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Executive Summary 

This Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA) 

compliant remedial investigation/feasibility study (RI/FS) has been completed for the Upper San 

Marcos Creek Watershed (the Watershed) and Lake San Marcos (the Lake) to characterize 

water quality conditions and develop a cost-effective and appropriate remedial solution to 

protect state-designated beneficial use.  Based on limited historical sampling, Upper San 

Marcos Creek (the Creek) is currently included on the California 303(d) list of impaired water 

bodies for sediment toxicity, selenium, dichlorodiphenyldichloroethylene (DDE), and 

phosphorus; the Lake is listed for ammonia as nitrogen and nutrients.     

A comprehensive RI has been completed that characterizes surface water, Lake water, and 

groundwater quality, with additional data characterizing soil and sediments.  Watershed 

sampling has been conducted in multiple Creek reaches and area storm drains and culverts.  

Lake water and sediment sampling has been completed at several multi-depth sampling 

stations.  Analytical sampling in the RI has focused primarily on nutrients, with supplemental 

data collected for metals, toxicity, pesticides, and organic compounds.  Biota and vegetation 

sampling and characterization have also been completed, including cyanotoxin data collection.   

RI work also included a comprehensive background document review, historical and current 

area land use characterization and mapping, area storm drain mapping, a Lake bathymetry 

survey, and a regional and local hydrogeologic assessment.  A screening-level human health 

and ecological risk assessment has also been completed to systematically evaluate the 

analytical data against risk criteria in compliance with CERCLA.   

Lake and Watershed computer modeling has been completed to develop a water budget and 

nutrient budget for the Lake, simulate current water quality conditions, and predict the 

Watershed/Lake response to various potential remedial technology options.    

Surface water sampling in the Watershed indicates that, in both Creek water and storm drains, 

total phosphorus and total nitrogen concentrations typically exceed the existing San Diego 

Basin Plan water quality objectives (WQOs) for the Creek and Lake of 0.1 milligrams per liter 
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(mg/L) total phosphorus and 1 mg/L total nitrogen (flowing waters).  Total phosphorus and total 

nitrogen concentrations detected in the Twin Oaks tributary (upper Watershed), where 

agricultural land use is more common, are higher than those detected in other portions of the 

Watershed. 

The Lake has served as a sediment trap over time, and much of the historical runoff load (and 

associated nutrients and other relatively minor compounds) has been retained in the Lake.  

Watershed modeling has characterized and quantified modern Lake input from the Watershed.  

The Lake received approximately 729 acre-feet of total runoff, approximately 64,878 kilograms 

(kg) of total suspended solids (TSS), approximately 685 kg of total phosphorus, and 

approximately 5,891 kg of total nitrogen from runoff in the summer months between April 2012 

and October 2014.  In the winter months between November 2012 and March 2015, modeling 

shows that the Lake received 4,293 acre-feet of runoff, 391,026 kg of TSS, 2,520 kg of total 

phosphorus, and approximately 21,135 kg of total nitrogen from runoff.  Based on site use 

records, former agricultural properties located directly along the Creek were likely a significant 

source of historical nutrient input.  TSS and nutrient loading also substantially increase during 

El Niño years. 

Periodic dam overflow and Lake water extraction and release provide some relief from 

Watershed loading.  Nevertheless, nutrients are retained in the Lake, promoting long-term 

biogeochemical recycling from sediments to the water column.  Total phosphorus 

concentrations in Lake sediment range up to approximately 3,423 milligrams per kilogram 

(mg/kg).  Sediment nitrogen and phosphorus concentrations increase with water depth and 

proximity to the dam on the deeper southern end of the Lake.  Excess nutrients in turn promote 

algal production in the Lake.   

The deeper region of the Lake exhibits a temperature and stratification regime similar to other 

lakes in the region; it is a warm monomictic lake, with well-mixed conditions and minimum water 

column temperatures in the winter, followed by rapid warming and onset of thermal stratification 

in late winter-early spring, thermal stratification with very warm surface temperatures through 

the summer, and cooling and mixing in the fall.  Water column mixing in the early fall depletes 
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dissolved oxygen (DO) concentrations throughout the water column in the southern portion of 

the Lake.     

Groundwater in the Watershed area flows generally southwesterly along the Creek with shallow 

groundwater gradients around the Lake perimeter directed toward the Lake.  Except for shallow 

groundwater in wells near the Creek, where total phosphorus concentrations are comparable to 

detected surface water total phosphorus concentrations, maximum nutrient concentrations 

detected in regional groundwater are typically lower than maximum nutrient concentrations 

detected in runoff surface water.  Modeling and water quality sampling show that groundwater is 

a lesser source of nutrient flux to the Lake compared to surface water runoff from the 

Watershed.   

A human health and ecological risk screening indicates that DO and nutrients are contaminants 

of potential concern (COPCs) in both the Creek and the Lake.  A Watershed remedial action 

objective (RAO) has been defined to reduce nutrient loading to the Lake.  Defined Lake RAOs 

are to (1) improve DO conditions in the Lake, (2) reduce nutrient concentrations in the Lake, 

(3) reduce chlorophyll a concentrations/improve water clarity, and (4) reduce nutrient release 

from sediments to the water column.   

A CERCLA feasibility study has been completed to evaluate remedial technology alternatives to 

address the defined RAOs.  Low-impact development (LID), supplementary pollution controls, 

supplementary agricultural best management practices (BMPs) and stream 

restoration/flocculant (phosphorus inactivation) options have been evaluated in detail for the 

Watershed.  Diffused aeration, oxygenation, flocculation (phosphorus inactivation), 

biomanipulation, and hypolimnetic extraction (selective withdrawal) have been evaluated in 

detail for the Lake.  The selected preferred remedy consists of supplementary agricultural BMPs 

and stream restoration/ flocculation (phosphorus inactivation) for the Watershed, and diffused 

aeration, flocculation (phosphorus inactivation), and hypolimnetic extraction (selective 

withdrawal) for the Lake.   

Based on similar projects, the selected remedy is anticipated to reduce overall nutrient loading 

to the Lake by approximately 40 to 50 percent, significantly drive down chlorophyll a and 

nutrient concentrations, allow DO concentrations to remain sufficiently elevated throughout the 
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year, and restore/maintain beneficial uses.  Depending on the results of pilot testing of the 

selected remedies, site-specific WQOs and a companion Basin Plan amendment may be 

necessary.  Supplemental characterization data, if needed, can be collected to support and to 

justify development of potential site-specific WQOs and a potential Basin Plan amendment for 

the Lake that are appropriate based on sustainable long-term remedy performance.  The 

estimated cost of the selected remedy is approximately $11 million over 30 years.     
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1. Introduction 

This report has been prepared by Daniel B. Stephens & Associates, Inc. (DBS&A) to present 

the methods, results, and conclusions of the Lake San Marcos and Upper San Marcos Creek 

Watershed remedial investigation and feasibility study (RI/FS) completed to systematically 

compile and analyze past remedial investigation (RI) work and develop a Comprehensive 

Environmental Response, Compensation, and Liability Act (CERCLA) compliant feasibility study 

(FS) to select a preferred Lake and Watershed restoration remedy.  This introductory section of 

the document presents site background information, regulatory history, the purpose and 

objectives of the CERCLA RI and FS, and a summary of community involvement opportunities.   

1.1 Site Background and Regulatory History 

Lake San Marcos (the Lake) is located at the southern boundary of the Richland Hydrologic 

Subarea within the San Marcos Hydrologic Area of the Carlsbad Hydrologic Unit in northern San 

Diego County.  The Richland Subarea and the adjacent Twin Oaks Subarea to the north define 

the Upper San Marcos Creek Watershed (the Watershed) (Figure 1).  The Lake is an 

impoundment created by damming San Marcos Creek (the Creek) in 1946 for an agricultural 

water supply.  The current dam was completed in 1962 while the shoreline was recontoured, 

and the Lake was filled with Colorado River water from the San Diego Canal in 1963.  Figure 2 

is a site location map for the Lake and the Watershed.  Figure 3 is the site location map with 

topography.  Reshaping the Lake led to an increase in water surface area (Haskins, Undated).  

The current Lake surface area is approximately 56 acres and its approximate volume is 

437 acre-feet.   

The Lake area was then developed into the unincorporated resort community of Lake San 

Marcos within the County of San Diego (Figure 4).  Citizen’s Development Corporation (CDC) 

retains ownership of the Lake and an associated License for Diversion and Use of Water, 

License 7224, Permit 6305 (water rights license) originally issued from the State Water Rights 

Board (Appendix A).  The water rights license dated March 30, 1965 authorizes CDC to 

impound a maximum of 480 acre-feet per year (ac-ft/yr) of water from the Creek for irrigation. 
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The Creek is the principal surface water stream entering the Lake from the north.  The Creek 

originates upstream east-northeast in the city of Escondido, with additional flow contribution 

from the Twin Oaks Branch and the Las Posas Branch to the north (Figure 3).  Lesser flow 

originates in the unnamed creek downstream of Jack’s Pond and in the unnamed creek 

between and downstream of South Lake and Discovery Lake (Figure 2).  The Watershed covers 

approximately 18,540 acres.   

The Lake and the Creek are waters of the State of California as defined under Water Code 

section 13050.  The Water Quality Control Plan for the San Diego Basin (Basin Plan) 

designates beneficial uses for the inland surface waters of the Creek (RWQCB, 2009).  

Beneficial uses for the Lake are not specifically designated in the Basin Plan (RWQCB, 1994); 

however, the RWQCB has stated that the Lake impounds Creek waters, and therefore 

possesses the same beneficial uses as designated for the Creek (RWQCB, 2009), as follows:  

 Agricultural Supply (AGR) 

 Human Health (Contact Water Recreation [REC-1]) 

 Non-Contact Water Recreation (REC-2) 

 Aquatic Dependent Wildlife (Support Warm Water Ecosystems [WARM]) 

 Wildlife Habitat (WILD) 

The Creek is not specified as municipal supply (MUN) beneficial use (RWQCB, 1994).  The 

Lake and the Creek are listed as impaired water bodies and appear on the Regional Board 

Clean Water Act (CWA) Section 305(b) Surface Water Quality Assessment and Section 303(d) 

List of Water Quality Limited Segments 2010 Integrated Report (the 303[d] list).  The Lake is 

listed due to concentrations of ammonia as nitrogen and nutrients exceeding water quality 

standards.  The Creek is listed due to concentrations of phosphorus, dichlorodiphenyldichloro-

ethylene (DDE), sediment toxicity, and selenium exceeding water quality standards 

(Sections 1.2.1 and 1.2.2).  

The U.S. Environmental Protection Agency (U.S. EPA) has scheduled a total maximum daily 

load (TMDL) for nutrients to be developed and initiated for the Lake and Creek in 2019.  Under 

Section 303(d) of the CWA, states (or U.S. EPA) are required to develop a TMDL for each listed 
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pollutant to achieve compliance with water quality objectives.  The TMDL includes an allocation 

of allowable loadings from point and non-point sources.   

The Regional Water Quality Control Board (RWQCB) has agreed in concept to proceed with a 

non-TMDL approach to address the 303(d) listings (City of San Marcos, 2015).  Lake water 

quality improvement, pollutant source control, and improved Lake management may allow the 

RWQCB to avoid expending resources to develop a TMDL and waste load allocations (WLAs) 

for the Lake and Creek (RWQCB, 2011). 

In June 2011 the RWQCB signed an agreement called the Lake San Marcos Work Group 

Participation Agreement (LSM Work Group, 2011).  The work group members consisted of the 

following: 

 California Department of Transportation (Caltrans) 

 San Diego County 

 City of San Marcos 

 San Marcos Unified School District (SMUSD) 

 Vallecitos Water District (VWD)  

 RWQCB  

The purpose of the work group agreement is “to reasonably achieve nutrient Water Quality 

Objectives (WQOs) in the Lake and Creek” (LSM Work Group, 2011).  In addition, the 

agreement specifies that work conducted by the group shall be “the identification and feasibility 

assessment of alternative processes, means, methods, and technologies for abating the nutrient 

conditions in the Lake and Creek, improving the existing nutrient water quality conditions in the 

Creek and Lake, and determining feasible site-specific Water Quality Objectives” (LSM Work 

Group, 2011).  Further, water quality objective (WQO) is defined per Water Code 

Section 13050(h) as ”The limits or levels of water quality constituents or characteristics which 

are established for the reasonable protection of beneficial uses of water or the prevention of 

nuisance within a specific area.”  The agreement also states that (1) “Such water quality 

objectives may be those defined in the applicable water quality control plan or site specific 

objectives, as appropriate” and (2) “The RWQCB shall determine what water quality objectives 
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can reasonably be achieved within a reasonable period by considering what is technologically 

and economically feasible and shall take into account environmental characteristics of the 

hydrogeologic unit under consideration” [note: italics added]. 

Caltrans withdrew from the participation agreement on August 25, 2015 and SMUSD withdrew 

from the participation agreement on October 9, 2015.   

In September 2011 the RWQCB issued Investigative Order R9-2011-0033 (the IO) to CDC for 

the investigation of nutrient impairment in the Lake (Appendix B).  The IO directs CDC to 

complete specific tasks to evaluate the sources and extent of nutrient impairment in the Lake 

and to develop recommendations for cleanup and/or additional investigation (Section 1.2.3).   

CDC and four of the public agencies (PAs) (the public agency defendants [PADs]), are parties 

to the CERCLA lawsuit Citizens Development Corporation, Inc. v. County of San Diego, City of 

San Marcos, City of Escondido, Hollandia Dairy, and Vallecitos Water District, U.S. District 

Court, Southern District of California Case No. 12-cv-0334-GPC-KSC.  CDC and the PADs are 

currently working cooperatively through mediation to identify the causes of nutrient impairment 

in the Lake and in the Watershed and to identify remedial alternatives, with the objective of 

reaching agreement on an allocation of responsibility for the costs of this work and the ultimate 

accepted remedial alternative. 

1.1.1 Creek 303(d) Listing Summary 

The final California 2010 integrated 303(d) list report (Appendix C) shows that the Creek is listed 

for the following constituents: 

 Sediment toxicity 

 Selenium 

 Phosphorus 

 DDE 

The basis of each of these 303(d) constituent listings is discussed in the following subsections. 
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1.1.1.1 Sediment Toxicity 

The sediment toxicity listing is based on samples from stations San Marcos Creek 3 (SMC3) 

(also labeled 904CBSAM3) and San Marcos Creek 6 (SMC6) (also labeled 904CBSAM6) that 

were collected between March and September 2002.  SMC3 is located near Discovery Street at 

McMahr Road; SMC6, however, is located approximately 3 miles south of the dam outside of 

the Watershed (Figure 5) near the east side of the Batiquitos Lagoon by El Camino Real 

(RWQCB, 2015).   

Two lines of evidence are presented by the RWQCB (Appendix C):  

 Chemical monitoring of sediments: Two out of four samples displayed statistically 

significant toxicity in the survival endpoint when compared to the negative control 

(Appendix C).  The samples were tested using the 10-day Hyallela Azteca test. 

 Ambient toxicity testing (chronic): A total of eight samples were collected—four at SMC3 

and four at SMC6.  The samples showed significant toxicity levels in a Selenastrum 

algae growth test (six of the eight samples) and in a Ceriodaphnia dubia 

survival/reproductive test (four of the eight samples).  As noted in the RWQCB lines of 

evidence, the 2012 RWQCB Surface Water Ambient Monitoring Program (SWAMP) 

toxicity report states that sediment samples from upper San Marcos Creek 

(904CBSAM3) were “highly toxic” to H. Azteca in 2002” and that water and sediment at 

SMC3 (and SMC6) exhibited acute toxicity to both C. dubia and H. Azteca (Anderson et 

al., 2012).  California’s SWAMP was created to fulfill the state legislature’s mandate for a 

unifying program that would coordinate all water quality monitoring conducted by the 

State and Regional Water Boards. 

U.S. EPA approved listing the Creek for sediment toxicity. 

1.1.1.2 Selenium 

The 2007 SWAMP report shows that four samples were collected at upper San Marcos Creek 

sample station SMC3 (SAM3) and that dissolved selenium was detected at a mean 

concentration of 14.3 micrograms per liter (μg/L) (Mazor and Schiff, 2007).  Data provided by 
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Great Ecology show that selenium was detected at SMC3 at concentrations of 38.9 μg/L in 

March 2002 and 8.31 μg/L in September 2002.  A data file provided by the RWQCB (2015) 

shows that selenium was detected at SMC6 at concentrations of 4.28 μg/L (total) and 3.75 μg/L 

(dissolved), but no other selenium data (including SMC3 data) were provided upon request. 

The RWQCB listing report (Appendix C) cites one line of evidence:   

 Seven of eight water samples from location SMC6 (outside of the Watershed) showed 

“excessive selenium concentrations.”  The RWQCB later clarified that four samples were 

collected at SMC3 and four were collected from SMC6 (RWQCB, 2015). 

U.S. EPA approved the listing for selenium.   

1.1.1.3 Dichlorodiphenyldichloroethylene (DDE) 

The DDE listing is based on data from location SMC3 collected in March, April, June, and 

September 2002.  One line of evidence is presented (Appendix C):   

 Three of the four SMC3 samples exceeded the California Toxics Rule water quality 

standard for human health (10-6 risk for carcinogens) for consumption of water and 

organisms and organisms only (Appendix C) for 4,4-DDE.  A data file provided by the 

RWQCB shows that DDE was detected at concentrations of 0.006, 0.002, and 

0.003 μg/L in the April, June, and September samples, respectively.  DDE was not 

detected (<0.01 μg/L) in the March 2002 sample at SMC3 (RWQCB, 2015).   

U.S. EPA approved the Creek listing for DDE. 

1.1.1.4 Phosphorus 

The phosphorus listing is based on data from a total of eight samples collected from both 

locations SMC3 and SMC6 from March through September 2002.  One line of evidence is 

presented: 
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 Four SMC3 samples exceeded the Basin Plan WQO for threshold total phosphorus of 

0.1 milligrams per liter (mg/L) for flowing waters.  Total phosphorus was detected at 

station SMC3 at concentrations of 0.15, 0.12, 0.12, and 0.38 mg/L during the March, 

April, June, and September 2002 sampling, respectively (Appendix C).   

U.S. EPA approved the Creek listing for phosphorus. 

1.1.2 Lake 303(d) Listing Summary 

The final California 2010 Integrated 303(d) list report (Appendix C) shows that the Lake is listed 

for the following constituents: 

 Ammonia as nitrogen 

 Nutrients 

The Lake San Marcos Community Association drafted a letter dated May 9, 2001 (same date as 

sample collection) that requests that the Lake be listed and discusses planned sample collection 

efforts and reported observations of (1) oil discoloration in ditch water discharging to the Lake, 

(2) white foam observed in water flowing into the Lake, (3) abnormal growth on fish gill plates, 

(4) hydrogen sulfide odors, (5) deficient dissolved oxygen (DO), and (6) eutrophic conditions. 

A second letter to the RWQCB prepared by the Lake San Marcos Community Association dated 

November 13, 2001 presents the analytical results of the sampling conducted May 9, 2001.  The 

Lake San Marcos Community Association collected Lake water samples from the following 

locations (no sample map is available): 

 Outfall 

 Cross Bridge 

 Park Dock 

 West Discovery Bridge 

 LMS Side Discovery Bridge 

 LMS Wake Bridge  
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Two additional samples were apparently collected (eight samples total) as mentioned in the 

laboratory report narrative and as shown on the accompanying laboratory chain of custody 

record (Appendix C), but data are only presented for the six locations listed above.  The water 

samples were analyzed for the following constituents: 

 Ammonia as nitrogen  

 Total petroleum hydrocarbons (TPH) 

 Nitrate as nitrogen 

 Total phosphorus as phosphorus 

 Total suspended solids (TSS) 

 Total dissolved solids (TDS) 

Ammonia as nitrogen was detected in the Outfall sample at a concentration of 0.2 mg/L, in the 

Cross Bridge sample at a concentration of 0.1 mg/L, and in the Park Dock sample at a 

concentration of 0.1 mg/L (with a reporting limit of 0.1 mg/L).  

TPH was detected in one sample at a concentration of 29 μg/L.   

Nitrate as nitrogen was reported at a concentration of 0.2 mg/L with a reporting limit of 0.1 mg/L 

in the Outfall sample only (no results are shown for the other samples).  

Total phosphorus was detected in the Outfall sample at a concentration of 0.10 mg/L, in the 

Cross Bridge sample at a concentration of 0.88 mg/L, and in the Park Dock sample at a 

concentration of 0.80 mg/L with a reporting limit of 0.05 mg/L.  

TSS was not detected (<20 mg/L), and TDS was detected at concentrations of 1,350 mg/L in 

the West Discovery Bridge sample, 21,400 mg/L in the LMS Side Discovery Bridge sample, and 

847 mg/L in the LMS Wake Bridge sample (reporting limit 20 mg/L). 

As discussed below, the Lake San Marcos Community Association data were cited in the 

RWQCB and U.S. EPA Lake listing evaluations. 



 

 

 

 

 9  

D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

1.1.2.1 Ammonia as Nitrogen 

The Lake listing for ammonia as nitrogen is based on the three Lake water samples from the 

Outfall, Cross Bridge, and Park Dock locations, collected by the Lake San Marcos Community 

Association May 9, 2001 and reported to the RWQCB in their letter dated November 13, 2001 

(Appendix C).  The RWQCB listing report states that un-ionized ammonia was reportedly 

detected at a maximum concentration of 0.025 mg/L, but the specific sample location is not 

specified and no detection of 0.025 mg/L is shown in the November 2001 letter.   

The RWQCB listing report also cites narrative fish kills and abnormal fish deformities 

(deformities, erosions, lesions, tumors [DELTs]) reported by the Lake San Marcos Community 

Association in their November 2001 letter as lines of evidence for the listing.  U.S. EPA 

approved listing the Creek for ammonia as nitrogen 

1.1.2.2 Nutrients 

The Lake listing for nutrients is based on the same three Lake water samples (Outfall, Cross 

Bridge, and Park Dock) collected by the Lake San Marcos Community Association May 9, 2001 

and analyzed for ammonia as nitrogen (the same data used for the ammonia as nitrogen 

listing).  The November and May 2001 letters from the Lake San Marcos Community 

Association are also cited as a “narrative” line of evidence.  The U.S. EPA approved the Creek 

listing for nutrients (Appendix C).   

1.1.2.3 Phosphorus 

The RWQCB originally listed the Lake for phosphorus based on the Outfall, Cross Bridge, and 

Park Dock sample data; however, the Lake was delisted for phosphorus in 2008 by the 

California State Water Resources Control Board (SWRCB) (Appendix C).  The SWQCB cited 

“flaws in the original listing,” in which only 3 samples from May 9, 2001 were used for the 

evaluation when a minimum of 5 is required (Appendix C).   

1.1.3 2011 Investigative Order 

The RWQCB issued investigative order (IO) R9-2011-0033 to CDC and LDG holdings, LLC in a 

letter dated September 20, 2011 (RWQCB, 2011) (Appendix B).  The IO directs CDC to collect 
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additional information “to contribute to the existing larger diagnostic effort being conducted 

voluntarily by other dischargers to the Lake by collecting and providing data on in-Lake 

processes (e.g., water budget including surface and groundwater influences, associated 

nutrient budget, lake biology, chemistry, and bathymetry).”  

The order requires investigation reports to summarize the conditions of Lake impairment 

and enable development of a cleanup plan, and states that investigation and cleanup 

planning effort “will result in the restoration and protection of water quality necessary to 

support the designated beneficial uses of the Lake.”  The reports required by the IO are 

intended to provide the RWQCB with “information on the existing physical, biological, and 

chemical conditions and processes of the Lake, the nature and extent of pollution conditions in 

the Lake, information on Lake operations and management and the how the existence and 

operation of the dam affects Lake water quality.”  As stated in the IO, the required investigation 

and reports are intended to: 

 Identify sources of nutrients in the surface water and groundwater discharged to the 

Lake 

 Assess the impact of the dam on the Lake water quality and beneficial uses 

 Develop a Lake water and nutrient budget 

 Allow proper assessment of Lake chemistry, bathymetry, and sediment depth 

 Characterize Lake ecology 

 Assist in the development and implementation of a plan to achieve nutrient abatement 

sufficient to reasonably protect designated beneficial uses for the Lake and the Creek, in 

conformance with the Basin Plan 

The RWQCB also noted in the IO that “Lake water quality improvement, pollutant source 

control, and improved Lake management may allow the RWQCB to avoid expending resources 

developing a TMDL and Waste Load Allocation (WLAs) for the Lake and Creek.”  Specific IO 

directives consist of the preparation of the following: 
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 Site conceptual model (SCM) 

 Summary of previous investigations  

 Surface water nutrient load evaluation 

 Groundwater nutrient load evaluation 

 Basin Plan WQOs compliance evaluation 

 Lake use, management, and operations summary 

 Lake water balance 

 Nature and extent of Lake nutrient impairments 

 Lake nutrient loading 

 Dam operations and maintenance summary 

 Graphical maps of area features, suspected nutrient sources, Lake discharges, 

stormwater infrastructure, and other information 

 Sampling and analysis plan (SAP) for proposed investigation tasks 

 Nutrient impairment investigation reports  

Suspected inputs to the Lake were noted in the IO to consist of stormwater runoff, 

non-stormwater flows, and groundwater infiltration.  Discharges from the Lake were noted to be 

suspected to consist of seepage through the dam and losses to groundwater. 

As discussed in Section 2, a work plan, SAP, and quality assurance project plan (QAPP) were 

developed to address the requirements of the IO.  In addition, nutrient impairment investigation 

reports have been submitted by CDC since 2012 in compliance with the IO directives.  This 

RI/FS will also serve as a nutrient impairment investigation report submittal required by the IO.   

1.2 Purpose and Overview of the CERCLA Process 

This RI/FS report is compliant with CERCLA and the National Contingency Plan (NCP) and was 

prepared in accordance with the Guidance for Conducting Remedial Investigations and 
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Feasibility Studies Under CERCLA (U.S. EPA, 1988).  The RI/FS process represents 

methodology the Superfund program has established for characterizing the nature and extent of 

hazardous substances released to the environment, assessing the risks posed by exposure to 

the hazardous substances, and evaluating potential remedial options.   

For the Lake, Creek, and Watershed, the overall goal of the CERCLA RI/FS process is to gather 

sufficient information to make an informed risk management decision regarding potential 

remedial actions, and to develop a comprehensive, reliable, restoration strategy that satisfies 

both RWQCB and U.S. EPA requirements.  The specific purpose of this RI/FS report is to 

accomplish the following:  

 Characterize the nature and extent of contaminants of potential concern (COPCs) 

 Assess the current risk to ecological and human health receptors posed by COPCs 

 Evaluate remedial actions for the Lake, Creek, and/or Watershed to reduce COPCs to 

acceptable levels 

The RI/FS report has been completed in accordance with the RI/FS work plan prepared by 

DBS&A, on behalf of and with assistance from CDC and the PA consultants, dated July 10, 

2015 (DBS&A, 2015).  The work plan was approved by the RWQCB in their letter to CDC dated 

August 31, 2015.    

1.3 Remedial Investigation Objective 

As stated above and in the RI/FS work plan, the overall goal of the RI/FS process is to 

systematically analyze the Lake and Watershed conditions as investigated to date and to 

complete a CERCLA-compliant RI report that supports an FS to select a Lake and Watershed 

restoration remedy.   

1.4 Community Involvement 

This section describes the following community involvement tasks:  
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 Previous activities 

 Public meetings 

 Geotracker 

 Fact Sheet mailings 

1.4.1 Previous Activities 

As discussed in the RI/FS work plan (Section 2.1.4), in 2009 the City of San Marcos initiated a 

public outreach through their website to inform the public of recent activities regarding the Lake 

and Watershed investigations and restoration efforts.  A scope of investigative work was posted 

for public comment and a public notice was circulated in May 2010 through the RWQCB.  A 

public meeting was held May 2010 to discuss the proposed scope of work.   

The PAs subsequently developed a public participation plan (LSM Work Group, 2011) to move 

forward with tasks outlined in the PA participation agreement.  The plan was presented to the 

public at a January 2012 public meeting.  The plan was intended to keep the public regularly 

informed about progress and to allow meaningful opportunities for public comment at key 

milestones during implementation of the cleanup program.  The plan includes identification of 

potential stakeholders and development of an information sheet for public distribution, and 

established a forum for continued meaningful public commentary.  The plan identified document 

repositories at the City of San Marcos and the RWQCB and included a contact list for future 

public comment.  Additional public meetings were held January 2013, August 2013, and 

December 2014 to discuss project updates. 

On behalf of CDC and the PADs, DBS&A will build upon the public participation work completed 

to date by conducting additional community outreach, as discussed below.   

1.4.2 Public Meetings 

DBS&A, CDC, and the PADs will schedule and complete a public meeting with interested 

community members (stakeholders) at each of the following RI/FS milestones: 
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 #1: RWQCB approval of the draft RI/FS report for public review 

 #2: Completion of draft record of decision (ROD) for public review 

The first public meeting will be held to present the results of the RI and to receive public 

comment on the document and the proposed remedy selected in the FS.  An e-mail address for 

the project will be set up to receive stakeholder comments during public review of the draft 

RI/FS report.  All public comments will be received, summarized, and addressed during 

preparation of the final RI/FS report.   

A public meeting will also be held to present and discuss the draft ROD for the Lake and the 

Watershed and to receive public comment on the draft document.  The project e-mail address 

will remain active from the date of the second public meeting so that public comments regarding 

the draft ROD can be received.  All public comments will be received, summarized, and 

addressed during preparation of the final ROD. 

1.4.3 Geotracker 

Project documents are periodically uploaded to the SWRCB GeoTracker website 

(http://geotracker.waterboards.ca.gov/) to enable public download and review.  The final RI/FS 

work plan, the draft and final RI/FS reports, the draft ROD, and the final ROD will be uploaded 

for public download and review.  The Geotracker site identification number is T10000003261.  

1.4.4 Fact Sheet Mailings 

A project fact sheet dated August 18, 2015 was prepared for distribution to interested 

stakeholders through the RWQCB LYRIS e-mail system.  The fact sheet summarizes the 

DBS&A RI/FS work plan, RI/FS report preparation, and upcoming public participation activities 

(public meeting), and presents RWQCB contact information.  Additional fact sheets may be 

prepared for distribution at key RI/FS milestones.   

http://geotracker.waterboards.ca.gov/�
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1.5 Document Organization 

This RI/FS report consists of the following major components: 

 Summary of the RI 

 Physical characteristics of the study area 

 Nature and extent of contamination 

 Screening level risk assessment 

 Site conceptual model (SCM) 

 RI conclusions 

 Applicable or relevant and appropriate requirements (ARARs) 

 Remedial action objectives (RAOs) 

 General response actions (GRAs) 

 Identification and screening of technologies 

 Detailed analysis of alternatives 

 Preferred alternative 

 References 
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2. Summary of the Remedial Investigation 

This section provides the details of the remedial investigation (RI) field program completed 

between 2012 and 2015.  Field and modeling work discussed in this section was conducted by 

the following groups: 

 Great Ecology/Nautilus:  Lake characterization (Section 2.3) 

 SCS Engineers (SCS):  Lake, Watershed, soil, and groundwater characterization 

(Section 2.4) 

 City of San Marcos, City of Escondido, County of San Diego:  Watershed 

characterization (Section 2.5) 

 LimnoTech, Inc. (LimnoTech):  Lake and Watershed modeling (Section 2.6) 

Analytical data produced for each of these RI field program efforts are detailed and discussed in 

Section 4.  

2.1 Project Plans 

This section discusses the project plans prepared for field investigation work conducted to 

support the RI.  Preliminary data presentations, analyses, and interpretations discussed below 

are included to summarize the project plan contents.  RI data analysis and interpretations have 

been updated, refined, and expanded in Section 4 and other sections of this RI report.   

Historical sampling locations discussed below in this section are presented on Figure 6.  

Surface water sampling locations alone are shown on Figure 7.  Historical sampling locations 

without surface water locations included are provided as Figure 8.   

2.1.1 2012 (June) Nutrient Impairments Investigation Work Plan 

Nautilus Environmental, LLC (Nautilus), in conjunction with ESA PWA, developed a nutrient 

impairments work plan for CDC dated June 2012 (Nautilus, 2012a).  The Nautilus work plan 
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provided a summary of previous investigations completed to date and presented a preliminary 

SCM.  The Nautilus work plan also proposed Lake data collection, a bathymetry survey, water 

budget and nutrient budget development, and an evaluation of in-Lake processes.  This plan 

served to outline numerous subsequent field and reporting tasks further described in 

Sections 2.3 and 2.4.   

2.1.1.1 Anderson (2010) Report 

Anderson (2010) developed a report (Appendix D) that reviewed available relevant data for 

Lake San Marcos provided in the “LSM Compendium” (Compendium, 2010).  Anderson 

reviewed available pre-RI historical information and data concerning previous Lake and Creek 

sampling efforts, dated 1983 to 2009 (Appendix E).  The key findings of Anderson (2010) 

included the following: 

 Reported contemporary maximum depth values ranged from 27.0 to 38 feet, with much 

shallower conditions present throughout much of the Lake. 

 Nutrient concentrations in water column were very high in 1974 and markedly reduced 

by 1991. 

 Nutrient concentrations in 2009 were similar to measurements conducted in 1991. 

 Nutrient concentrations were observed to be much higher in bottom waters compared 

with surface water samples, with ammonia and dissolved phosphorus levels in bottom 

waters reduced by 40 percent between 1974 and 2009. 

 Clarity of water measured by Secchi disk depth has improved since 1974 but remains 

poor and indicative of excessive algal production. 

 DO concentrations in surface water have varied depending upon the stratification regime 

present in the Lake. 

 Stratification during summer results in DO depletion in bottom waters (hypolimnion) and 

accumulation of ammonia, phosphorus, and hydrogen sulfide (based on odors noted 
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during sampling efforts [Appendix D]) that, during mixing in the fall, can trigger algal 

blooms and fish kills. 

 Fish kills were recorded in 1968, 1974, 1976, and 2006. 

 Fish survey conducted in 1991 showed threadfin shad as the most dominant species in 

the Lake, with reduced diversity in fish community compared with measurements 

conducted in 1974; the high abundance of threadfin shad may unfavorably alter the 

ecology of the Lake by excessive grazing pressure on zooplankton, which can in turn 

result in high concentrations of phytoplankton in the Lake. 

 Need for up to date evaluation of bathymetry and depth-area-volume relationships for 

the Lake. 

 Need for improved understanding of nutrient recycling from Lake sediments and external 

loading of nutrients to the Lake. 

 Suggestions for potential remediation strategies, including selective withdrawal/release 

of bottom water (hypolimnion), aeration/oxygenation of hypolimnion and/or 

destratification of water column, and/or biomanipulation. 

