gas plant.  Chemicals of concern include 
mercury and PCBs.  Evaluating both Aroclors and PCB congeners. 
Developed multiple sampling plans for ERA data collection. Field 
collected and laboratory derived (bioaccumulation testing) benthic tissues 
used to develop site-specific biota-sediment accumulation factors for the 
freshwater aquatic portion of the upland habitat.  Analyzed sediment and 
water toxicity tests from quarterly samples collected from freshwater 
creek.  Multiple fish species and benthic invertebrates have also been 
collected to assess risks to marine wildlife receptors, including exposure to 
methyl mercury.  Remediation will be driven by ecological risk and, 
therefore, cleanup goals are underway.  Residual risks are being calculated 
in the Feasibility Study and the link between the upland and marine sites is 
being evaluated. 

Risk Assessor, Ecological Risk Assessment, Guam Petroleum 
Terminal Facility, Guam, Shell Guam Inc., 2011 – Present, $100K:  
Assessed impacts to human health and the environment from metals, 
VOCs, TPH, and PAHs in soil, sediment, seeps, groundwater, and surface 
water in support of a RCRA facility investigation.  Previous data gaps 
were filled and recommendations regarding the need for remediation were 
made. 

Task Manager, Ecological Risk Assessment and Risk-Based 
Remediation, Western Stege Marsh, Richmond, CA, University of 
California, 2001 – 2004, $3.5M and Peyton Slough, Martinez, CA, 
Rhodia, Inc., 2000 – 2007, $4.9M: Served as task manager on ecological 
risk assessments for two sites in San Francisco Bay identified as “Toxic 
Hot Spots.”  Evaluated ecological impacts to estuarine and terrestrial 
receptors and developed risk-based remediation and risk management 
approaches.  Threatened and endangered species are known to be present 
at both sites.  Chemicals of primary concern include metals (particularly 
mercury, arsenic, copper, and zinc), PCBs, and chlorinated pesticides.  
Sediment toxicity and bioaccumulation testing performed at both sites.  
These data were used to interpret risks and develop preliminary 
remediation goals. 

Senior Technical Lead, Ecological Risk Assessment and Risk-
Based Remediation, Fillmore, CA, Fillmore Facility, Chevron, 2008 
– Present, > $1M: Serving as technical lead on tiered ecological risk 
assessment performed on upland habitats impacted with organic lead, 
metals, VOCs, and PAHs.  Developed preliminary cleanup goals for 
organic lead in support of risk-based remediation. 

Risk Support, Ecological Risk Assessment and Risk-Based 
Remediation, Shearwater Site, South San Francisco, CA, U.S. Steel, 
1999 – 2005, $3M: Implemented a tiered risk-based approach for an 
offshore property identified as a San Francisco Bay “Toxic Hot Spot” to 
evaluate ecological impacts associated with sediment containing trace 
metals, PAHs, PCBs, and TPH.  Performed a screening level assessment 
and calculated ecological site-specific target levels for bioaccumulative 
chemicals.  Interpreted sediment toxicity and bioaccumulation test results.  
In addition, served as task leader for permitting process subsequent to 
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agency acceptance of selected remedial alternative.  Obtained 
dredging/remediation permits from BCDC, USACE, RWQCB, and City 
of South San Francisco. 

Task Leader, Ecological Risk Assessment, United Defense Site, 
Hollister, CA, UDLP, 2003 – Present, $1M: Task leader for an 
evaluation of ecological impact from ongoing explosive testing. Potential 
chemicals of concern included perchlorate, explosives (i.e., TNT, and 
degradation products [e.g., TNB], HMX, and RDX), and nitrates/nitrates 
in soil or groundwater and surface water. Possible presence of special 
status species was noted during the biological survey conducted on the 
terrestrial and aquatic habitats of the site. Site cleanup goals for soil and 
water were developed as part of the ecological risk assessment. 

Task Leader, Ecological Risk-based Evaluation, Colusa Generating 
Station, Reliant Energy Colusa County, LLC, 2001 – 2007, $100K: 
Task leader for evaluating potential phytotoxic effects to crops grown on 
organic farm located in the vicinity of the proposed generating station.  
The evaluation was performed in support of the Air Quality and Public 
Health (Health Risk Assessment) sections of the Application for 
Certification (AFC) to the California Energy Commission (CEC) for the 
Reliant Resource’s proposed 530 MW power plant.  Modeled aerial 
depositional rates and pollutant concentrations were incorporated into a 
risk-based evaluation for crops and potential wildlife receptors. 

Task Manager, Risk Assessment, Redbluff, CA, Client Confidential, 
2001 – 2004, $250K: Served as task manager on ecological and human 
health risk screening evaluation for small landfill adjacent to Sacramento 
River owned by a paper product recycling company in support of a solid 
waste permit exemption.  The lead agencies include the CVRWQCB and 
California Waste Management Board. Conducted a site reconnaissance 
and evaluated existing groundwater monitoring, surface water, and soil 
data to assess potential risks to human and ecological receptors.  
Interpretation of surface water toxicity test results for freshwater fish 
species performed to assess risk to common and protected species in the 
adjacent river. 

Task Leader, Ecological Risk Assessment, Evergreen Oil Refinery, 
Newark, CA, Evergreen Oil, Inc., 1998, $45K: Task leader for 
evaluation of ecological impacts from future expansion of an oil re-
refinery adjacent to San Francisco Bay.  DTSC is the lead agency.  
Screening level ecological risk assessment conducted requiring the 
development site-specific risk-based screening levels protective of wetland 
and marine aquatic receptors. 

Professional Societies/Affiliates 
National and Florida Association of Environmental Professionals 
 
Specialized Training 
OSHA 29 CFR 1910.120 40-Hour Safety Training, September 1997 
3-Day Ecological Risk Assessment Course, UC - Berkeley Extension, 
September 1998 
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Principles of Toxicology, UC - Berkeley Extension, September - 
December 2000 
OSHA HAZWOPER 8-hour Refresher, 2011 
Introduction to Organic Chemistry and Biochemistry, UC –Berkeley 
Extension, January – May 2002 
Ecology of Wetlands, UC –Berkeley Extension, January – April 2003 
 
Publications 
Vedagiri, U., H. Loso, D. Mims, M. Zak.  2001.  “Assessment of 
Remediation Needs for Contaminated Sediments with Respect to 
Screening Benchmarks and Toxicity Test Results.”  Presented at 11th 
Annual NorCal SETAC Meeting, Santa Cruz, CA. 
 
Loso, H., U. Vedagiri, K. Lehman, C. Kontonickas, D. Malsberger. 2007. 
“Ecological Risk Assessment and Remediation at Union Creek, Travis 
AFB, California.” Presented at 17th Annual NorCal SETAC Meeting, 
Berkeley, CA and at the 10th International ConSoil Conference 2008, 
Milan, Italy. 
 
Hedgecock, J., S. Quiring, N. Darigo, H. Loso. 2008. “Data Quality and 
Implications for Risk-Based Remedial Actions.” Presented at A&WMA’s 
101st Annual Conference and Exhibition, Portland, OR. 
 