2.1.1.2 Site Conceptual Model Elements 

The Nautilus work plan discussed the hydrological setting of the Lake and identified the key 

hydrologic inputs:  

 Direct precipitation  

 Creek flow (surface and subsurface)  

 Surface water contributions outside of the Creek inputs (e.g., nuisance runoff)  

 Groundwater  

A preliminary SCM diagram with major processes influencing the Lake and its hydrologic and 

nutrient balance was provided. 
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2.1.1.3 Bathymetry 

The Nautilus work plan proposed a bathymetric survey of the Lake on east-west transects 

spaced approximately 50 feet apart using a 420-kHz transducer that would also allow 

characterization of Lake bottom sediments following recommendations outlined in Anderson 

(2010).  This work was later conducted by Tierra Data (2013). 

2.1.1.4 Lake Water Budget 

Development of an annual water budget for Lake San Marcos was also outlined with data 

requirements that included (1) Lake water level, (2) precipitation, (3) air temperature, 

(4) evaporation, (5) stream inflow, (6) storm drainage, (7) other surface water discharges, 

(8) groundwater, (9) pumping, and (10) Lake management activities (Nautilus, 2012a). 

2.1.1.5 Surface Water, Groundwater, and Lake Nutrient Budget 

The Nautilus work plan proposed that nutrient loading to the Lake via groundwater flows, 

surface water inputs, and in-Lake processes be quantified.  Available information about local 

subsurface geology, hydrology, and groundwater quality was to be used.  Groundwater 

sampling was not included in the project scope.  Surface water nutrient loading was outlined in 

the subsequent section of the work plan (described below).  Coordination with lakefront property 

owners was recommended to better understand nutrient loading from properties adjacent to the 

Lake. 

2.1.1.6 In-Lake Processes 

The Nautilus work plan outlined a number of activities described below to quantify the 

importance of in-Lake processes to nutrient recycling and the nutrient budget of the Lake.  A 

minimum of five sampling stations was specified based upon bathymetric measurements 

described above.  

2.1.1.6.1 Water Quality Surveys.  Regular water quality monitoring at the five sites was 

proposed for eight times over the course of the year, with two additional events targeting events 

such as destratification or large storm events.  Water samples would be collected from surface, 

middle, and bottom waters, where a minimum of 2 meters would separate sampling depths.  

Proposed laboratory analyses included nitrite, total Kjeldahl nitrogen (TKN), TDS, total hardness 
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(as CaCO3), dissolved phosphorus, ammonia, nitrate, total nitrogen, total phosphorus and 

orthophosphate, chlorophyll a, temperature, DO, pH, and salinity (as conductivity). 

2.1.1.6.2 Lake Sediment Quality Survey.  The Nautilus work plan included collecting core 

samples from the five sampling stations using a vibracore fitted with a 4-inch-diameter barrel 

with plastic sleeve.  Proposed Lake sediment sample analyses included nutrient concentrations, 

total solids, and grain size. 

2.1.1.6.3 Lake Sediment-Water Interface Nutrient Flux.  Laboratory mesocosm studies were 

outlined in which Lake sediment grab samples from three of the stations (LSM-1, LSM-2, and a 

third shallow site) were added to triplicated chambers followed by addition of Lake water to 

simulate the sediment-water interface.  Water samples were then collected after 24, 48, and 

96 hours and analyzed for the same constituents described above for water quality surveys.  

These measurements were proposed for the fall, spring, and summer. 

2.1.1.6.4 Biological Resource Data.  Assessment of biological conditions in the Lake was also 

outlined in the Nautilus work plan.  The proposed assessment included phytoplankton 

abundance and speciation during summer stratification, fall mixing, winter, and spring.  An 

80-micron Wisconsin net was proposed for phytoplankton sampling.  Phytoplankton pigment 

and cyanotoxin sampling and analyses were also proposed, along with a vegetation survey and 

a fish and waterfowl survey. 

2.1.1.7 Analyses, Data Evaluation, Schedule, and Reporting 

The Nautilus work plan included a summary table describing analytical methods, matrices, and 

holding times, as well as a reference to development of a QAPP (Section 2.2) to be completed 

and approved prior to fieldwork (exclusive of bathymetric survey).  The Nautilus work plan also 

included a schedule outlining the work to be conducted, as well as several contingency 

elements not incorporated into the Year 1 study (fish population and zooplankton survey, food 

web analysis, and ongoing [2nd-year] water quality monitoring).  The final element of the 

Nautilus work plan was development of an investigation report. 
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2.1.2 2014 (April) Sampling and Analysis Plan for Lake Sediment Quality Investigation  

A draft SAP dated April 14, 2014 (Great Ecology, 2014b) was prepared to provide an overview 

of the Lake sediment quality investigation.  The goal of the study was to collect Lake sediment 

quality data sufficient to evaluate historical releases and sources of nutrients to the Lake, 

including assessment of the feasibility of dredging and disposal of sediments as a potential 

remediation action.  Data were collected following a Tier 1 evaluation per Evaluation of Dredged 

Material Proposed for Discharge in Waters of the U.S. – Testing Manual: Inland Testing Manual 

(U.S. EPA and USACE, 1998).  

The SAP provided a brief description of the Lake, its beneficial uses, and basic water quality 

conditions, and identified impairments due to nutrients, phosphorus, and ammonium-N at 

concentrations that do not meet water quality standards.  The SAP then provides a history of the 

site, including dam construction(s), siting and construction of a San Diego County Water 

Authority (SDCWA) aqueduct in 1957 that traversed the Lake, development of a golf course and 

local community beginning in 1962, and construction of two additional aqueducts prior to 1963 

and in 1970.   

Existing Lake sediment quality data were available from sediment collected by Great Ecology at 

Stations A, C, and E in June and September 2013 and January 2014 as part of nutrient flux 

studies previously described.  SCS also collected sediment in June 2013 at 10 stations on the 

Lake.  The Lake sediment sampling work is further discussed in Sections 2.4.4.7 and 4.2.3. 

The specific objectives of this investigation were as follows: 

 Establish a record of Lake sediment quality, including nutrients, metals, polycyclic 

aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs), organochlorine and 

orthophosphate pesticides, and petroleum hydrocarbons 

 Determine if surface sediments exhibit toxicity and evaluate the proportion attributable to 

ammonia 

 Evaluate longitudinal gradients in contaminant concentrations 
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 Use bacterial source tracking technique to assess contributions of human, bovine, and 

avian sources 

The final SAP was prepared and dated August 9, 2014 (Great Ecology, 2014c).  This SAP 

reflects a reduced set of measurements at the Lake.  Specifically, dating of the Lake sediment 

record using radioisotopes and microbial source tracking using DNA analysis on core samples 

were removed from the original proposed draft SAP.  The SAP retained basic chemical analysis 

of surficial sediment samples and toxicity sampling at a reduced number of stations across the 

Lake, focusing exclusively on the five main sampling stations.  The vertical/temporal dimension 

included in the initial draft SAP was removed.  

2.1.3 2015 (April) SCS Work Plan for Creek Water Quality Investigation (Creek Water 

Agricultural Sampling) 

SCS submitted a work plan dated April 20, 2015 (SCS, 2015a) to CDC, the City of San Marcos, 

the City of Escondido, the County of San Diego, and Vallecitos Water District (VWD) to evaluate 

potential Creek water impacts from nitrate, nitrite, ammonia, and phosphate (nutrients) due to 

historical agricultural site use and operations in the area.  Data collection was planned to 

“isolate specific tributaries to and reaches of the Creek and to identify the relative nutrient 

contributions of those tributaries and reaches within the Creek” (SCS, 2015a). 

Aerial photographs from the county and other sources dated 1938, 1947, 1953, 1967, 1980, and 

1985 were compiled (Appendix F) and reviewed with U.S. Geological Survey (USGS) 

topographic maps to evaluate the extent of the historical property boundaries and approximate 

surface drainage boundaries.  The work completed for this effort generated the land use 

information provided in Section 3.1.   

SCS selected four water sampling locations (C21, 0220, 0310, and 0460), along with existing 

location C2 at Via Vera Cruz, for a total of five locations for potential flow velocity/discharge 

sampling during dry and wet weather (Figures 9 through 13).  The four locations (four Creek 

reaches) for proposed future sampling were selected based on the review of available aerial 

photographs and topographic maps (discussed above) in order to identify areas upgradient and 
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downgradient of potential historical nutrient sources (Prohoroff and Hollandia) (Section 3.1.3).  

Except for C2 and C21, the proposed sampling notations were not retained in future sampling, 

so these points are not located on Figures 6 and 7.    

Based on this effort, SCS reported that the former Prohoroff chicken farm (poultry ranch) and 

Hollandia dairy properties in the area “most likely contributed potentially significant quantities of 

nutrients to the Watershed over the course of their historical large agricultural production facility 

operations.”  These properties are further discussed in Section 3.1.3.   

2.1.4 2015 (July) DBS&A RI/FS Work Plan  

As discussed in Section 1.2, this RI/FS report has been completed in accordance with the RI/FS 

work plan prepared by DBS&A for CDC and the PAs dated July 10, 2015 (DBS&A, 2015).  The 

RI/FS work plan was approved by the RWQCB in their letter to CDC dated August 31, 2015.  

The RI/FS work plan proposed the following major tasks addressed in this RI/FS report: 

 Data compilation and summary of previous investigations  

 Screening-level human health and ecological risk assessment 

 Lake and Watershed modeling 

 Reporting (RI/FS report preparation) 

 Community involvement 

2.1.5 2015 (September) SCS Soil and Groundwater Agricultural Sampling Work Plan 

SCS prepared a work plan for supplemental soil and groundwater sampling in the vicinity of 

former agricultural properties near the Creek (SCS, 2015d).  The work plan was submitted to 

the RWQCB via e-mail in September 2015.  Soil and groundwater sampling was proposed near 

the Hollandia, Wilgenburg, and Prohoroff properties (discussed in Section 3.1.3).  The work plan 

proposes to characterize shallow soil and groundwater from each property drainage area 

leading to San Marcos Creek.  The samples were proposed to evaluate if soil and/or 

groundwater from these properties may contribute nutrients to San Marcos Creek.  The work 



 

 

 

 

 24  

D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

was conducted on an expedited schedule in September 2015.  The completed field work is 

discussed in Section 2.4.7. 

2.2 Quality Assurance/Quality Control Plans 

QAPPs were developed for separate components of the RI activities.  The QAPPs were 

prepared in accordance with the State of California’s SWAMP Quality Assurance Program Plan, 

adopted by the SWRCB.  The following QAPPs have been submitted to the RWQCB for the RI: 

 2012 (August) Nautilus Environmental Lake San Marcos Nutrient Impairments 

Investigation QAPP Document 1 (Nautilus, 2012b) 

 2013 (August) Great Ecology Lake San Marcos Nutrient Impairments Investigation 

QAPP Document 1 Addendum A (Great Ecology, 2013a) 

 2013 (June) SCS Quality Assurance Program Plan for the Investigative Order Data 

Collection Effort for U.S. EPA Watershed and Lake Model Development, Lake San 

Marcos and Upper San Marcos Creek Watershed (SCS, 2013a) 

 2014 (February) SCS Quality Assurance Program Plan for the 2014 Investigative Order 

Data Collection Effort for U.S. EPA Watershed and Lake Model Development, Lake San 

Marcos and Upper San Marcos Creek Watershed (draft) (SCS, 2014a) 

2.2.1 2012 (August) Nautilus QAPP 

The August 2012 QAPP (Nautilus, 2012b) provided an overview of CDC investigation project 

management and methodologies for planned water quality monitoring, analytical chemistry, 

phytoplankton taxonomy, sediment nutrient flux studies, and data quality objectives (DQOs) and 

criteria for each planned task.  The QAPP also discusses data generation, data acquisition, 

sampling methodology and procedures, and QA assessment and reporting.  Review and 

validation is also specified for the collected data.  The QAPP was developed to guide the field 

and laboratory efforts associated with the 2012 (June) Nutrient Impairments Investigation Work 

Plan prepared by Nautilus (2012) and discussed in Section 2.1.1. 



 

 

 

 

 25  

D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

2.2.2 2013 (June) SCS QAPP 

The June 2013 QAPP (SCS, 2013a) prepared by SCS addresses sample collection and 

handling protocols, analytical methods, and quality assurance/quality control (QA/QC) measures 

to be employed for the RI work conducted under the April 2015 SCS Lake sediment quality 

investigation work plan (Section 2.1.3).  The QAPP outlines DQOs and measurement quality 

objectives (MQOs) and procedures for data validation, sampling design and rationale, field 

methods, waste disposal, sample documentation, QC field sampling, field variances, and safety. 

2.2.3 2013 (August) Great Ecology QAPP 

In August 2013 Great Ecology developed an addendum to the 2012 QAPP prepared by Nautilus 

to include multiple additional laboratory analyses in aqueous, Lake sediment, and aqueous or 

sediment matrices (Great Ecology, 2013a).   

2.2.4 2014 (February) SCS QAPP 

The February 2014 QAPP (SCS, 2014a) prepared by SCS addresses sample collection and 

handling protocols, analytical methods, and quality assurance/quality control (QA/QC) measures 

to be employed for the July 2014 data collection effort (Section 2.4.4).  The purpose of the 2014 

data collection effort is to provide necessary and accurate data for the Watershed and Lake 

model development and validation (Section 2.6).  As described in Section 2.4.4, the scope of 

work consisted of wet weather monitoring and sampling of storm water flows, monitoring of the 

Creek and St. Mark Golf Club well discharge, and periodic monitoring and sampling of the Lake 

and groundwater wells within the Project Area.  The QAPP specifies the sample collection and 

handling protocols, analytical methods, and QA/QC measures.  

2.3 Remedial Investigation Activities - Great Ecology/Nautilus 

A summary of previous remedial investigation work (RI tasks) completed by Great Ecology and 

Nautilus is provided chronologically in this section.  Historical sampling locations discussed in 

this section are shown on Figure 6.  Results are discussed in Section 4.   
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2.3.1 2012 (November) Nutrient Impairment Investigation Report 

CDC submitted a letter report dated November 30, 2012 to the RWQCB (CDC, 2012a) 

communicating the work conducted in compliance with the IO and outlined in the Nautilus work 

plan previously approved on July 13, 2012.  Investigation progress reported in this letter report 

included the following: 

 Collection of meteorological data from weather station installed at the Lake since April 9, 

2012 

 Monitoring depth of groundwater at active supply well located on the St. Mark Golf Club 

property (St. Mark golf course well) 

 Weekly monitoring of Lake surface elevation since April 10, 2012 

 Initiation of water quality monitoring at five stations on the Lake on September 4, 2012 

 Initiation of phytoplankton monitoring at three locations on September 4, 2012 

 Continuation of water quality monitoring on September 25, 2012 

 Deployment of solid phase adsorption toxin tracking (SPATT) bags to assess 

microcystin levels in the Lake 

 Participation by CDC representatives in public workshops 

No data were provided in this letter report but would be provided in subsequent reports.  The 

results of this work are discussed in Section 4.2.1.1 with data from December 2012. 

2.3.2 2012 (December) 4th Quarter 2012 Nutrient Impairment Investigation Report  

CDC submitted a letter report dated December 31, 2012 to the RWQCB (CDC, 2012b) 

communicating the results of quarterly water quality sampling since September 4, 2012 

conducted in compliance with the IO and outlined in the Nautilus (2012a) work plan previously 

approved on July 13, 2012.  
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Great Ecology and Nautilus conducted water quality sampling at five sites on the Lake 

(Stations A through E) on September 4, September 25, and December 11, 2012, and quarterly 

phytoplankton sampling at Stations A, C, and E on September 4, 2012.  Water quality sampling 

included profile measurements collected using a sonde and grab samples for nutrient analysis.  

Data were provided in a series of tables that summarized field conditions, water quality data, 

nutrient concentrations, and phytoplankton identification and abundance, as well as 

photographic records of surface water color and clarity.  Tabular data from this quarterly status 

report are included in Appendix G.  Included in this letter report were the chain of custody forms 

and analytical reports from CalScience Environmental Laboratories, Inc. (CalScience).  

The results of this work are discussed in Section 4.2.1.1. 

2.3.3 2013 (January) Tierra Data Draft 2012 Acoustic Survey Report  

A draft report dated January 6, 2013 was submitted by Tierra Data, Inc. (Tierra Data, 2013) that 

summarized the hydroacoustic survey of the Lake conducted on December 20 and 21, 2012.  

Water surface elevations were measured with a Trimble DGPS with an accuracy of 

±10 centimeters (cm).  Lake surface elevation was measured at 493.51 feet.  The hydroacoustic 

survey was conducted using a BioSonics DT-X echosounder system with 420-kHz split-beam 

transducer and DT-X surface unit integrated with a Trimble XT-600 DGPS.  The transducer was 

mounted 10 inches below the water surface.  Echograms and GPS data were collected using 

BioSonics Visual Acquisition software.  The survey was conducted from a 15-foot Boston 

Whaler operated at a vessel speed of 3 to 4 knots.  ESRI ArcPad was used for survey 

navigation.  Measurements were collected along transects approximately 50 feet apart in both 

longitudinal and transverse directions.  

Water depth was corrected for transducer depth and periodically ground-truthed with depth 

measured using a lead line.  Survey tracks laid on top of a satellite image of the Lake indicated 

thorough coverage of the Lake basin in the survey.  The letter report also included figures 

showing selected cross sections of the Lake.  Sediment typing, fish detection, QA/QC, 

discussion, and reference sections were indicated as “To be completed.”  
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The results of this work are discussed in Section 4.2.1.2. 

2.3.4 2013 (August) 1st and 2nd Quarters 2013 Nutrient Impairment Investigation Report 

CDC submitted a letter report dated August 2, 2013 to the RWQCB (CDC, 2013a) 

communicating the cumulative results of water quality sampling through the first two quarters of 

2013 conducted in compliance with the IO and outlined in the work plan previously approved on 

July 13, 2012.   

In addition to the three water quality monitoring events conducted in 2012, Great Ecology and 

Nautilus completed quarterly sampling in May 22, June 20, and July 19, 2013.   

Results from these 2013 sampling events were combined with results from the three 2012 

sampling events into a total of 12 data tables describing field conditions, water column 

conditions, nutrient concentrations, and phytoplankton identification and enumeration.  

Photographic images of the Lake and sediment from grab samples were also provided.  

The results of this work are discussed in Section 4.2.1.4. 

2.3.5 2013 (September) Great Ecology Document Memorandum 

Great Ecology organized data collected to date as part of the CDC’s obligations to the IO and 

outlined in the June 2012 work plan previously approved on July 13, 2012 (Section 2.1.1) (Great 

Ecology, 2013b).  The memorandum describes the file structure for the technical data, 

organized by (1) bathymetric data, (2) baseline Lake data, (3) water chemistry data, 

(4) sediment flux data, (5) QAPP documentation, and (6) quarterly report documents. 

2.3.6 2013 (October) 3rd Quarter 2013 Nutrient Impairment Investigation Report 

CDC submitted a letter report dated October 31, 2013 to the RWQCB (CDC, 2013b) 

communicating the cumulative results of water quality sampling through the third quarter of 

2013 conducted in compliance with the IO and outlined in the work plan previously approved on 

July 13, 2012. 
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The report presents results from the 10 sampling events proposed in the work plan that 

commenced in September 2012, including 4 events conducted during this reporting period—on 

August 14, September 5, September 26, and October 14, 2013.  Measurements included water 

column profile measurements with a sonde and grab samples for nutrient analysis.  Water 

column results from the July 19, 2013 sampling were described in the prior status report; 

nutrient concentrations were provided in this document.  

Data were provided in the letter report in a series of tables that summarized field conditions, 

water quality data, nutrient concentrations, and phytoplankton identification and abundance, as 

well as photographic records of surface water color and clarity.  Tabular data from this quarterly 

status report are included in Appendix G.  Included in this letter report were the chain of custody 

forms and analytical reports from CalScience. 

The results of this work are discussed in Section 4.2.1.5. 

2.3.7 2014 (January) 4th Quarter 2013 Nutrient Impairment Investigation Report 

CDC submitted a letter report dated January 31, 2014 to the RWQCB (CDC, 2014a) 

communicating the cumulative results of water quality sampling through the fourth quarter of 

2013 conducted in compliance with the IO and outlined in the work plan previously approved on 

July 13, 2012. 

The report presents results from the 12 sampling events proposed in the work plan that 

commenced in September 2012, including the 2 final sampling events conducted during the 

fourth quarter on November 6 and December 4, 2013.  As in prior sampling events, 

measurements included water column profile measurements with a sonde and grab samples for 

nutrient analysis.  Results were also included in this report from the September 26, 2013 

phytoplankton sampling event, and vegetation surveys via inspection of November 2, 2012 

aerial imagery and field survey in December 2013.  
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Data were presented as bar graphs/time-series for each of the stations showing surface and 

bottom concentrations of DO, chlorophyll a, total phosphorus, ammonia-N, and total nitrogen for 

each of the 12 sampling events since September 4, 2012.   

The results of this work are discussed in Section 4.2.1.6. 

2.3.8 2014 (January) Great Ecology Vegetation Survey 

Great Ecology prepared a memorandum summarizing the results from the vegetation survey 

based upon satellite imagery from November 2012 and the field survey conducted in December 

2013 (Great Ecology, 2014a).  Their findings were included in the fourth quarter letter report 

(Section 2.3.7).  Reaches and transects for the vegetation survey are shown in Figure 14.  

Detailed survey results are summarized in Appendix H. 

The results of this work are discussed in Section 4.2.1.7. 

2.3.9 2014 (April) 1st Quarter 2014 Nutrient Impairment Investigation Report 

CDC submitted a letter report dated April 30, 2014 to the RWQCB (CDC, 2014b) 

communicating the cumulative results of water quality sampling conducted in compliance with 

the IO and outlined in the work plan previously approved on July 13, 2012.   

The report provides a compilation of data collected to date and includes completed elements of 

the approved work plan including: 

 Bathymetric study conducted by Tierra Data 

 Water quality sampling previously transmitted through status reports for fourth quarter 

2012 and first through fourth quarters 2013 completed this task per the IO 

 Three sediment flux experiments in compliance with the IO 

The report also summarized results from 3 water column sampling events in first quarter 2014 

on January 8, February 26, and March 18, 2014 (for a total of 15 sampling events) that included 
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in situ profile measurements and nutrient analyses on grab samples, as well as wet weather 

sampling of two storms sampled during this reporting period.  In situ water column profile 

measurements were also included from the April 16, 2014 sampling event. 

The results of this work are discussed in Section 4.2.1.8. 

2.3.10 2014 (July) 2nd Quarter 2014 Nutrient Impairment Investigation Report  

CDC submitted a letter report dated July 31, 2014 to the RWQCB (CDC, 2014c) communicating 

the cumulative results of water quality sampling conducted in compliance with the IO and 

outlined in the work plan previously approved on July 13, 2012.  This report includes new water 

column profile measurements from May 13 and June 3, 2014.   

The results of this work are discussed in Section 4.2.1.9. 

2.3.11 2015 (January) 4th Quarter 2014 Nutrient Impairment Investigation Report 

CDC submitted a letter report dated January 30, 2015 to the RWQCB (CDC, 2015a) 

communicating the cumulative results of water quality sampling conducted in compliance with 

the IO and outlined in the work plan previously approved on July 13, 2012.  This report includes 

additional water column profile and nutrient measurements from July 8, August 6, September 9, 

October 7, November 4, and December 9, 2014.    

The results of this work are discussed in Section 4.2.1.12. 

2.3.12 2015 (January) Great Ecology Aquatic Vegetation Survey and Nutrient Content 

Evaluation Report 

Great Ecology submitted an aquatic vegetation survey and nutrient content evaluation report to 

CDC on January 30, 2015 (Great Ecology, 2015a).  This study was undertaken to evaluate the 

potential for vegetation management to serve as a nutrient management strategy for the Lake, 

and specifically sought to accomplish the following: 
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 Quantify population-level information about aquatic vegetation in the Lake, including 

patch extent and leaf density 

 Determine total carbon, nitrogen, and phosphorus content in Nymphaea mexicana 

biomass 

Fieldwork was conducted on July 29, 2014 and investigated macrophyte patch size and patch 

density at 25 sites on the Lake.  Of these sites, 5 representative patches were chosen randomly 

for more detailed patch density measurements, plant morphological characteristics, and nutrient 

content analysis.   

The results of this work are discussed in Section 4.2.1.3. 

2.3.13 2015 (January) Great Ecology Fish Population Survey 

Great Ecology submitted a fish population survey report to CDC on January 30, 2015 (Great 

Ecology, 2015b).  The objectives of this survey were as follows: 

 Characterize the near-shore fish population currently present in the Lake 

 Determine if there are any spatial variations in fish species presence 

Sampling was conducted at three locations on the west side of the Lake: (1) near the San 

Marcos Creek inflow (Upper site), (2) the southernmost western embayment (Middle), and 

(3) south of the developed shoreline (South).  Samples were collected using triplicate hauls with 

a 50-foot x 4-foot seine with ¼-inch mesh that was extended perpendicular to the shoreline and 

then pulled into shore on a wide arc.  Fish were removed, identified to species level, and total 

length (millimeters [mm]) and weight (grams [g]) recorded up to 50 individuals; beyond 

50 individuals, fish were simply enumerated. 

The results of this work are discussed in Section 4.2.1.14. 
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2.3.14 2015 (January) Great Ecology Rates of Nutrient Release from Sediments at  

Lake San Marcos 

Great Ecology submitted the report Rates of Nutrient Release from Sediments at Lake San 

Marcos to CDC on January 30, 2015 (Great Ecology, 2015c).  The objectives of this study were 

as follows: 

 Quantify the rate of nutrient release from bottom sediments to the overlying water 

column in the Lake (i.e., internal loading or internal recycling rate) 

 Evaluate spatial and seasonal variation in rates of nutrient release 

Measurements were made on sediment collected from three locations on the Lake (Stations A, 

C, and E) (Figure 6) and on three different dates (June 28, 2013, September 20, 2013, and 

January 24, 2014).  These three sites represent the range in depths present in the Lake (8.1, 

3.1, and 1.5 meters at Stations A, C, and E, respectively).  The three dates were chosen to 

reflect summer stratified conditions, fall conditions following mixing, and winter when water 

column temperatures are near annual low values. 

Visual assessments and water column profile measurements were made at each station, 

followed by collection of about 72 liters of bottom water filtered through a 63-micron mesh 

screen prior to collection of sediment samples.  Six replicate sediment samples were collected 

using an Ekman dredge, followed by an additional three grab samples for mesocosm 

experiments.  

Mesocosm studies involved placing about 3 liters of sediment into triplicate aquaria to which 

were added 15 liters of bottom water.  A control mesocosm without sediment was also 

prepared.  Mesocosms were incubated with 5°C of ambient conditions with controlled lighting.  

Water chemistry was monitored and samples for nutrient analyses were collected after 0, 24, 

48, and 96 hours.  Flux rates were calculated from mass released over time.  The report 

included field and laboratory data, analytical reports, and chain of custody forms as appendices. 

The results of this work are discussed in Section 4.2.1.15. 
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2.3.15 2015 (April) 1st Quarter 2015 Nutrient Impairment Investigation Report 

CDC submitted a letter report dated April 30, 2015 to the RWQCB (CDC, 2015b) 

communicating the cumulative results of water quality sampling conducted in compliance with 

the IO and outlined in the work plan previously approved on July 13, 2012.  This report includes 

water column profile and nutrient measurements made on January 8, February 4, and March 3, 

2015.   

Data were provided in a series of tables that summarized all completed measurements.  

Included in this letter report were the analytical reports and chain of custody forms from 

CalScience and other laboratories. 

The results of this work are discussed in Section 4.2.1.16. 

2.3.16 2015 (September) Nautilus Final Revised Sediment Toxicity Testing Report 

On September 18, 2015, Nautilus submitted to Great Ecology the report Toxicity Testing Report 

for Sediments Collected from Lake San Marcos (Nautilus, 2015), presenting results from 

sediment samples collected on August 11, 2014.  The objectives of this study, previously 

outlined in the SAP, were as follows: 

 Determine if sediments from the Lake exhibit toxicity 

 Determine the extent to which ammonia contributes to any observed toxicity 

 Determine the extent to which other constituents may contribute to toxicity 

Tiered sediment toxicity tests following U.S. EPA protocols (U.S. EPA, 2000) were conducted 

on sediments from Stations A through E using Hyalella azteca and Chironomus dilutus.  The 

initial round of testing was conducted between August 19 and 29, 2014.  Following evidence of 

toxicity, a second round of tests was conducted between October 28 and November 7, 2014. 

The results of this work are discussed in Section 4.2.1.17. 
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2.4 Remedial Investigation Activities - SCS Engineers 

This section provides a chronological summary of remedial investigation work and reports 

completed by SCS.  Historical sampling locations discussed in this section are shown on 

Figure 6.   

2.4.1 2013 (October) SCS San Marcos Creek Area Groundwater Monitoring Report 

(2nd through 4th Quarter 2012 and 1st Quarter 2013) 

SCS submitted a groundwater monitoring report dated July 19, 2013 to the City of San Marcos 

for groundwater sampling conducted in Creek area wells during fourth quarter 2012 and first 

quarter 2013.  The report was later resubmitted October 1, 2013 with additional data from the 

second and third quarters of 2012 (SCS, 2013b).   

Five wells (OW-4, OW-11, OW-14, OW-15, and OW-16) located along San Marcos Creek 

(Figure 6) were low-flow sampled for depth to water and water quality as part of the San Marcos 

Creek Groundwater Monitoring Program (SMCGMP).   

Sampling was conducted “relative to significant storm events” and provide data for the City 

needed for the San Marcos Creek Specific Plan Project area creek and wetlands restoration 

and enhancement project.  The SMCGWP is a City project initiated to provide data regarding 

groundwater, creek flow discharging into Lake San Marcos, Lake water levels, and groundwater 

nutrient concentrations in the dry and wet seasons.  The data were intended to help identify 

water quality impairments associated with the Lake and discharges into the Lake (SCS, 2013b). 

The October 2013 report describes groundwater monitoring conducted on the following dates: 

 April 4, 2012 (dry weather monitoring) 

 April 15, 2012 (wet weather monitoring) 

 July 25, 2012 (dry weather quarterly monitoring) 

 November 28, 2012 (dry weather quarterly monitoring) 

 December 14, 2012 (wet weather monitoring) 
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 February 20, 2013 (wet weather monitoring) 

 March 26, 2013 (dry weather quarterly monitoring) 

Groundwater samples were analyzed for the following “Nutrient Analyte List” of eight 

parameters (NAL parameters):   

 TKN using Standard Method (SM) 4500-N Org B 

 Nitrite/nitrate using SM 4500-NO3E 

 Ammonia using SM 4500-NH3 

 Total phosphorus using SM 4500-P B/E 

 Orthophosphate using SM 4500-P B/E 

 Dissolved phosphorus using SM 4500-P B/E 

 Total hardness as calcium carbonate using SM 2340-C 

 TDS using SM 2540-C 

The results of the water level measurements and groundwater flow mapping are discussed in 

Section 3.8.1.  The Creek area wells groundwater analytical data are discussed in 

Section 4.1.4.1.   

2.4.2 2013 (October) SCS San Marcos Creek and Outfall Water Chemistry Monitoring 

Report 

SCS produced a report for the City of San Marcos dated October 23, 2013 (SCS, 2013c), 

describing additional dry and wet weather monitoring conducted for the San Marcos Creek 

Specific Plan Project (SMCSPP).   

SCS (2013c) describes the SMCSPP as a community planning effort to create mixed-use/smart-

growth zoning and flood control to surrounding properties, and to facilitate urban infill by 

reevaluating land uses and establishing a plan for development over approximately 20 years.   

The “project area” (approximately 217 acres) was defined to be located along San Marcos 

Creek between Highway 78 and Discovery Street, and consists of land proposed for mixed-use, 
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parks, right-of-way, and dedicated open space.  SCS (2013c) also noted that the city plan will 

include structural best management practices (BMPs) to address runoff that flows untreated into 

San Marcos Creek and Los Posas Creek.  SCS conducted first-year baseline water chemistry 

monitoring in compliance of a RWQCB Water Quality Certification (WQC) submitted for the 

SMCSPP.  The goal of the effort is to collect data to demonstrate improvements in the Creek 

after BMP implementation.  

Wet and dry weather sampling was conducted in two outfalls along the Creek (O-1 and O-2) 

and three Creek locations (C-1, C-2, and C-3) in the SMCSPP project area (Figure 6). 

One Creek location is upstream of the project area, one is within the project area, and one is 

downstream of the project area (SCS, 2013c).  The October 2013 report presents the data for 

wet weather sampling events conducted February 8, 2013 and February 20, 2013.  

All five stations recorded storm water flow and automated flow-weighted (constant-

volume/variable-time-interval) composite samples were collected at all five locations and flow 

rates were measured continuously at 1-minute intervals with a flow meter and pressure 

transducer.  Collected samples were analyzed for the following constituents:   

 TSS using SM 2540D 

 Chemical oxygen demand (COD) using EPA method 410 

 Fecal coliform using SM 9221E (grab sample) 

 Ammonia using SM 4500-NH3 

 Nitrite/nitrate using SM 4500-NO3E 

 TKN using SM 4500-N Org B 

 Total phosphorus using SM 4500-P B/E 

 Total cadmium, copper, lead, nickel, and zinc using EPA method 200.8 

Creek flow was measured at a maximum of 94.92 cubic feet per second (cfs) (approximately 

42,600 gallons per minute [gpm]) at Creek station C-3 after a February 19, 2013 rain storm.  

Flow at station C-1 peaked at 52.73 cfs (approximately 23,670 gpm) and peak flow at station 

C-2 was 57.81 cfs (approximately 25,950 gpm).  Outfall flow at station O-1 peaked at 5.72 cfs 
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(approximately 2,570 gpm).  Peak flow at outfall station O-2 was 7.25 cfs (approximately 

3,250 gpm).  Storm event hydrographs were also prepared for each sample location 

(Appendix I).  Analytical data from the sampling event (locations C-1, C-2, C-3, O-1, and O-2) 

are discussed in Section 4.1.   

2.4.3 2013 (November) SCS Groundwater Production Well Sampling Report 

In November 2013 SCS produced a report for the City of San Marcos (SCS, 2013d) describing 

supply well sampling at the following 11 wells identified in the area (Figure 6): 

 Cerro de Las Posas (CDLP)  

 Corky Smith Gymnasium (CS) 

 Grand Las Posas (GLP) 

 Hollandia Park (HP) 

 Mission Sports Park (MSP) 

 Public Works Yard (PW) 

 Rancho Sante Fe (RSF) (outside of the Watershed) 

 San Elijo Hills (SEH) (outside of the Watershed) 

 Sunset Park (SP) 

 Town Center (TC) 

 Walnut Grove Park (WG) 

Water level data were also obtained at a well named “Creekside” and at a well named 

“Discovery Hills.”   

The purpose of the sampling was to provide data to support a program called the Upper San 

Marcos Creek/Lake San Marcos Voluntary Nutrient Total Maximum Daily Load (TMDL) 

Diagnostic Effort, led “by a Public Agencies Work Group (PAWG).”  The City of San Marcos is 

the lead agency on behalf of the PAWG, which included the County of San Diego, California 

State University San Marcos, San Marcos Unified School District, Caltrans, and Vallecitos 

Water District through a participation agreement, and the City of Escondido through a separate 

cooperation agreement (SCS, 2013d) (Section 1.1). 
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The sampling was conducted to develop a conceptual model of the hydrogeology of the San 

Marcos area and to evaluate the potential hydraulic connection between the Lake and 

groundwater in the area encompassing the City’s supply wells (City wells) (SCS, 2013d).   

Specifically, the objectives were as follows: 

 Evaluate groundwater depth, gradient, and “concentrations of chemicals” using the city 

wells 

 Assess the presence and concentrations of nutrients and TDS in wells within the project 

area 

 Develop an “appropriate geologic/hydrogeologic model” of the project area 

 Identify “potential groundwater gradient/hydraulic linkages to the Lake as part of the 

nutrient and groundwater budget for the Lake” 

SCS compiled and reviewed city well construction data, area geologic maps, water level data, 

and approximate groundwater elevations and created two hydrogeologic cross-sections to 

evaluate potential hydraulic connectivity between groundwater and the Lake.   

Water level data could be obtained from only 3 of the 11 wells that were accessible to a water 

level meter, while depth to water in a fourth well was deeper than the 300-foot measurement 

tape.  The wells were not purged but pre-sample measurements were collected for pH, DO, 

conductivity, salinity, TDS, temperature, turbidity, and ORP.  Groundwater samples were 

collected and analyzed for:   

 TKN using SM 4500-N Org B 

 Nitrite and nitrate using SM 4500-NO3E 

 Ammonia using SM 4500-NH3 

 Total phosphorus, orthophosphate, and dissolved phosphorus using SM 4500-P B/E 

 Total hardness as calcium carbonate using SM 2340-C 

 TDS using SM 2540-C 
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Water level data from the supply well sampling are discussed in Section 3.8.3; analytical data 

are discussed in Section 4.1.4.2.   

2.4.4 2014 (July) SCS Data Collection Report in Support of the Restoration of Lake San 

Marcos 

In July 2014 SCS produced a report entitled 2013 Data Collection Report in Support of the 

Restoration of Lake San Marcos (SCS, 2014b).  The report was produced for the law firm of 

Procopio, Cory, Hargreaves & Savitch, LLP (PCH&S).  The work was conducted to provide data 

regarding the lawsuit CDC v. County of San Diego, City of San Marcos, City of Escondido, and 

Vallecitos Water District, US District Court, Southern District of California (Case No. 12-CV-

0334-IEG-KSC).  

The SCS work was intended to fill data gaps identified by Tetra Tech during development of 

their Watershed model to assist with TMDL analysis (Section 2.12; Tetra Tech, 2014).  The 

work was conducted to assess sources of nutrients and other constituents exceeding Basin 

Plan WQOs.  SCS was scoped to collect data to be used as input to the Watershed model and 

a Lake model to approximate nutrient loads for each identified potential source (SCS, 2014b).  

The monitoring period extended from June 11 to July 31, 2013, and included the following tasks:  

 Task 1 – QAPP and work plan 

 Task 2 – Surface flow estimate 

 Task 3 – Groundwater pumping volume and flow to Lake 

 Task 4 – Historical Lake levels (groundwater assessment) 

 Task 5 – Contribution of Lake operations and management 

 Task 6 – Contribution of dam operations and seepage 

 Task 7 – Lake sediment sampling 

 Task 8 – Golf course survey and irrigation (water use estimate) 

 Task 9 – Hydrology mapping 
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2.4.4.1 Task 1 - QAPP/Work Plan 

The project QAPP and work plan for planned field work were provided as an appendix to the 

SCS report as Task 1 deliverables (SCS, 2014a) (Section 2.1 and 2.2).  

2.4.4.2 Task 2 - Surface Flow Estimate (Runoff Evaluation) 

Task 2 consisted of quantifying the flow and quality (chemistry) of runoff into the Lake.  

Identified runoff sources were the Creek, Creek tributaries, landscape runoff, and golf course.  

All sources conveyed runoff to the Lake primarily by surface and subsurface storm drain 

systems and surface water flows.  The sources include private residential, commercial, or public 

properties.  Existing city, county, and CDC data that were evaluated included storm drain and 

outfall maps, outfall ownership information, aerial photographs, geographical information system 

(GIS) data, existing field observation data, and topographic maps.  A field survey was 

conducted to supplement the data review and identify surface water drainage and inlet 

structures, drainage paths, outfalls, related municipal separate storm sewer system (MS4) 

infrastructure, and sub-catchment areas to develop GIS surface drainage and land use feature 

maps.   

A water level datalogger was installed in the Creek and a temporary weir was used to produce a 

record of continuous surface water flow at one location.  A stage-discharge curve for the Creek 

also developed.  Visual inspection of dry weather surface drainage areas was conducted at two 

nearby golf course properties (St. Mark golf course and St. Mark Executive golf course).    

Automated composite samplers were installed to collect samples of the runoff at each golf 

course (samples “St. Mark SW” and “Executive SW”) for the following analyses: 

 Nitrite/nitrate using SM 4500-NO3E 

 Ammonia using SM 4500-NH3 

 Total phosphorus using SM 4500-P B/E 

 Orthophosphate using SM 4500-P B/E 

 Dissolved phosphorus using SM 4500-P B/E 

 TKN using SM 4500-N Org B 

 TDS using SM 2540-C 
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 Total hardness using SM 2340 

The results of this work are discussed in Section 3.2 and 4.1.1.   

2.4.4.3 Task 3 - Groundwater Pumping Volume and Flow to Lake 

During field inspections completed for Task 2, SCS noted that an active supply well located on 

the St. Mark Golf Club property (golf course supply well) supplies groundwater directly to Lake 

San Marcos near its northern shoreline (SCS, 2014b) (Figure 4).  SCS later determined that 

historical well construction, pump specification, perforation, or discharge data are not available 

for review; however, the well construction permit indicates a planned depth of 800 to 1,500 feet 

below ground surface (feet bgs) with a 14-inch steel conductor casing sealed to approximately 

50 feet bgs.  Given this planned depth, and the screen interval of other supply wells in the area, 

the screen (or perforations) in this well is likely over 100 feet bgs.   

SCS reported that the St. Mark Golf Club uses city water to irrigate greens and Lake water to 

irrigate fairways and rough areas.  Because no golf course well discharge records were 

available, SCS estimated supply well flow based on an assumed water use based on similar 

golf course properties in the area (assuming Lake water was used for golf course irrigation and 

groundwater resupplied the Lake to maintain a relatively constant Lake water level).  SCS 

estimated that approximately 99.02 acre-feet of Lake water was used to irrigate the St. Mark 

Golf Club during the 50-day monitoring period and 24.14 acre-feet was used at the St. Mark 

Executive Golf Course. 

A rough preliminary Lake water budget was developed for the 50-day period that consisted of 

groundwater inflow (3.58 acre-feet), dry weather golf course irrigation runoff (0 acre-feet), 

rainfall runoff (0 acre-feet), direct rainfall (0 acre-feet), Creek inflow (12.3 acre-feet), evaporation 

(40.98 to 54.79 acre-feet), Lake water withdrawal (pumping) for irrigation (unknown or 

0 acre-feet), dam overflow (unknown or 0 acre-feet).  Lake storage declined, based on the 

measured 0.25 foot drop in Lake water level over the monitoring period, an estimated  

–27.6 acre-feet (SCS, 2014b).  This analysis was later replaced by a more robust analysis 

completed by LimnoTech (Section 2.6).   
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SCS also sampled the St. Mark golf course supply well after purging and monitoring for pH, DO, 

conductivity, salinity, TDS, temperature, turbidity, and ORP.  The sample was analyzed and the 

data were reported for the same list of eight NAL parameters presented in Section 2.4.1.  The 

data are discussed in Section 4.2.4.2. 

2.4.4.4 Task 4 - Groundwater Assessment (Lake Area Wells) 

Groundwater inputs to the Lake were evaluated under this task by completing the following: 

 Compiling and evaluating historical groundwater use data 

 Installing and sampling monitoring wells 

 Measuring depth to water and mapping groundwater flow 

Seven new monitoring wells (MW-2 and MW-3 through MW-8 [“MW-series”]) were installed in 

the vicinity of the Lake to estimate the horizontal groundwater flow gradient toward the Lake and 

to collect samples for groundwater quality analysis (SCS, 2014b).  Boring logs are provided in 

Appendix J.  Each well was constructed with 5 feet of 2-inch polyvinyl chloride (PVC) well 

screen installed near first-encountered groundwater (MW-1, MW-9, and MW-10 were attempted 

but not installed).   

As discussed in Section 2.4.5, groundwater samples from each well (except MW-2, which was 

dry) were collected and analyzed for the same list of eight NAL parameters presented in 

Section 2.4.1.  Slug testing was also conducted in each well containing groundwater (MW-3 

though MW-8).  Gradient data and slug testing results for the Lake area wells are discussed in 

Section 3.8.2.  Groundwater analytical data for the Lake area wells are discussed in 

Section 4.2.4.1.   

2.4.4.5 Task 5 - Contribution of Lake Operations and Management 

This task consisted of the following subtasks: 

 Data compilation and review 

 Water quality measurements  

 Lake level logging 
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 Water quality sampling 

Potential nutrient contributions from operations and management of the Lake were assessed 

with a compilation and review of available data.  Available data for historical Lake recreational 

uses, area land use or management, landscaping practices, fertilizer and pesticide use, boat 

registration information, boat types, motor types, and Lake water “bypass and retention 

practices” (SCS, 2014b) were compiled and reviewed.  A count of the boats and docks in the 

Lake from 1947 to 2015 was conducted using aerial photographs (Figure 15).  The data were 

reviewed to assess potential Lake sediment resuspension, the effects of nutrient regeneration, 

and algal stimulation (SCS, 2014b).   

SCS reported that at the time there were 176 boats and 102 private docks on the Lake.  Aerial 

photographs revealed that the total number of boats and docks increased from 1965, but no 

correlation between boat use and water quality was established (SCS, 2014b).   

Water quality data were collected in June and July 2013 from six locations in the Lake (LWQ1, 

LWQ2, LWQ3, LS2, LS4, and LS8) using a Horiba U-53.  Samples were collected Tuesday 

June 18, 2013 and Monday July 22, 2013 to represent weekdays where recreational use would 

be expected to be relatively minimal and on Friday July 5, 2013 when recreational use would be 

expected to be maximized (SCS, 2014b).  Values for pH, DO, conductivity, TDS, temperature, 

turbidity, ORP, and Secchi depth were collected at 3-meter depth intervals at each location 

three times per day over three separate days.  The analytical data are discussed in 

Section 4.2.1. 

A continuous water level logger was installed in the Lake near the dam and a second logger 

was installed at the main docks.  The loggers were surveyed to an accuracy of 0.1 inch to allow 

calculation of the Lake water surface elevation in feet above mean sea level (feet msl).  As 

discussed in Section 2.4.4.4, Lake water level data were compared to water levels from new 

groundwater monitoring wells to evaluate shallow groundwater gradients at the perimeter of the 

Lake.  
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At three locations in the Lake (LWQ1, LWQ2, LWQ3), water samples were collected from near 

the water surface, mid-water column, and near the Lake bottom.  A total of nine Lake water 

samples were collected.  The samples were analyzed and the data were reported for the same 

list of eight NAL parameters presented in Section 2.4.1.  The analytical data are discussed in 

Section 4.2.1. 

2.4.4.6 Task 6 - Contribution of Dam Operations and Seepage 

For this task, SCS compiled a chronological history of the dam (discussed in Section 1.2), the 

Lake, and the related area based on the following available documents: 

 City planning documents 

 California Department of Water Resources (CDWR) documents (cross-sections and 

calculations) 

 Stormwater standards 

 Watershed urban runoff monitoring reports 

 County monitoring maps 

 Water rights information 

 RWQCB monitoring information  

 Dam inspection reports from CDWR Division of Safety of Dams 

 Historical correspondence between property owners, the design engineer, and state 

engineers at the California Soil Conservation Service 

The table summarizing chronological dam history is provided as Appendix K.  SCS planned to 

install a weir and datalogger on the dam spillway to record flow over 24 hours and estimate the 

rate and volume of Lake water discharge over the dam and prepare a stage-discharge 

relationship (dam rating curve).  This was not completed because the Lake water level was 

below the dam crest at the time of the field activities.  A stage-discharge relationship was 

prepared, however, using historical Lake level data.   
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SCS also attempted to install two new groundwater monitoring wells by hand auger near the 

base of the dam on the downstream side (MW-9 and MW-10).  The well installation was not 

completed due to auger refusal at the proposed locations (SCS, 2014b).   

A California-licensed surveyor was also contracted to survey the top of the dam and points on 

the downstream face of the dam to make a plan and profile drawing (Appendix L).  The survey 

used modern methods and the current North American Vertical Datum of 1988 (NAVD88) for 

vertical control.  As a result, the new elevation is higher than the historical elevation.  Several 

points were surveyed across the upper surface of the dam arch and the highest elevation is 

506.94 feet msl on the southwestern end of the arch.  The elevation of the corresponding 

northeastern end of the arch across the Lake (Appendix L) was 506.61 feet msl (0.33 foot or 

3.96 inches lower) (SCS, 2014b). 

SCS prepared a graph of historical Lake water elevation (Figure 16) and an updated stage-

discharge relationship curve using the updated survey, historical flow rates, and the historical 

Lake water level data (Appendix M).  The calculated flow rates per dam stage (Lake water 

elevation) are provided in Table 1 (using historical data) and Table 2 (using 2013 data).  The 

updated dam rating curve (stage-discharge curve) is provided in Figure 17.   

The updated curve compares well with the curve calculated with historical data and the original 

survey elevation (except for the vertical displacement in the curve due to the updated elevation) 

(SCS, 2014b). 

A water sample was collected from the outlet valve near the base of the dam on its downstream 

side (labeled “Dam Effluent”).  The sample was analyzed and the data were reported for the 

same list of eight NAL parameters presented in Section 2.4.1.  The analytical data for the dam 

effluent sampling are discussed in Section 4.2.2.  

2.4.4.7 Task 7 - Lake Sediment Sampling 

SCS retained Merkel & Associates, Inc. (M&A) to conduct Lake sediment sampling at 

10 locations on June 18, 2013 (LS1 through LS10).  The sampling crew was joined in the field 

by Dr. Michael A. Anderson of the University of California, Riverside (UCR).  The sample 
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locations were selected based on hydroacoustic bathymetry and inferred sediment types 

reported by Anderson (2013).  Softer and finer sediment were noted at the central and southern 

sample locations in the Lake.  Samples were collected for the following analyses discussed 

below: 

 Nutrient release (core-flux) 

 Lake sediment oxygen demand (SOD) 

 Water oxygen demand (WOD) 

 Lake sediment total and inorganic phosphorus 

 Lake sediment nutrients and grain size 

 Lake sediment metals 

Sediment sampling was conducted with a grab sampler deployed with a pontoon boat set up 

with a crane and winch (SCS, 2014b).  The grab samples were cored on deck with overlying 

water left intact.  Dr. Anderson collected one core (approximately 6 cm in diameter by 10 cm in 

length) with overlying Lake water from grab samples obtained at each station.  The cores were 

collected for nutrient core-flux analysis at UCR.  The remaining portion of the grab sample was 

composited in a stainless steel mixing bowl at each station before being transferred into glass 

jars for shipment and laboratory analysis.  The 10 composite samples were analyzed at Physis 

Environmental Laboratories, Inc. (Physis) and California State University Long Beach (CSULB) 

for the following constituents:   

 Ammonia as N using SM 4500-NH3D 

 Total nitrogen using SM 5310B 

 Total organic carbon (TOC) using SM 5310B 

 Phosphorus by ICPMS using EPA 6020M 

 Particle size distribution (grain size) using SM 2560 

The samples were also sent to CalScience for metals analysis using EPA Method 6020 

(mercury was not analyzed due to holding time exceedance).  SCS notes that the metals 

analyses were conducted to assist with remedial alternatives for the Lake and to provide a point 

of comparison with existing sediment metals data collected (and separately retained) by CDC 
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(SCS, 2014b).  The detected metals concentrations were screened against reference sediment 

quality guidelines from MacDonald et al. (2000).   

Nutrient release from the sediment samples to the overlying Lake water was quantified at UCR 

using the core-flux methodology of Moore et al. (1991).  The cores were incubated in the dark at 

the temperature and DO levels measured at the time of sampling.  A total of 10 milliliters (mL) of 

Lake water were removed daily for 7 days.  The water samples were filtered and analyzed for 

soluble ammonia as nitrogen and soluble reactive phosphorus (SRP) (orthophosphate) using a 

SEAL AQ2 discrete analyzer using SM 4500-NH3 D and SM 4500-P C (APHA, 1998).  

Dissolved nutrient concentrations were measured in each sample and used with water volume 

and sediment-water interfacial area to calculate mass flux rate in milligrams per square meter 

per day (mg/m2/d) according to Holdren and Armstrong (1980) (SCS, 2014b). 

The cores were also analyzed at UCR for SOD and WOD per Anderson et al. (2007) plus total 

and inorganic phosphorus per Aspila et al. (1976).  SRP (orthophosphate) was measured at 

UCR according to Aspila et al. (1976) and Berner and Rao (1994).   

The Lake sediment analytical data are discussed in Section 4.2.3. 

2.4.4.8 Task 8 - Golf Course Survey and Irrigation (Water Use Estimate) 

For this task, SCS identified the irrigated areas of the St. Mark Executive Golf Course and the 

St. Mark Golf Club by aerial photographs and GIS mapping (Figures 18 and 19).  Based on the 

aerial photographs, the total irrigated area of the St. Mark Golf Club was estimated at 

approximately 119.8 acres and the total area of the St. Mark Executive Golf Course was 

estimated at approximately 29.2 acres.  SCS also inquired but was unable to compile 

information regarding: 

 St. Mark Golf Club records of golf course well discharge to the Lake   

 Irrigation rates at either property 

 Fertilizer application rates at either property 
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In the absence of this information, SCS estimated golf course irrigation rates to develop a water 

use estimate using Lake evapotranspiration rates, rainfall data, and literature values from Green 

(2005) for typical irrigation rates and typical fertilizer application rates.  SCS estimated water 

use was approximately as follows: 

 99.02 acre-feet over the 50-day period (June 11 to July 31, 2013) at the St. Mark Golf 

Club  

 24.1 acre-feet over the 50-day period at the St. Mark Executive Golf Course  

A rough preliminary golf course 50-day water budget was developed that consisted of direct 

rainfall (0 acre-feet), total irrigation (99.0 acre-feet for St. Mark Golf Club and 24.2 acre-feet for 

St. Mark Executive Golf Course) and evapotranspiration (105.4 acre-feet for St. Mark Golf Club 

and 25.7 acre-feet for St. Mark Executive Golf Course).  Other parameters (purchased water 

irrigation, Lake pumping for irrigation, and green waste water loss) were recorded as unknown; 

dry weather runoff was not applicable because no rain was recorded over the 50-day period. 

SCS used literature values for grass types from Green (2005), fertilizer application from GCSAA 

(2009), and rainfall data from the National Weather Service (NWS) (San Marcos data 2006-

2012) to develop an estimate of fertilizer application rates at both golf courses combined.  

Assuming Bermuda grass is used for tees, fairways, and rough areas and creeping bentgrass is 

used for greens, fertilizer application at both golf courses combined would be expected to 

consist of the following: 

 Nitrogen: 95.37 pounds per day (lb/d) or 4,768 lb total over the 50-day monitoring period 

 Phosphate: 45.1 lb/d or 2,225 lb over the 50-day monitoring period 

 Potash: 101.74 lb/d or 5,087 lb over the 50-day monitoring period 

SCS also noted that water quality was not evaluated in their analysis and that the estimated 

fertilizer application rates may or may not be significant regarding water quality.  This evaluation 

did not, however, take into account the practice at St. Mark Golf Club of using Lake water for 

irrigation, which would have relatively higher nutrient content compared to potable water.  This 

would conceptually result in the need for lesser or no fertilizer application on that golf course.  In 
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addition, it was later determined that Lake water is not used for irrigation at the St. Mark 

Executive Golf Course.  The water use and loading evaluation is thus incorrect with regard to 

this parameter.  LimnoTech further evaluated golf course loading in their modeling work 

(Section 2.6).   

2.4.4.9 Task 9 - Hydrology Mapping 

This section of the SCS report (2014b) provides a summary of the work conducted for Tasks 1 

through Task 7 and notes that a GIS database of mapping information was developed for future 

project use.  The GIS database of figures has been incorporated where possible into this RI/FS 

report.   

2.4.5 2015 (June) SCS Lake Area Wells Monitoring Report (4th Quarter 2014 and 

1st Quarter 2015) 

SCS submitted a groundwater monitoring report dated June 16, 2015 to the law firm of Lewis 

Brisbois Bisgaard & Smith LLP for sampling conducted in Lake area wells fourth quarter 2014 

and the first and second quarter of 2015 (SCS, 2015b) (Section 2.4.4.4).  The work was 

conducted for the City of San Marcos, the City of Escondido, the County of San Diego, and the 

Vallecitos Water District (VWD) (PAD Group).  The work was completed to further assess the 

following: 

 Dissolved nutrient concentrations in groundwater  

 Groundwater elevation and gradient 

Low-flow groundwater sampling was conducted in Lake area wells MW-2, MW-3, MW-4, MW-5, 

MW-6, MW-7, and MW-8 on the following dates: 

 July 25, 2013 

 November 6, 2014  

 January 14, 2015  

 April 30, 2015 
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The samples were analyzed for the following constituents:  

 Nitrite/nitrate (as N) using SM 4500-NO3E 

 Ammonia using SM 4500-NH3 

 Total phosphorus using SM 4500-P B/E 

 Orthophosphate using SM 4500-P B/E 

 Dissolved phosphorus using SM 4500 P B/E 

 TKN using SM 4500-N Org B 

 TDS using SM 2540-C 

 Total hardness using SM 2340 

During purging, field measurements were collected from each well for pH, DO, conductivity, 

salinity, TDS, temperature, turbidity, and ORP.  Groundwater elevation data were also 

downloaded from the transducers installed in each well (except dry well MW-2) in 2013 

(Section 2.2).   

The analytical results for the 2014 and 2015 sampling events with prior data from July 2013 are 

discussed in Section 4.2.4.1.     

2.4.6 2015 (June) SCS Well Search 

SCS submitted a technical memorandum dated June 16, 2015 to CDC and the PAs (Lake San 

Marcos Technical Team) to summarize a monitoring well search conducted for the Lake and 

Watershed area (completed as “Task 22 Scope of Services Change 6”) (SCS, 2015c).  Well 

records were obtained and reviewed to “identify existing wells in appropriate locations and of 

appropriate construction for the future collection of shallow groundwater data to evaluate 

nutrient migration in groundwater from a historical chicken ranch and historical dairies in the 

Upper San Marcos Creek Watershed.”  Well records were obtained from the following sources:  

 RWQCB 

 DWR 

 City of San Marcos  
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 Geotracker/Groundwater Ambient Monitoring & Assessment (GAMA) Program 

 USGS 

SCS attempted to identify wells within 200 yards of a stream or tributary in the Watershed that 

are located generally downgradient of Prohoroff and Hollandia.  In addition, the area near the 

former Wilgenburg property (Wilgenburg), identified southeast of Hollandia and adjacent to San 

Marcos Creek, was also evaluated for existing well locations.  Wilgenburg (Figure 3) was 

identified as the location of a second former dairy that should be evaluated as a potential 

historical source in the area (Section 3.1.3.2).  The former Wilgenburg dairy property was 

located directly adjacent to the south side of San Marcos Creek.   

SCS identified 39 existing wells within 200 yards of a stream or tributary that are potential 

candidates for shallow groundwater sampling (an additional 17 candidate wells in the area were 

identified as abandoned (destroyed) and unavailable for sampling.  Of the 39 identified 

candidate wells, 15 2-inch-diameter wells owned by the City of San Marcos (labeled OW2 

through OW16) were considered appropriate for shallow groundwater sampling to evaluate 

nutrient migration from the western portion of Prohoroff (Figures 6 and 8).  The well depths were 

reported to be between 15 and 20 feet bgs with 10 to 15 feet of well screen.  No wells were 

found, however, to be located close enough to characterize first-encountered groundwater 

downgradient of the former Wilgenburg or Hollandia properties.   

2.4.7 2015 (September) SCS Agricultural Soil and Groundwater Sampling 

As discussed in Section 2.1.4, SCS prepared a work plan for supplemental soil and 

groundwater sampling in the vicinity of former agricultural properties near San Marcos Creek 

(SCS, 2015d).  The work plan was submitted to the RWQCB by e-mail in September 2015.  

Groundwater sampling was proposed near the Hollandia, Wilgenburg, and Prohoroff properties 

(discussed in Section 3.1.3).  The work plan proposed to characterize shallow soil and 

groundwater from each property drainage area leading to San Marcos Creek.  The work was 

conducted on an expedited schedule in September 2015.   
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Soil and groundwater sampling was planned to be completed by direct-push drilling rig at seven 

temporary wells and well borings.  Groundwater grab sampling was conducted only at boring 

Public Works Yard (PWY)1 (PWY1).  Groundwater sampling was limited to one location due to 

limited penetration of the direct-push sampler at the selected locations and limited site access 

due to public permit.  Supplementary groundwater sampling was also conducted in existing 

monitoring wells OW4 and MW1.   

Soil sampling was conducted at borings PWY1, PWY2, HP1, MB1, and Mission Hills Court 

(MHC)1 (MHC1).  The results and analytical data from this agricultural sampling work are 

discussed in Sections 4.1.3 (soil) and 4.1.4.3 (groundwater).  

2.5 Remedial Investigation Activities - Surface Water Quality Sampling 

Surface water quality and flow rate studies have been conducted in the Watershed—primarily 

by the County of San Diego, but also by the City of San Marcos and the City of Escondido 

(Appendix N).  County work was conducted in part for the San Diego Watershed Urban Runoff 

Management Program (WURMP) for fiscal years 2011 and 2012, in which dry weather 

monitoring sweeps were conducted in the Lake area (Appendix O).  Another county effort 

described as “enhanced monitoring activities” relating to the existing MS4 program was reported 

in the technical memorandum entitled Water Quantity and Quality Study in Upper San Marcos 

Creek and Two Storm Drains Discharging to Lake San Marcos (Appendix O).  Additional data 

were provided by Great Ecology from their dry and wet weather sampling conducted 2012 to 

2014 and provided by SCS from their February 2013 wet weather sampling event and their 

March 2014 storm drain sampling event (Appendix N). 

Compiled surface water sampling locations in the Watershed and Lake area are presented in 

Figure 7.  The purpose of the sampling efforts include compliance monitoring as required by 

state and federal regulations to investigative studies to understand the nutrient, bacteria, and 

other constituent dynamics and conditions within the Watershed.   

The available datasets and sampling information provided for integration into the RI/FS are 

presented and discussed in the following sections.  The data were geographically aggregated 
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based on location (Section 4.1) and divided into wet season, dry season, and storm data (if 

information was provided stating that the sampling focused on storm samples).  The data 

presented in the following subsections are discussed in Section 4.1.   

2.5.1 Dataset: San Diego County (2007-2011) 

Water quality data from the first County dataset characterizes water quality conditions through 

the Watershed between June 5, 2007 and July 22, 2011.  Multiple data sources from different 

efforts (Table 3) were combined to develop a single dataset (Appendix N).  There were 

46 unique station identifications in the data:   

 904SM-TWAS-1a  LSM01  LSM09-CAR14-WW1-01 

 904SM-TWAS-1b  LSM02  LSM09-CAR14-WW2-01 

 A-05B  LSM03  LSM09-DSB-WW1-01 

 B-01C  LSM04  LSM09-DSB-WW2-01 

 B-03B  LSM05  LSM09-VVC-DW1-01 

 B-05  LSM05A  LSM09-WDLND-DW1-01 

 C-01A  LSM05B  LSM09-WDLND-WW1-01 

 C-01C  LSM06  LSM09-WDLND-WW2-01 

 C-07  LSM07  LSM10 

 CAR04  LSM08  LSM11 

 CAR13  LSM09  LSM12 

 CAR14B  LSM09-CAR06-WW1-01  LSM13 

 CAR14G  LSM09-CAR06-WW2-01  LSM14 

 CAR17  LSM09-CAR06B-DW1-01  LSM15 

 CAR21  LSM09-CAR13-WW1-01  

 DC-01A  LSM09-CAR13-WW2-01  

2.5.2 Dataset: San Diego County TWAS-1b (2010-2013) 

The second dataset provided by the County details four sampling efforts at temporary 

watershed assessment station (TWAS) SM-TWAS-1b.  The dataset showed the results from 
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one sampling event per year between 2010 and 2013.  The sampling dates were September 14, 

2010, May 11, 2011, September 5, 2012, and May 14, 2013.  Extracted parameters from the 

original dataset included in this analysis included the following:  

 Ammonia as N 

 Biochemical oxygen demand (BOD) 

 COD 

 Dissolved organic carbon 

 Dissolved phosphorus 

 Nitrate as N 

 Nitrite as N 

 pH 

 TDS 

 TKN 

 Total nitrogen (calculated) 

 TOC 

 Total phosphorus 

 TSS 

 Turbidity 

 Water temperature 

2.5.3 Dataset: San Diego County TWAS-1ab (2012-2013) 

This dataset includes information from the 2012 and 2013 sampling events at TWAS-1b, as well 

as sampling at TWAS-1a on October 11, 2012 and February 8, 2013 for the parameters listed in 

Section 2.5.2.     

2.5.4 Dataset: San Diego County MS4 DWM (2009-2013) 

Information from five monitoring events at four stations was included in the “MS4 DWM 2009-

2013” dataset.  The stations that were sampled and the sampling dates were as follow: 
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 MS4D-CAR-08:  June 9, 2010 

 MS4D-CAR-09:  June 9, 2010, June 5, 2013 

 MS4D-CAR-11:  June 9, 2010 

 MS4D-CAR-15:  May 31, 2011 

Extracted parameters from the original dataset included in this analysis included:  

 Conductivity 

 Nitrate as N 

 Nitrate/nitrite as N 

 Nitrite as N 

 pH 

 Phosphorus, total 

 TDS (calculated) 

 TKN 

 Total nitrogen 

 TSS 

 Water temperature 

2.5.5 Dataset: DMAX/LSM WQ Data (2011-2012) 

The DMAX/LSM dataset monitored the following 24 stations at 100 site events between May 4, 

2011 and May 30, 2012: 

 A-05A  A-27  C-13  C-25A 

 A-07  B-01  C-20  D-20 

 A-08  B-20  C-21  D-21 

 A-20  B-23  C-23  D-22 

 A-21  B-24  C-24  D-23 
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 A-22  B-25  C-25  D-24 

The information on the sampling results focused on nutrients, sediment, and field water quality 

parameters.   

2.5.6 Dataset: AECOM Escondido WQ (2004-2011) 

The “AECOM Escondido WQ 2004-2011” dataset is one of the larger datasets that 

characterized water quality in the Watershed.  Information included in the dataset detailed the 

date, time, and analytical method.  Water quality samples were collected at 198 stations during 

918 sampling events between August 30, 2004 and June 29, 2011: 

 813.0.0  820.0.7  826.0.3  846.0.0  864.2.2

 813.1.1  821.0.1  826.0.4  846.0.1  864.3.0

 816.1.1  822.0.1  826.0.5  846.0.2  866.1.0

 816.1.2  822.0.2  826.0.6  846.0.3  866.1.1

 818.0.0  822.0.3  826.0.7  846.0.4  866.1.2

 818.0.1  822.0.4  826.0.7*  846.0.4-1  866.1.3

 818.0.2  822.0.5  827.0.1  860.1.0  866.1.4

 818.1.0  822.0.6  827.0.2  860.1.1  866.1.5

 818.1.1  822.1.1  827.0.3  860.1.2  866.1.6

 818.2.0  822.1.2  827.0.3-1  860.1.3  866.1.7

 818.2.1  822.1.3  827.0.3-2  860.1.4  866.1.8

 818.3.0  822.1.4  828.0.0  860.2.0  866.1.9

 818.3.1  823.0.1  840.0.0  860.2.1  866.2.0

 818.4.0  823.0.1*  840.0.1  860.2.2  866.2.1

 818.4.1  823.0.1b  840.0.2  861.0.0  866.2.2

 819.0.1  823.0.2  840.0.3  861.1.1  866.2.4

 819.1.1  823.0.3  841.0.1  861.1.1*  867.1.0

 819.1.2  823.0.4  841.0.2  861.2.1  867.2.1

 819.1.3  823.0.4*  842.0.1  861.2.2  867.2.2
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 819.1.4  824.0.1  843.0.0  861.2.2*  867.3.1

 819.1.5  824.0.2  843.0.1  861.2.3  867.4.0

 819.2.1  824.0.2*  843.0.3  861.2.3*  867.5.1

 819.2.2  824.0.3  843.0.4  861.2.4  867.5.2

 819.2.2*  825.0.1  843.1.0  861.2.5  867.5.3

 819.2.3  825.0.1-1  843.2.0  861.3.1  874.0.0

 819.2.4  825.0.2  844.1.2  861.3.1*  874.1.0

 820.0.0  825.0.2*  844.1.2*  862.0.0  874.2.0

 820.0.1  825.0.3  844.1.3  863.0.0  874.3.0

 820.0.2  825.0.4  844.1.3*  863.1.1  874.4.0

 820.0.3  826.0.1  845.1.1  863.2.1  881.0.0

 820.0.5  826.0.2  845.1.2  863.2.2  

 820.0.6  826.0.2*  845.1.3  864.2.1  

2.5.7 Dataset: SM MS4 (2009-2013) 

The “SM MS4 DWM 2009-2013” dataset includes information from five stations sampled 

between June 26, 2009 and June 11, 2013, focusing on dry weather water quality: 

 A-07:  June 26, 2009 

 A-10:  July 11, 2011, July 2, 2012 

 B-02:  June 25, 2009, July 11, 2011, July 2, 2012, June 11, 2013 

 B-04:  June 25, 2009, July 11, 2011, July 2, 2012 

 C-05 A:  June 25, 2009, July 11, 2011, July 2, 2012, June 11, 2013 

Sampling in this program focused on nutrient analyses.   