Vedagiri, U. and H. Loso. 2008. “Sediment Toxicity Testing: The Good, 
the Bad and the Ugly.”   SMWG Fall Sponsor Forum, Houston ,  TX. 
 
McMillan, S., H. Loso, J. Hedgecock, C. Wheeler, and A. Roberts. 2009.  
“PCBs in Sediment and Soil: Issues with Use of Aroclor and Congener 
Data,” Abstract accepted for Battelle Conference, February 2009. 
 
MacMillan, S. K.Patel-Coleman, H. Loso, J.Hedgecock, U. Vedagiri, and 
S. Quiring. 2010. Presenter at Congener/Aroclor PCB Analysis and Data 
Interpretation Workshop.  Association for Environmental Health and 
Sciences, March. 
 
Hedgecock, J., H. Loso, D. Stiffel. 2011. “Development of Groundwater 
Action Levels Protective of Benthos” Presented at Battelle’s 6th 
International Conference on Remediation of Contaminated Sediments, 
New Orleans, LA. 
 
Vedagiri, U., J. Hedgecock, C. Schwach, and H. Loso. 2014. “Meeting 
Challenges in Decision-Making When Evaluating Risks Associated with 
Emerging Chemicals” Presented at Association for Environmental Health 
and Sciences, San Diego, CA, May. 
 
J. Hedgecock, U. Vedagiri, C. Schwach, and H. Loso. 2014. “Filling Data 
Gaps to Meet California’s Safer Consumer Products Regulations” 
Presented at 24th Annual NorCal SETAC Meeting, Berkeley, CA, June. 
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Chronology 
01/00 – Present: URS Corporation, Senior Risk Assessor, Oakland, CA 
11/98 – 12/99: The IT Group, Engineer/Scientist I, Concord, CA 
08/97 – 11/98: IT Corporation, Assistant Engineer/Scientist III, 
Martinez, CA 
09/96 – 08/97: Gradient Corporation, Environmental Technician, Ann 
Arbor, MI 
 
Contact Information 
AECOM 
1333 Broadway, Suite 800 
Oakland, CA 94612-1924 
Tel: 510.893.3600 
Direct: 727.258.7540 
Heather.loso@urs.com 
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AECOM Design + Planning Résumé 

Education 
B.S. Fisheries Science, Humboldt State University, Arcata, California, 1979 
 
Professional Registrations 
USFWS Section 10(a)1(A) Recovery Permit (#TE-101156-0): tidewater goby 
CDFW Scientific Collecting Permit 
 
Affiliations 
American Institute of Fishery Research Biologists (AIFRB); Fellow  
American Fisheries Society (AFS); CalNeva Chapter  
 
Awards 
AIFRB President, 2014 
AIFRB, Distinguished Service Award: 2008 
AFS Special Services Awards: 2007 and 2008 
 
Selected Publications + Technical Papers 
 
Expansion of the non-native Mississippi Silverside, Menidia audens (Pisces, 
Atherinopsidae), into fresh and marine waters of coastal southern California, 
Camm Swift, S. Howard, J. Mulder, D. Pondella II, and T. Keegan, Bulletin of the 
Southern California Acadamy of Sciences, 2014. 
 
NOAA ARRA Tidal Marsh Restoration Project, San Francisco Bay Estuary: South 
Bay Acoustic Tagged Fish Monitoring Study, DU Project Number US-CA-446-5, 
T. Keegan and E. Tozzi, February 2013. 
 
Napa River Fish Acoustic Tagging and Monitoring Study; Final Results, NOAA 
ARRA Tidal Marsh Restoration Project, San Francisco Bay Estuary, DU Project 
Number US-CA-446-5, T. Keegan, October 2012. 
 
Survival and Movement Patterns of Central California Coast Native Steelhead 
Trout (Oncorhynchus mykiss) in the Napa River, Environmental Biology of 
Fishes; Special Edition, P. Sandstrom and T. Keegan, 2012. 
 
Report of Findings; Juvenile Salmonid and Green Sturgeon Acoustic Tag Project, 
Mare Island US Army Reserve Center (CA150), Mare Island Strait, Solano 
County, California, T. Keegan, October 2010. 
 
Literature Review: Fish Behavior in Response to Dredging and Dredge Material 
Placement.  US Army Corps of Engineers, San Francisco District, T. Keegan, 
February 2008. 
 
Professional History 
2013 – Present 
AECOM 
Senior Fisheries Scientist 
 
Career Start: 1979 

Thomas Keegan has over 35 years of experience as a fisheries 
scientist/ecologist, with particular focus on the effects of altered 
flows to native fish species populations and their habitats, 
especially for special-status species such as Steelhead, 
Chinook and Coho Salmon, and Green Sturgeon. Mr. Keegan 
routinely manages anadromous fish population and passage 
evaluations, aquatic habitat investigations, and benthic 
macroinvertebrate SWAMP bioassessments.  He manages 
impact assessments for water development projects, and is 
known for innovative design for entrainment assessments at 
hydro tailraces/power canals and diversions. He is routinely 
approved by NMFS, USFWS, and CDFW for oversight of 
numerous special-status fish relocation efforts throughout the 
state. 
 
Mr. Keegan has special expertise in impact assesments to 
estuarine fish species, having conducted hundreds of fisheries 
assessments related to altered outlow to the Delta and 
numerous coastal estuaries, dredging and dredge material 
placement, maritime construction, effluent discharge, shoreline 
construction, and tidal marsh habitat and restoration design. He 
is a founding member of the California Fish Tagging 
Consortium and has conducted numerous telemetry (acoustic 
tag) studies of steelhead, Chinook salmon, green sturgeon, 
and white sturgeon in the Napa River, and in San Francisco 
Bay and Delta.  
 
Mr. Keegan also has expertise in environmental policies and 
regulations, especially the state and federal Endangered 
Species Acts. He routinely manages Biological Assessments 
(USFWS and NMFS) for special-status fish and wildlife 
species, and has extensive experience in EIR/EIS and EA 
preparation, alternatives analysis and mitigation 
design/monitoring.  
 
 
 

 

Thomas P. Keegan 

Senior Fisheries Scientist 

  



           

 
 

Thomas Keegan Résumé 

Selected Experience with Steelhead Passage Assessments 
in Southern California 
 
Preparation of an Independent Assessment of Southern 
Steelhead Passage in Santa Paula Creek, Santa Clara River 
Basin, Ventura County, CA.  Mr. Keegan recently conducted 
an assessment of Southern Steelhead passage to form the 
basis of the City of Santa Paula’s SEIR for the East Gateway 
Project relative to steelhead passage in Santa Paula Creek.  
Following a site visit to the Santa Paula Creek and Corp of 
Engineers fish ladder facility, this assessment included a 
thorough review of the NOAA NMFS Biological Assessments, 
Corps of Engineers response to Draft and Final BOs, VCWPD 
Op and Maintenance program BO, and all other pertinent 
documents relative to Southern Steelhead passage and rearing 
habitat throughout the basin.  Mr. Keegan conducted an 
independent data analysis of previously collected data and 
from a review of hydrogeological reports to form his opinion. 
 