 

 

 

 

 59  

D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

2.5.8 Dataset: EcoLayer (2002-2009) 

The “Ecolayers-CLRP WQ AllData 02-09” dataset had 1,444 total records, characterizing water 

quality at 29 stations and 89 site events between May 7, 2002 and July 14, 2009: 

 874.0.0  AW-01  C-08  D-01 

 874.1.0  B-01  C-11  D-02 

 874.2.0  B-02  C-12  D-03 

 874.3.0  B-03  C-14  DB-01 

 874.4.0  B-04  CAR04  DC-01 

 A-05A  C-01  CAR06  

 A-07  C-05A  CAR13  

 A-08  C-06  CAR14  

2.5.9 Dataset: Historic SM DWM 96-2013 (1996-2013) 

The “Historic SM DWM 96-2013” sampling data FILE (dry weather monitoring [DWM]) included: 

 A-01  B-01  C-05  D-01A  E-12 

 A-05  B-01C  C-05A  D-02  F-02 

 A-05A  B-02  C-06  D-03  I-01 

 A-05B  B-03  C-07  DB-01  J-01 

 A-06  B-03B  C-08  DC-01  J-01* 

 A-07  B-04  C-11  DC-01A  J-02 

 A-08  B-05  C-12  DD-01  

 A-10  C-01  C-14  E-01  

 A-11  C-01A  CG-01  E-02  

 AW-01  C-01C  D-01  E-09  

Information on temperature, pH, conductivity, turbidity, ammonia-N, nitrate-N, and 

orthophosphate as PO4 were included in the dataset.  No information on analytical methods was 

included.   
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2.5.10 Dataset: SCS Engineers (2014) 

Information was collected by SCS to provide data to develop the Watershed model 

(Section 2.6).  Seven sites were monitored once in February/March 2014 for nutrients: 

 C2:  March 2, 2014 

 CAR13:  March 2, 2014 

 CAR14:  February 28, 2014 

 EGC:  March 2, 2014 

 LF:  February 28, 2014 

 SMCM:  March 2, 2014 

 SMGC:  March 2, 2014 

2.5.11 Dataset: County (LimnoTech) (2014-2015) 

The final dataset that was included to characterize surface water quality in the Upper San 

Marcos Creek Watershed was 2014 and 2015 data supplied by the County.  This dataset was 

used in the LimnoTech model refinement (Section 2.6) and focused on three events between 

February 6, 2014 and March 1, 2015 at 15 stations: 

 A-05A:  March 1 through 3, 2015 

 B-24:  March 1 and 2, 2015 

 C-05A:  March 1 through 3, 2015 

 C-25:  March 1 through 3, 2015 

 C2:  December 2, 2014, March 1 and 2, 2015 

 C21:  March 1 and 2, 2015 

 C27:  March 1 and 2, 2015 

 C37:  March 1 and 2, 2015 
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 CAR-13:  February 6, 2014, December 2, 2014 

 CAR-14:  February 6, 2014 

 EGC:  February 6, 2014, December 2, 2014 

 LASM:  February 6, 2014 

 LF:  December 2, 2014 

 SMCM:  February 6, 2014, December 2, 2014 

 SMGC:  February 6, 2014, December 2, 2014 

Like other studies, the information from this County file focused on quantifying nutrient 

concentrations throughout the Watershed.   

2.6 Remedial Investigation Activities - Watershed and Lake Modeling 

LimnoTech completed a series of memoranda to CDC and the PAs that summarize overall 

modeling objectives, Lake model software selection, a Lake modeling plan, and a Loading 

Simulation Program C++ (LSPC) model extension to incorporate recent monitoring data 

(LimnoTech, 2014a, 2014b, 2014c, 2014d).  Each memorandum is presented in the following 

subsections; the results of the modeling work are discussed in Sections 2.6.6 and 2.6.7. 

2.6.1 LimnoTech Management Objectives for Lake San Marcos Lake Modeling 

(February 21, 2014) 

This memorandum (LimnoTech, 2014a) highlights LimnoTech’s approach for developing a 

computer model for Lake San Marcos.  It identifies the state variables that will be included in the 

model to address present water quality impairments.  Areas of uncertainty that may impact the 

Lake model are identified as (1) groundwater pumping rate, (2) irrigation pumping, 

(3) groundwater flow into the Lake, (4) sediment nutrient flux rates, (5) high phosphorus 

detection limits, and (6) accuracy of the LSPC Watershed model.  The report also details time 

and spatial scales, model calibration, processes and model code availability. 
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2.6.2 LimnoTech Lake San Marcos Water Quality Model Selection (March 31, 2014) 

This memorandum (LimnoTech, 2014b) outlines the rationale behind Lake model selection.  

LimnoTech evaluated seven potential models (AQUATOX, CE-QUAL-ICM, ECOMSED/RCA, 

EFDC, EFDC-A2EM, EFDC-WASP7) and highlighted the strengths and shortcomings of each.  

AQUATOX was discarded because of its limited hydrodynamic transport capability.  Because 

CE-QUAL-ICM and ECOMSED/RCA have a sigma vertical grid, they were discarded because 

their ability to represent the vertical gradients in this system would be limited.  The water quality 

simulation capability of EFDC was discarded because its water quality and hydrodynamics were 

linked, resulting in long run times, and it has had limited water quality applications.  The rigidity 

of EFDC-WASP7 and the lack of publically available WASP7 code resulted in that application 

being rejected.  The EFDC-A2EM model was ultimately selected because that model 

overcomes many of the other shortcomings and LimnoTech is familiar with this model.   

2.6.3 LimnoTech Draft Water Quality Modeling Plan for Lake San Marcos (April 8, 2014) 

This memorandum (LimnoTech, 2014c) provided a detailed outline for developing the San 

Marcos Lake model.  LimnoTech identified total phosphorus, total nitrogen, DO, and algae as 

indicators of water quality that will be addressed by their model, which will simulate both short- 

and long-term variations in water quality and conditions.  The model will use Lake bathymetry 

information, climatic conditions, surface/groundwater inputs to the system as well as sediment 

and water quality information to develop and calibrate the model.  Shortcomings in information 

detailing inputs/withdrawals to the system will be addressed via sensitivity analyses.  The model 

will be calibrated using all available data and not divided into a calibration and validation 

datasets because of the limited information available on the Lake and its inputs.  Calibration will 

begin with hydrodynamics and temperature prior to other water quality comparisons, model 

parameters will be constrained prior to model development to ensure that they fall within 

reasonable bounds, and coefficients will not adjusted spatially or temporally to ensure that the 

system is well characterized by the detailed processes.  The calibration results will be compared 

via a weight of evidence approach to measured values and targeted model performance will fall 

within ranges established for comparable studies. 
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2.6.4 LimnoTech Upper San Marcos Creek LSPC Watershed Model Extension and 

Review (October 31, 2014) 

This memorandum (LimnoTech, 2014d) detailed LimnoTech’s initial evaluation of the modeling 

that Tetra Tech completed for the Watershed.  This document detailed differences in the 

reported model results and the results that were obtained with the model input files that were 

transferred to LimnoTech.  Many potential issues were identified in the model setup, including 

(1) soil representation, (2) zero slopes on some land uses, (3) incorrect land use representation, 

(4) poor representation of actual rainfall, (5) land use area loads for sediment, total phosphorus, 

and total nitrogen under-represent typical values in scientific literature, and (6) four identified 

subbasins produce no sediment loads and very low total nitrogen and total phosphorus loads.  

The document recommended that the two most significant issues (poor representation of soil 

categories, zero slope for overland flows) be addressed prior to model use in support decisions. 

2.6.5 RI/FS Work Plan - LimnoTech 

As described in the RI/FS work plan (Section 2.1.4) (DBS&A, 2015), LimnoTech developed 

updated computer models as discussed above for both the Lake and the Watershed.  The 

primary elements of each model are discussed in the following subsections.   

2.6.5.1 Lake Model 

LimnoTech developed a computer model using EFDC-A2EM (Advanced Aquatic Ecosystem 

Model) to represent and simulate the hydrodynamics and water quality of the Lake.  The Lake 

modeling simulation period is April 2012 to March 2015.  

EFDC-A2EM is a three-dimensional linked hydrodynamic-advanced eutrophication model 

developed from public versions of EFDC and RCA (a three-dimensional generalized water 

quality modeling computer code).  The model was used to simulate suspended solids and 

nutrient fate and transport, multiple phytoplankton and zooplankton functional groups, a Lake 

sediment diagenesis submodel, and DO kinetics. 
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The model was chosen to simulate both summer vertical stratification and fall Lake turnover, as 

well as algal growth, the creation of an anoxic hypolimnion, and Lake sediment release of 

nutrients.  The model simulates the following indicators: 

 Phosphorus 

 Nitrogen, including ammonia 

 DO 

 Phytoplankton/chlorophyll a 

 Algal group seasonal succession 

 Water clarity 

The model simulates variations in water quality over daily, seasonal, and multiyear time scales.  

Lake bathymetry information, climatic conditions, surface/groundwater inputs to the system, and 

sediment and water quality information were used to develop and calibrate the model.  In 

addition, recent sampling data collected between September 2013 and March 2015 were 

incorporated into the Lake model. 

Model results were used to estimate water, phosphorus, and nitrogen budgets for summer 

(2012, 2013, and 2014) and winter (2012/2013, 2013/2014, and 2014/2015).  Three generic 

management scenarios (50 percent and 100 percent reduction in tributary loads and elimination 

of sediment fluxes) were also simulated to investigate changes in total phosphorus, DO, and 

chlorophyll a.        

The Lake model was used to quantify nutrient dynamics and sediment fate and transport in the 

Lake.  Loadings to the Lake from the Watershed, groundwater pumping, and benthos was 

quantified to provide insight into how to control loading pathways.  The model was also used to 

assess the impact of potential remediation scenarios in the FS (Section 8).  

2.6.5.2 Watershed Model 

Tetra Tech originally developed a dynamic watershed computer model of the Watershed using 

LSPC and detailed its development in a report submitted to the U.S. EPA Region IX and the 

Regional Board in 2014 (Tetra Tech, 2014).  LimnoTech obtained the model and its 
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documentation and provided comments and suggestions for modifications that would enhance 

its predictive capability (LimnoTech, 2014d).  Tetra Tech updated the LSPC model based on 

those comments and revised their initial report (Tetra Tech, 2015).  

LimnoTech used the updated LSPC model to characterize Watershed flows, and sediment, total 

nitrogen, and total phosphorus inputs to the Lake.  In addition, the model was further modified to 

account for more detailed soils information to better represent the hydrologic processes in the 

Watershed.  Soils data were obtained from the U.S. Department of Agriculture Soil Survey 

Geographic Database (SSURGO).   

The Watershed model was also extended by LimnoTech through 2015 to account for additional 

sampling data and recalibrated to ensure that the Watershed dynamics reflect the new 

information.  The Watershed model provides insight into the land uses and areas of the 

Watershed that are contributing disproportionate amounts of sediment and nutrients to the Lake 

(Sections 2.6.2 and 2.6.3).  Model scenarios were developed to investigate potential 

remediation efforts and their impacts on loadings to the Lake.  Output from the Watershed 

model remediation scenarios was used as input to the Lake model to evaluate the impact of 

those controls on the Lake water quality (Section 8).  

2.6.6 LimnoTech Revised Watershed Modeling Results 

As discussed in Section 2.6.1, LimnoTech was contracted to evaluate and revise a watershed 

model of the Upper San Marcos Creek drainage basin that was developed by Tetra Tech (Tetra 

Tech, 2015).  The Watershed modeling simulation period is January 1990 to March 2015 and 

the model is calibrated to 2004 to 2015 data.  

The LimnoTech evaluation of the Tetra Tech model (LimnoTech, 2015a) (Appendix P) 

highlighted several shortcomings of the Tetra Tech model that were later modified by 

LimnoTech to better reflect the hydrology and water quality dynamics in the Watershed.  The 

key modifications included the following: 

 Used a finer-scale soil dataset (SSURGO) to define soils inputs 
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 Replaced rainfall inputs in San Marcos CRS climate input file with San Marcos Landfill 

rainfall inputs for the time period with inaccurate rainfall (i.e., 1990-2005)  

 Corrected wind speed, cloud cover and solar radiation input values for June to August 

2013  

 Turned on irrigation for golf-course and park/open space land uses 

Limited data were available for direct model hydrologic calibration.  A weight of evidence 

approach was used to ensure that the model hydrology was reflective of the Watershed.  Model 

baseflow and runoff were compared with those of nearby gaged watersheds (Los Penasquitos, 

Santa Isabel, Santa Margarita) to ensure that the modeled response of the Watershed was 

comparable to nearby watersheds.  Finally, modeled results were compared with measured 

flows where data were available from storm monitoring activities.  A comparable approach is 

outlined in Appendix Q. 

The water quality performance of the model was also addressed in the model recalibration.  

More recent storm event sampling data provided high resolution data to improve the water 

quality calibrations.  Yields of sediment, total nitrogen and total phosphorus from various land 

uses were adjusted to be more representative of values found in literature.  Monitoring results 

were visually compared with modeled results to ensure that the range of observed values were 

reflected in the model's estimates.  Finally, the sediment delivery rate to the Lake was compared 

to the previous Tetra Tech LSPC model (Tetra Tech, 2015): 

 USMC LSPC Model (February 2015): 1,596 tons/yr 

 USMC LSPC Model (July 2015): 1,622 tons/yr 

A comprehensive presentation of the model performance is presented in Appendix R.   

The Watershed model was calibrated to available existing data using a “weight-of-evidence” 

approach that incorporates empirical data and multiple lines of evidence to support the overall 

calibration effort.  The Watershed model was intentionally not calibrated based on a single 

sampling station or specific storms events; rather, a comprehensive Watershed-wide calibration 
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approach was applied both spatially and temporally.  As a result, some empirical flow or water 

quality data will not match exactly with model results; however, overall, model calibration was 

considered sufficient and acceptable (Appendix P). 

2.6.7 Watershed Load Estimates 

2.6.7.1 Water Budget, Solids Budget, and Nutrient Budget  

LimnoTech produced a Lake dry season and wet season water budget, solids (sediment) 

budget, and nutrient budget using the Lake model consisting of estimated dam overflow, 

estimated dam valve release, groundwater infiltration, Watershed runoff input, golf course 

supply well pumping input, Lake water extraction for golf course irrigation, evaporation, direct 

precipitation, and sediment bed deposition (Tables 4 through 11) (LimnoTech, 2015b) 

(Appendix S).   

The largest component of the summer Lake water budget is inflow from the golf course 

groundwater supply well (1,055 acre-feet over the total model 2012-2015 period), which is 

approximately 1.5 times the amount of water input from watershed runoff (729 acre-feet).  Lake 

water extraction for irrigation in the summer accounts for nearly the same volume (97 percent) 

as input from Watershed runoff (–708 acre-feet). 

The largest component of the winter Lake water budget (over the total model 2012-2015 period) 

is input from watershed runoff (4,293 acre-feet), followed by water loss from dam overflow  

(–2,829 acre-feet) and loss from use of the dam valve (–1,165 acre-feet).  Total water loss over 

the dam and through the valve in winter (–3,994 acre-feet) is about 93 percent of input from 

Watershed runoff (4,293 acre-feet). 

In summer, the largest component of the Lake solids budget is input from Watershed runoff 

(64,878 kilograms [kg]) but this value is only about 17 percent of the winter solids input to the 

Lake from Watershed runoff (391,026 kg).  About 30 percent of the 64,878 kg summer solids 

budget from Watershed runoff is lost over the dam or through the dam valve (–19,231 kg).  

Another 12 percent (–7,903 kg) is lost in Lake water extraction for irrigation.  In winter, 
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44 percent of the 391,026 kg solids budget from Watershed runoff (–170,723 kg) goes over the 

dam or through the valve.   

In summer, the largest component of the total phosphorus budget is input from Watershed 

runoff (685 kg), followed by sediment bed diffusion (391 kg).  An estimated total of –311 kg is 

lost over the dam or through the valve (45 percent of Watershed input).  In winter, the total 

phosphorus input from the Watershed increases over 3.5 times to 2,520 kg, and –1,794 kg goes 

over the dam or through the valve (about 71 percent of Watershed input).  

In summer, the largest component of the total nitrogen budget is also input from Watershed 

runoff (5,891 kg).  An estimated total of –2,251 kg is lost over the dam or through the valve 

(38 percent of Watershed input) and another –820 kg (14 percent of Watershed input) is lost to 

Lake water extraction for irrigation.  In winter, the total nitrogen input from the Watershed 

increases over 3.5 times to 21,135 kg, and –14,027 kg goes over the dam or through the valve 

(about 66 percent of Watershed input). 

Great Ecology (2015d) noted that supplemental groundwater pump flow rate measurements at 

the St. Marks Golf Club well indicated that the well was pumping at a lower rate, with potentially 

lower nutrient concentrations than previously estimated.  LimnoTech reevaluated this pumping 

rate and water quality data in relation to overall model calibration and results, and concluded 

that recalibration was not needed (Appendix P).   

2.6.7.2 Land Use Loading 

The LimnoTech model output has been post-processed to evaluate nutrient input sources to the 

Watershed, Creek, and Lake.  Because the model simulates the hydrologic and water quality 

dynamics of each land use type, the annual load from each land use can be calculated.  

It is important to note that because of how the model was originally developed and how pervious 

and impervious areas assigned, it is difficult to estimate the total land use contribution.  For 

example, the low density residential pervious areas are assumed to account for pervious areas 

of low density residential, rural residential, transportation, industrial, office/institutional, and 

commercial areas.  As a screening level assessment and because transportation, industrial, 
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office/institutional, and commercial areas are mostly impervious, using the impervious loads to 

represent the total loads from those areas is assumed to be a reasonable approximation. 

Model results (Table 12) indicate that average sediment yields during the 2000-2014 simulation 

period vary by more than an order of magnitude with the “Barren” and “Agriculture” land uses 

having the highest loads and “Park/Open Space” and “Vacant/Undeveloped” the lowest.  

Additionally, the impact of drier wet seasons is evident where there is very little load from many 

land uses but during the wetter years, the yield increases by more than two orders of 

magnitude. 

Modeled land use nutrient inputs were similar to the sediment loads, with “Barren” and 

“Agriculture” land uses having some of the highest yields.  However, other agricultural practices 

(“Nursery Greenhouse” and “Orchard Vineyard”) and golf courses also contributed to nutrient 

loads (Tables 13 and 14).  

The sediment and nutrient inputs from each identified hydrologic subbasin (“catchment”) to each 

nearby stream segment were output and mapped for analysis.  The maps provide a generalized 

understanding of the areas that have greater stream loadings.   

The total average annual loads from the catchment to the modeled stream in that catchment are 

shown in Figures 20, 21, and 22 for TSS, total phosphorus, and total nitrogen, respectively.  

Larger catchments frequently have greater average annual loads than smaller ones because of 

the larger drainage area, and not necessarily more load from a given land use.  Thus, 

normalizing those loads by catchment area (divide load by area) to get an average annual 

catchment yield (mass per acre per year) can help provide further understanding if one area has 

a disproportionate amount of inputs to the stream in that catchment and could benefit from 

targeted management actions to reduce the inputs to the stream system.  The average annual 

catchment yields for TSS, total phosphorus, and total nitrogen are shown in Figures 23, 24, 

and 25, respectively.  

Another way to analyze catchment inputs is to estimate the amount of load from a catchment 

that reaches the Lake.  Using that analysis, inputs from catchments further from the Lake will 
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have a lesser impact than loads adjacent to the Lake because of sediment settling and nutrient 

attenuation.  The steps that were taken to calculate the attenuation included the following: 

 A “delivery ratio calculator” was applied to estimate loads delivered to the Lake based on 

local/landside loading from individual model subbasins. 

 The calculator uses the model reach-to-reach mapping to travel from a given reach to 

the mouth or outlet of the model domain and calculates the effective delivery along the 

way. 

 Inputs include reach-to-reach mapping (i.e., upstream reach to downstream reach) and a 

reach delivery ratio on a reach basis (i.e., mean fraction of constituent mass delivered 

through the reach). 

 The reach delivery ratio is calculated based on a long-term average fraction of 

constituent (e.g., total phosphorus) mass that is delivered from a specific reach 

(i.e., [exported mass] / [imported mass] for that reach). 

 A macro is then run to process the model reach-to-reach mapping and the reach delivery 

ratios to derive the “mouth ratio,” which is the calculated fraction of load delivered to the 

mouth (or outlet) of the Watershed. 

 The “mouth ratio” is then multiplied by the local/landside load to estimate the load 

“delivered” to the Lake. 

The total annual delivered loads of TSS, total phosphorus, and total nitrogen from a catchment 

to the Lake are shown in Figures 26, 27, and 28, respectively.  Because the larger catchments 

have the potential to contribute greater loads, the delivered loads were normalized by 

catchment area to estimate the average annual delivered yield for TSS, total phosphorus, and 

total nitrogen to the Lake (Figures 29, 30, and 31).   
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3. Physical Characteristics of the Study Area 

This section provides information describing study area land use, geography, climate, 

topography, hydrology, soils, geology, and hydrogeology.  Physical characteristics of the Lake 

and Watershed area are more specifically discussed in Section 6 (Site Conceptual Model 

[SCM]).      

3.1 Area Land Use  

3.1.1 Watershed  

SCS compiled and reviewed available information regarding land use in the area to map and 

evaluate potential historical sources of impacts to the Lake and/or Creek (Section 2.1.3).  The 

Watershed area was noted to be used largely for citrus production until development 

commenced in the 1960s.  The Watershed currently consists mainly of open space, residential 

areas, and light industry, with limited agriculture (Figure 32).  The following land use areas were 

estimated for 98 percent of the Watershed: 

 Agriculture:  2,111 acres (11 percent) 

 Commercial and light industry:  3,402 acres (18 percent) 

 Golf course:  413 acres (2 percent) 

 Institutional:  547 acres (3 percent) 

 Open space:  5,970 (32 percent) 

 Residential:  5,942 (32 percent) 

Aerial photographs from the county and other sources dated 1938, 1947, 1953, 1967, 1980, and 

1985 were compiled (Appendix F) and reviewed with USGS topographic maps to evaluate the 

extent of historical dairy and poultry properties and their approximate surface drainage 

boundaries, as discussed in Section 3.1.3.   
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3.1.2 Golf Course Properties 

Two golf course properties operate in the Watershed in the immediate vicinity of the Lake: 

 St. Mark Golf Club (formerly Lake San Marcos Golf Club) 

 St. Mark Executive Golf Course 

The St. Mark Golf Club is an 18-hole public year-round course in operation since 1963 located 

east-northeast of the Lake.  The smaller St. Mark Executive Golf Course is a public 18-hole 

year-round course in operation since 1976 located west of the Lake (Figures 2 and 3).  Both golf 

courses are surrounded primarily by residential properties that are in part directly adjacent to the 

Lake shoreline.   

As discussed in Section 2.4.4.8, SCS compiled available information regarding the two golf 

properties during the preparation of the July 2014 data collection report (SCS, 2014b).  SCS 

identified the irrigated areas of the St. Mark Golf Club and the St. Mark Executive Golf Course 

by aerial photographs and GIS mapping (Figures 18 and 19).   

Based on the aerial photographs, the total irrigated area of the St. Mark Golf Club (area 

receiving irrigation water) was estimated at approximately 119.8 acres and the total irrigated 

area of the St. Mark Executive Golf Course was estimated at approximately 29.2 acres (SCS, 

2014b).    

3.1.3 Historical Poultry and Dairy Farms 

Land use in San Diego County was primarily agricultural from the 1940s to the 1980s and 

consisted of milk, beef, avocado, and nursery businesses, along with dairies and poultry farms.  

Nearly 130 dairy farms were located in San Diego County in the 1960s, but by 2009 only 

5 dairies remained (4 in northern San Diego County) (Warth, 2009).  Agricultural land in 

northern San Diego County has largely been sold for redevelopment into residential, 

governmental, commercial, or light industrial properties.  A relatively large poultry ranch and two 

dairy farms historically operated in the Watershed near the Lake:   
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 Prohoroff Poultry Farm 

 Wilgenburg Dairy 

 Hollandia Dairy 

3.1.3.1 Prohoroff Poultry Farm 

Operations at the former Prohoroff poultry farm (Prohoroff) began in 1945.  The farm is 

estimated to have occupied 557 acres of land, housed over 2,000,000 chickens, and produced 

10.8 million pounds of manure per month during its peak period of activity (SCS, 2015a; Ma, 

2004).  The manure was largely sold to other agricultural operations in the region including the 

Ecke Ranch in nearby Encinitas, California (outside of the Watershed) (SCS, 2015a).  By 1985, 

only 100,000 birds remained (Ma, 2004).  The property was sold in 1985 to developers and later 

converted into residential areas, commercial properties, and California State University San 

Marcos (Ma, 2004).   

3.1.3.2 Wilgenburg Dairy 

The former Wilgenburg dairy property (Wilgenburg) was located about 0.15 mile south-

southwest of the Hollandia property on the opposite (south) side of San Marcos Creek 

(Figures 2 and 3).  The former dairy occupied approximately 20 acres of land and maintained 

approximately 500 cows at one time (Warren, 1987).   

In 1987, the dairy operator pleaded guilty to a felony charge of violating the federal Clean Water 

Act by illegally dumping milk-barn waste into a pipe leading into San Marcos Creek.  The case 

was the first prosecution under the Clean Water Act in U.S. District Court in San Diego 

(Appendix T).   

3.1.3.3 Hollandia Dairy 

Operations at Hollandia dairy (Hollandia) began in 1950 and expanded to its maximum extent in 

the 1980s.  At its peak, the dairy produced an estimated 47,500 gallons of milk-barn washwater 

per day in 1988 (SCS, 2015).  Available historical maps of Hollandia are provided in 

Appendix U.  Some of the land where the dairy is located was purchased on October 1, 1951.  

At that time, 100 to 110 cows were reported on the property (there were 17 acres of land at that 

time and a cow barn, with no milk plant) (Great Ecology, 2015d) (Appendix V).   
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Hollandia obtained a Waste Discharge Permit (Order No. 76-68) in 1976 from the RWQCB.  

Responding to Time Schedule Order No. 88-72 issued by the RWQCB, Hollandia operations 

changed from 900 cows in 1976 to 290 cows in 2001; all cows were removed by 2003.  

Dairy operations in 1976 included spreading the washwater across 60 acres of pastureland for 

fertilizer and irrigation purposes.  Washwater storage was reportedly connected to the sanitary 

sewer, but the storage facilities were insufficient to hold all washwater.  Available information 

also shows the following:  

 In 1994 the RWQCB issued Order No. 94-1384 requiring Hollandia to submit a facility 

plan demonstrating the dairy has adequate waste management facilities. 

 In 2004, the RWQCB adopted Order No. R9-2004-00425, which rescinded 12 previous 

orders issued to Hollandia. 

RWQCB inspection records document that uncontrolled dairy waste discharge (runoff) was 

observed at the property in November 1971, December 1971, June 1973, January 1974, 

January 1975, July 1977, May 1985, June 1987, April 1995, and September 1997.  Direct runoff 

into San Marcos Creek, up to 100 gpm, was observed November 1971, January 1974, May 

1985, June 1987, and April 1995 (Appendix U).  Additional recorded releases have been 

reported for January 11, 1971; February 16, 1971; March 10, 1971; March 23, 1971; April 14, 

1971; May 20, 1986; February 27 and March 2, 1987; March 7 and 22 1987; April 1988; July 

1990; March 5, 1995; March 11, 1995; March 17, 1995; March 30, 1995; May 1995; July 23, 

1996; November 1, 1997; May, 12, 13 and 15 1998; and May 19, 1998 (Great Ecology, 2015d) 

(Appendix V).  In addition, Hollandia sampled their groundwater well at 802 Mission Road on 

several occasions.  Analytical testing indicated nitrate concentrations between approximately 

10 and 105 mg/L (Compendium, 2010). 

Hollandia continues to operate as a dairy product processing and distribution center with no live 

animals on the property.   
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3.2 Dry Weather Runoff Sources 

As discussed in Section 2.4.4.2, SCS compiled area maps summarizing runoff sources in the 

area.  In addition, several field photographs of the identified features were collected and 

compiled (Appendix W).  The data were compiled to produce Figures 33 through 40.   

A water level datalogger was installed in the Creek and a temporary weir was used to produce a 

record of continuous surface water flow at one location (Figure 41).  The logger data were 

converted to an instantaneous flow estimate of 0.1 to 0.2 cfs, which was summed over the 

50-day monitoring period to generate a total inflow estimate of 12.3 acre-feet.  A stage-

discharge curve for the Creek was also developed (Figure 42). 

Irrigation-related flow was identified as a source of consistent dry weather runoff from the golf 

courses (SCS, 2014b).  The only sources of dry weather flows to the Lake addressed in this 

report are the following, identified as a result of a focused survey conducted by SCS, and which 

did not extend beyond the immediate vicinity of the Lake: 

 Golf course runoff 

 Inconsistent irrigation-related flow from residential areas  

 Flow from San Marcos Creek 

 Seepages originating from outside of the golf course (based on a limited survey within 

the project area/Watershed) 

Automated composite samplers were installed to collect samples of the runoff at each golf 

course (samples “St. Mark SW” and “Executive SW”) (Section 2.4.4.2).  The golf course runoff 

sampling locations are shown on Figure 6.  The analytical results of the golf course runoff 

sampling are presented in discussed in Section 4.1.2. 

3.3 Climate 

Under the Köppen Climate Classification, the San Marcos, California area is classified as 

subtype “Csa” Mediterran Climate (“Mediterranean” climate) (WB, 2015).  This “dry-summer 
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subtropical” climate zone has an average temperature above 10°C (50°F) in the warmest 

months, and an average temperature in the coldest months between 18 to –3°C (64 to 27°F).  

Summers tend to be warm and dry and winters are relatively mild. 

The average temperature for the year in San Marcos is 64.8°F (18.2°C).  The warmest month, 

on average, is August with an average temperature of 76.0°F (24.4°C).  The coolest month on 

average is December, with an average temperature of 55.4°F (13°C). 

The average annual high temperature is 77.3°F and the annual average low temperature is 

52.3°F as calculated from the 1979 to 2005 period of record at the National Oceanic and 

Atmospheric Administration (NOAA) Cooperative Observation Network (COOP) Station, located 

in Escondido, about 9 miles east of Lake San Marcos.  The station is COOP 042863.  The 

region experiences summer maximum daily temperatures of 87.4°F and 88.7°F in July and 

August, respectively.  The maximum daily temperature in January, the coldest month of the 

year, is 68.8°F (WRCC, 2015).  

The average amount of annual precipitation in San Marcos is 15.2 inches (386.1 mm).  The 

month with the most precipitation on average is February with 3.5 inches (88.9 mm).  The month 

with the least precipitation on average is June with an average of 0.1 inch (2.5 mm).  There are 

an average of 43.0 days of precipitation, with the most precipitation occurring in January 

(7.0 days) and the least precipitation occurring in June (1.0 day) (WB, 2015).   

Mediterranean climate is defined as having wet winters and dry summers.  The average annual 

precipitation is 15.46 inches (WRCC, 2015).  Most of the rainfall occurs between November and 

March (14.94 inches).  The summer months, June through August, only accounts for 0.13 inch 

of the total annual precipitation.  

Precipitation patterns in southern California are affected by the extremes in the naturally 

occurring climate cycle referred to as the El Niño/Southern Oscillation (ENSO).  The ENSO 

cycle refers to the year-to-year variations in sea-surface temperatures, convective rainfall, 

surface air pressure, and atmospheric circulation that occur across the equatorial Pacific Ocean.  

El Niño refers to the above-average sea-surface temperatures that periodically develop across 
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the east-central equatorial Pacific.  It represents the warm phase of the ENSO cycle, and is 

sometimes referred to as a Pacific warm episode (NWS, 2015).  

During an El Niño cycle, a warm pool of the Pacific Ocean typically shifts eastward along with 

an associated area of tropical convective rainfall (NWS, 2015).  Normal westward winds weaken 

considerably and allow warm water to develop near the eastern Pacific border.  These 

conditions increase thunderstorm frequency and are associated with increased torrential 

downpours and flooding in southern California.  El Niño episodes typically occur every 3 to 

5 years; however, in the historical record this interval has varied from 2 to 7 years (NWS, 2015). 

3.4 Topography 

The majority of the Watershed topography is mapped in the USGS San Marcos, California 

quadrangle with a lesser portion to the south (about 14 percent) mapped in the adjacent Rancho 

Santa Fe quadrangle and a smaller portion to the east (about 12 percent) mapped in the 

adjacent Valley Center, California quadrangle (USGS, 2015).  The perimeter of the Watershed 

is mostly bounded by elevated topography ranging from about 1,700 feet msl in the north to 

about 1,500 feet msl in the south (Figure 43).  Approximately 72 percent of the Watershed area 

lies between 500 and 900 feet msl.  The maximum elevation in the Watershed is an unnamed 

peak at 1,747 feet msl at the northern Watershed boundary.   

The northeastern Watershed area is bounded by the Merriam Mountains and the northwestern 

area is bounded by the San Marcos Mountains.  Both the Merriam Mountains and the San 

Marcos Mountains extend farther south and transition into lower elevations near the central 

portion of the Watershed.  

The Twin Oaks Valley area of the north central Watershed is relatively flat or gently sloping to 

the south around 800 to about 700 feet msl or lower.  Three unnamed tributaries to the Twin 

Oaks Branch of San Marcos Creek extend dendritically up to the north, northwest, and east out 

of Twin Oaks Valley to elevations ranging from about 800 to 1,000 feet msl.   
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South of Twin Oaks Valley, topography transitions into a relatively narrow north-south corridor 

about a ½ mile wide along North Twin Oaks Valley Road and the Twin Oaks Branch of San 

Marcos Creek.  The valley elevation here trends south from about 640 to 580 feet msl.  The 

valley is bounded by an unnamed 1,280 feet msl peak to the west and varied topography to the 

east in the range of 700 to 800 feet msl.   

The southeastern Watershed is bounded by the southern Merriam Mountains with elevations 

approaching 1,380 feet msl.  A portion of the southeastern Watershed in eastern San Marcos is 

characterized by varied and relatively low elevations in the range of 800 feet msl or less.  The 

southern Watershed is bounded by elevated peaks trending east-west including Cerro de las 

Posas (1,220 feet msl), Double Peak (1,646 feet msl), and Mt. Whitney (1,738 feet msl).   

The west-southwestern Watershed boundary is defined by elevated topography in the maximum 

range of 800 to 1,200 feet msl.  The Los Posas Branch of San Marcos Creek originates at the 

eastern base of this elevated area and flows south-southwesterly near the southwestern 

Watershed boundary from about 880 feet msl to join San Marcos Creek northeast of the Lake at 

520 feet msl. 

The west-southwestern Watershed area north and south of San Marcos Boulevard is also 

relatively broad and flat with elevations sloping southeast towards the Lake from about 600 to 

520 feet msl.  San Marcos Creek is located in the lower elevations about 520 to 540 feet msl to 

the south of San Marcos Boulevard in this area (Figure 3).  The Lake shoreline is the lowest 

elevation in the Watershed at approximately 500 feet msl.   

Land near around the northern shoreline of Lake an Marcos lies mostly between 500 and 

600 feet msl, but farther south elevation steeply increases up to 700 and 800 feet msl on the 

west and over 1,000 feet msl on the east near Cerra de las Posas (1,220 feet msl).  San Marcos 

Creek incised a box-type canyon in this area so the southern half of the Lake has steep 

shoreline topography and a relatively narrow width.   
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3.5 Surface Water Hydrology 

The Watershed is divided into the Twin Oaks subarea to the north and the Richland subarea to 

the south (Figure 2).  Surface water in the northern Twin Oaks subarea flows southerly to five 

unnamed dendritic tributaries of the Twin Oaks Branch of San Marcos Creek.  Four tributaries 

originate in relatively elevated topography primarily to the north-northeast and combine flow in 

central Twin Oaks Valley.  A fourth, smaller tributary flows southwesterly along the base of 

elevated topography in southwestern Twin Oaks Valley.  There are no USGS or other flow 

gauges in the Twin Oaks subarea.   

Surface water from the northern Twin Oaks sub-watershed discharges into the southern 

Richland sub-watershed at a single location in lower Twin Oaks Valley.  The Twin Oaks Branch 

of San Marcos Creek extends nearly due south here along the east side of Twin Oaks Valley 

Boulevard to join San Marcos Creek. 

The larger Richland subarea is drained by upper San Marcos Creek, the Las Posas Branch of 

San Marcos Creek in the west, the Twin Oaks Branch of San Marcos Creek discussed above, 

and three unnamed tributaries of San Marcos Creek.  One of the unnamed tributaries originates 

in the eastern Watershed and a second originates in the southern Watershed near Jack’s Pond 

(a.k.a. Jack’s Lake) (Figure 2).  The third unnamed tributary originates in relatively elevated 

topography at South Lake and flows north then west-northwest to Discovery Lake and further 

west toward Lake San Marcos.  There are no USGS or other flow gauges in the Richland 

subarea.  The closest USGS gauges with relatively long-term data available are: 

 USGS gage #11025500, SANTA YSABEL CREEK NR RAMONA, CA 

 USGS gage # 11023340, LOS PENASQUITOS CREEK NR POWAY, CA 

Upper San Marcos Creek flows southeasterly through central San Marcos on the south side of 

San Marcos Boulevard.  All surface water flow in the Watershed is ultimately directed to lower 

San Marcos Creek and the Lake. 
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The RWQCB Geotracker database website indicates that various properties in the Watershed 

and near the Lake, such as Bradley Landfill (located at South Rancho Santa Fe Boulevard and 

Linda Vista Drive), have collected surface water and/or groundwater data for various 

compliance or cleanup project uses (Appendix X).  

3.6 Soils 

Figure 44 depicts the varied soil hydrologic groups in the Watershed based on information from 

the USDA Soil Survey/Soil Geography (SSURGO) database (USDA, 2015).  The SSURGO 

soils in the Watershed are classified into A, B, C, or D soil groups.  Basic information for each 

group is provided below.   

Group A:  Soils in this group have relatively low runoff potential when saturated because water 

is transmitted freely through the soil.  Group A soils typically have less than 10 percent clay and 

more than 90 percent sand or gravel and have gravel or sand textures (USDA, 2015).  Group A 

soils are relatively uncommon in the Watershed and occur primarily in the central Twin Oaks 

subarea along the axes of the surface water streams there.  Group A soils also occur near Lake 

San Marcos adjacent to its eastern shoreline and extending east near San Marcos Creek.   

Group B:  Soils in this group have moderately low runoff potential when saturated and water 

transmission through the soil is not impeded.  Group B soils typically have between 10 percent 

and 20 percent clay and 50 percent to 90 percent sand and have loamy sand or sandy loam 

textures (USDA, 2015).  Group B soils are also relatively uncommon in the Watershed and 

occur primarily in the southeastern area and along the Creek.   

Group C:  Soils in this group have a moderately high potential for runoff when saturated.  Water 

transmission through the soil is somewhat restricted.  Group C soils typically have between 

20 and 40 percent clay and less than 50 percent sand and have loam, silt loam, sandy clay 

loam, clay loam, and silty clay loam textures.  Group C soils are fairly common in the Watershed 

and occur in relatively low elevation areas with low topographic gradient.   
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Group D:  Soils in this group have high runoff potential when thoroughly wet.  Water 

transmission through the soil is restricted or very restricted.  Group D soils typically have greater 

than 40 percent clay, less than 50 percent sand, and have clayey textures.  In some areas, they 

also have high shrink-swell potential (USDA, 2015).  Group D soils are the most common group 

in the Watershed and occur primarily around the Watershed perimeter in elevated topography.  

A significant area of Group D soils also occurs in a relatively low-lying area west of the Las 

Posas Branch of San Marcos Creek. 

3.7 Geology 

Historical literature references characterizing regional geology in the Watershed area have been 

compiled and summarized by Kennedy and Tan (2007) during geologic quadrangle mapping 

completed for the California Geological Survey (CGS) and USGS in 2005 under the Southern 

California Areal Mapping Project (SCAMP).  The Watershed lies in the Oceanside, California 

quadrangle of the Peninsular Ranges Geomorphic Province in southern California.  The region 

is tectonically and seismically active, with the Elsinore Fault Zone located about 15 miles 

northeast of the Watershed and the Newport-Inglewood Fault Zone located offshore about 

15 miles west of the Watershed (Kennedy and Tan, 2007). 

The Watershed lies within the Peninsular Range geomorphic province.  The Peninsular Ranges 

trend northwest to southeast extending through the Baja California Peninsula in Mexico and 

consist primarily of Jurassic and Cretaceous igneous rocks of the Peninsular Ranges batholith 

intruding Triassic and Jurassic metasedimentary host rocks.  Pre-batholithic and synbatholithic 

volcanic, metavolcanic, and metasedimentary rocks also occur with post-batholithic sedimentary 

and volcanic rocks in the west.  The youngest deposits in the province are Quaternary marine, 

lagoonal, and fluviatile sediments.  A series of marine, wave-cut terraces that occur along the 

western coast provide evidence of regional uplift during the past million years (Kennedy and 

Tan, 2007).   
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The Watershed consists of the following major geologic units (Figures 45, 46, and 47):  

 Young alluvial flood-plain deposits (Holocene and late Pleistocene) (unconsolidated 

gravel, sand, silt clay) (Qya) 

 Old alluvial floodplain deposits, undivided (later to middle Pleistocene) (partially 

consolidated gravel, sand, silt clay) (Qoa) 

 Santiago Formation (middle Eocene) (primarily sandstone, siltstone, claystone) (Tsa) 

 Tonalite, undivided, including Green Valley tonalite (quartz diorite) (mid-Cretaceous) (Kt) 

 Monzogranite of Merriam Mountain (mid-Cretaceous) (Kmm) 

 Gabbro, undivided (mid-Cretaceous) (Kgb) 

 Granodiorite of Jesmond Dean (mid-Cretaceous): Massive, fine-grained, dark-gray and 

black granodiorite (Kjd) 

 Metamorphosed and unmetamorphosed volcanic and sedimentary rocks, undivided,  

including Santiago Peak metavolcanics (primarily andesite and metasedimentary rocks) 

(Mesozoic) (Mzu) 

Younger alluvium (Qya) deposits in the Watershed are located on the floor of the stream valleys 

in both the Twin Oaks area and the San Marcos Creek area.  Qya alluvium fills the gently 

sloping floodplains in central Twin Oaks Valley and in western San Marcos where it extends 

southwest to the northern Lake San Marcos shoreline.  Older alluvium (Qoa) is mapped only in 

a small isolated area the east-northeastern portion of the Twin Oaks subarea (along State 

Route 15). 

The Santiago Formation (Tsa) is common in northwestern San Diego County and extends into 

the Watershed from the southwest.  The Santiago Formation occurs on both the northeastern 

and northwestern shorelines of Lake San Marcos.  The Tsa rocks are characterized in this area 

by a relatively low topography in the northern Lake area.   
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Cretaceous tonalite (crystalline plutonic intrusive igneous rock) (Kt) occurs as isolated hills 

surrounded by Qya in central San Marcos and forms the elevated topography on the south side 

of upper San Marcos Creek near western Escondido.   

Cretaceous monzogranite rocks of the Merriam Mountains (mid-Cretaceous) (Kmm) (crystalline 

plutonic intrusive igneous rock) form the northeastern Watershed boundary in both the Twin 

Oaks and the Richland subarea.  A small Kmm area also occurs in the southeastern Watershed.   

Cretaceous gabbro (crystalline plutonic intrusive igneous rock) (Kgb) forms the elevated 

boundary of the northwestern Watershed boundary as well as an isolated hill (Escondido 

highlands) in the eastern central Watershed area.  A small area of massive, fine-grained, dark-

gray and black granodiorite Jesmond Dean (mid-Cretaceous) (Kjd) occurs around the Qoa 

deposit in the eastern Watershed.   

Metamorphosed and unmetamorphosed volcanic and sedimentary Mesozoic rocks, including 

Santiago Peak metavolcanics (primarily andesite and metasedimentary rocks) (Mzu) form 

elevated topography in the northwestern, central western, and southern Watershed areas.  The 

Mesozoic rocks occur in lower elevation areas as well in the northwest and eastern portions of 

the Watershed.  In the southern Watershed, Mesozoic rocks form the elevated southern 

Watershed boundary and the perimeter of the southern Lake San Marcos shoreline where the 

box-canyon topography is relatively steep.  The contact between Mzu rocks in the south and 

Tsa rocks in the north approximately passes through the middle of the Lake.   

Regional hydrogeologic cross-sections (A-A’ and B-B’) of the central and southern Watershed 

area extending to the Lake were constructed using available supply well data in the area 

(Figures 48, 49, and 50).  The figures show that the Santiago Peak Volcanics and crystalline 

Cretaceous monzogranite (Granite Rock, GR) form much of the subsurface in the Watershed 

while Tertiary Santiago formation sandstone, siltstone, and claystone (Tsa) and Quaternary 

alluvium (Qal) form a relatively thin layer near the surface.  Regionally, Lake San Marcos is 

situated over Santiago formation and alluvium in the north, which in turn overlies Mesozoic 

rocks (Mzu).  In the south, the Lake overlies the Santiago Peak Volcanics where Tsa is absent.   
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Local hydrogeologic cross-sections of the Lake area (C-C’ and D-D’) were constructed using 

available soil boring and monitoring well data in the area (Figures 48, 51, and 52).  Some 

construction fill is evident along the Lake shorelines in the north where property development 

has occurred.  Otherwise, the Lake footprint overlies lacustrine deposits (approximately 10 feet 

thick based on boring data) situated over Quaternary alluvium and colluvium, which in turn 

overlies Tsa rock in the north and the Santiago Peak Volcanics in the south.   

3.8 Hydrogeology 

Regional and local hydrogeology in the Watershed and Lake area has been characterized by 

recent soil borings, monitoring well installations, groundwater sampling and flow mapping, and 

work compiling available supply well data.  Monitoring wells were installed in both along San 

Marcos Creek (Creek area wells) and in the Lake area (Lake area wells).  A well survey was 

completed in the Watershed to identify area wells that could be used for shallow groundwater 

characterization.  Supply wells in the region also provide some regional water level and 

groundwater occurrence characterization data.  Regional and local hydrogeologic cross-

sections (A-A’, B-B, C-C’, and D-D’’) of the Watershed and Lake area were constructed using 

available supply well data in the area (Figures 48 through 52).      

Analytical data from the RI groundwater sampling events are discussed in Section 4. 

3.8.1 Creek Area Monitoring Wells 

SCS identified 15 existing 2-inch wells (OW2 through OW16) within 200 yards of a stream or 

tributary that are suitable for shallow groundwater characterization downgradient of the western 

portion of the former Prohoroff property (Section 3.1.3.1).  No wells were found to be 

appropriate to characterize shallow groundwater downgradient of Wilgenburg or Hollandia.  The 

well depths were reported to be between 15 and 20 feet below grade with 10 to 15 feet of well 

screen.  Based on Kennedy and Tan (2007) and the reported well depths, the wells are 

interpreted to be installed in shallow alluvium adjacent to the Creek.  
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Five of the OW-series wells along San Marcos Creek (labeled OW-4, OW-11, OW-14, OW-15, 

and OW-16) were sampled seven times between April 2012 and March 2013 during dry and wet 

weather.  The OW-series wells were sampled to characterize groundwater flow direction and 

quality in the Creek area.   

Field measurements show that the well depths range from 18.53 to 23.47 feet below top of 

casing (feet btoc) (Table 15).  Depth to water in the OW wells was less than 10 feet btoc in all 

wells except OW-15 in one event (10.93 feet btoc July 2012).  The water level data in Creek 

area wells indicate a generally westward groundwater flow direction (downstream) in each of 

seven monitoring events in 2012 and 2013.   

Groundwater flow maps for the April 2012, July 2012, November 2012, December 2012, 

February 2013, and March 2013 data sets are broadly comparable in groundwater elevation and 

flow direction (primarily oriented westerly and downstream).  The March 2013 groundwater flow 

map is provided as Figure 53; the remaining maps are provided in Appendix Y.  While 

groundwater flow is primarily oriented westerly and downstream, local variations in groundwater 

flow directions are evident in regional flow maps.   

Dedicated pressure transducers installed in the wells continuously log water levels every 

10 minutes.  The water level data were downloaded for hydrograph analysis on February 20 and 

March 26, 2013.  A dedicated pressure transducer was installed where the Creek crosses Via 

Vera Cruz continuously logs water levels in the Creek every 10 minutes.  The Creek level data 

were also downloaded for hydrograph analysis on February 20 and March 26, 2013 (Figure 54) 

(Section 2.4.1). 

All logged rain events of approximately 0.2 inch or more are accompanied by an increase in 

groundwater levels in all wells except OW-15.  OW-15 only showed an increase in groundwater 

levels after “larger rain events” in April and December 2012 plus January and March 2013.  

Transducer data from the Creek show that surface water flow “increased immediately” after 

each rain event (Figure 54). 
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3.8.2 Lake Area Monitoring Wells 

The seven monitoring wells installed in the vicinity of the Lake were labeled MW-2 and MW-3 

through MW-8 (the “MW-series”).  The Lake area wells were installed to estimate shallow 

horizontal groundwater flow gradient toward the Lake and to characterize groundwater quality 

(SCS, 2014b).  Wells MW-2, MW-3, MW-5, MW-6, and MW-9 were screened in Santiago Peak 

volcanics (Mzu).  MW-4 was cross-screened in alluvium Santiago Peak volcanics and MW-7 

was screened only in alluvium. 

Depth to water was measured July 2013, November 2014, January 2015, and April 2015 in the 

MW-series wells.  Depth to water in the wells ranged from 3.56 to 13.31 feet bgs.  Depth to 

water values were all below 10 feet bgs except for well MW-7, where groundwater was 

measured between 10.78 and 11.55 feet btoc in all events, and well MW-8, where water was 

measured once in 2013 at 13.31 feet btoc.  Groundwater elevation April 2015 ranged from 

496.53 feet msl (MW-3) to 512.91 feet msl (MW-8).  Groundwater levels in MW-8 were noted to 

fluctuate the most of any well in the MW-series network (between 512.91 and 508.67 feet msl 

2013-2015).  Groundwater elevation data for the OW-series Creek area wells are presented in 

Table 16. 

Groundwater in the Lake area occurs in both a shallow aquifer, consisting of alluvium and the 

porous Santiago formation (sandstone, siltstone, claystone), and in deeper fractured crystalline 

rock aquifer (Santiago Peak Volcanics, which are primarily andesite and metasedimentary 

rocks).  Based on Tan and Kennedy (1996), alluvium and Santiago Formation rock is present 

under the northern portion of the Lake, while only Santiago Peak metavolcanics are present 

under the southern portion of the Lake.   

Slug testing was also conducted in each MW-series well with groundwater (MW-3 though 

MW-8).  Hydraulic conductivity was estimated with data from wells MW-3, MW-4, and MW-7 

(poor recovery data were collected in MW-5, MW-6, and MW-8).  Estimated hydraulic 

conductivity values ranged from 1 to 15 feet per day (ft/d).  Soil samples from three well borings 

were also collected for total porosity (using API method RP40) and grain size (using ASTM 

D422/D4464).  
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Gradients between the Lake and shallow groundwater were estimated by measuring Lake water 

levels in comparison to groundwater elevation data from the wells.  Horizontal gradients 

(0.001 to 0.023 foot per foot [ft/ft]) oriented toward the Lake were measured at each new well 

location (except MW-2 which was dry).  Gradient data are presented in Table 17.   

Because the water surface elevation in the Lake is consistent with the groundwater elevations in 

adjacent shallow monitoring wells, groundwater and Lake water are likely in hydraulic 

connection (SCS, 2015b).   

Based on an analysis of Lake level data and groundwater level data in near-shore monitoring 

wells (LimnoTech, 2015c), LimnoTech estimated that groundwater inflow to the Lake is 

approximately 59 ac-ft/yr (0.16 acre-feet per day [ac-ft/d]) during the dry season (using 2012–

2014 data) and 0.0 ac-ft/yr during the wet season (Appendix S).  Available data indicate that 

groundwater gradients are directed to the Lake in summer (dry months) while Lake levels are 

relatively low, and gradients are essentially zero in winter (wet months) while the Lake level is 

relatively higher (LimnoTech, 2015c).   

3.8.3 Other Area Monitoring Wells 

The RWQCB Geotracker database website indicates that other monitoring wells have also been 

installed in the Lake and Creek area to address impacted groundwater from past site use at 

area properties, including the following: 

 Bradley Landfill (South Rancho Santa Fe Boulevard and Linda Vista Drive) (Appendix X) 

 BAE Systems (1370 San Marcos Boulevard) 

 TOSCO Marketing Company (1110 San Marino Drive) 

3.8.4 Central Watershed Area Supply Wells 

As discussed in Section 2.4.3, in November 2013, SCS produced a report for the City of San 

Marcos describing supply well sampling at supply wells identified in the area (SCS, 2013d).  
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Available well construction data are provided in Table 18 and water level data are provided in 

Table 19.  A groundwater elevation map is presented as Figure 55.    

Supply well data (Section 2.4.3) show that Watershed groundwater occurs in well casings over 

a broad range of depths from near grade in artesian wells to deeper depths between about 

140 and 300 feet bgs.  The relatively shallow groundwater levels up to 40 feet bgs northwest of 

the Lake, in wells screened in fractured crystalline rock, define a flow direction oriented 

southwesterly generally toward the Lake (SCS, 2013d).  Water elevations in some City supply 

wells are also broadly consistent with the water surface elevation in the Lake; groundwater and 

Lake surface water are likely in hydraulic connection and nutrient concentrations in the supply 

wells may be contributing to nutrient influx to the Lake (SCS, 2013d).  

The active supply well located on the St. Mark Golf Club property (St. Mark golf course well) 

supplies groundwater directly to Lake San Marcos near its northern shoreline (SCS, 2014b).  

Permit information indicates that the well was planned to be completed at a depth of 800 to 

1,500 feet bgs with a 14-inch steel conductor casing sealed to approximately 50 feet bgs.   

Based on available data from CDC, LimnoTech has estimated that supply well pumping to Lake 

San Marcos occurs only between April and October each year (dry season) (Appendix S).   
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4. Nature and Extent of COPCs 

This section presents and discusses the RI investigation analytical data compiled during the 

field activities described in Section 2.   

4.1 Upper San Marcos Creek Watershed 

Surface water collected as described in Section 2 was compiled into a sortable, searchable, 

filterable spreadsheet database file consisting of 7,417 rows of field and analytical data 

(Appendix N).  The database contains 1,984 rows of data consisting of field water quality 

reference parameters (pH, dissolved oxygen, temperature, turbidity, and specific conductivity).  

Thus, there are a total of 5,433 rows of analytical results in the database.    

A relatively small component of the analytical portion of the database (329 of 5,433 rows) 

consists of the following additional laboratory parameters:   

 Hardness 

 BOD  

 COD 

 TDS 

 Total and dissolved organic carbon 

While multiple parameters were selected for field and/or laboratory analysis during the various 

sampling efforts, this section of the RI/FS report focuses on the following analytes, which 

comprise the majority of the database that is separate from reference field parameters: 

 Ammonia 

 Nitrate 

 Total nitrogen 

 Total phosphorus 

 TSS 

 Selenium 
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 4,4’-DDE, 4,4’-DDE, 4,4’-DDT 

 Pyrethoids 

The DDE/DDT data (106 rows) and pyrethroid data (42 rows) are discussed in Section 4.1.1.7. 

4.1.1 Surface Water 

Data from the various surface water sampling stations in close proximity or in similar drainages 

have been combined into Watershed sample groups to facilitate data analysis and evaluation.  

The aggregation of those data points allows the analysis to use a maximum number of sampling 

events while still maintaining spatial variability.  The Watershed sample groups for the 

aggregated locations, listed below, are shown in Table 20 and Figure 7:  

 San Marcos Cr-Top:  San Marcos Creek near Escondido (upstream) 

 San Marcos Cr-Upper:  San Marcos Creek north of Twin Oaks tributary 

 San Marcos Cr-Mid:  Between San Marcos Cr-Top and San Marcos Cr-Upper locations 

 San Marcos Cr-Down:  Lower San Marcos Creek upstream of the Lake 

 San Marcos Cr-Lake:  Lower San Marcos Creek immediately upstream of the Lake  

 Lake:  Lake water samples 

 Golf Course (runoff):  Stations that sampled golf course runoff (samples “St. Mark SW” 

and “Executive SW”) 

 Las Posas:  Las Posas branch, San Marcos Creek 

 SD:  Storm drains located throughout Upper San Marcos Creek 

 SD-Hollandia:  Storm drains near Hollandia facility 

 SD - Lake:  Storm drains near the Lake or draining to the Lake 

 SD-Prohoroff:  Storm drains near former Prohoroff facility 

 Twin Oaks:  Storm drains in lower (downstream) Twin Oaks branch  

 Outside of watershed:  Sample stations outside of the Watershed 
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While the dataset that was collected throughout the Watershed was substantial, there were 

limited data within some of the groupings.  For example, few samples were collected from the 

storm drains near the former Prohoroff facility.  However, storm drain sampling data comprise 

the majority of the database.  To facilitate data analysis, samples with non-detect values were 

assigned a value of one-half the detection limit (if that detection limit value was included in the 

dataset). 

The data were divided by date into summer (April–September) and winter (October–March) 

periods to facilitate a seasonal dry/wet weather analysis.  This allowed for a broad evaluation of 

the varying water quality conditions; however, not all of the groupings had both summer and 

winter samplings.  For example, storm drains in the Prohoroff area were sampled in the summer 

but not winter.  In addition, five Watershed sample groups were sampled in the winter but not 

the summer: Golf Course runoff, Las Posas, San Marcos Cr-Top, and Storm Drain 

(SD)-Hollandia. 

The analytical data for ammonia, nitrate, nitrate/nitrite, and total nitrogen are summarized in 

Tables 21 through 24.  Table 25 summarizes total phosphorus concentrations and Table 26 

summarizes Watershed TSS data.  

The analytical results are discussed below for ammonia, nitrate, total nitrogen, total phosphorus, 

TSS, selenium, DDD/DDT/DDE, and pyrethroids.  In addition, Watershed model results 

(Sections 2.6.6 and 2.6.7) were post-processed to further evaluate the analytical data.  Table 12 

shows annual average TSS unit area load (UAL) by Watershed model land use category (2000-

2014), which is discussed in Section 4.1.1.5.3.  Table 13 shows annual average total 

phosphorus UAL by Watershed model land use category (2000-2014), which is discussed in 

Section 4.1.1.4.3.  Table 14 shows annual average total nitrogen UAL by Watershed model land 

use category (2000-2014), which is discussed in Section 4.1.1.3.3.  

4.1.1.1 Ammonia 

Elevated ammonia concentrations can cause ammonia toxicity and adversely impact the biota.  

The WQO for un-ionized ammonia (inland surface waters) is 0.025 mg/L.  Ammonia toxicity 

varies with hardness concentrations, but paired hardness-ammonia samples are not typically 
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collected.  Thus, the discussion will address the relative concentration of ammonia throughout 

the Watershed. 

4.1.1.1.1 Ammonia - Storm Drains.  Ammonia concentrations in storm drains were typically 

higher than observed in the receiving waters (Figure 56 and Table 21).  Observed 

concentrations were highly variable (0.02 to 4.20 mg/L).  The storm drains group had slightly 

higher concentrations in the summer than the winter. 

Few samples were collected near the former Prohoroff and Hollandia facilities (three and four 

sample events, respectively), with one sampled exclusively in summer (Prohoroff) and the other 

(Hollandia) only in winter.  The winter concentrations near the former Hollandia facility were 

higher than those observed at the former Prohoroff facility, but that could have been a seasonal 

signal and not representative of a difference between concentrations from each area.  Summer 

concentrations were similar to averages observed in the storm drains across the Watershed.  

Average winter concentrations from the former Hollandia facility were greater than the 

Watershed average; however, due to the limited sampling and the similar maximum 

concentration to the maximum concentrations in storm drains elsewhere in the Watershed, it 

cannot be concluded that the location has significantly higher concentrations than elsewhere in 

the Watershed. 

During the summer monitoring, both maximum and average concentrations from storm drains 

near and around the Lake (SD-Lake) were considerably lower than average concentrations 

throughout the rest of the Watershed (Table 21).    

Samples of surface water runoff from the golf course were collected during three events during 

the winter.  The average ammonia concentration was 0.22 mg/L and the maximum detection 

was 0.42 mg/L.  Ammonia was not detected in the third sample with a detection limit of 

0.1 mg/L.   

4.1.1.1.2 Ammonia – Creek.  Average summer ammonia concentrations in the Creek typically 

declined from the middle Creek region toward the Lake (0.55 mg/L to 0.22 mg/L).  Between the 

upper Creek stations and the middle Creek stations, average ammonia concentrations 
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increased from 0.20 to 0.55 mg/L, suggesting a significant source of ammonia in that region.  

Summer average, minimum, and maximum ammonia concentrations detected in the Twin Oaks 

area were similar to those detected in middle Creek samples. 

In winter, the average ammonia concentrations were more uniform throughout San Marcos 

Creek.  This is likely reflective of sampling during higher flow events, when the stream would 

have a greater velocity and biochemical transformations are not as dominant a process as 

during the slower, summer flows.  Winter concentrations were also lower than in the summer 

months.  This trend suggests that the surface runoff that can dominate those flows dilutes the 

ammonia levels in winter as compared to summer, when nuisance storm drain flows have a 

greater impact. 

In both summer and winter, ammonia concentrations detected in the Twin Oaks Watershed 

sample group were similar to those detected in the upper/middle portion of the Creek.  Winter 

sampling in the Las Posas tributary were greater than all other instream observations.  Winter 

average ammonia levels were also higher than in storm drains, and were only exceeded by the 

average of the four samples from storm drains near the former Hollandia facility. 

4.1.1.2 Nitrate   

Samples were collected throughout the Watershed for analysis of nitrate (total nitrogen, nitrate, 

and nitrate/nitrite) to provide an understanding of the nitrogen balance in the system.  The WQO 

(flowing water) for nitrogen compounds is 1 mg/L.     

Nitrate concentrations are often reported as nitrate/nitrite because nitrite typically rapidly 

converts to nitrate.  Both nitrate and nitrate/nitrite concentrations were reported in the database 

and are shown in Figure 57 and Table 22 (nitrate) and Figure 58 and Table 23 (nitrate/nitrite).  

Total nitrogen data are shown in Figure 59 and Table 24.  On an average concentration basis, 

nitrogen compounds are less than 1 mg/L in about 20 percent of the samples. 

4.1.1.2.1 Nitrate – Storm Drains.  All detected maximum summer and winter nitrate 

concentrations exceed the nitrogen WQO of 1 mg/L.  The highest detected summer nitrate 

concentrations were detected in the storm drains near the former Prohoroff property (14.2 mg/L) 
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and near the Lake (21.6 mg/L maximum).  Winter storm drain nitrate concentrations were lower 

on average than concentrations detected in the summer.  The highest detected winter storm 

drain nitrate sample was from the general storm drain group at 8.5 mg/L.   

Average nitrate results for the two winter storm drain samples collected near the former 

Hollandia facility (2.41 mg/L) were broadly similar to the average nitrate concentrations detected 

in the general storm drains group (1.59 mg/L).  On an average concentration basis, nitrate 

detections exceed the existing WQO (1 mg/L) in 45 percent of the summer storm drain samples 

and in 60 percent of the winter storm drain samples. 

No nitrate samples were collected from the golf course; however, the winter nitrate/nitrite 

concentrations detected there were lower than those detected in the samples from the general 

storm drain stations group.  

4.1.1.2.2 Nitrate – Creek.  The highest nitrate concentrations in summer Creek samples were 

detected in the Twin Oaks group (26.7 mg/L) and upper San Marcos Creek (8.32 mg/L).  In 

winter samples, the highest detected nitrate concentrations were also in the Twin Oaks group 

(25.28 mg/L) followed by San Marcos Creek (top) (6.3 mg/L).  On an average concentration 

basis, nitrate detections exceed the existing WQO (1 mg/L) in 95 percent of the summer Creek 

samples and in 39 percent of the winter Creek samples. 

4.1.1.3 Total Nitrogen 

Total nitrogen concentrations are typically calculated as the sum of inorganic and organic 

nitrogen.  Not all of the datasets included total nitrogen, but total nitrogen is discussed so that 

comparisons with Watershed model output can be made with the available empirical data.  

Figure 59 and Table 24 summarize the available total nitrogen data. 

4.1.1.3.1 Total Nitrogen – Storm Drains.  Storm drain total nitrogen concentrations detected in 

summer were greater than those detected in winter in the Watershed sample groups that had 

sufficient data with which to draw those comparisons (storm drain and storm drain-Lake).  The 

highest detected total nitrogen concentration in summer samples was from the general storm 

drains group (96.7 mg/L), followed by storm drains near the former Prohoroff property 
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(23.9 mg/L).  The maximum summer detected total nitrogen concentration near the Lake was 

12.1 mg/L).  The highest detected total nitrogen concentration in winter samples was from the 

storm drains near the former Hollandia property (20.85 mg/L), followed by storm drains near the 

Lake (34.6 mg/L).  On an average concentration basis, nitrate detections exceed the existing 

WQQ (1 mg/L) in 93 percent of the summer storm drain samples and in 97 percent of the winter 

storm drain samples. 

4.1.1.3.2 Total Nitrogen – Creek.  In summer, the maximum detected total nitrogen 

concentration was from the Twin Oaks group at 44 mg/L.  Results for other Creek samples 

ranged from 1.03 to 6.7 mg/L.  In winter, the maximum detected total nitrogen concentration 

was also from the Twin Oaks group at 23.4 mg/L.  Results for other winter Creek samples were 

lower and broadly comparable with maximum detected concentrations, ranging from 1.1 to 

6.5 mg/L.  On an average concentration basis, nitrate detections exceed the existing WQO 

(1 mg/L) in 100 percent of the summer Creek samples and in 86 percent of the winter Creek 

samples. 

4.1.1.3.3 Total Nitrogen – Model.  The LSPC model indicates that the catchments in the upper 

(Twin Oaks) portion of the Watershed are significant contributors of total nitrogen.  Catchments 

in the upper Watershed have the greatest amount of delivered total nitrogen to the Lake 

(Figure 28).  The combination of the model’s prediction and the empirical ammonia, nitrate, 

nitrate/nitrite, and total nitrogen data confirm that the Twin Oaks portion of the Watershed is the 

most significant source of nitrogen in the Watershed.  Much of that total nitrogen load is also 

delivered to the Lake, as wet weather loads tend to dominate and the increased flow and water 

velocity reduces the importance of the biochemical reactions. 

Model results (Table 14) show that agricultural areas have the greatest average yield.  Some of 

the areas with the greatest agricultural development are in the Twin Oaks catchments. 

4.1.1.4 Total Phosphorus 

The existing WQO (flowing waters) for total phosphorus is 0.1 mg/L; this general criterion is 

frequently exceeded in the Watershed.  Figure 60 and Table 25 summarize the total phosphorus 

sampling results. 
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4.1.1.4.1 Total Phosphorus – Storm Drains.  Total phosphorus concentrations in storm drain 

samples are relatively low (compared to nitrogen compounds), with total phosphorus 

concentrations averaging 0.37 mg/L in summer storm drain samples and averaging 0.42 mg/L in 

winter samples.  The maximum detected total phosphorus concentration in a summer storm 

drain sample was from the general storm drain group (1.3 mg/L); the maximum detected total 

phosphorus concentration in a winter storm drain sample was from the Lake group (2 mg/L).  

On an average concentration basis, total phosphorus detections exceed the existing WQO 

(0.1 mg/L) in 96 percent of the summer storm drain samples and in 90 percent of the winter 

storm drain samples. 

4.1.1.4.2 Total Phosphorus – Creek.  Total phosphorus concentrations in Creek samples are 

also relatively low (compared to nitrogen compounds), with total phosphorus concentrations 

averaging 1.1 mg/L in summer Creek samples and averaging 0.74 mg/L in winter samples.  The 

maximum detected total phosphorus concentration in a summer Creek sample was from the 

San Marcos Creek-Mid group (1.35 mg/L); the maximum detected total phosphorus 

concentration in a winter Creek sample was from the San Marcos Creek-Top group (1.45 mg/L).  

On an average concentration basis, total phosphorus detections exceed the existing WQO 

(1 mg/L) in 93 percent of the summer Creek samples and in 85 percent of the winter Creek 

samples. 

4.1.1.4.3 Total Phosphorus – Model.  Results from the LSPC model are very similar for total 

nitrogen and total phosphorus.  The areas of greatest delivered load to the Lake originate in the 

catchments in the Twin Oaks subbasin.  The modeled agricultural areas had some of the 

highest yield (Table 13).  The model predicted high total phosphorus yield from the golf course, 

but the measured data showed that runoff from those areas had some of the lowest 

concentrations (Table 25).  

4.1.1.5 Total Suspended Solids 

Understanding sediment dynamics in the Watershed is important because nutrients (such as 

phosphorus) and trace metals can bind to them.  



 

 

 

 

 97  

D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

4.1.1.5.1 Total Suspended Solids - Storm Drains.  During both summer and winter, TSS 

concentrations detected in storm drain effluent (Figure 61 and Table 26) were typically below 

the NSDQ reference water quality standard of 58 mg/L, with roughly 30 percent or less over the 

National Stormwater Quality Database (NSQD) benchmark (Maestre et al., 2005).  As would be 

expected, average TSS concentrations were lower in summer (33 mg/L) than in winter 

(45 mg/L), when higher flows mobilize greater amounts of sediment and have sufficient velocity 

and shear to keep those particles in the water column.  In summer, the maximum TSS 

concentration was detected in storm drains near the former Prohoroff property (198.5 mg/L).  

Maximum TSS concentrations detected in the general storm drains group and in storm drains 

near the Lake were comparable at 167 mg/L and 164 mg/L, respectively.  