City of Santa Barbara, Santa Ynez River/Lake Cachuma 
Studies, Santa Barbara County, CA. Mr. Keegan was a 
member of the Santa Ynez River Technical Advisory 
Committee composed of federal, state and local agency 
personnel and water purveyors, in support of SWRCB water 
rights mandate and hearings. Mr. Keegan designed and 
directed sampling efforts in the Santa Ynez River basin for 
determining suitable steelhead passage flows, adult and 
juvenile passage timing, and habitat availability under various 
flow release schedules. He also developed mitigation 
monitoring and restoration plans, and assessed the tidewater 
goby population in the Santa Ynez River Lagoon. 
 
Expert Witness for Steelhead Passage and Juvenile 
Rearing Relative to Cachuma Project Water Rights 
Hearings before the State Water Resources Control Board, 
2003.  Mr. Keegan conducted a thorough review of a multi-year 
dataset collected by COMB and provided his opinion on the 
status of the steelhead population relative to proposed flow and 
non-flow enhancement actions identified in the Cachuma 
Biological Opinion and Lower Santa Ynez River Fish 
Management Plan for the protection of the steelhead fishery 
downstream of Bradbury Dam. 
 
United Water Conservation District, Steelhead Passage 
Monitoring at Vern Freeman Dam, Santa Clara River, 
Ventura County, CA. Mr. Keegan designed and conducted the 
initial multi-year steelhead monitoring program for both adult 
(upstream migrating) and juvenile (downstream migrating) 
steelhead, to calibrate efficiency of the Vern Freeman Dam 

Fishway. He designed and installed custom sampling 
apparatus in the fishway and managed sampling efforts over 
three seasons.  
 
Davis Ranch, Steelhead Emigration Investigation, Cayucos 
Creek, CA. Mr. Keegan managed a three-year steelhead 
emigration investigation in Cayucos Creek (San Luis Obispo 
County) pursuant to NMFS Biological Opinion relative to effects 
of groundwater pumping on Cayucos Creek surface flow. He 
prepared a mitigation monitoring plan, supporting 
documentation for incidental take permit for steelhead and 
California red-legged frog, and implemented the juvenile 
salmonid emigration trapping plan. The plan also included 
supervision of continuous water temperature and flow 
monitoring, installation and monitoring of staff gages, and 
development of a stage-discharge relationship model. These 
parameters were used to describe seasonal steelhead habitat 
quality and quantity. 
 
California Trout, Inc., Steelhead Passage Investigations at 
Rindge Dam, Malibu Creek, CA. Mr. Keegan conducted 
steelhead passage, habitat assessment and juvenile steelhead 
population estimation sampling program in Malibu Creek, and 
coordinated efforts among agencies and a local municipal 
water district to preserve and enhance steelhead habitat in 
Malibu Creek. He assessed the feasibility and potential impacts 
of installation of a fish elevator on Rindge Dam for steelhead 
passage. 
 
Gregory Canyon Steelhead Surveys, San Luis Rey River, 
San Diego County. Mr. Keegan managed southern California 
steelhead passage surveys in the San Luis Rey River (Gregory 
Canyon Ltd.) for a proposed bridge crossing and a major 
landfill. As directed by NMFS, and along with COE biologists, 
he performed juvenile/adult surveys throughout the season and 
assessed availability of aquatic habitat with diminishing flows.  
 
Steelhead Enhancement Plan, San Luis Obispo Creek, San 
Luis Obispo County, CA. Mr. Keegan developed a steelhead 
enhancement plan for San Luis Obispo Creek in central 
California as part of an injury settlement offer after a large 
marine oil spill.  
 
California Trout, Inc., Santa Monica Mountains Steelhead 
Habitat Restoration. Mr. Keegan assessed the potential of six 
coastal streams in the Santa Monica Mountains as candidates 
for steelhead restoration, using habitat quality and evaluation of 
fish passage suitability as primary criteria.  
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Trout Unlimited and State Coastal Conservancy, Steelhead 
Restoration Activities, San Mateo Creek, Cleveland 
National Forest, San Diego County, CA. Mr. Keegan 
managed steelhead restoration activities on San Mateo Creek 
in the Cleveland National Forest, including a two-year Exotic 
Aquatic Species Removal Techniques Evaluation in the upper 
2.2 miles of San Mateo Creek, and special-status species 
habitat evaluation throughout San Mateo Creek. He was also 
responsible for developing master steelhead restoration plan 
for San Mateo Creek upstream from Camp Pendleton Marine 
Corps Base. 
 
Selected Project Experience with Salmonid Passage 
 
US Army Corps of Engineers, Fish Habitat Enhancement, 
Dry Creek. Sonoma County, CA. Co-designed fish habitat 
enhancement of Reach-15 in Dry Creek, below Warm Springs 
Dam, including a conceptual habitat improvement design (log 
cribs, woody material and boulder clusters in flow-through side 
channels) for Steelhead and Chinook and Coho salmon, as 
well as food-producing riffles. 2012-2103. [Prior to AECOM] 
 
Elliott Homes, Steelhead Passage Assessment and 
Passage Improvements, Secret Ravine, Placer County, CA. 
Evaluated Steelhead and Chinook Salmon passage through an 
existing box culvert under a 4 lane highway and designed 
improvements to be built within the culvert and a new adjacent 
culvert to improve hydraulic conditions for fish passage. Mr. 
Keegan’s evaluation and designs were approved by NOAA and 
CDFW fish passage engineers. 2008-2009. [Prior to AECOM] 
 
Caltrans San Pedro Creek Bridge Replacement and Creek 
Widening Project, Pacifica.  Oversaw dewatering and 
Steelhead relocation planning and implementation, including 
an assessment of the incidental take of juvenile Steelhead 
collected during the stream channel dewatering phase. 2014.  
 
Caltrans Willits Bypass Highway Improvement Project: 
Spawning Gravel Quality Monitoring Results.  Managed 
implementation of NOAA ITP for Steelhead, Coho and Chinook 
Salmon.  Completed first of three seasons of data collection 
(48 McNeil core samples) and analysis to evaluate effects of 
construction-related fine sediment input on spawning gravel 
quality, Outlet Creek. 2014. 
 
Fish Passage Monitoring and Assessment of Engineering 
Design and Operations for the Butte Creek/Sanborn 
Slough Bifurcation Structure, Butte County, CA. Mr. 
Keegan designed and managed a CALFED-approved post-

construction fish passage monitoring plan at the Butte 
Creek/Sanborn Slough Bifurcation Structure. Mr. Keegan 
worked under an operational agreement with CDFW, NMFS, 
and USFWS to evaluate the fishway under various flow 
scenarios, and to determine optimal operational fish passage 
and water delivery settings for the combination of gate and 
ladder configurations. [Prior to AECOM] 
 
Ducks Unlimited Inc., Napa River Salt Ponds Fish Acoustic 
Tagging and Tag Detection Project, Napa County, CA. 
Managed a 3-year wild Steelhead acoustic tagging and 
tracking project in the Napa River, funded by NOAA. Mr. 
Keegan partnered with Napa County RCD to collect wild 
juvenile Steelhead, surgically implant acoustic tags, and track 
the fish through natural and restored tidal marsh habitats 
adjacent to the Napa River. 2009-2012. [Prior to AECOM] 
 
US Army Corps of Engineers, SF District, San Francisco 
Bay Juvenile Salmonid and Green Sturgeon Acoustic 
Tagging Project. Coordinated salmon tagging activities by the 
COE/LTMS with those of other agencies (USFWS, USGS, and 
CDFG) and non-agency entities (EBMUD), and co-designed a 
watershed level effort for outmigrant salmonid acoustic tagging 
study to identify timing of outmigration, in-bay residence, and 
distribution of Steelhead and Chinook Salmon smolts in San 
Francisco Bay and Delta. 2007-2010. [Prior to AECOM] 
 
Steelhead and Coho Salmon Habitat Assessments, Gualala 
River, Mendocino County, CA. Prepared effects assessments 
of Steelhead and Coho salmon resources for three separate 
projects in the Gualala River: 1) groundwater withdrawal on 
juvenile salmonid habitat and adult upstream passage (Sea 
Ranch Water Company); 2) gravel mining on juvenile salmonid 
habitat and adult upstream passage (Gualala Aggregates and 
County of Sonoma), and 3) past timber harvest practices on 
salmonid habitat (Gualala Redwoods). [Prior to AECOM] 
 
Sotoyome Resource Conservation District, Steelhead and 
Coho Salmon Population Assessment and Enhancement 
Plan, Gualala River Estuary, Mendocino County, CA. Mr. 
Keegan managed a two-year juvenile steelhead and Coho 
salmon population assessment and enhancement plan in the 
Gualala River Estuary, in partnership with the California 
Coastal Conservancy, Sotoyome Resource Conservation 
District, and Gualala River Watershed Council. The goal was to 
identify seasonal habitat conditions and timing of lagoon 
utilization by juvenile salmonids, and to describe the seasonal 
changes in physical habitat conditions. Mr. Keegan evaluated 
habitat improvement features (large woody material and 
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boulder placement) for juvenile Steelhead and Coho Salmon 
populations. [Prior to AECOM] 
 
Sacramento Area Flood Control Agency, Corridor 
Management Plan for the NEMDC (Steelhead Creek), 
Sacramento County, CA. Mr. Keegan provided technical 
support to the engineering design team (SAFCA) for improved 
adult passage and rearing habitat for juvenile Steelhead and 
Chinook Salmon in Steelhead Creek, Dry Creek, and Arcade 
Creek, with reference to Sacramento River East Levee (SREL) 
Project. 2014. 
 
Rugraw Corp., Anadromous Salmonid Migration and 
Passage Studies, SF Battle Creek, CA. Mr. Keegan designed 
and led technical studies (in association with USFWS and 
NOAA fisheries) evaluating adult Steelhead and Chinook 
Salmon passage through a reach of cascades and falls in SF 
Battle Creek (Panther Grade to Angel Falls) for a feasibility 
study for constructing hydroelectric facilities in the upper 
drainage using SWRCB Instream Flow Policy: GIS-analysis 
criteria for upstream distribution limit of steelhead and the Draft 
Policy for Maintaining Instream Flows in Northern California 
Coastal Streams in this assignment. [Prior to AECOM] 
 
Pilarcitos Creek Steelhead Investigations. Mr. Keegan 
conducted ecological assessments, steelhead habitat 
assessments, and steelhead passage assessment in the 
Pilarcitos Creek watershed to evaluate effects of diversion 
schedules for a local water company.  
 
Auburn Ravine Steelhead Passage Investigations, Placer 
County, CA. Mr. Keegan conducted an evaluation of the 
potential for “false attraction” of Steelhead and Chinook 
Salmon resulting from installation and operation of a water 
treatment facility outfall on Auburn Ravine. He evaluated 
current salmonid passage capabilities at NID’s Auburn Ravine 
weir gage and provided alternative configurations for 
successful passage over a variety of streamflow scenarios in 
Auburn Ravine. [Prior to AECOM] 
 
US Coast Guard, Steelhead Passage Biological 
Assessment, Stemple Creek, Marin County, CA. Mr. Keegan 
prepared a Biological Assessment evaluating aquatic habitat 
for Steelhead and California Freshwater Shrimp resources and 
fish passage capabilities in Stemple Creek (Sonoma County) 
for the US Coast Guard Training Center. [Prior to AECOM] 
 
UNOCAL, Salmonid Investigations on Big Sulphur Creek, 
Sonoma County, CA. Mr. Keegan directed Steelhead and 

Chinook Salmon passage and escapement, juvenile steelhead 
rearing habitat, and population and biomass estimation studies, 
and participated in a PHABSIM study for a geothermal well 
injection project,Big Sulphur Creek (Russian River basin) at 
The Geysers, Sonoma County. [Prior to AECOM] 
 
Steelhead Passage Assessment, Dry Creek, Placer County, 
CA. Mr. Keegan conducted an impact assessment of 
Steelhead and Chinook Salmon passage and rearing habitat in 
Dry Creek for a proposed pipeline crossing for the Chamonix 
Golf Course, Roseville. [Prior to AECOM] 
 
Steelhead Passage Assessment, Miners Ravine, Placer 
County, CA. Mr. Keegan conducted Steelhead and Chinook 
Salmon passage and habitat assessment in Miners Ravine for 
a proposed pipeline crossing. He determined potential impacts 
and described mitigation measures for incorporation into the 
CDFW Stream Alteration Agreement [Prior to AECOM] 
 
California Trout, Inc., Steelhead Passage Investigations at 
Rindge Dam, Malibu Creek, CA. Mr. Keegan conducted 
steelhead passage, habitat assessment and juvenile steelhead 
population estimation sampling program in Malibu Creek, and 
assessed the feasibility of installation of a fish elevator on 
Rindge Dam for steelhead passage. [Prior to AECOM] 
 
Davis Ranch, Steelhead Emigration Investigation, Cayucos 
Creek, CA. Mr. Keegan managed a three-year steelhead 
emigration investigation in Cayucos Creek (San Luis Obispo 
County) pursuant to NMFS Biological Opinion relative to effects 
of groundwater pumping on Cayucos Creek surface flow and 
affects on steelhead rearing habitat. [Prior to AECOM] 
 
Gregory Canyon Steelhead Surveys, San Luis Rey River, 
San Diego County, CA. Mr. Keegan managed southern 
California steelhead surveys in the San Luis Rey River for 
effects assessment of a proposed bridge crossing and a major 
landfill. As directed by NMFS, he performed juvenile/adult 
surveys throughout the season and quantified available aquatic 
habitat with diminishing flows. [Prior to AECOM] 
 