In winter, the storm drains throughout the Watershed and at the former Hollandia facility had 

similar average TSS concentrations and exceedance frequencies.  However, the maximum 

winter TSS concentration was detected in the general storm drains group at 365.5 mg/L and in 

Lake area storm drains (304 mg/L).  Near the former Hollandia property, the maximum detected 

TSS concentration in winter storm drain samples was 64 mg/L.  On an average concentration 

basis, TSS detections exceed the NSQD benchmark (58 mg/L) in 14 percent of the summer 

storm drain samples and in 22 percent of the winter storm drain samples. 

4.1.1.5.2 Total Suspended Solids – Creek.  As the Creek nears the Lake, the average summer 

TSS concentration rises.  This trend is likely a result of increased flows resuspending more 

material, as those TSS concentrations are greater than the average storm drain concentrations.  

The TSS concentrations from the Twin Oaks tributary in both summer and winter are the highest 

observed average concentrations (85 and 75 mg/L, respectively) (Figure 61 and Table 26). 

Winter TSS concentrations from Las Posas never exceeded the water quality benchmark and 

were some of the lowest in the dataset (maximum of 13 mg/L).  On an average concentration 

basis, TSS detections exceed the NSQD benchmark (58 mg/L) in 11 percent of the summer 

Creek samples and in 23 percent of the winter Creek samples. 

4.1.1.5.3 Total Suspended Solids – Model.  The results from the model are similar across the 

nutrients and suspended sediments.  The greatest delivered loads and catchment yields 
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originate from the Twin Oaks catchments.  Other areas also contribute to the total load to the 

streams and the Lake, but Twin Oaks has the greatest loads. 

The modeled agricultural land uses have the greatest sediment yield (Table 12).  The modeled 

results are consistent with the empirical measurements in the Twin Oaks basin.  Other land 

uses, especially those that are associated with impervious surfaces, also contribute to sediment 

loads to the stream, but the agricultural practices have the largest yield. 

4.1.1.6 Selenium 

Selenium was a targeted analyte in February and March 2015 sampling in several area storm 

drains, Creek water from upper San Marcos Creek (sample station INL020), Creek water from 

the Twin Oaks branch of San Marcos Creek (sample stations INL11274 and ZINL13131), and 

Creek water from lower San Marcos Creek (sample station VVC001) (Appendix N).  Selenium 

was detected once at a relatively low concentration of 0.017 mg/L in sample INL020 from upper 

San Marcos Creek near Escondido.  All other results show that selenium was not detected in 

the remaining analyses. 

4.1.1.7 DDE/DDT and Pyrethroids 

DDE and DDT were also selected for analysis in the February and March 2015 sampling event.  

The sampling event included upper San Marcos Creek (station INL020), the Twin Oaks branch 

(INL11274 and ZINL13131), lower San Marcos Creek (VVC001), and various storm drains.  

DDE and DDT were not detected in any samples collected during the 2015 sampling event 

(Appendix N).   

Pyrethroid sampling was conducted for the Carlsbad WMA transitional monitoring and 

assessment effort at station SM-TWAS-1a only.  Creek water was sampled on three dates: 

October 11, 2012 and February 8 and 9, 2013.  Creek sediment was sampled on two dates: 

October 11, 2010 and October 16, 2012.  The results of those sampling events are discussed in 

the following paragraphs. 

Bifenthrin was detected in Creek water at concentrations of 0.0674 and 0.0679 µg/L during the 

first two SM-TWAS-1a sampling events (October 11, 2012 and February 8, 2013), respectively.  



 

 

 

 

 99  

D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

In the October 11, 2012 Creek water sample, permethrin was detected at 0.2575 μg/L, cyfluthrin 

was detected at 0.0156 μg/L, L-cyhalothrin was detected at 0.0054 μg/L, and permethrin was 

detected at 0.2575 μg/L.  These compounds were not detected, however, in the February 8, 

2013 Creek water sample.   

In Creek sediment sampled October 11, 2010, bifenthrin was detected at 7.6 nanograms per 

gram (dry weight) [ng/dry g], cypermethrin was detected at 2.5 ng/g dry, and permethrin was 

detected at 4.1 ng/g dry.  Only bifenthrin was detected in the October 16, 2012 Creek sediment 

sample (at 35.5 ng/g dry).   

4.1.1.8 Watershed Sampling Summary 

There has been extensive water quality sampling conducted in the Watershed through multiple 

overlapping sampling programs with different sampling objectives.  The majority of the sampling 

efforts in the Watershed focused on characterizing storm drain inputs to receiving waters.  

There were relatively substantial sampling efforts to characterize the water quality conditions of 

the storm drains flowing into and around the Lake.  Receiving water sampling of the Watershed 

streams was focused mostly on the lower portion of the Creek, with fewer samples collected 

higher in the Watershed. 

Monitoring data show that nutrient levels in the Watershed often exceeded existing WQOs.  

Total phosphorus concentrations detected in storm drain and Creek samples were relatively low 

compared to detected concentrations of nitrogen compounds.  Total phosphorus and total 

nitrogen concentrations detected in the Twin Oaks tributary were higher than those detected in 

the rest of the Watershed streams.  There are only relatively limited data regarding selenium 

and pyrethroids throughout the Watershed. 

A useful component of a calibrated Watershed model is that it can provide insight into what 

sources likely contribute to the elevated phosphorus levels in the Watershed.  The Watershed 

model results show that agricultural land has some of the highest nutrient yields (pounds per 

acre per year).  The Twin Oaks tributary subbasin has more agricultural lands than other 

regions of the Watershed; thus, based on model results and monitoring data, this area is the 

likely source of those elevated nutrient levels.   
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4.1.2 Golf Course Runoff Sampling 

As discussed in Sections 2.4.4.2 and 4.1.1, automated composite samplers were installed to 

collect samples of the runoff at each golf course (samples “St. Mark SW” and “Executive SW”).  

The runoff sampling locations are shown on Figures 6 and 7.  The analytical results of the runoff 

sampling are presented in Table 27. 

Nitrate/nitrite was detected during one event in the St. Mark SW sample (0.73 mg/L).  Ammonia 

was detected in the St. Mark SW sample (0.42 mg/L) and in the Executive SW sample 

(0.2 mg/L).  Total phosphorus was detected at a concentration of 0.11 mg/L in the St. Mark SW 

sample and at 0.21 mg/L in the Executive SW sample.  Orthophosphate and dissolved 

phosphorus were not detected.   

TKN was detected at concentrations of 2.8 mg/L in the St. Mark SW sample and 3.4 mg/L in the 

Executive SW sample.  TDS concentrations were 1,660 mg/L in the St. Mark SW sample and 

2,480 mg/L in the Executive SW sample.  Total hardness values were 610 mg/L in the St. Mark 

SW sample and 930 mg/L in the Executive SW sample. 

Irrigation-related flow is a source of consistent dry weather runoff from the golf courses.  Golf 

course runoff, inconsistent irrigation-related flow from residential areas, and Creek flow were the 

only identified sources of dry weather flows to the Lake (SCS, 2014b).   

Overall, the limited runoff sampling indicates that dry weather runoff is a relatively minor source 

of nutrient influx to the Lake.   

4.1.3 Agricultural Properties Soil Sampling 

Limited soil sampling was conducted in the Watershed area in September 2015 for the SCS 

agricultural sampling effort (Section 2.1.4, Section 2.4.7).  Soil samples were collected from 

borings B1, PWY1, PWY2, HP1, MB1, and MHC1.   
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PWY1 was located in a city public works yard (9PWY) near the northwest corner of the former 

Wilgenburg property.  PWY2 was located near the north-central boundary of the former 

Wilgenburg property.  B1 was located along the north-northeastern boundary of the former 

Prohoroff property (Appendix Z).   

Boring HP1 was located northeast of the former Hollandia property.  MB1 was located along the 

southeastern boundary of the former Hollandia property.  MHC1 was located along the eastern 

boundary of the former Hollandia property. 

B1 samples from 3, 4, 5, and 8 feet bgs (nominally), PWY1 samples from 4, 7, 12, and 14 feet 

bgs (nominally), PWY2 samples from 1, 2, 3, and 4 feet bgs (nominally), HP1 samples from 4, 

7, 10, and 12 feet bgs (nominally), and MHC1 samples from 3.5, 6.5, 9.5, and 13.5 feet bgs 

(nominally) were analyzed for ammonia (as N), nitrate (as N), nitrite (as N), total phosphorus, 

and TKN (nutrients).  Selected samples with relatively elevated ammonia (as N), total 

phosphorus, and TKN concentrations were also analyzed for soluble ammonia (as N), soluble 

total phosphorus, and soluble TKN using synthetic precipitation leaching procedure (SPLP) 

methodology. 

Detected ammonia (as N) concentrations in the B1 soil samples ranged from 28 to 67 mg/kg.  

Detected nitrite (as N) concentrations in the B1 samples ranged from 0.091 to 0.24 mg/kg.  

Detected total phosphorus concentrations in the B1 samples ranged from 29 to 440 mg/kg.  

TKN concentrations ranged from 240 to 550 mg/kg.  The highest detected concentrations in 

each B1 sample were from the 3-foot interval.  Nitrate (as N) was not detected in the B1 

samples with a detection limit of 0.50 mg/kg.   

Detected ammonia (as N) concentrations in the PWY1 soil samples ranged from 11 to 

62 mg/kg.  Detected nitrite (as N) concentrations in the PWY1 samples ranged from 0.089 to 

0.52 mg/kg.  Detected total phosphorus concentrations in the PWY1 samples ranged from 95 to 

140 mg/kg.  TKN concentrations ranged from 31 to 590 mg/kg.  Nitrate (as N) was only detected 

in the 4-foot PWY1 sample at 1.0 mg/kg; this analyte was not detected in the other PWY1 

samples with a detection limit of 0.50 mg/kg.  The highest detected concentrations in each 

PWY1 sample were from the 4-foot or 7-foot intervals.   
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Ammonia (as N) was detected once in the PWY2 soil samples at a concentration of 11 mg/kg in 

the 1-foot sample.  Ammonia (as N) was not detected in the samples from the other depth 

intervals at PWY2 with a detection limit of 10 mg/kg.  Nitrate (as N) was only detected once in 

the PWY2 samples, at a concentration of 0.55 mg/kg in the 4-foot sample.  Nitrate (as N) was 

not detected in the samples from the other depth intervals at PWY2 with a detection limit of 

0.50 mg/kg.  Detected nitrite (as N) concentrations in the PWY2 samples ranged from 0.086 to 

0.16 mg/kg.  Detected total phosphorus concentrations ranged from 110 to 400 mg/kg.  

Detected TKN concentrations ranged from 28 to 200 mg/kg.  The highest reported nutrient 

concentrations in this boring were detected in the 1-foot or 4-foot samples.   

Soil samples from B1, PWY1, and PWY2 were also analyzed for organochlorine pesticides 

(OCPs) including 4-4’ DDD, 4-4’ DDE, and 4-4’ DDT.  OCPs were not detected in any of the soil 

samples (1 to 14 feet bgs) with detection limits ranging from 5.0 to 10 µg/kg for most OCPs and 

a detection limit of 100 µg/kg for toxaphene.  

Detected ammonia (as N) concentrations in the HP1 soil samples ranged from 22 to 90 mg/kg.  

Detected nitrite (as N) concentrations in the HP1 samples ranged from 0.31 to 0.40 mg/kg.  

Detected total phosphorus concentrations in the HP1samples ranged from 35 to 290 mg/kg.  

TKN concentrations ranged from 270 to 540 mg/kg.  Nitrate (as N) was not detected in the HP1 

samples with a detection limit of 0.50 mg/kg.  The highest detected concentrations in each HP1 

sample were primarily from the 3.5-foot interval.   

Detected ammonia (as N) concentrations in the MB1 soil samples ranged from <10 mg/kg (non-

detect) to 180 mg/kg.  Detected nitrite (as N) concentrations in the PWY1 samples ranged from 

0.24 to 0.50 mg/kg.  Detected total phosphorus concentrations in the PWY1 samples ranged 

from 140 to 240 mg/kg.  TKN concentrations ranged from 34 to 940 mg/kg.  Nitrate (as N) was 

not detected in the MB1 samples with a detection limit of 0.50 mg/kg.  The highest detected 

concentrations in each MB1 sample were from the 3-foot or 6-foot interval.   

Ammonia (as N) was detected at a concentration of 50 mg/kg in the 7-foot and 10-foot bgs 

MHC1 soil samples and not detected in the 4-foot and 14-foot samples (with detection limit of 

10 mg/kg).  Nitrate (as N) was detected at a concentration of 0.85 mg/kg in the 7-foot and 
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14-foot bgs samples and not detected in the 4-foot and 10-foot samples (with detection limit of 

0.50 mg/kg).  Detected nitrite (as N) concentrations in the MHC1 samples ranged from 0.18 to 

0.83 mg/kg.  Detected total phosphorus concentrations in the MHC1 samples ranged from 2.9 to 

150 mg/kg.  TKN concentrations ranged from 78 to 490 mg/kg.  The highest detected 

concentrations in each MHC1 sample were detected primarily in the upper sample intervals. 

The highest detected phosphorus concentrations are from a B1 soil sample (440 mg/kg at 

2.25 feet bgs) and a PWY2 soil sample (400 mg/kg at 3.75 feet bgs).  The B1 sample was 

collected downgradient of the former Prohoroff property and PWY2 was collected downgradient 

of the former Wilgenburg property.  Comparatively lower phosphorus concentrations (ranging 

from 140 to 290 mg/kg) were detected in the remaining agricultural properties soil samples.  

A detected TKN concentration of 940 mg/kg was measured in the MB1 soil sample at 5.5 feet 

bgs; the remaining maximum TKN concentrations in the other agricultural soil samples were 

broadly comparable, and ranged from 200 to 590 mg/kg.  All detected maximum nitrate/nitrite 

concentrations were relatively low, and ranged below 0.85 mg/kg.  Near the former Hollandia 

property, the detected ammonia concentration was highest in the MB1 soil sample from 2.5 feet 

(180 mg/kg).  The remaining maximum ammonia concentrations ranged from <10 to 90 mg/kg.   

Soluble ammonia (as N) was detected at concentrations between 2.1 and 5.4 mg/kg (1.6 to 

3.8 percent of the original detected ammonia [as N] concentrations of 180 and 150 mg/kg, 

respectively).  Soluble total phosphorus was detected at concentrations between 2.5 and 

6.6 mg/kg (1.4 to 2.8 percent of the original detected total phosphorus concentrations of 

180 and 240 mg/kg, respectively).  Soluble TKN was detected at concentrations between 

15 and 26 mg/kg (3.9 to 4.3 percent of the original detected TKN concentrations of 380 and 

600 mg/kg, respectively) (Appendix Z).  

Overall, the detected concentrations indicate that residual soil nutrients are present at the 

agricultural properties.  
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4.1.4 Watershed Groundwater 

4.1.4.1 Creek Area Monitoring Wells 

Groundwater analytical data from the Creek area OW-series well sampling events are 

presented in Table 28 and posted on Figure 62.     

Nitrate/nitrite was detected in all Creek area wells except OW-14.  The highest concentrations 

were in upstream well OW-4 (where nitrate/nitrite concentrations ranged from 2.3 to 4.7 mg/L) 

and mid-stream well OW-15 (where nitrate/nitrite concentrations ranged from 2.9 to 3.9 mg/L).  

Both of these wells are on the south side of the Creek (Figure 62).  Nitrate/nitrite concentrations 

ranged from 1.5 to 2.6 in OW-11 and 1.2 to 2.6 mg/L in OW-16.  Dry and wet season data were 

comparable between events.   

Ammonia was detected just over the detection limit of 0.10 mg/L in well OW-4 at 0.11 mg/L 

(April 2012), OW-14 at 0.11 mg/L (April and December 2012), and in OW-16 at 0.11 mg/L (April 

2012).   

Total phosphorus was detected in all wells and in all samples except one (OW-15, November 

2012).  Detected concentrations ranged from 0.11 (OW-14, November 2012) to 2.30 mg/L 

(OW-16, April 2012).  Orthophosphate was detected sporadically in each well in different events 

with a maximum detection of 0.51 mg/L (OW-4, November 2012).  Dissolved phosphorus was 

detected in most sampling events and ranged from 0.11 mg/L (OW-11, July 2012) to 0.70 mg/L 

(OW-14, April 2012).   

TKN was detected sporadically in each well in different events with a range of 0.56 mg/L (OW-4, 

April 4, 2012) to 1.00 mg/L (OW-4, April 12, 2012).   

TDS concentrations ranged from 1,140 mg/L (OW-4, April 2012) to 3,930 mg/L (OW-14, April 

2012).  TDS concentrations were consistently relatively high in well OW-16 farthest downstream 

(2,590 to 3,930 mg/L), well OW-11 (2,120 to 2,460 mg/L), and well OW-14 (1,720 to 

2,560 mg/L).   
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Similarly, hardness was relatively elevated in wells OW-16 (1,000 to 1,700 mg/L), OW-11 

(900 to 1,100 mg/L), and OW-14 (710 to 1,100 mg/L) compared to the other two wells (hardness 

ranging from 460 to 620 mg/L).   

4.1.4.2 Central Watershed Area Supply Wells 

As discussed in Section 2.4.3, in November 2013, SCS produced a report for the City of San 

Marcos describing city supply well sampling at wells identified in the central Watershed area 

(SCS, 2013d) (Section 2.4.3).  Field-measured water quality parameter data are presented in 

Table 29; laboratory analytical sampling results are presented in Table 30 and Figure 63.  

Nitrate/nitrite was detected in six city supply well samples with concentrations ranging from 

0.27 to 26 mg/L.  The detected nitrate/nitrite concentration sample from well WG (26 mg/L) 

exceeds the California drinking water maximum contaminant level (MCL) for nitrate of 10 mg/L.  

The detected nitrate/nitrite concentration in the sample from well RSF (9.1 mg/L) is close to the 

10 mg/L MCL.   

Ammonia was detected only once in supply well MSP at 0.34 mg/L.  Total phosphorus was 

detected in all wells, at concentrations ranging from 0.10 to 0.35 mg/L.  The average of all total 

phosphorus detections is 0.15 mg/L.   

Orthophosphate was detected only in well RSF (outside of the Watershed) at a concentration of 

0.14 mg/L and well Sunset at a concentration of 0.30 mg/L.  Dissolved phosphorus was 

detected in six supply well samples, at concentrations ranging from 0.10 mg/L (well SEH outside 

of the Watershed) to 0.33 mg/L (well Sunset).  TKN was detected in one well sample (MSP) at a 

concentration of 0.70 mg/L.  TDS concentrations detected in the supply well samples ranged 

from 740 mg/L (well PW) to 2,580 mg/L (well SEH outside of the Watershed).  Hardness ranged 

from 250 to 990 mg/L.   

4.1.4.3 Agricultural Properties Groundwater Sampling  

Supplemental groundwater sampling was conducted in the Watershed area in September 2015 

for the SCS agricultural sampling effort (Section 2.1.5, Section 2.4.7).  Groundwater was 

collected on September 17, 2015 from one grab sample (PWY1) located in a city public work 
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yard (PWY) near the northwest corner of the former Wilgenburg property (Appendix Z).  Nitrate 

(as N) was detected at a concentration of 0.12 mg/L, nitrite (as N) was detected at a 

concentration of 0.010 mg/L, and dissolved phosphorus was detected at a concentration of 

0.21 mg/L.  Orthophosphate (as P) was not detected with a detection limit of 0.10 mg/L.  

Supplementary groundwater sampling was also conducted in existing monitoring wells OW4 

and MW1.  The well samples were analyzed for nutrients and OCPs, as well as hardness and 

TDS.  Ammonia (as N) was not detected in the OW4 and MW1 samples (with detection limit of 

0.10 mg/L).  Nitrate (as N) was detected at concentrations of 0.56 mg/L (OW4) and 0.57 mg/L 

(MW1).  Nitrite (as N) was detected at concentrations of 0.045 mg/L (OW4) and 0.049 mg/L 

(MW1).  Total phosphorus was not detected in either of the well samples with a detection limit of 

0.20 mg/L.  Both orthophosphate (as P) and dissolved phosphorus were not detected with a 

detection limit of 0.10 mg/L.  TDS concentrations were 855 mg/L in well sample MW1 and 

1,070 mg/L in well sample OW4.  Total hardness (as CaCO3) values were 380 mg/L (OW4) and 

670 mg/L (MW1).   

4.2 Lake San Marcos 

4.2.1 Chronological Summary of RI Results (Lake Area) 

This section presents a chronological summary of the results of the previous investigations (RI 

tasks) conducted for the Lake by Great Ecology and Nautilus as described in Section 2.3.  The 

results are summarized and analyzed in Sections 4.2.2, 4.2.3, and 4.2.4. 

4.2.1.1 2012 (December) 4th Quarter 2012 Nutrient Impairment Investigation Report  

Temperature data in this report (CDC, 2012b) show that the Lake was stratified on both of the 

September sampling dates.  Epilimnion temperatures (Station A) closest to the dam were about 

25°C to 26°C, extending 3 meters into the water column.  The metalimnion temperatures 

decreased from about 24°C to 19°C at a depth of approximately 4 to 6 meters.  The 

hypolimnion, at temperatures of 17°C to 18°C, was present below about 6 meters depth 

(Figure 64).   
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DO concentrations were low in the epilimnion (2 to 4 mg/L) and decreased to <0.1 mg/L in the 

hypolimnion.  The pH also showed a vertical gradient, from about 8.8 near the surface to 7.1 at 

7 meters depth.  Chlorophyll a concentrations (incorrectly reported as mg/L) were 25 to 30 µg/L 

near the surface and 10 to 14 µg/L in the hypolimnion.  Water column profiles collected at 

Station A on December 11, 2012 indicated that the Lake had cooled and mixed, with uniform 

water column temperatures of 16.2°C, DO concentrations around 1.5 mg/L, and chlorophyll a 

concentrations of 25 to 30 µg/L. 

Station B was shallower than Station A (e.g., about 4.5 meters in September 2012, with 

conditions in the water column similar to those at Site A at equivalent depth).  The upper portion 

of the metalimnion extended down to the Lake bottom; the bottom was therefore warmer (about 

22°C) with a higher pH (about 7.6), but was still anoxic, with DO concentrations of 0.13 mg/L at 

the bottom.  A hydrogen sulfide odor was noted for samples at this depth.  As with Station A, 

uniform water column conditions were present at Station B on December 11, 2012.  Station C 

had a depth of 2.5 meters and possessed conditions comparable to the upper portions of the 

water column at Stations A and B.  Stations D and E were very shallow (0.5 to 1 meter) with 

warm temperatures (26°C to 29°C), and high pH (8.9), chlorophyll a concentrations (30 to 

40 µg/L), and DO concentrations (7 to 10 mg/L) in September.  These shallow northern sites 

had also cooled by December 11, 2012 with supersaturated DO concentrations (10 to 15 mg/L) 

and elevated chlorophyll a levels (up to >160 µg/L). 

Data show that nutrient concentrations varied vertically and seasonally.  For example, total 

phosphorus concentrations were 0.36 to 0.37 mg/L in surface samples (within epilimnion) at 

Station A on all three sampling dates, with higher bottom concentrations of 1.3 to 1.8 mg/L 

(within hypolimnion).  Orthophosphate comprised 90 to 100 percent of the phosphorus in bottom 

water.  TKN concentrations exhibited a similar marked increase in bottom samples, increasing 

from 1.3 to 2.0 mg/L in the surface to 5.7 to 6.0 mg/L in bottom samples in September.  

Ammonia-N comprised 73 to 96 percent of TKN (and total nitrogen).  Nitrate-N concentrations 

were below detection on the September sampling dates at Station A (<0.37 mg/L).  The strong 

vertical gradients in nutrient concentrations were gone by the December 11, 2012 sampling 

date, with total phosphorus and total nitrogen concentrations of approximately 0.4 and 2.2 mg/L, 

respectively.  Low concentrations of nitrate-N were present at Station A in December (0.1 to 
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0.14 mg/L).  Nutrient concentrations at the other stations resembled those in the upper portion 

of the water column at Station A.  Station B exhibited elevated nutrient concentrations in the 

bottom samples in September, although values were lower than those found at Station A.  As 

with Station A, the vertical gradient was eliminated at Station B by the December 2012 

sampling.  No strong vertical gradients were present at any time in the northernmost sampling 

stations (Stations D and E).  No strong consistent longitudinal gradients in water column 

conditions and nutrient concentrations were evident when comparing sites on equivalent 

sampling dates. 

Phytoplankton speciation and enumeration results for the September 4, 2012 sampling were 

also provided.  Cyanobacteria tended to dominate the algal community, although diatoms, 

chlorophytes, and dinoflagellates were also observed.  Unlike most water column and nutrient 

conditions, where frequently only moderate differences existed between sampling 

stations, some differences were often present in the algal speciation, with Leptolyngbya 

foveolarum having the highest cell count at Station A, while Aphanocapsa sp. (not reported at 

Station A) dominated at Stations C and E (Table 31) (Appendix G).  

SPATT bags were deployed and retrieved at the Marina Dock on September 4, 2012 and 

September 25, 2012 to assess cyanotoxin levels in the Lake.  Results indicated the presence of 

microcystins in the Lake, although the assay did not allow correlation to waterborne 

concentrations or recommended action levels of the state.  Tabular data from this quarterly 

status report are included in Appendix G. 

4.2.1.2 2013 (January) Tierra Data Draft 2012 Acoustic Survey Report 

A bathymetric map for the Lake was developed from hydroacoustic measurements collected 

and reported in this document (Figures 65 and 66) (Tierra Data, 2013).  A maximum depth of 

27.2 feet was recorded near the dam, while much shallower depths (3 to 4 feet) were reported 

in the northern part of the Lake.  Cross-sections transverse to the main axis of the Lake 

revealed the thalweg that followed the original creek channel and the much greater depth near 

the dam.  The southernmost cross-section (A) near the dam revealed the presence of a narrow 

(approximately 200 feet wide) steep-sided channel with depth >25 feet for much of its width.  

Cross-section B to the north was similar in width, but only about 15 feet deep at its deepest 



 

 

 

 

 109  

D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

point.  Transects C, D, and E were much broader (about 350 feet wide) and shallower 

(maximum depths of about 10 feet at cross-section C, <5 feet at cross-section D, and <3 feet at 

cross-section E).  The cross-sections excluded the 5 embayments, which were each as long as 

or longer than the nearby cross-section D. 

4.2.1.3 2013 (July) SCS Lake Water Quality Sampling 

As discussed in Section 2.4.4.5, water quality data were collected by SCS in June and July 

2013 from six locations in the Lake (LWQ1, LWQ2, LWQ3, LS2, LS4, and LS8) using a 

Horiba U-53.  Samples were collected Tuesday, June 18, 2013 and Monday, July 22, 2013 to 

represent weekdays where recreational use would be expected to be relatively minimal and on 

Friday, July 5, 2013, when recreational use would be expected to be maximized (SCS, 2014b).  

Values for pH, DO, conductivity, TDS, temperature, turbidity, ORP, and Secchi depth were 

collected at 3-meter depth intervals at each location three times per day over three separate 

days.  

At three locations in the Lake (LWQ1, LWQ2, LWQ3), water samples were collected from near 

the water surface, mid-water column, and near the Lake bottom.  A total of nine Lake water 

samples were collected.  The samples were analyzed and the data were reported for water 

quality and the eight NAL parameters presented in Section 2.4.1.  The data are presented in 

Tables 32 and 33.   

SCS also reported that the temperature of shallow Lake water (near the surface) generally 

increases throughout the day, but the temperature of deeper water is not affected by time of 

day.  SCS also reported an unexplained increase in pH between July 5 and July 22, 2013.  

Shallow water pH (measured between the surface and 150 inches below the surface) ranged 

from 7 to 7.5 on July 5 and from 8.5 to 9.2 on July 22.  DO concentrations measured July 5, 

2013 increased with depth from the surface, but lower DO concentrations were measured near 

bottom on July 22, 2013.  Conductivity and ORP values were similar between the two sampling 

dates.  SCS concluded that water quality parameters do not appear to be affected by boat 

usage, but appear to be affected more by “temporal variations in the near surface samples” 

(SCS, 2014b).   



 

 

 

 

 110  

D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

This sampling also demonstrated thermal stratification at deep sites, although pH values varied 

widely, and very high DO concentrations were reported throughout the water column on June 18 

and July 22, 2013 at these sites (Table 32).  These results are inconsistent with results reported 

by Great Ecology and with trends for other lakes in the region (Anderson, 2001; Anderson and 

Oza, 2003).  It is thought that sulfide interferences with the DO electrode are responsible for the 

anomalous DO values reported by SCS.  SCS also reported strongly negative ORP for most 

sites, depths, and date/time of sampling; while large negative values could be expected near 

sediments at deep sites, large positive values would be present near the water surface and at 

shallow sites at the north end of the Lake as reported by Great Ecology (Appendix G).  Because 

of these analytical anomalies suggestive of faulty electrodes or inaccurate calibration, these in 

situ water column results will not be discussed further. 

Nutrient values reported by SCS (Table 33), on the other hand, were in good agreement with 

values reported by Great Ecology (Appendix G).  For example, total phosphorus concentrations 

were typically near 0.4 mg/L in the upper water column and much higher within the hypolimnion, 

and increased over the approximately 1-month period between initial and final sampling (from 

1.4 to 3.4 mg/L) (Table 33).  Similarly, both SCS and Great Ecology (Figure 67; Appendix G) 

reported total nitrogen concentrations near the surface generally around 2 mg/L, and much 

higher values in deep water above the bottom sediments due to highly elevated concentrations 

of ammonium-N. 

4.2.1.4 2013 (August) 1st and 2nd Quarter 2013 Nutrient Impairment Investigation Report 

Data in this report (CDC, 2013a) show that thermal stratification at Station A had set up by May 

22, 2013, with an epilimnion that extended 0 to 2 meters at 22.74°C, broad metalimnion from 

about 3 to 7 meters depth, and bottom temperature at 8 meters depth of 17.33°C.  Conductivity 

had decreased from a value of about 1.6 to 1.1 (reported unit of microsiemens [µS], although 

units of millisiemens per centimeter [mS/cm] would be consistent with convention for measures 

of conductivity of natural waters).  pH values increased from 8.09 at the surface to 8.14 at 

2 meters depth, before declining with depth to 7.66 at 8 meters.  DO concentrations reflected 

stratification, with concentrations of 7.17 mg/L in the epilimnion that decreased to 0.11 mg/L at 

8 meters depth.   
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Chlorophyll a concentrations were 31.4 µg/L in the epilimnion and decreased to about 15 µg/L in 

the hypolimnion.  The June 20, 2013 sampling found slightly warmer temperatures (about 24°C 

in epilimnion) and slightly higher surface pH values (8.43), DO concentrations (10.56 mg/L), and 

chlorophyll a concentrations (40 µg/L).  Surface temperatures warmed further by July 19, 2013, 

reaching 25.93°C in the epilimnion, while maintaining thermal stratification (bottom temperature 

of 18.39°C).  Conductivity, pH, DO, and chlorophyll a all exhibited vertical gradients as well, with 

an anoxic hypolimnion strongly in place (DO less than or equal to 0.1 mg/L at 4 to 7.5 meters 

depth).  Chlorophyll a concentrations were slightly lower than those in June, but similar to those 

present in May (31 to 34 µg/L).   

Water column conditions at Station B (4.5 to 5.5 meters deep) also exhibited some vertical 

stratification in temperature, pH, DO, and chlorophyll a over the May 22, June 20, and July 19, 

2013 sampling events.  Anoxia was present below 3 to 4 meters depth.  Little variation with 

depth was generally present at the shallower Stations C through E in temperature, conductivity, 

pH, and chlorophyll a levels, although DO concentrations were significantly lower in bottom 

samples at Station C (and to a lesser extent Station D) when compared with surface samples.  

Nutrient concentrations were reported for the May 22 and June 20, 2013 sampling events.  

Results were not provided for the July 19, 2013 sampling.  Development of thermal stratification 

over this time period resulted in the accumulation by June 20, 2013 of high concentrations of 

total phosphorus and total nitrogen in bottom samples (0.91 and 8.0 mg/L, respectively).  

Orthophosphate was reported to exceed total phosphorus (1.1 mg/L) in the bottom sample, 

while ammonium-N reached 7.0 mg/L.  No measurable nitrate-N or nitrite-N was detected on 

these dates.  Total hardness and TDS were also reported for this date (about 340 mg/L and 

605 to 830 mg/L, respectively).   

Concentrations of total phosphorus at Station B in surface and bottom samples on May 22, 

2013 were 0.42 and 0.53 mg/L, respectively, while concentrations were 0.37 and 1.10 mg/L, 

respectively, on June 20, 2013, again reflecting accumulation of phosphorus (principally as 

orthophosphate) in the hypolimnion.  Similarly, total nitrogen concentrations in surface and 

bottom samples were 1.4 and 1.8 mg/L, respectively, on May 22, 2013 and 2.9 and 4.2 mg/L, 

respectively, on June 20, 2013, with significant contribution of ammonium-N (67 percent).  
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Trends were similar at Station C, while total nitrogen and phosphorus concentrations were 

somewhat higher at the shallow Stations D and E (reaching 0.5 and 6.4 mg/L, respectively, at 

Station E by June). 

4.2.1.5 2013 (October) 3rd Quarter 2013 Nutrient Impairment Investigation Report 

Data in this report (CDC, 2013b) show that surface temperatures were slightly cooler on 

August 14, 2013 compared with July 19, 2013 (e.g., decreasing at Station A from 25.93 to 

24.57°C, before increasing to 27.83°C on September 5, 2013).  The water column cooled 

markedly by September 26, 2013, down to about 22.3°C in the top 6 meters, and cooled further 

to an essentially uniform 18.98°C on October 14, 2013.  The Lake thus mixed in late September 

or early October in 2013.  

DO concentrations followed stratification with an anoxic hypolimnion continuing July through 

September 2013.  The DO profiles indicate that the Lake was mixed by September 26, 2013, as 

concentrations were 0.06 to 0.21 mg/L throughout the water column.  pH values were also 

similar through much of the water column—about 7.4, with the exception of the very bottom, 

which was slight lower at 7.07.  Slow reaeration of the water column increased DO 

concentrations to about 1.3 to 1.6 mg/L by October 14, 2013.  Station B was found to have 

similar water column conditions as Station A, with effectively uniform temperature, conductivity, 

pH, DO, and chlorophyll a values from 0 to 5 meters depth by September 26, with continued 

cooling (about 19.1°C), slow reaeration (DO about 2.1 mg/L), and somewhat elevated 

chlorophyll a concentrations (about 42 µg/L) on October 14, 2013.  Broadly similar trends to 

those in the upper 2 to 3 meters at Stations A and B were present at Station C (maximum depth 

of about 2.5 meters).  Water column conditions at very shallow Stations D and E followed trends 

in surficial waters of the deeper stations. 