Pacific Gas & Electric Company, Potter Valley 
Hydroelectric Project, Sonoma County, CA. Mr. Keegan 
conducted three years of Steelhead and Chinook Salmon 
passage studies in support of relicensing the Potter Valley 
Hydro Project on the Eel River, California. [Prior to AECOM]  
 



APPENDIX E 
PMC Supplemental Reports Memo   

  



 

2729 Prospect Park Drive, Suite 220 • Rancho Cordova, CA 95670 • P: (916) 361-8384 • F: (916) 361-1574 

MEMO 

To: Janna Minsk, Planning Director 

CITY OF SANTA PAULA 

 

From: Alice Tackett, Environmental Planner 

 
 

Cc: Trayci Nelson, PMC 

Date: February 10, 2015 

Re: East Area 1 Specific Plan Final SEIR 

This memorandum presents the results of PMC’s independent third-party review of two 

documents prepared by technical consultants on behalf of the applicant for the City’s use in 

responding to additional comments on the East Area 1 Specific Plan Draft Supplemental 

Environmental Impact Report (SEIR) submitted by Wishtoyo Foundation/Ventura Coastkeeper 

(VCK) on January 21, 2015, in advance of the scheduled public hearing for the project. Most of 

the VCK comments were similar to VCK’s November 2014 comments on the Draft SEIR, which 

were addressed in letter reports prepared by AECOM (“Effects of Dissolved Copper and Other 

Metals on Southern Steelhead Smolt in the Santa Clara River,” dated January 13, 2015) and GSI 

Water Solutions, Inc. (“Evaluation of Potential Effects of Runoff from the East Area 1 Project,” 

dated January 14, 2015).  

AECOM Supplemental Documentation 

AECOM’s document “Ecological Effects of Dissolved Copper and Other Metals on Southern 

Steelhead Smolt in the Santa Clara River,” dated February 6, 2015, reviewed by Summer Pardo, 

PMC Senior Biologist, consisted of two parts: (1) clarifying aspects of AECOM’s previous 

responses; and (2) addressing VCK’s request for additional analysis of impacts on fisheries 

biology and toxicological impacts in Santa Paula Creek, the Santa Clara River downstream of the 

project, and the Santa Clara River estuary.  

In the first part of the supplemental document, AECOM provided an additional explanation 

concerning the differences between the NOAA 2007 “benchmark concentrations” and NOAA 

2014 copper and zinc “applications” (based on ESA Section 7 Informal Consultation [Stelle 2014]) 

and the terminology that distinguishes the two. As stated in their January 13 document and as 
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reiterated in the supplemental document, the NOAA 2014 applications are the current and 

appropriate measures for determining the potential for toxicity, not the 2007 benchmark 

concentrations. AECOM provided additional information regarding dissolved organic carbon 

and its relation to dissolved copper concentrations, along with considerations and 

recommendations for specific water quality BMPs (planting of native shrubs and trees) that 

could help increase dissolved organic carbon. This could further reduce dissolved copper 

concentrations in runoff beyond what would be achieved through the extensive number of 

BMPs already included in project design. It is important to note that these BMPs are not 

considered a mitigation measure, because the less than significant impact conclusions presented 

in the Draft SEIR, as supported in AECOM’s January 13 and GSI’s January 14 letter reports, 

remain unchanged. 

The second part of AECOM’s supplemental documentation focused on VCK’s specific requests 

for additional analysis and consideration of the materials referenced in and attached to its 

January 21 letter (see Review Summary below). AECOM’s work included reviewing the data 

presented in the materials provided by VCK and additional research and analysis. AECOM 

presented an analysis of human health effects of contaminants in stormwater runoff from the 

project, stating what the exposure pathways could be and regulatory levels that are considered 

to pose a risk. No significant impacts were identified. The supplementation documentation 

included an analysis of potential effects on marine and estuarine organisms, including 

amphibians. Estimated project stormwater concentrations for five additional metals requested 

by VCK (developed separately by GSI) were compared to applicable regulatory criteria to 

conclude there would be no significant impacts related to toxicity of metals on aquatic 

organisms. AECOM provided additional comprehensive information and analysis concerning the 

physical and biological conditions in the Santa Clara River estuary, particularly with regard to 

Southern California steelhead smolt rearing. Citing several studies and direct observation of 

conditions, AECOM described how conditions in the Santa Clara River estuary differ from other 

locations, such as those in studies referenced by VCK. While this information augments 

AECOM’s January 13 letter report, the less than significant impact conclusions remain 

unchanged. 

GSI Technical Memorandum 

GSI’s technical memorandum “Supplemental Evaluation of Potential Effects of Runoff from the 

East Area 1 Project,” dated February 6, 2015, provided additional information and analysis. The 

analysis presented in the January 14 technical memorandum was expanded to include the 

additional metals requested by VCK. As part of this effort, GSI provided additional and analysis 

to characterize baseline (pre-project) stormwater runoff water quality for comparison to post-

treatment water quality with implementation of BMPs, following the same methodology and 

assumptions used in the January 14 technical memorandum. The additional analysis requested 

by VCK does not change the previous conclusions for these less than significant impacts. 
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GSI also provided an analysis of direct, indirect, and cumulative water quality impacts on juvenile 

steelhead smolt in the Santa Clara River estuary and the Santa Clara River, and migrating adult 

steelhead in the Santa Clara River, as requested by VCK. Summarizing its analysis and reiterating 

its conclusions in the January 14 technical memorandum, along with the conclusions in AECOM’s 

January 13 letter report, GSI clearly described the project’s direct, indirect, and cumulative 

impacts. The additional analysis requested by VCK does not change the previous conclusions for 

these less than significant impacts, nor were any new impacts identified for any metal. 

References and Attachments Submitted by VCK 

VCK cited several references and included attachments to its January 21 letter, which consisted 

of a previously referenced NOAA Technical Memorandum (NMFS-NWFSC-83) (Hecht 2007), two 

documents concerning steelhead smolt in the Santa Clara River (Kelley 2004, 2008), two 

documents on Central California steelhead estuarine rearing (Bond 2006; Hayes 2008), Section 

4.4, Water Quality, from the Newhall Ranch RMDP SCP EIS/EIR (2009); the EPA-approved Clean 

Water Act Section 303(d) 2008 TMDL list for the Los Angeles Region; and a report “Impacts of 

Impervious Cover on Aquatic Ecosystems” dated 2003. AECOM’s and GSI’s supplemental 

response reports clearly acknowledged the information provided in these documents. Where 

necessary and relevant to the project, AECOM and GSI evaluated that information and provided 

succinct explanations as to how the data would or would not be relevant to the evaluation of 

project stormwater runoff water quality and ecosystem effects. 

Review Summary 

It is PMC’s opinion that the AECOM and GSI supplemental responses provide a comprehensive 

and robust discussion that directly addresses the issues raised by VCK in its letter dated January 

21, 2015. The analyses, prepared by qualified experts, are well supported by data and technical 

information. As noted above, the materials submitted by VCK were considered in the analysis. 