Nutrient concentrations continued to increase in the bottom waters of Station A, with total 

phosphorus concentration increasing to 3.1 mg/L on July 19 and 3.2 mg/L on August 14, before 

declining to 2.1 mg/L on September 5, then to 1.8 mg/L on September 26, 2013.  The total 

phosphorus concentration was essentially uniform at about 0.25 mg/L on October 14, 2013.  

Total nitrogen concentration reached 12 mg/L in the bottom water on July 19 and increased 

further to 15 mg/L on August 14, 2013, before declining to 8.8, 4.5, and 2.5 mg/L on 
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September 5, September 26, and October 14, 2013, respectively.  Orthophosphate and 

ammonium-N continued to be the predominant forms of phosphorus and nitrogen detected in 

bottom waters.  Surface concentrations were much lower at all sites and dates (total 

phosphorus concentrations typically 0.2 to 0.4 mg/L, while total nitrogen concentrations were 

generally 2 to 3 mg/L). 

In addition, three phytoplankton sample events were completed since the start of the project.  

Results from the June 20, 2013 sampling found very high cell counts for Anabaena spp., an 

N2-fixing cyanobacteria, at Stations A and C (40,359 and 62,707 cells/mL); no Anabaena spp. 

were reported for Station E, but very high numbers of Carteria klebsii were found 

(74,905 cells/mL) (Table 34).  Lower concentrations of chlorophytes and other phytoplankton 

were also present. 

Dry weather flow monitoring across a number of sites was also conducted on August 23 and 

October 4, 2013; nutrient analyses indicated total phosphorus concentrations of <0.022 mg/L at 

site H2, but concentrations of 0.14 to 0.39 mg/L at other sites on the August 23, 2013 sampling 

and 0.024 to 0.39 mg/L on the October 4, 2013 sampling.  The contributions of orthophosphate 

and dissolved phosphorus (and, by extension, particulate phosphorus) varied with sampling 

location and date.  Total nitrogen concentrations at the sampling locations ranged from <0.46 to 

3.3 mg/L on August 23, 2013 and 0.062 to 6.50 mg/L on October 4, 2013.  Nitrate-N 

concentrations ranged from <0.025 to 6.3 mg/L, while ammonium-N concentrations ranged from 

<0.094 to 0.84 mg/L. 

Sediment flux studies were conducted on sediment collected from Stations A, C, and E on 

June 28 and September 20, 2013.  Bulk sediment chemistry was also determined on sediments 

collected from these three sites and two dates.  Analyses were replicated on the June 28, 2013 

sampling and triplicated on the September 20, 2013 sampling.  Total sediment phosphorus 

contents at a given station varied somewhat between sampling dates, and averaged 940, 

715, and 450 mg/kg dry-weight at Stations A, C, and E, respectively, on the June 28, 2013 

sampling, and 593, 513, and 273 mg/kg dry-weight, respectively, on September 20, 2013 

(Table 35).   



 

 

 

 

 114  

D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

The range of TKN concentrations also decreased from Station A to E, from 8,200 to 

8,500 mg/kg at Station A to 6,733 to 7,000 mg/kg at Station C and 4,250 to 3,883 mg/kg at 

Station E.  One notes this also follows depth (increasing TKN concentration with increased 

depth to sediment) and distance from San Marcos Creek.  TKN concentrations were generally in 

closer agreement for the two sampling dates compared with total phosphorus concentrations 

(Table 35).  Soluble forms of phosphorus and nitrogen contributed comparatively little to the 

total concentrations, but did follow trends with total values, with higher concentrations of 

orthophosphate and ammonium-N detected at Station A than at Station E.  Total sulfide 

concentrations were also highest at Station A on the June 2013 sampling and lowest at 

Station E; paradoxically, Station E had the highest total sulfide concentration on September 20, 

2013.  Sediments were composed almost entirely of silt and clay at Stations A, C, and E 

(>95 percent, >89.5 percent, and >85 percent, respectively). 

Sediment flux studies quantified nutrient concentrations 0, 24, 48, and 96 hours after 

preparation of chambers.  Concentrations often, but not consistently, increased over time 

(Figure 68) (Appendix AA). 

4.2.1.6 2014 (January) 4th Quarter 2013 Nutrient Impairment Investigation Report 

As described above, data in this report (CDC, 2014a) also show that concentrations of nitrogen 

and phosphorus in bottom samples were much higher than in surface samples at Station A 

during periods of stratification (September 2012, May through September 2013).  The data also 

highlight the more variable and often higher concentrations of chlorophyll a at Stations D and E 

compared with Stations A and B. 

4.2.1.7 2014 (January) Great Ecology Vegetation Survey  

The preliminary vegetation survey (included with the fourth quarter 2013 report 

[Section 4.2.1.5]), using available satellite imagery from November 2012, indicated that lily pads 

covered about 770 meters of shoreline, while reeds covered 1,280 meters of the shoreline in the 

lower portion of the Lake (Great Ecology, 2014a).  Areal coverage was estimated to be 

3,327 and 3,780 square meters (m2) for lilies and reeds, respectively.  The field survey 

conducted in December 2013 identified Juncus, Scirpus, and Typha (collectively classified as 

reeds), as well as willows and lily pads along water’s edge of the lower Lake. 
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4.2.1.8 2014 (April) 1st Quarter 2014 Nutrient Impairment Investigation Report 

Selected data from this report (CDC, 2014b) were presented as bar graphs/time-series for each 

of the stations, showing surface and bottom concentrations of DO, chlorophyll a, total 

phosphorus, ammonia-N, and total nitrogen for each of the 15 sampling events conducted since 

September 4, 2012.   

DO concentrations detected in surface samples during this quarter generally decreased from 

north to south (Station E to Station A), with depletion of DO in the bottom samples at Stations A 

through C and anoxia at Station A by March 18, 2014.   

A very high concentration of chlorophyll a (nearly 200 µg/L) was detected at Station E in 

January 8, 2014, while lower concentrations (generally 30 to 50 µg/L) were present at other 

stations.  Concentrations were lower in February and March 2014 at Station E (about 60 to 

90 µg/L), but remained higher than at other stations, which maintained surface concentrations 

generally <50 µg/L.   

Total phosphorus concentrations in surface samples were typically 0.1 to 0.2 mg/L across all 

stations, with bottom samples increasing at Stations A and B by February 2014.  Ammonium-N 

values were near 0.2 mg/L in surface samples at the stations and also began increasing in 

bottom samples of Stations A and B by February 2014 sampling.  Total nitrogen concentrations 

in surface samples were much higher, typically near 2 mg/L (ranging from 1.2 to 3.6 mg/L) over 

this period. 

Water column profiles indicate isothermal, well-mixed conditions on January 8, 2014 at a 

uniform temperature of about 11.4°C, DO concentrations about 6 mg/L, conductance near 

1.44 mS/cm, pH approximately 7.1, and chlorophyll a concentrations about 35 µg/L at Station A.  

Weak thermal stratification was already in place on February 26, 2014 with bottom DO 

concentration dropping to 0.24 mg/L on this date.  Stratification at Station A strengthened 

somewhat by March 18, 2014, with DO concentrations dropping to <0.4 mg/L throughout the 

hypolimnion.  Surface temperatures reached 20°C on April 16, 2014, while bottom waters were 

<17°C; low DO concentrations (<0.4 mg/L) were present below 5 meters depth.  Surface 
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temperature, DO concentrations, and chlorophyll a concentrations increased with increasing 

distance from the dam and Station A.  

Phytoplankton survey results from the January 8, 2014 sampling were also included in this 

quarterly report.  The algal community was dominated by chlorophytes on this date, with 

Chlorella vulgaris, Eugelena spp., and Scenedesmus spp. comprising much of the cell counts.  

Smaller numbers of diatoms were also identified; in contrast with earlier surveys, cyanophytes 

were nearly absent, with only low abundances of Merismopedia spp. present. 

4.2.1.9 2014 (July) 2nd Quarter 2014 Nutrient Impairment Investigation Report  

Lake Station A is the deepest sample site, and thus captures the greatest variability in water 

column conditions.  Data in this report (CDC, 2014c) show that stratification at Station A 

weakened somewhat by May 13, 2014, with bottom temperatures warming from 17.45°C on 

April 16 to 19.75°C on May 13, 2014.  Station A DO concentrations and pH values also 

increased in the lower portion of the water column.  Station A thermal stratification subsequently 

strengthened, and by June 3, 2014, a temperature difference of nearly 6°C was present 

between surface and bottom waters.  Station A anoxia in the hypolimnion also expanded to 

included depths at or below 3 meters.  Surface water temperature reached almost 27°C on this 

date at Station E. 

Nutrient concentrations repeated trends noted during spring and summer of 2013, with strong 

accumulation of orthophosphate and ammonium-N in bottom waters at Station A resulting from 

thermal stratification.  The weakened thermal stratification noted on May 13, 2014 was also 

reflected in bottom nutrient concentrations, which decreased compared with those detected 

April 16, 2014, before again increasing markedly by June 3, 2014.  In comparison with earlier 

measurements, when much higher chlorophyll a concentrations were present at Station E, 

values normalized somewhat, with broadly similar concentrations of 10 to 20 µg/L across the 

Lake by June 3, 2014. 

4.2.1.10 2014 (July) SCS Dam Effluent Sampling 

As discussed in Section 2.4.4.6, SCS collected a water sample from the outlet valve near the 

base of the dam on its downstream side (labeled “Dam Effluent”).  The sample was analyzed 
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and the data were reported for the list of eight NAL parameters presented in Section 2.4.1.  The 

outlet valve sample data (“Dam Effluent”) are presented in Table 33.     

The dam effluent sample hardness was 300 mg/L and TDS concentration was 905 mg/L.  TKN 

was detected at a concentration of 12 mg/L and orthophosphate was detected at a 

concentration of 2.4 mg/L.  Total phosphorus was detected at a concentration of 2.9 mg/L and 

dissolved phosphorus was detected at a concentration of 2.5 mg/L.  Ammonia was detected at a 

concentration of 8.8 mg/L, while nitrate/nitrite as N concentrations were non-detect 

(<0.10 mg/L).   

The dam effluent (Lake bottom water) sample results exceed Basin Plan WQOs (RWQCB, 

1994) for total phosphorus (WQO of 0.1 mg/L) and ammonia (WQO of 0.025 mg/L).   

4.2.1.11 2014 (July) SCS Lake Sediment Sampling 

As discussed in Section 2.4.4.7, Lake sediment sampling was conducted by SCS at 

10 locations on June 18, 2013 (LS1 through LS10) (SCS, 2014b).  Grab samples were collected 

for the following analyses: 

 Nutrient release (core-flux) 

 Lake sediment oxygen demand (SOD) 

 Lake water oxygen demand (WOD) 

 Lake sediment total and inorganic phosphorus 

 Lake sediment nutrients and grain size 

 Lake sediment metals 

Composite samples were collected for the following analyses: 

 Ammonia as N using SM 4500-NH3D 

 Total nitrogen using SM 5310B 

 TOC using SM 5310B 

 Phosphorus by ICPMS using EPA 6020M 

 Particle size distribution (grain size) using SM 2560 
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The Lake sediment sample data are presented in Tables 36 through 38.  Based on the sampling 

results, the Lake sediments provide a significant source of bioavailable nitrogen and 

phosphorus to the shallow water column that fuels algal growth throughout the year.  The UCR 

testing also showed that a relatively high oxygen demand causes anoxic conditions in the 

deeper hypolimnion of the Lake near the dam.  Total phosphorus and ammonia concentrations 

were noted to increase from the north near the creek mouth to the south toward the dam (SCS, 

2014b). 

Metals concentrations in sediment samples were also noted to increase in concentration from 

north to south (except for calcium, sodium, strontium, and zinc).  All metals concentrations were 

noted to be below Lake sediment quality guidelines from MacDonald (2000), and SCS 

concluded that there is no evidence that metals are adversely impacting benthic organisms 

(SCS, 2014b).   

Grain size data showed that the proportion of clay-sized Lake sediment also increases from the 

north near the creek mouth to the south towards the dam while the proportion of silt and sand 

decreases (SCS, 2014b).  SCS noted that the grain size trend was “consistent with settling 

velocities of the finer size fractions as stormwater moves through the Lake towards the dam.” 

4.2.1.12 2015 (January) 4th Quarter 2014 Nutrient Impairment Investigation Report 

Data in this report (CDC, 2015a) show that thermal stratification at Station A further 

strengthened by July 8, 2014 and began weakening slightly by September 9, 2014 with 

evidence of convective mixing.  Thermal stratification of the water column continued to weaken 

in September, and by October 7, 2014, the Lake had mixed at an isothermal temperature of 

22.7°C (Appendix G).  DO was <1.6 mg/L throughout the water column.  The water column 

continued to cool in the fall; an isothermal profile of 19.2°C and near isothermal profile at about 

16.2°C were recorded on November 4 and December 9, 2014, respectively.  DO concentrations 

increased in November to about 3 mg/L throughout the water column and rebounded to >8 mg/L 

in the surface by December 9, 2014.  However, anoxia in a transient hypolimnion returned on 

this date.   
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Chlorophyll a concentrations increased strongly at Station A from summer values of 40 to 

50 µg/L to about 200 µg/L on December 9, 2014.  In this instance, surface chlorophyll a 

concentrations were greater at Station A, lower although still elevated at Stations B through D 

(approximately 100 µg/L), and again highly elevated at Station E (nearly 300 µg/L) 

(Appendix G).  Nutrient concentrations repeated general trends noted during summer and fall of 

2013, with continued accumulation of orthophosphate and ammonium-N in bottom waters at 

Station A reaching a maximum in August to early September 2014, before declining markedly 

with fall mixing (Appendix G). 

Phytoplankton results from the May 13, 2014 and August 6, 2014 surveys were also included in 

this quarterly report.  The algal community on May 13, 2014 was dominated by diatoms 

chlorophytes at Stations A and B on this date (Cyclotella spp. and Monoraphidium contortum, 

respectively), while cyanophytes were more prevalent at Station E (Phormidium spp. and 

Leptolyngbya spp.).  In contrast, cyanophytes dominated the algal communities in the Lake on 

August 6, 2014.  For example, Leptolyngbya spp. reached cell counts of >110,000 cells/mL at 

Stations C and E, while Pseudanabaena spp. was predominant at Station A with a cell count 

>80,000 cells/mL.  These values were much higher than those of any other genera or species, 

which were more typically 100 to 2,000 cells/mL (Appendix G). 

Zooplankton identification and enumeration was also reported.  Notably only a single small 

Daphnia species (D. lumholtzi, an invasive cladoceran from L. Victoria, Africa) was identified at 

one site (Station C) and at very low abundance (0.05 per cubic meter [m3]).  Rotifers 

(Brachionus spp.) and copepod nauplii dominated the zooplankton community.  Also present 

were significant numbers of ostracods and small numbers of larval aquatic insects (Chaoborus 

and chironimids) (Table 39). 

4.2.1.13 2015 (January) Great Ecology Aquatic Vegetation Survey and Nutrient Content 

Evaluation Report 

Data in this report (Great Ecology, 2015a) show that total dry-weight carbon content averaged 

52.2 percent in leaves and 48.3 percent in stems, with a measured total nitrogen and total 

phosphorus plant content of 104.9 and 25.9 milligrams (mg), respectively.  Using these data, 



 

 

 

 

 120  

D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

Great Ecology estimated that the whole-Lake nutrient mass load in Nymphaea mexicana was 

67.4 kg total nitrogen and 16.7 kg total phosphorus (Table 40).  

4.2.1.14 2015 (January) Great Ecology Fish Population Survey  

Data in this report (Great Ecology, 2015b) show threadfin shad (Dorosoma petenense) 

numerically dominated the fishery, accounting for 377 of the total 432 fish captured.  

Largemouth bass (Micropterus salmoides) was the second most abundant (36 of 432 fish), 

while bluegill (Lepomis macrochirus) was the third most abundant (14 of 432 fish), followed by 

mosquitofish (Gambusia affinis) (3 of 432 fish) and black crappie (Pomoxis migromaculatus) 

(2 of 432 fish).  Total fish densities for all species by site were 0.080 individual per square foot 

(individual/ft2) at the upper station, 0.185 individual/ft2 at the middle station, and 

0.097 individual/ft2 at the lower station (Table 41).  

Size of fish recovered in the net survey varied with species; piscivorous black crappie at the 

upper station had the largest mean total length (205.0 ± 110.3 mm) and mean weight (208 ± 

257 g), followed by largemouth bass and bluegill (Table 42). 

4.2.1.15 2015 (January) Great Ecology Rates of Nutrient Release from (Lake) Sediments 

Data in this report (Great Ecology, 2015c) show that Station A released ammonium-N and 

orthophosphate at the most rapid rates of the three sites (52.9 ± 7.17 and 1.96 ± 1.33 mg/m2/d, 

respectively).  Ammonium-N release at Stations C and E averaged about 16 and 13 mg/m2/d, 

while orthophosphate release averaged 0.5 and 0.6 mg/m2/d, respectively (Table 43).  

Average rates across the three stations as a function of sampling date were not statistically 

different from each other, and ranged from 23.1 to 29.8 mg/m2/d for ammonium-N and 0.49 to 

1.5 mg/m2/d for orthophosphate.  The sediments were not a substantial source for nitrate- and 

nitrite-N, and were in fact generally a sink for nitrate-N at Station A.  Extrapolation of flux rates 

to the entire Lake resulted in average daily flux rates of ammonium-N and orthophosphate of 

3.72 and 0.15 kilograms per day (kg/d), respectively, yielding an annual contribution (i.e., annual 

internal loading) from the sediments of approximately 1,360 kg ammonium-N and 55 kg of 

orthophosphate to the water column. 
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4.2.1.16 2015 (April) 1st Quarter 2015 Nutrient Impairment Investigation Report 

Data in this report (CDC, 2015b) show that January 8, 2015 was found to have the coolest 

water column temperatures of the study, with isotherm conditions at Station A at 10.9°C, 

uniformly high DO concentrations throughout the water column (8 to 8.2 mg/L), pH about 7.45, 

low conductivity (0.81 mS/cm), and chlorophyll a concentrations of about 48 µg/L.  The water 

column warmed to about 14.5°C near the surface by February 4, 2015 with some weak thermal 

stratification setting up near 4 meters depth; this resulted in decreased DO in the bottom waters 

on this date to about 3.2 mg/L in the bottom sample (Appendix G).   

Chlorophyll a concentrations were also lower (about 27 µg/L near the surface).  The water 

column warmed slightly on March 3, 2015, and was isothermal at 15.1°C and with uniform DO 

(near 6 mg/L), pH (7.77), and chlorophyll a (32 to 38 µg/L).  Broadly similar features were 

present at Station B, with the exception of slightly higher DO and chlorophyll a concentrations 

compared with Station A.  Water column temperatures at Station C were lower on March 3, 

2015 (13.8°C) compared with Stations A and B, with also lower conductivity values 

(approximately 0.56 mS/cm) suggesting intrusion of runoff to this part of the Lake.  This trend 

continued at Station D on this date, with temperature lowered further, to about 13.3°C and 

conductivity to about 0.46 mS/cm, with much lower chlorophyll a concentrations as well (10 to 

15 µg/L).  Slightly lower values were present at Station E near the inflow of San Marcos Creek 

(Appendix G).  Runoff into the Lake thus set up a longitudinal gradient in water column 

properties within the Lake. 

Nutrient concentrations measured on these dates were generally moderate, with total 

phosphorus concentrations near 0.1 to 0.2 mg/L, principally as orthophosphate, and total 

nitrogen concentrations of 1 to 2 mg/L at most stations.  Nutrient concentrations were somewhat 

higher at Station E, however (about 0.3 mg/L total phosphorus and 3.9 mg/L total nitrogen) 

(Appendix G). 

4.2.1.17 2015 (September) Nautilus Final Revised Sediment Toxicity Testing Report 

Data in this report (Nautilus, 2015) show Round 1 10-day solid-phase test with Hyalella yielded 

percent survival for sediment samples not statistically different from the control.  Based upon 

these findings, no further follow-up tests with this organism were conducted.  10-day solid-
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phase test with Chironomus yielded average percent survival values of 72 to 88 percent, with 

sediment from Stations A and B being statistically significantly different from the control (with 

94 percent survival).  High total ammonia concentrations were present in pore water of sediment 

from Stations A and B (28.4 and 17.0 mg/L for Stations A and B, respectively), exceeding by a 

wide margin the LC50 in reference toxicant tests of 13.8 mg/L.  Moreover, percent survival was 

inversely correlated with total ammonia and un-ionized ammonia for the Lake sediment pore 

water samples.  Round 2 tests focused on sediment from Stations A, B, and E that included 

purging of sediments to reduce total ammonia concentrations to <10 mg/L.  10-day solid-phase 

chironomid tests were repeated.   

Results from the Round 2 tests were inconclusive (e.g., the highest survival was found in 

Station A sediments, which also had the highest [unpurged] ammonia concentrations [26.2 and 

0.24 mg/L total and un-ionized ammonia, respectively]).  These concentrations were below 

LC10 and LC50 values from reference toxicant tests.  Collectively, results suggest that 

ammonia was the likely cause of reduced survival in sediments from Station A in Round 1, but 

does not account for survival data in Round 2.  Clear ammonia-related toxicity was not 

demonstrated in these studies.  Comparisons of concentrations of PCBs, pesticides, and metals 

with threshold effect concentrations (TECs) and probable effect concentrations (PECs) and 

across the five sediments were also conducted.   

This assessment did not identify a clear contaminant responsible for reduced survival in 

sediments from Station B during Round 2.  PCBs and organophosphate pesticides were not 

detected in any samples.  High copper and zinc concentrations were present in all sediments, 

although high free-sulfides may be limiting bioavailability (Appendix AB).  

4.2.2 Lake Water Quality Data Summary and Analysis 

This section presents a summary of data from Section 4.2.1 for the following: 

 Temperature 

 Dissolved oxygen 

 pH 
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 Chlorophyll a 

 Nutrient concentrations 

4.2.2.1 Temperature 

Initial water column sampling at the Lake began on September 4, 2012.  The Lake was stratified 

on this date, with epilimnion temperatures at Station A, closest to the dam, about 26°C and 

extending 3 meters into the water column; a metalimnion was present below this depth with 

temperatures decreasing from 26 to 19°C from approximately 3 to 6 meters in depth 

transitioning to a weak hypolimnion present below this depth (Figure 69).  Water column profiles 

collected at Station A on September 25, 2012 were generally similar to conditions present on 

September 4, 2012, although subsequent profile measurements taken on December 11, 2012 

indicated that the Lake had cooled and mixed, with uniform temperature of 16.2°C throughout 

the water column.  

Following the December 11, 2012 sampling, the next water column sampling was conducted on 

May 22, 2013.  Thermal stratification at Station A had set up by May 22, 2013, with an 

epilimnion that extended 0 to 2 meters at 22.74°C, broad metalimnion from about 3 to 7 meters 

depth, and bottom temperature at 8 meters depth of 17.3°C (Figure 70).  Warm temperatures 

were in place through the summer of 2013 with thermal stratification in place, with the epilimnion 

deepening over time.  Surface temperatures were slightly cooler on August 14 compared with 

July 19, 2013, (e.g., decreasing at Station A from 25.93 to 24.57°C, before increasing to 

27.83°C on September 5, 2013) (Appendix G).   

The water column cooled markedly in late summer/early fall of 2013 (Figure 69), and by 

September 26, 2013 had cooled to about 22.3°C in the top 6 meters and cooled further to an 

essentially uniform 18.98°C on October 14, 2013.  The Lake thus mixed in late September or 

early October in 2013.  The water column remained isothermal and cooled to 17.5°C by the 

November 6, 2013 sampling date and to 14.6°C by December 4, 2013.  

Water column profiles indicated continued isothermal, well-mixed conditions on January 8, 2014 

at a uniform temperature of about 11.4°C, with warming in late winter-early spring 2014.  Weak 

stratification was already in place on February 26, 2014, strengthened on March 18, 2014 and 
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April 16, 2014 before weakening somewhat by May 13, 2014, with bottom temperatures 

warming from 17.45°C on April 16 to 19.75°C on May 13, 2014.  Thermal stratification at 

Station A further strengthened by July 8, 2014 with epilimnion temperature of about 26.8°C and 

hypolimnion temperature of 20°C.  Entrainment of hypolimnetic water and deepening of the 

epilimnion was evident by September 9, 2014.  Thermal stratification of the water column 

continued to weaken and by October 7, 2014, the Lake had mixed at an isothermal temperature 

of 22.7°C.  The water column continued to cool in the fall; an isothermal profile of 19.2°C and 

near isothermal profile at about 16.2°C was recorded on November 4 and December 9, 2014.  

January 8, 2015 was found to have the coolest water column temperatures of the study, with 

isotherm conditions at Station A at 10.9°C.  The water column warmed somewhat by 

February 4, 2015 and warmed further to an isothermal 15.1°C on March 3, 2015.   

The deeper region of the Lake thus exhibits a temperature and stratification regime similar to 

other lakes in the region (Anderson, 2001; Anderson and Oza, 2003), being a warm monomictic 

lake, with well-mixed conditions and minimum water column temperatures near 10 to 12°C in 

the winter, followed by rapid warming and onset of thermal stratification in late winter-early 

spring, thermal stratification with very warm surface temperatures (25 to 27°C) through the 

summer, and cooling and mixing in the fall. 

The stratification we see at Station A extends horizontally across the Lake, being interrupted by 

bottom sediments as the depth of the water column decreases moving north to Stations B 

through E.  Some warming of the surface waters was consistently seen from Stations A 

through E that results from (1) the sequence of sampling (from Station A typically sampled 

around 8:30 a.m., to Station E sampled around 11:00 a.m.) that allowed greater surface heating 

as the day progressed, and (2) typically greater chlorophyll a concentrations that would limit 

light and heat penetration into the water column and concentrate heat flux into the surface layer. 

Seasonal and lateral trends in surface temperature can also be seen in Figure 71, with 

maximum values near 28°C typically found around August at Stations D and E, and winter 

minimum values near 12°C present in January.  Temperature data from all stations and dates 

were aggregated and presented as a cumulative distribution function (CDF) (Figure 71).  All 

measured temperature values exceeded 10°C, with 75 percent of measured surface 
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temperatures exceeding 17°C, 50 percent exceeding the median value of 21.6°C, and 

10 percent of values exceeding 27.1°C.    

4.2.2.2 Dissolved Oxygen 

At the start of the sampling program, the DO concentrations at Station A were low throughout 

the epilimnion (3 to 4 mg/L) and strongly anoxic (<0.1 mg/L) in the hypolimnion (Figure 72).  

Conditions were similar on September 25, 2012, with DO about 3 mg/L in the epilimnion and 

near 0 mg/L below 4 m depth.  The DO concentration was uniform and low (about 1.5 mg/L) on 

December 11, 2012, reflecting persistent undersaturation of oxygen within the water column.  

The concentrations of DO on the subsequent sampling date of May 22, 2013 reflected 

stratification, with DO concentrations of 7.2 mg/L in the epilimnion and much lower in the 

metalimnion and hypolimnion (0.1 mg/L at 8 meters depth) (Appendix G).  DO concentrations 

were often near saturation (>6 to 7 mg/L) in the epilimnion (upper 3 meters or so) when the 

Lake was stratified, but much lower throughout the water column following mixing in the fall 

(e.g., Figure 72, October/November 2013 and 2014).  The period of water column anoxia in 

2012 was longer than observed in 2013 and 2014.  Natural reaeration processes slowly 

increased DO concentrations throughout the water column through the fall and into the winter of 

2014 and 2015, such that values reached >6 mg/L by January of each year.  However, DO 

concentrations rapidly declined in the hypolimnion following onset of thermal stratification 

(Figure 69).  Much of the water column at Station A was thus unsuitable for fish and other 

aerobic organisms for most of the year. 

Low DO concentrations were most acutely seen at Station A, although anoxic conditions in 

bottom waters were also seen during thermal stratification at Station B (Figure 73).  Low DO 

concentrations were even present above bottom sediments in very shallow water (Stations C 

and D) during the summer (e.g., Figure 73, July 2013).  The complete water column anoxia 

exhibited at Station A in late September 2013 (Figure 72) was also seen at Station B 

(Figure 73), although Stations C through E remained adequately aerated. 

The DO concentrations in surface samples across all sampling stations and all dates are shown 

in Figure 74.  Included on this figure is the Basin Plan objective of 5 mg/L DO for lakes with 
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designated WARM beneficial use (horizontal dashed line).  Surface samples at Stations A and B 

were frequently below this DO objective.  These data were recast as a cumulative distribution 

function (CDF) that presents the exceedance frequency for a given DO concentration.  All 

surface DO concentrations exceeded 0 mg/L and 82 percent of the time surface concentrations 

exceeded the objective of 5 mg/L (thus 18 percent of the time, surface DO levels were 

<5 mg/L).  The mean and median DO concentrations were 7.2 mg/L, indicating that 50 percent 

of the time DO values were above this concentration and 50 percent of the time they were 

below it. 

As indicated in Figures 72 and 73, DO concentrations were often very low at greater depths in 

the water column; concentrations in bottom water samples from the deeper stations (Stations A 

through C) were also included in the CDF in Figure 74 (dashed line).  Concentrations of DO 

were much lower than surface samples, with only 24 percent of bottom samples exceeding the 

WQO of 5 mg/L (76 percent of samples were below this numeric objective).  The median bottom 

DO concentration was 2.2 mg/L, while the average was 2.8 mg/L.   

4.2.2.3 pH 

The pH of water is an important chemical property because it governs the specific form of many 

compounds, including ammonia, iron, and sulfur.  The pH of natural water is regulated by the 

concentrations of dissolved carbon dioxide (CO2) via the chemical equilibria: 

 CO2 + H2O  H2CO3  H+ + HCO3
– (1) 

The pH values found in the Lake are typical of productive lakes in the arid western U.S., with 

summer daytime values in the epilimnion near or exceeding somewhat the theoretical value of 

8.2 (Figure 75).  Values of pH were much lower than this value in the lower water column when 

the Lake was stratified due to accumulation of CO2 produced by microbial respiration that 

shifted the equilibria in Equation 1 to the right and promoted production of protons.  Reduced pH 

values were present at Station A throughout the water column in the fall and winter as well, due 

in part oxidation of sulfide and ammonia that are both acid-producing reactions.  
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Values of pH were consistently increased from Station A to Stations B through E, with values 

0.6 to 1.2 units higher (e.g., Figure 76).  Lateral variation was most pronounced in the fall and 

winter.  This figure also demonstrates the vertical gradient in pH routinely found when the Lake 

is stratified, most apparent on July 19, 2013 in these selected profiles.  

Comparing surface pH values across all stations and dates, a horizontal trend of increasing pH 

is evident from the deep water near the dam (Station A) to the very shallow water near the 

inflow of San Marcos Creek (Station E) (Figure 77).  The average pH values increased from 

7.72 at Station A to 8.46 at Station E.  The Basin Plan identifies a WQO for pH of 6.5 to 9.  pH 

of one sample at Station D exceeded the upper threshold of 9 (dashed line) and none fell below 

the lower limit of 6.5.  Presented as a CDF, 50 percent of surface samples exceeded the 

median pH of 8.27, while bottom samples were notably lower in pH, with a median value of 

7.87. 

4.2.2.4 Chlorophyll a 

Chlorophyll a concentrations at Station A generally varied moderately in the vertical dimension, 

but exhibited much stronger interannual variation (Figure 78).  Concentrations in late 2012 and 

throughout 2013 and much of 2014 were typically 20 to 40 µg/L, although surface 

concentrations exceeded 60 µg/L in the September 9, 2014 sampling.  Concentrations 

increased dramatically in the December 9, 2014 sampling event, exceeding 180 µg/L.  

Concentrations subsequently decreased to approximately 30 µg/L before reaching 60 to 70 µg/L 

in April/May 2015.  

Horizontal gradients in chlorophyll a concentrations (and also vertical gradients at deeper 

locations) were often present in the summer with higher concentrations in the shallow warm 

water at the central and northern stations (Stations C through E) (e.g., Figures 79 and 80).  

Lower chlorophyll a concentrations in deeper waters reflect light limitations and increased rate 

of settling due to reduced turbulence below the thermocline. 

Markedly higher surface chlorophyll a concentrations were often found at Station E adjacent to 

inflows from San Marcos Creek compared with other sampling locations, especially during the 

winter months (Figure 80).  Chlorophyll a concentrations averaged 41 to 48 µg/L at Stations A 
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through D over the monitoring program, while Station E average was 50 percent higher 

(72.9 µg/L).  Across all sampling stations and dates, surface chlorophyll a concentration 

averaged 49.9 µg/L, while the median was 39.7 µg/L.  The CDF highlights the high 

concentration “tail” associated with blooms (often at Station E). 

4.2.2.5 Nutrient Concentrations 

Overall productivity of lakes is governed by the availability of nitrogen and/or phosphorus in the 

water column.  High concentrations of these nutrients promote algal growth leading to high 

concentrations of chlorophyll a (Figure 80).  Nutrient concentrations in surface samples from 

Lake San Marcos varied significantly over time.  Total phosphorus concentrations were 

markedly lower in January/February 2014 and 2015 (0.08 to 0.10 mg/L) than other times of the 

year (Figure 81).  Measurements were not conducted during winter 2013.  Surface 

concentrations increased during the spring and summer, during the period with little rainfall and 

runoff, reaching values at most sampling stations of approximately 0.4 mg/L.  This increase is 

witnessed across all sampling stations on the Lake and is attributed at least partially to internal 

recycling of phosphorus from bottom sediments. 

Measured concentrations exceed the Basin Plan WQO for total phosphorus (as a biostimulatory 

substance) of 0.025 mg/L (Figure 81).  All measured surface total phosphorus concentrations 

exceeded the WQO of 0.025 mg/L, 75 percent of measured values exceeded 0.18 mg/L, 

50 percent exceeded 0.28 mg/L, and 10 percent exceeded 0.45 mg/L.  Total phosphorus 

concentrations are even higher in bottom samples, with a median value of 0.36 mg/L, and 

17 percent of samples exceeding a total phosphorus concentration of 1 mg/L.  Concentrations 

of total phosphorus in bottom samples and trends over time are discussed further in 

Section 4.2.3 (sediments). 

Total nitrogen concentrations also exhibited some seasonal and interannual variability 

(Figure 67).  The total nitrogen concentration of surface samples averaged 2.14 mg/L across all 

stations and sampling dates, with concentrations decreasing from maximum values present in 

fall/early winter to minimum values in spring (2014 and 2015).  The Basin Plan defacto total 

nitrogen limit is 0.25 mg/L (with total phosphorus WQO of 0.025 mg/L and TN:TP ratio of 10:1), 

a value much lower than measured concentrations in the Lake.  Thus, for this dataset there is a 
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100 percent frequency of exceeding the total nitrogen objective, 75 percent frequency of 

exceeding a total nitrogen concentration of 1.7 mg/L, 50 percent frequency of exceeding 

2.0 mg/L, and 10 percent frequency of exceeding 2.9 mg/L.  Even higher concentrations were 

found in bottom samples at Stations A through C, with a mean bottom water total nitrogen 

concentration of 3.23 mg/L, a median value of 2.3 mg/L and 13 percent of samples exceeding a 

concentration of 5 mg/L. 