The information and analysis presented in the supplemental documentation comprise 

substantial evidence to support impact conclusions under CEQA Guidelines Section 15384 with 

respect to the analysis presented in the Draft SEIR and are consistent with CEQA Guidelines 

Section 15088 concerning responses to comments. 
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Table A-1.  Estimated Pre-Treatment Stormwater Concentrations (Urban Runoff) and Summary of Water Quality Data for the Santa Clara River 

Unadjusted
Adjusted3

(Site Specific)
Unadjusted

Adjusted3

(Site Specific)

Dissolved Aluminum µg/L NA NA NA NA 54 3.0 1,400 100 46 221

Total Aluminum µg/L 87
 8,9

87
 8,9

750 8,9
750

 8,9 56 9.0 36,400 355 340 5,123

Dissolved Arsenic µg/L 150 150 340 340 54 0.2 2.7 1.4 1.0 1.8

Total Arsenic µg/L NA NA NA NA 56 0.2 9.8 1.5 1.2 2.1

Dissolved Cadmium µg/L 2.2 0.64 
9 4.3 7.7 9 82 0.0 0.4 0.1 0.1 0.2

Total Cadmium µg/L NA NA NA NA 84 0.0 9.5 0.2 0.1 1.0

Dissolved Copper µg/L 9 29 13 50 186 0.3 13.1 3.1 3.2 4.6

Total Copper
10 µg/L NA NA NA NA 200 0.3 390 8.9 10.3 32.0

Dissolved Lead µg/L 2.5 11 9 65 280
 9 90 0.005 15.9 0.1 0.2 2.2

Total Lead µg/L NA NA NA NA 186 0.04 274 2.3 2.7 18.2

Dissolved Mercury µg/L 0.77 
8,9

0.77 8,9
1.4 

8,9
1.4 8,9 18 0.1 2.0 0.5 0.7 1.7

Total Mercury µg/L NA NA NA NA 116 0.001 19.6 1.8 0.4 4.4

Dissolved Nickel µg/L 52 170 470 1500 54 0.7 6.9 1.4 1.5 2.8

Total Nickel µg/L NA NA NA NA 56 1.2 56 2.1 2.7 10.0

Dissolved Zinc µg/L 120 380 120 380 190 1.0 135 22.7 20.5 32.4

Total Zinc µg/L NA NA NA NA 200 1.6 2,640 49.0 54.2 186.7

Total Suspended Solids
10 mg/L NA NA NA NA 290 1.0 2,870 7.0 14.3 155.0

Dissolved Aluminum µg/L NA NA NA NA 56 0.2 2,950 5 4.5 289.4

Total Aluminum µg/L 87 
8,9

87 8,9
750 

8,9
750

 8,9 59 2.7 170,000 2,000 1,005 19,047

Dissolved Arsenic µg/L 150 150 340 340 68 0.2 4.9 1.2 1.2 1.9

Total Arsenic µg/L NA NA NA NA 68 0.6 84.7 2 3.1 13.2

Dissolved Cadmium µg/L 2.2 0.64 
9 4.3 7.7 9 68 0.02 8.0 0.2 0.2 0.8

Total Cadmium µg/L NA NA NA NA 68 0.03 101 0.5 0.6 9.9

Dissolved Copper µg/L 9 29 13 50 68 0.3 18.1 2.1 2.1 3.3

Total Copper µg/L NA NA NA NA 68 0.9 430 10 9.3 71.0

Dissolved Lead µg/L 2.5 11 9 65 280 
9 68 0.01 1.8 0.05 0.1 0.2

Total Lead µg/L NA NA NA NA 68 0.03 210 1.9 1.6 26.9

Dissolved Mercury µg/L 0.77 
8,9

0.77 
8,9

1.4 8,9
1.4 

8,9 68 0.05 67 2.6 2.8 15.2

Total Mercury µg/L NA NA NA NA 72 0.05 890 14.8 14.0 304

Dissolved Nickel µg/L 52 170 470 1500 68 0.01 32 3 2.5 5.5

Total Nickel µg/L NA NA NA NA 68 0.2 480 7.55 10.3 81.1

Dissolved Zinc µg/L 120 380 120 380 68 0.1 63.9 4.1 3.0 9.5

Total Zinc µg/L NA NA NA NA 68 1 1,300 21.1 20.6 122

Notes:
µg/L

= Estimated untreated stormwater runoff concentration for developed East Area 1 project area.
mg/L = milligrams per liter

NA  = not available
SD

UCL = upper confidence limit
MFR = Multi-family residential setting
SFR = Single-family residential setting

Bold = Concentration greater than CCC - adjusted value
Italic = Concentration greater than CMC - adjusted value

1

2

3

4

5

6

7

8

9

10

11

Values provided in the table for total aluminum and dissolved mercury are NAWQC values, as there are no standards for aluminum or mercury in the CTR. The bioavailability/toxicity of aluminum is highly dependent on site-

specific conditions. As such, NAWQC criteria values for total Al are only applicable in waters with a pH between 6.5 and 9.  EPA provides extensive footnotes about the uncertainties with applying these Al criteria due to the 

strong influence of site hardness and pH on toxicity.  Due to these uncertainties, water-effect ratios may be appropriate.

Units

95% Mean UCL5,6

CCC1 
CMC

2

= standard deviation

CCC = criteria continuous concentration.  The CCC reflects chronic exposures (4-day average exposure).  CCCs are based on sublethal toxicity endpoints at sensitive life stages (e.g., growth, development, reproduction).  

Unadjusted values are based on the CTR default hardness value of 100 mg/L as calcium carbonate.  

CMC = criteria maximum concentration.  The CMC reflects acute exposures (1-hour average exposure).  CMCs are typically based on mortality. Unadjusted values are based on the CTR default hardness value of 100 mg/L as 

calcium carbonate.  

Adjusted or site-specific values were calculated to account for the effects of hardness in accordance with the Biotic Ligand Model (USEAP, 2007; see AECOM, 2015 [p. 14-15]), except where otherwise noted.

The Geometric mean is a type of mean or average, which indicates the central tendency or typical value of a set of numbers by using the product of their values (as opposed to an arithmetic mean which uses their sum).  The 

geometric mean is defined as the n th root of the product of n numbers, and represents the central tendency or typical value of a set of n numbers.  Reference:  Costa, 2014.

The 95 percent upper confidence limit (95% UCL) for a mean is defined as a value that, when repeatedly calculated for randomly drawn subsets of size n, equals or exceeds the true population mean 95% of the time. EPA’s 

Superfund program has traditionally used the 1-sided 95% UCL for the mean as the concentration term in point estimates of reasonable maximum exposure (RME) for human health risk assessment.  Reference:  USEPA, 2001.

Values calculated using the hardness-dependent equation from the 2013 EPA National Ambient Water Quality Criteria (NAWQC) Table (USEPA, 2013; refer to _____[cite accompanying AECOM submittal accompanying this 

RTC]).

Stormwater influent concentrations are consistent with concentrations for urban source areas (e.g., residential roofs, residential driveways, commercial parking lots, park and ride facilities; residential lawns) included in 

Horner (2007).  Stormwater influent concentrations also are consistent with concentrations for data collected in residential use areas in Los Angeles County as included in the SCCWRP Database (SCCWRP, 2014).

Data from Ventura County Watershed Protection District from 2001 to 2014, collected at the District's Mass Emissions monitoring station at the Freeman Diversion, which is approximately 5 miles downstream of the Project 

site.

Analyte

Part B:  Santa Clara River Surface Water Data 11

California Toxic Rule Criteria (USEPA, 2000)

and/or National Ambient Water Quality Criteria (USEPA, 2013)
Statistical Evaluation of Pre-Treatment Stormwater Data and Santa Clara River Data

= micrograms per liter

Total Number of 

Observations 

Minimum 

Concentration 

Maximum 

Concentration 

Median 

Concentration 

Geometric Mean 

Concentration4

Part A:  Influent Stormwater Data
7

The UCL method selected for the statistics presented is the 95% Chebyshev (mean, standard deviation) UCL except in two cases:  for dissolved zinc in stormwater and for total zinc in the Santa Clara River, the UCL method 

selected was the 95% Adjusted Gamma UCL.  Values were determined using EPA statistical software ProUCL 5.0.00 for Environmental Applications for Data Sets with and without Nondetect Observations.  Downloaded from 

http://www.epa.gov/osp/hstl/tsc/software.htm.

The International Stormwater BMP Database (ISWBMP) (downloaded from http://www.bmpdatabase.org/ on November 26, 2014) was used as the source of stormwater data. Specifically, available post-2000 data for 

California residential land use stormwater flowing into stormwater treatment facilities was pulled from the ISWBMP database. The ISWBMP database is intended to provide a consistent and scientifically defensible set of data 

on Best Management Practice (“BMP”) designs and related performance to support long-term scientific research. 
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Table A-2:  Summary of Stormwater Treatment BMP Removal Efficiencies

Inflow 

Concentration 1

Outflow 

Concentration 

Removal 

Efficiency

Inflow 

Concentration 1

Outflow 

Concentration 

Removal 

Efficiency

Detention Basin NA NA NA NA NA NA NA ISWBMP, 2012a,c

Bioswale NA NA NA NA NA NA NA ISWBMP, 2012a,c

Retention  Pond NA NA NA NA NA NA NA ISWBMP, 2012a,c

Detention Basin NA NA NA NA NA NA NA ISWBMP, 2012a,c

Bioswale NA NA NA NA NA NA NA ISWBMP, 2012a,c

Retention  Pond NA NA NA NA NA NA NA ISWBMP, 2012a,c

Detention Basin 44/42 1.05 1.04 1% 1.74 1.75 -1% ISWBMP, 2012a, c

Bioswale 44/37 0.6 0.60 1% 0.832 0.7 16% ISWBMP, 2012a, c

Retention  Pond 25/24 NA NA NA NA NA NA ISWBMP, 2012a, c

Detention Basin 62/52 2.2 1.78 19% 2.07 1.63 21% ISWBMP, 2012a, c

Bioswale 44/37 1.7 1.18 30% 1.66 1.2 29% ISWBMP, 2012a, c

Retention  Pond 25/24 1.35 0.848 37% 1.28 0.9 32% ISWBMP, 2012a, c

Detention Basin2 141/147 (see note)2 (see note)2 (see note)2 (see note)2 (see note)2 (see note)2 ISWBMP, 2011, 2012a,c

Bioswale 83/75 0.2 0.12 41% 0.2 0.12 38% ISWBMP, 2012a, c

Retention  Pond 63/78 0.167 0.102 39% 0.158 0.1 37% ISWBMP, 2012a, c

Detention Basin 162/178 0.388 0.311 20% 0.376 0.30 20% ISWBMP, 2012a, c

Bioswale 136/123 0.5 0.31 37% 0.556 0.3 44% ISWBMP, 2012a, c

Retention  Pond 374/384 0.487 0.228 53% 0.471 0.3 45% ISWBMP, 2012a, c

Detention Basin 170/170 5.56 3.52 37% 5.2 3.98 23% ISWBMP, 2012a,c

Bioswale 109/92 11.0 8.00 27% 10.6 7.4 30% ISWBMP, 2012a,c

Retention  Pond 202/213 6.57 4.24 35% 6.79 4.4 35% ISWBMP, 2012a,c

Detention Basin 193/203 10.62 5.67 47% 11.4 5.5 52% ISWBMP, 2012a,c

Bioswale 258/300 10.86 6.54 40% 11.8 7.03 40% ISWBMP, 2012a,c

Retention Pond 525/517 9.57 4.99 48% 9.79 4.78 51% ISWBMP, 2012a,c

Detention Basin 170/171 0.799 0.657 18% 0.756 0.66 13% ISWBMP, 2012a,c

Bioswale 109/92 1.4 1.08 21% 2.02 1.3 34% ISWBMP, 2012a,c

Retention  Pond 202/214 0.765 0.477 38% 0.634 0.5 27% ISWBMP, 2012a,c

Detention Basin 193/203 6.08 3.09 49% 7.66 3.4 55% ISWBMP, 2012a,c

Bioswale 277/318 3.93 2.02 49% 5.34 2.44 54% ISWBMP, 2012a,c

Retention Pond 631/627 8.48 2.76 67% 8.86 2.88 67% ISWBMP, 2012a,c

Detention Basin NA NA NA NA NA NA NA ISWBMP, 2012a,c

Bioswale NA NA NA NA NA NA NA ISWBMP, 2012a,c

Retention Pond NA NA NA NA NA NA NA ISWBMP, 2012a,c

Detention Basin NA NA NA NA NA NA NA ISWBMP, 2012a,c

Bioswale NA NA NA NA NA NA NA ISWBMP, 2012a,c

Retention Pond NA NA NA NA NA NA NA ISWBMP, 2012a,c

Detention Basin 52/46 2.81 2.55 9% 2.85 2.5 12% ISWBMP, 2012a, c

Bioswale 31/23 4.91 2.04 58% 5.24 2.42 54% ISWBMP, 2012a, c

Retention Pond 45/45 (see note)2 (see note)2 (see note)2 (see note)2 (see note)2 (see note)2 ISWBMP, 2011, 2012a, c

Detention Basin 60/54 5.65 3.35 41% 6.36 3.3 49% ISWBMP, 2012a, c

Bioswale 31/23 9.25 3.16 66% 9.07 3.72 59% ISWBMP, 2012a, c

Retention Pond 115/112 4.44 2.19 51% 4.75 3.01 37% ISWBMP, 2012a, c

Detention Basin 169/171 15.6 11.08 29% 15.0 10.90 27% ISWBMP, 2012a,c

Bioswale 109/92 52.7 24.5 54% 54.4 25.3 53% ISWBMP, 2012a,c

Retention  Pond 201/212 22.5 9.6 57% 19.1 8.0 58% ISWBMP, 2012a,c

Detention Basin 193/212 70 29.7 58% 69.4 24.4 65% ISWBMP, 2012a,c

Bioswale 292/327 36.2 22.9 37% 44.6 25.4 43% ISWBMP, 2012a,c

Retention Pond 574/579 53.6 21.2 60% 56.9 17.9 69% ISWBMP, 2012a,c

Detention Basin 278/299 66,900 24,200 64% 55.1 22.4 59% ISWBMP, 2012b

Bioswale 338/354 21,600 13,600 37% 21.0 12.7 40% ISWBMP, 2012b

Retention Pond 725/723 70,800 13,500 81% 60.1 12.9 79% ISWBMP, 2012b

Notes:

µg/L = micrograms per liter

mg/L = milligrams per liter

NA = data not available in International Stormwater BMP database
1

2

Dissolved 

Aluminum

(µg/L)

Total Aluminum

(µg/L) 

Dissolved Arsenic

(µg/L) 

Dissolved 

Cadmium 

(µg/L)

Total Aresnic

(µg/L) 

Total Cadmium 

(µg/L)

Dissolved Mercury

(µg/L)

Dissolved Nickel

(µg/L)

Total Nickel

(µg/L)

Data not applicable for statistics.  Analyses included large number of non-detects causing statistics to be inaccurate (ISWBMP 2011).

Dissolved Copper

(µg/L) 

Total Suspended 

Solids

(mg/L)

Total Copper

(µg/L)

Stormwater inflow concentrations are consistent with pollutant concentrations for urban source areas (e.g., residential roofs, residential driveways, commerial parking lots, park 

and ride facilities; residential lawns) included in Horner (2007).

Total Mercury

(µg/L)

Total Lead

(µg/L)

Dissolved Lead

(µg/L)

Dissolved Zinc

(µg/L)

Total Zinc

(µg/L)

Data Source

Total Number of 

Observations  

(inflow/outflow)

BMP TypeAnalyte

Median Geometric Mean Concentration
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Table A-3.  Summary of Metals Concentrations in Runoff from Agricultural Areas in Southern California (Estimated Project Baseline Conditions)

Ventura County (2008)4

Mass Emission to Santa Clara 

River from Agricultural/Urban 

Area

Constituent Units Arithmetic Mean (3 events)

Dissolved Al µg/L NA NA NA NA NA NA NA <5 NA NA <5 <5

Total Al µg/L NA NA NA NA NA NA NA 10,065 NA NA 10,065 10,065

Dissolved As µg/L NA NA 20 2.5 NA NA NA 1.1 NA NA 1.1 2.5

Total As µg/L NA NA 19 2.7 NA NA NA 9.0 NA NA 2.7 9.0

Dissolved Cd µg/L NA NA 15 0.08 NA NA NA 0.2 NA NA 0.08 0.2

Total Cd µg/L NA NA 16 0.09 15 4.5 4.31 6.7 NA NA 0.09 6.7

Dissolved Cu µg/L 18 22.5 20 1.7 NA NA NA 2.2 17 3.6 1.7 22.5

Total Cu µg/L 21 100.1 19 1.6 15 96 152 43.2 17 9.4 1.6 152

Dissolved Pb µg/L NA NA 20 0.02 NA NA NA <0.05 NA NA <0.05 0.02

Total Pb µg/L 21 30.2 19 0.04 15 48.5 43.4 22.0 NA NA 0.04 48.5

Dissolved Hg µg/L NA NA NA NA NA NA NA 2.8 NA NA 2.8 2.8

Total Hg µg/L NA NA NA NA 16 0.04 0.11 118.4 NA NA 0.04 118.4

Dissolved Ni µg/L NA NA 20 3.4 NA NA NA 2.7 NA NA 2.7 3.4

Total Ni µg/L NA NA 19 3.6 15 95 77.8 56 NA NA 3.6 95

Dissolved Zn µg/L 21 40.1 20 3.4 NA NA NA 2.4 NA NA 2.4 40.1

Total Zn µg/L 21 274.8 20 4.5 15 304 223 109 NA NA 4.5 304

TSS mg/L 20 999.2 19 6.3 14 1,191 1,520 8,148 13 143 6.3 8,148

Notes:
mg/L = milligrams per liter
µg/L = micrograms per liter

NA = not available

< = not detected above given detection limit

Number of Data 

Points

Arithmetic 

Mean

Range of Median and Mean 

Values from All References

Minimum Maximum

Geosyntec (2008)1 Mazor et al. (2011)2 Ackerman and Schiff (2003)3

Arithmetic 

Mean 

Number of Data 

Points

Walker Asociates (2014)5

Median

Geometric 

Mean

Number of Data 

Points Median

Number of Data 

Points

1

2

Geosyntec.  2008.  A User's Guide for the Structural BMP Prioritization and Analysis Tool (SBPAT v1.0) Technical Appendencies.  Prepared by Geosyntec Consultants for Heal the Bay, the City of Los Angeles, and the County of Los 

Angeles Department of Public Works.  December 2008.

Sampling Methods : Multiple samples were collected during a 24-hour storm even from a run-off point along a stream. Total concentrations were weighted based on land area ratios and run-off coefficients.

Types of Agriculture : 84% crop/pastureland; 9% nurseries, vineyards and orchards; 5% horse ranch; <0.5% livestock/poultry; 1.5% other agriculture.

Mazor, R.D., D., Gillett, K. Schiff, K. Ritter, and E.D. Stein.  2011.  Ecological Condition of Watersheds in Coastal Southern California: Summary of the Stormwater Monitoring Coalition's Stream Monitoring Program First Year (2009).  

Southern California Coastal Water Research Project Technical Report 639.  February 2011.

Sampling Methods:  Multiple samples were collected during single events between May 15th and July 15th, 2009 from established monitoring points in streams that represent designated watersheds based on dominant land use. 

Concentrations were weighted based on watershed area.

Types of Agriculture : The study does not describe agricultural use by type.  Data are for areas of mixed land use where agriculture was a dominant land use.
3

4

5

Ackerman, D., and K. Schiff.  2003.  Modeling Stormwater Mass Emissions to the Southern California Bight.  Journal of Environmental Engineering. April 2003.

Sampling Methods : Samples were collected from small, homogeneous land-use areas. Data presented represent flow-weighted concentrations from 667 site-events at 45 sites. Nondetects were reported as 0 for calculations.

Type of Agriculture : No description of types of agriculture included in study area.

Ventura County.  2008.  2007/08 Water Quality Monitoring Report.  Ventura Countywide Stormwater Monitoring Program.  July 2008.

Sampling Methods : Multiple samples were collected during a wet-weather event at temporal intervals from a diversion point along Santa Clara River.

Type of Agriculture : No description of types of agriculture included in study area.
Walker Associates.  2014.  Draft 2012-2013 Annual Monitoring Report.  Prepared by: Larry Walker Associates on behalf of the Ventura County Agricultural Irrigated Lands Group (VCAILG).  Document submitted to the Los Angeles 

Regional Water Quality Control Board.  Dated February 26, 2014.

Sampling Methods:  Samples were collected in stream at multiple sites downstream of drainage areas surrounded by agricultural land. 

Type of Agriculture : Row crops, cut flowers, citrus, avacados, other tree crops, berries, sod, and nurseries.
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