The relative availability of total nitrogen and total phosphorus is often used to infer nitrogen or 

phosphorus limitation to algal growth.  While the high concentrations of nutrients in the Lake 

probably do not severely constrain productivity, it is nonetheless useful to consider the TN:TP 

ratio (Figure 82).  Presenting the data as a CDF, a TN:TP ratio <10 was found 63 percent of the 

time, suggesting that the Lake is most frequently nitrogen-limited, while the data indicate that 

the Lake is phosphorus-limited (TN:TP>20) only 7 percent of the time.  Approximately 

30 percent of the time, neither nitrogen nor phosphorus was limiting production. 

4.2.3 Lake Sediments Data Summary and Analysis 

This section presents a summary of data from Section 4.2.1 for the following: 

 Sediment composition 

 Sediment nutrient flux 

 Sediment toxicity 

4.2.3.1 Sediment Composition 

Bottom sediments are widely recognized for the demand they exert on DO in bottom waters and 

their contributions of dissolved, readily bioavailable nutrients to the water column.  Studies were 

specifically conducted to characterize the properties, including metal content, of bottom 

sediments, the rate at which nutrients are released and toxicity to test organisms.  

Measurements were conducted on samples collected from Stations A, C, and E on three dates 

(June 28, 2013, September 20, 2013, and January 24, 2014).  Analyses were replicated on the 

June 28, 2013 sampling and triplicated on the September 20, 2013 and January 20, 2014 

sampling events.   
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Sediment properties reported for sites A, C, and E by Great Ecology (percent fines, nutrients, 

and sulfides) varied between sites and also between sampling dates (Table 35).  Texture of the 

bottom sediments at all sites and sampling dates was predominated by fines (silts+clays), with 

consistently the highest percent fines at Station A, somewhat lower values at Station C, and 

lowest percent fines at the northernmost Station E.  Total sediment phosphorus contents also 

consistently varied across three stations, with highest contents at Station A (593 to 940 mg/kg 

dry-weight, depending upon sampling date) and lowest contents at Station E (267 to 450 mg/kg 

dry-weight).  These values are similar to concentrations found in other lakes in the region 

(Anderson, 2001; Anderson and Oza, 2003).  

TKN and total sulfide concentrations reported by Great Ecology followed this same trend of 

highest values at Station A and lowest values at Station E (with possible exception of total 

sulfide on September 20, 2013, which may be due to data entry/typographical error).  Soluble 

forms of phosphorus and nitrogen contributed comparatively little to the total concentrations, but 

did follow trends with total values, with higher concentrations of orthophosphate and ammonia-N 

at Station A relative to Stations C and E.  This general trend of highest concentrations of 

percent fines, total phosphorus, TKN, etc. at Station A and lowest at Station E tracks with 

increased depth to sediment and distance from San Marcos Creek.    

Sediments collected on August 11, 2014 were analyzed for a number of pesticides and other 

organic contaminants, including chlorpyrifos, diazinon, methyl parathion, DDE, and chlordane 

(Nautilus, 2015).  Samples were below detection or below reporting limit for nearly all 

contaminants with the exception of legacy organochlorine pesticides (Table 44).  Alpha- and 

-chlordane and components of technical grade chlordane (cis- and trans-nonochlor) were all 

present at all sites at levels above the effects range low (ERL) concentration for total chlordane 

of 0.5 ng/g compiled by NOAA (Buchman, 1999).  4,4’-DDE was also present at concentrations 

above its ERL value of 2.2 micrograms per kilogram (µg/kg) (Table 44).  As with nutrients and 

metals, concentrations of organochlorine pesticides were greatest at Station A and decreased 

as one moved away from the dam, with the exception of Station E, where concentrations edged 

up compared to Station D (Table 44).  This increase is attributed to deposition of coarser-

textured sediments with strongly sorbed hydrophobic contaminants near the inflow of San 

Marcos Creek. 
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Some polycyclic aromatic hydrocarbons (PAHs) and other organic contaminants were also 

present in bottom sediments (e.g., naphthalene, pyrene), but often below the reporting limit.  

Exceptions include 2,6-dimethylnaphthalene at Station A, B, C, D, and E (790, 430, 260, 130, 

and 130 µg/kg, respectively).  Several larger, more hydrophobic PAHs were also present above 

reporting limits at Stations D and E (e.g, pyrene and benzo(b)fluoranthene) (Nautilus, 2015).  

The properties of sediments reported by SCS from sediment collected on June 18, 2013 at 

10 sites on the Lake (Table 36) were generally in good agreement with values reported by Great 

Ecology (Table 35).  For example, SCS reported total phosphorus content to range from 429 to 

771.2 mg/kg dry-weight (Table 36), compared with 450 to 940 mg/kg reported for samples 

collected on June 28, 2013 by Great Ecology (Table 35).  Additional analyses showed that total 

phosphorus concentrations in Lake sediment exceeded 3,000 mg/kg.  Total nitrogen contents 

reported by SCS ranged from 0.3 to 0.6 percent (Table 36), while values reported by Great 

Ecology ranged from 0.43 to 0.85 percent (Table 35).  As noted above, concentrations of 

nitrogen and phosphorus in sediments increased with increased water depth and distance from 

San Marcos Creek inflow. 

Coarse-textured suspended sediment delivered with inflows from San Marcos Creek are 

deposited near the inflow, while fine textured material are transported greater distances into the 

Lake; sediment resuspension from shallow sites and focusing into deeper regions is also 

important in sediment distribution in lakes (Anderson et al., 2008).  

Sediment samples from the June 2013 sampling were also analyzed for metals (Table 45).  The 

sediments contained concentrations of elements present in common primary and secondary 

mineral phases, including aluminum, calcium, iron, magnesium, manganese, potassium, and 

sodium.  Aluminum, calcium, iron, and magnesium were present at concentrations of 

approximately 1 to 7 percent, while manganese, potassium, and sodium were present at <0.1 to 

0.6 percent dry-weight.  Values for these major elements were within the range reported for 

soils and other regolith in the U.S. and often near the median concentrations (Shacklette and 

Boerngen, 1984).  A large number of other elements were present at much smaller 

concentrations, including a wide array of trace metals and metalloids.  Sediment metal analyses 

conducted by SCS yielded concentrations (Table 37) generally in very good agreement with 
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values reported by Great Ecology (Table 45).  The concentrations of arsenic, cadmium, 

chromium, nickel, and lead in surficial sediments at Stations A, C, and E were all below effects 

range low (ERL) values developed by NOAA in their sediment quality guidelines (SQGs) 

(NOAA, 1999).  Concentrations of copper and zinc exceeded ERL values but were below effects 

range medium (EfRM) levels at all three sites except for Station C with a zinc concentration of 

426.5 mg/kg, which slightly exceeded the EfRM value of 410 mg/kg (NOAA, 1999).  As noted by 

NOAA (1999), the SQGs are not promulgated as regulatory criteria or standards, and are not 

intended as cleanup or remediation targets.  Laboratory toxicity tests, benthic community 

analyses, or other studies are needed to evaluate potential for toxicity. 

4.2.3.2 Sediment Nutrient Flux 

Sediment flux studies, in which bulk sediment samples (described above) were equilibrated with 

water in aquaria under laboratory conditions, quantified nutrient concentrations 0, 24, 48, and 

96 hours after preparation of chambers.  Concentrations often, but not consistently, increased 

over time (e.g., Figure 68; Appendix AC). 

Station A released ammonium-N and orthophosphate-P at the most rapid rates of the three sites 

(52.9 ± 7.17 and 1.96 ± 1.33 mg/m2/d, respectively).  Ammonium-N release at Stations C and E 

averaged about 16 and 13 mg/m2/d, while orthophosphate-P release averaged 0.5 and 

0.6 mg/m2/d, respectively (Table 43). 

Average rates across the three stations as a function of sampling date were not statistically 

different from each other, and ranged from 23.1 to 29.8 mg/m2/d for ammonium-N and 0.49 to 

1.5 mg/m2/d for orthophosphate.  The sediments were not a substantial source for nitrate- and 

nitrite-N and were in fact generally a sink for nitrate-N at Station A.  Extrapolation of flux rates to 

the entire Lake resulted in average daily flux rates of ammonium-N and orthophosphate of 

3.72 and 0.15 kg/d, respectively, yielding an annual contribution (i.e., annual internal loading) 

from the sediments of approximately 1,360 kg ammonium-N and 55 kg of orthophosphate to the 

water column. 

The flux rates measured for Station A in laboratory incubations can be compared with values 

calculated from the increase in ammonium-N and phosphate-P concentrations in the 
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hypolimnion when the Lake is stratified (Figure 83).  Based upon bathymetry and water column 

profile measurements, the mean volume of the hypolimnetic volume was estimated to be 

14 acre-feet and the active sediment area was 3.5 acres.  Detailed measurements away from 

bottom sediment at other lakes ((Anderson, 2001; Anderson and Oza, 2003) indicate slow 

diffusive flux of nutrients into the upper layers of the hypolimnion yields a strong concentration 

gradient away from sediments; a correction factor of 0.5 was used to account for the single 

measurement above the bottom sediments and assumes a linear decrease in concentration 

away from sediment-water interface.  

Subject to these assumptions, the average in situ summer flux of ammonium-N from Station A 

was calculated to be 68 mg/m2/d, in reasonable agreement with measured rates (Table 43) and 

similar to other eutrophic lakes in the region (Anderson, 2001; Anderson and Oza, 2003).  Using 

this approach yielded an average in situ summer flux rate for phosphate-P of 8.7 mg/m2/d, a 

value about 4 times greater than measured in laboratory incubation studies (Table 43), but for 

simple comparison similar to values measured in Lake Elsinore (Anderson, 2001).  

Flux rates of phosphate-P from bottom sediments are generally very sensitive to DO 

concentrations in the overlying water; failure to maintain anoxic conditions results in oxidation of 

ferrous iron and formation of a highly sorptive phase that can sequester and remove phosphate 

released from sediments.  The large chambers and challenging sediment handling practices 

used in these measurements may account for discrepancies between the in situ and laboratory 

estimates of phosphate-P flux. 

4.2.3.3 Sediment Toxicity 

10-day solid-phase sediment toxicity tests were conducted using Hyalella azteca (an amphipod) 

and Chironomus dilutus (midge larvae) (Section 4.2.1.17).  Collectively, results suggest that 

ammonia was the likely cause of reduced survival in sediments from Station A in Round 1, but 

does not account for survival data in Round 2.  Clear ammonia-related toxicity was not 

demonstrated in these studies.   
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4.2.4 Lake Biology/Ecology Data Summary and Analysis 

This section presents a summary of data from Section 4.2.1 for the following: 

 Phytoplankton/cyanotoxins 

 Zooplankton 

 Fishery 

 Aquatic macrophytes 

4.2.4.1 Phytoplankton/Cyanotoxins 

Phytoplankton speciation and enumeration was conducted on 8 sampling dates (September 4, 

2012, June 20, 2013, September 26, 2013, January 8, 2014, May 13, 2014, August 6, 2014, 

November 4, 2014, and February 4, 2015) on samples collected using an 80-micron (µm) 

Wisconsin plankton net (Nautilus, 2012a).  It should be noted that net sampling collects only 

large colonial forms of phytoplankton, and these samples thus underreport species richness and 

diversity. 

Cyanobacteria tended to dominate the algal community, although diatoms, chlorophytes, and 

dinoflagellates were also observed.  Unlike water column properties and nutrient concentrations, 

where only modest differences frequently existed between sampling stations, some differences 

were present in the algal speciation.  For example, in the September 4, 2012 sampling, 

Leptolyngbya foveolarum had the highest cell count at Station A, while Aphanocapsa sp. (not 

reported at Station A) dominated at Stations C and E (Table 31; Appendix G).  

SPATT bags were deployed and retrieved at the Marina Dock on September 4, 2012 and 

September 25, 2012 to assess cyanotoxin levels in the Lake (Table 46).  Results indicate the 

presence of microcystins in Lake San Marcos, although the assay did not allow correlation to 

waterborne concentrations or recommended action levels of the state.  A water sample 

collected on June 26, 2005 indicated the presence of a low concentration (0.08 µg/L) of 

microcystin-LR analyzed by LC-MS. Concentration of microcystin-LA, microcystin-RR, and 

anatoxin-a were below detection (<0.001, <0.008, and <0.002 µg/L, respectively) 

(Appendix AD). 
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Results from the June 20, 2013 sampling found very high cell counts for Anabaena spp., an 

N2-fixing cyanobacteria, at Stations A and C (40,359 and 62,707 cells/mL); no Anabaena spp. 

were reported for Station E, but very high numbers of Carteria klebsii were found 

(74,905 cells/mL) (Table 34).  Lower concentrations of chlorophytes and other phytoplankton 

were also present. 

The algal community on May 13, 2014 was dominated by diatoms and chlorophytes at 

Stations A and B on this date (Cyclotella spp. and Monoraphidium contortum, respectively), 

while cyanophytes were more prevalent at Station E (Phormidium spp. and Leptolyngbya spp.).  

In contrast, cyanophytes dominated the algal communities in the Lake on August 6, 2014.  For 

example, Leptolyngbya spp. reached cell counts of >110,000 cells/mL at Stations C and E, 

while Pseudanabaena spp. was predominant at Station A with a cell count >80,000 cells/mL.  

These values were much higher than any other genera or species, which were more typically 

100 to 2,000 cells/mL (Appendix G).  Phytoplankton results indicate a community often 

dominated by cyanophytes that include N2-fixers and filamentous forms that represent very poor 

food quality for zooplankton.  

4.2.4.2 Zooplankton 

Zooplankton sampling and identification and enumeration were also conducted on three dates 

(August 6, 2014, November 4, 2014, and February 4, 2015).  Notably only a single small 

Daphnia species (D. lumholtzi, an invasive cladoceran from Lake Victoria, Africa) was identified 

at one site (Station C) and at very low abundance (0.05/m3) on August 6, 2014, although 

abundances were very high (1,250/m3) at Station E on November 4, 2013, and at Stations A 

and C on February 4, 2015 (2,278 and 1,014/m3, respectively).  Rotifers (Brachionus spp.) and 

Copepod nauplii generally dominated the zooplankton community.  Also present were significant 

numbers of ostracods and small numbers of larval aquatic insects (Chaoborus and chironimids) 

(Table 39).  

Absent from the zooplankton community were large-bodied Daphnia, which are the preferred 

zooplankton in lakes due to their high feeding/filtering rate that can, through grazing, maintain 

low phytoplankton levels in lakes.  The poor food quality of the phytoplankton community 
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(described above) may play a role in this.  Fish predation (Section 4.2.4.3) likely also plays a 

role in their apparent absence from the Lake. 

4.2.4.3 Fishery 

The fishery in Lake San Marcos was surveyed on November 20, 2014 at three locations (lower, 

middle, and upper sites) along the west shore of the Lake.  Triplicate shoreline hauls were 

conducted at each site using a 50-foot x 4-foot seine with ¼-inch mesh.  Threadfin shad 

(Dorosoma petenense) numerically dominated the fishery, accounting for 377 of the total 

432 fish captured.  Largemouth bass (Micropterus salmoides) was the second most abundant 

(36 of 432 fish), while bluegill (Lepomis macrochirus) was the third most abundant (14 of 

432 fish), followed by mosquitofish (Gambusia affinis) (3 of 432 fish) and black crappie 

(Pomoxis migromaculatus) (2 of 432 fish).  Total fish densities for all species by site were 

0.080 individual/ft2 at the upper station, 0.185 individual/ft2 at the middle station, and 

0.097 individual/ ft2 at the lower station (Table 41). 

Size of fish recovered in the net survey varied with species; piscivorous black crappie at the 

upper station had the largest mean total length (205.0 ± 110.3 mm) and mean weight (208 ± 

257 g), followed by largemouth bass and bluegill (Table 42). 

The large numerical and biomass abundance of threadfin shad (Table 47) places a large 

grazing pressure on beneficial large-bodied zooplankton that may account for absence of large 

Daphnia within the zooplankton community noted above. 

4.2.4.4 Aquatic Macrophytes 

Aquatic macrophytes are important components of aquatic ecosystems.  Aquatic macrophytes 

extract nutrients from bottom sediments, support epiphytic periphyton and bacterial 

assemblages, and provide refuge/habitat for small fish, insects and other organisms.  A 

preliminary vegetation survey using available satellite imagery from November 2012 indicated 

that lily pads covered about 770 meters of shoreline, while reeds covered 1,280 meters of the 

shoreline in the lower portion of the Lake.  Areal coverage was estimated to be 3,327 and 

3,780 m2 for lilies and reeds, respectively.  Following this desktop survey, a field survey was 
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conducted in December 2013 that identified Juncus, Scirpus, and Typha (collectively classified 

as reeds), as well as willows and lily pads along water’s edge of the lower Lake. 

A follow-up survey was conducted on July 29, 2014 to provide an estimate of the total nutrient 

load sequestered within Nymphaea mexicana (Mexican water lily) plant tissue at the peak of the 

growing season.  Total dry-weight carbon content averaged 52.2 percent in leaves and 

48.3 percent in stems, with a measured total nitrogen and total phosphorus content of plant of 

104.9 and 25.9 mg, respectively.  Using these data, Great Ecology estimated that the whole-

Lake nutrient mass load in Nymphaea mexicana was 67.4 kg total nitrogen and 16.7 kg total 

phosphorus (Table 40).  This total mass is estimated to be approximately equivalent to 5 to 

10 days of internal nutrient recycling from the bottom sediments of the Lake.  While probably not 

a substantial component of the nutrient budget for the Lake, this vegetation is highly valuable 

from an ecological and aesthetic perspective. 

4.2.5 Lake Area Groundwater 

4.2.5.1 Lake Area Wells 

Analytical sampling data from the Lake area MW-series wells sampling events are presented in 

Table 48.  Elevation data were plotted with nitrate/nitrite (as N), total phosphorus, 

orthophosphate, dissolved phosphorus, and TKN concentrations for the 2013, 2014, and 2015 

sampling events in the Lake area MW-series wells (Appendix AE).  The analytical data are 

posted on Figure 84.   

Detected nitrate/nitrite concentrations average 1.49 mg/L, ammonia concentrations average 

0.45 mg/L, total phosphorus concentrations average 0.23 mg/L, orthophosphate and dissolved 

phosphorus concentrations average 0.20 mg/L, and TKN concentrations average 0.75 mg/L.   

Nitrate/nitrite (as N) was detected in each sampling event in wells MW-3, MW-4, and MW-7 and 

detected once in MW-8 (2013), twice in MW-6 (2015), and three times in MW-5 (2013, 2015).  

The detected concentrations ranged from 2.9 mg/L (MW-4, April 30, 2015) to 0.12 mg/L (MW-8, 

July 2013).     
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Ammonia was not detected in the wells sampled in 2013 and 2014, but was first detected in well 

MW-6 (1.1 mg/L) and MW-8 (1.1 mg/L).  Ammonia was detected again during April 2015 

sampling in wells MW-4 (0.17 mg/L), MW-7 (0.11 mg/L), and MW-8 (0.11 mg/L).   

Total phosphorus was detected in all 2013, 2014, and 2015 sampling events in well MW-8, at 

concentrations ranging from 0.18 to 0.41 mg/L.  Total phosphorus was detected in the 2014 and 

2015 events in well MW-5, at concentrations ranging from 0.14 to 0.21 mg/L.  Total phosphorus 

was detected once in wells MW-3 (0.23 mg/L, April 2015), MW-4 (0.19 mg/L, July 2013), and 

MW-6 (0.26 mg/L, April 2015).  Total phosphorus was not detected (<0.10 or 0.20 mg/L) in MW-

7 in any of the four sampling events.   

Orthophosphate was detected only in wells MW-5 and MW-8.  Orthophosphate was detected in 

MW-5 at 0.12 mg/L in the November 2014 event and at 0.17 mg/L in the April 2015 event.  

Orthophosphate was detected in all four events in MW-8, at concentrations ranging from 

0.14 mg/L (July 2013) to 0.34 mg/L (April 2015).   

Similarly, dissolved phosphorus was detected only in wells MW-5 and MW-8.  Dissolved 

phosphorus was detected in MW-5 at 0.12 mg/L in the November 2014 and January 2015 

events, detected at 0.17 mg/L in the April 2015 event, and was not detected (<0.10 mg/L) in 

MW-5 in the July 2013 event.  Dissolved phosphorus was detected in MW-8 in all four events 

(0.18 mg/L, July 2013 and November 2014; 0.31 mg/L, January 2014; 0.35 mg/L, April 2015).  A 

systematic increase in total phosphorus, orthophosphate, and dissolved phosphorus 

concentrations is evident in MW-8 over the four events. 

TKN was inconsistently detected in each well over the four sampling events at concentrations 

between 0.56 mg/L (MW-3, April 2015) and 1.3 mg/L (MW-6, July 2013).   

TDS concentrations exceeded the TDS WQO of 1,000 mg/L in all measurements in all wells 

except MW-4, where the maximum reported TDS was 595 mg/L.  Two measurements in well 

MW-6 (275 and 670 mg/L) and MW-8 (920 and 905 mg/L) are also below 1,000 mg/L.  Total 

hardness was reported between 160 mg/L (MW-2) to 1,300 mg/L (MW-7).   
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Samples from well MW-8 near the St. Mark Golf Club have the average highest total 

phosphorus (0.28 mg/L), orthophosphate (0.24 mg/L) and dissolved phosphorus (0.26 mg/L) 

concentrations, but among the lowest nitrate/nitrite concentrations (one detection at 0.12 mg/L).   

Samples from wells MW-3 and MW-4 near the southern Lake shoreline have the highest 

average nitrate/nitrite concentrations at 2.1 mg/L (MW-3) and 2.6 mg/L (MW-4).  However, total 

phosphorus/orthophosphate/dissolved phosphorus concentrations in this well are relatively low 

(only one detection of total phosphorus at 0.23 mg/L).   

4.2.5.2 St. Marks Golf Course Supply Well 

As discussed in Section 2.4.4.3, SCS sampled the St. Mark Golf Club supply well after purging 

and monitoring for pH, DO, conductivity, salinity, TDS, temperature, turbidity, and ORP.  The 

sample was analyzed and the data were reported for the list of eight NAL nutrient parameters 

presented in Section 2.4.1.  Great Ecology also sampled the well in 2013 and 2014.  The data 

are presented in Table 49, and indicate that the well water is not a significant source of nutrients 

to the Lake.   
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5. Screening Level Risk Assessment 

The risk assessment process is used to systematically evaluate and organize data, 

assumptions, and uncertainties to help understand and predict the relationships between 

stressors and effects in a way that is useful for environmental decision-making (U.S. EPA, 

1998).  The purpose of this screening-level risk assessment (SLRA) is to evaluate the potential 

for adverse human health and ecological impacts that may occur as a result of exposures to 

current concentrations of metals, pesticides, and/or nutrients in waters and sediments of the 

Lake and the Creek.  Methods used to conduct the SLRA are consistent with the State of 

California (DTSC, 1992, 1996, 2013) and U.S. EPA CERCLA guidance (U.S. EPA, 1989, 1992, 

1997a, 1998).   

This SLRA is intended to provide ‘baseline’ risk estimates to offer a point of reference for 

proposed remedies evaluated in the RI/FS.  Consistent with CERCLA guidance, elements of 

this SLRA included the following: 

 Human health 

 Exposure assessment 

 Toxicity assessment 

 Risk characterization 

 Ecological 

 Problem formulation 

 Exposure assessment 

 Effects assessment 

 Risk characterization 

Further details of the SLRA are provided in Appendix AF.  
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5.1 Risk Assessment Data Review 

Note that all water and sediment quality data were obtained from existing sources, and therefore 

are ‘found data’ (i.e., data collected for other purposes, but having relevance in supporting this 

risk assessment).  No data used in this SLRA were collected for the specific purposes of 

supporting a baseline risk assessment for either the Lake or the Creek.  In addition, a data 

quality assessment was not performed to determine which data, if any, meet the criteria for 

enforcement quality data suitable for quantitative risk assessment.   

5.1.1 Contaminants of Potential Concern 

COPCs are constituents that may adversely affect human health and ecological biota.  COPCs 

do not necessarily signify a risk; rather, they are merely constituents that have been identified 

for further examination.  COPCs for each medium of concern are listed in Table 50.   

5.1.1.1 Water 

Water sampling and analysis were directed toward nutrients and water quality parameters.  No 

water data are available for many of the COPCs selected for sediments.  These include metals, 

pesticides, PAHs, and TPH.  Therefore, the SLRA necessarily focuses on the risks associated 

with nutrients and water quality parameters, as well as cyanotoxins. 

5.1.1.2 Sediment 

Although analyzed for in Lake sediments, antimony, beryllium, boron, cadmium, selenium, 

silver, thallium, and tin were not detected.  Of these non-detected metals, only cadmium has a 

numerical sediment guideline.  These non-detected metals were not quantitatively evaluated 

further in this SLRA; this omission is discussed in the uncertainty analysis. 

Note that no ‘found’ sediment chemistry data were available for the Creek.  Hence, no COPCs 

were identified for Creek sediments. 
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5.1.2 Exposure Point Concentration 

An exposure point concentration (EPC) is the concentration of a constituent in an environmental 

medium that a receptor of concern is likely to contact.  EPCs used in the SLRA are discussed 

and presented in Appendix AF. 

As the number of samples for periods of interested varied, two types of EPCs are used in the 

screening-level ecological risk assessment (SLERA): (1) a “screening-level EPC” using 

maximum detected concentration; and (2) a “refined EPC” using the upper 95 percent 

confidence limit (95UCL) on the median when data were sufficient (i.e., n > 8 samples).  All 

EPCs were calculated in a manner consistent with guidance (U.S. EPA, 2013).  The screening-

level EPC is indicative of a worst-case exposure, while the refined EPC is a conservative (upper 

bound) estimate of the typical exposure conditions.  As such, the refined EPC is the more 

appropriate EPC to focus on during the risk characterization (U.S. EPA, 1989). 

5.2 Screening-Level Human Health Risk Assessment 

The screening-level human health risk assessment (SLHHRA) was performed in general 

accordance with the U.S. EPA and California EPA guidance documents.  Findings of SLHHRA 

will be used to (1) characterize potential risk, (2) derive risk-based preliminary remedial goals 

(PRGs), and (3) defend the scope and selection of remedial options. 

5.2.1 Human Exposure Pathways and Routes of Exposure 

A human health exposure pathway model, sometimes referred to as a conceptual exposure 

model, is a schematic representation of the collective current knowledge of possible chemical 

source areas, possible chemical release and transport mechanisms, surfaces/media of concern, 

potential human exposure pathways and routes (e.g., ingestion, inhalation, dermal contact), and 

potential receptors.  The human health exposure pathway model provides a basis for 

developing exposure scenarios.  Figure 85 presents the human health exposure pathway model 

for the project. 
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5.2.1.1 Land Use  

Consideration of both current and potential future land use is standard practice associated with 

the performance of a risk assessment (U.S. EPA, 1989; DTSC, 2013).  This approach provides 

valuable information to decision makers charged with the responsibility of evaluating the need 

for corrective action to protect the health of receptors who are currently and/or potentially 

associated with these land uses.  Land use surrounding the Lake includes urban and suburban 

areas, private golf courses, agricultural land uses, and open space.  Beneficial uses for the Lake 

include recreational use (Nautilus, 2012b).  Accordingly, both existing and potential future land 

use considerations are incorporated into the human health exposure pathway model.  

Therefore, because the SLHHRA focuses on the Lake and Creek itself, anticipated uses 

evaluated in the SLHHRA are recreational. 

5.2.1.2 Relevant Exposure Scenarios – Receptors and Routes  

Recreational users could potentially come into contact with both sediments and surface water.  

Therefore, for the purposes of the SLHHRA, direct contact with sediments and surface water 

(incidental ingestion and dermal contact) by recreational users are assessed.  In addition, 

recreational activities may include fishing.  Chemical transport to fish is through bioaccumulation 

of chemicals into various fish tissues (e.g., muscle).  Although fishing is recommended as catch 

and release, because fish caught within the Lake may be consumed, this may present another 

potentially complete recreational exposure pathway. 

Another beneficial use for the Lake is for agricultural supply.  Water pumped from the Lake is 

primarily used to support golf course irrigation (Nautilus, 2012b).  Therefore, receptors 

associated with golf courses (e.g., golf course workers, golfers) may also be exposed to Lake 

water via golfing/course maintenance activities.  However, these exposures are considered to 

be insignificant, and less than those associated with recreational activities at the Lake.  

Therefore, golf course receptors were not quantitatively evaluated in the SLHHRA, but are 

included in the uncertainty analysis section in Appendix AF. 

Due to data limitations, certain pathways cannot be quantitatively evaluated.  Fish 

concentrations are best modeled using surface water data.  However, the available surface 

water data is limited to nutrients and water quality data and does not include the analyte groups 
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applicable to human health, as those included in the sediment evaluations.  Therefore, the 

recreational angler is not quantitatively evaluated.  Additionally, given the focus of the data 

collection on nutrients and water quality parameters, incidental ingestion and dermal contact 

with surface water cannot be quantitatively evaluated for the recreational user.  

Therefore, potentially complete exposure pathways are quantitatively evaluated in the SLHHRA 

for the following medium and receptors: 

 Sediments 

 Recreational User: incidental ingestion, dermal contact 

Other receptors (e.g., occasional Lake visitors) may also be present at the subject property.  

However, potential contact by these receptors is expected to be much less frequent than regular 

recreational users.  Thus, if theoretical upper-bound risks to recreational users are within 

acceptable levels, it can be reasonably assumed that risks are also acceptable for other less 

exposed human receptors. 

Although the focus of data collection for the project has been on nutrients and water quality 

parameters, there are some chemicals detected in the water column with available benchmark 

values (e.g., National Ambient Water Quality Criteria for Human Health).  Note that these values 

include direct contact with surface water and the consumption of organisms in the surface 

water.  In order to provide a quantitative evaluation to potential human health exposures to 

surface waters, comparisons to available human health benchmark values were also performed. 

5.2.2 Exposure Assessment 

The exposure assessment step in a risk assessment combines information about the chemical 

concentrations in media with assumptions about how an individual could contact the impacted 

media.  The result is an estimation of a person’s rate of intake, or dose, of a chemical.  The 

exposure assessment provides information on the exposure pathways, parameters, and 

equations used to estimate the potential human exposures associated with the project.  Details 



 

 

 

 

 145  

D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

of the exposure assessment for the human receptors and pathways identified above are 

provided in Appendix AF. 

5.2.3 Toxicity Assessment 

The toxicity assessment describes the methods used for selection of the most appropriate 

toxicity criteria for characterizing the risks to assumed site receptors during the SLHHRA.  

Toxicity is separated into two classes of chemicals: carcinogens and non-carcinogens (i.e, 

adverse health effects other than cancer).  Toxicity criteria for these are carcinogenic slope 

factors (CSFs) for carcinogens, and reference doses (RfDs) for non-carcinogens.  CSFs are 

chemical-specific and experimentally derived potency values applied in calculating the 

theoretical upper-bound risk of cancer associated with a specified level of exposure to a 

potentially carcinogenic substance.  A higher value implies a more potent carcinogenic potential.  

RfDs are experimentally derived “no-effect” levels applied in quantifying the extent of non-

carcinogenic toxic effects.  With RfDs, a lower value implies a more potent toxicant.  Both 

Cal-EPA (OEHHA, 2015) and U.S. EPA (2015a) have developed non-cancer and carcinogenic 

toxicity values. 

5.2.4 Risk Characterization 

In the last step of an SLHHRA, the estimated rate at which a person incidentally takes in a 

chemical is compared with information about the toxicity of that chemical to estimate the 

potential risks to human health posed by exposure to the chemical.  This step is known as risk 

characterization.  Methods for assessing non-carcinogens and carcinogens are detailed in 

Appendix AF.  

For non-carcinogens, if a person’s average exposure is less than the RfD (i.e., if the hazard 

quotient [HQ] is less than 1), the chemical is considered unlikely to pose a significant non-

carcinogenic health hazard to individuals under the given exposure conditions.  If more than one 

pathway is evaluated, the HQs for each pathway are summed to determine whether exposure to 

a combination of pathways poses a health concern.  This sum of the HQs is known as a hazard 

index. 
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Carcinogenic risk is the estimated incremental probability of an individual developing cancer 

over a lifetime as a result of either assumed or actual chemical exposure.  Carcinogenic risks 

are evaluated by multiplying the estimated average exposure rate (i.e., the lifetime average daily 

dose [LADD] calculated in the exposure assessment) by the chemical’s CSF.  The CSF 

converts estimated daily intakes averaged over a lifetime to incremental risk of an individual 

developing cancer.  Because cancer risks are averaged over a person’s lifetime, longer-term 

exposure to a carcinogen will result in higher risks than shorter-term exposure to the same 

carcinogen if all other exposure assumptions are constant. 

This assessment assumes that cancer risks from various exposure pathways are additive.  

Thus, the result of the assessment is a high end estimate of the total carcinogenic risk.  High 

end carcinogenic risk estimates are compared to U.S. EPA’s acceptable risk range of 1 in 

1 million (106) to 1 in 10,000 (104).  A risk level of 106 represents a probability of 1 in 1 million 

that an individual could develop cancer from exposure to the potential carcinogen under a 

defined set of exposure assumptions.  If the estimated risk falls below the risk value considered 

acceptable by U.S. EPA, the chemical is considered unlikely to pose a significant carcinogenic 

health risk to individuals under the assumed exposure conditions. 

In addition, cyanotoxin data are compared to applicable action levels developed by OEHHA 

(2012) in its Toxicological Summary and Suggested Action Levels to Reduce Potential Adverse 

Health Effects of Six Cyanotoxins.  Because these action levels are specifically for recreational 

activities, no further evaluations, other than comparisons to action levels, are conducted. 

5.2.5 Summary of SLHHRA Results 

The estimated theoretical upper-bound incremental lifetime cancer risk (ILCR) for adult 

recreational users for direct contact with sediments is 4 x 10–7.  The estimated theoretical upper-

bound ILCR for child recreational users for direct contact with sediments is 1 x 10–6.  These 

risks are below or at the most conservative end of the acceptable risk range (10–6). 
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The estimated non-carcinogenic hazard indices for adult and child recreational users for direct 

contact with sediments are 0.05 and 0.5, respectively.  These hazard indices do not exceed the 

target non-cancer hazard index of 1.  

Lake and Creek surface water data were compared to National Ambient Water Quality Criteria 

for Human Health (U.S. EPA, 2015b).  There were no exceedances of ambient water quality 

criteria in Lake surface water.  For Creek surface water, there was a single exceedance for 

p,p-DDE.  Creek data for p,p-DDE were collected in 2002 (4 samples) and 2015 (11 samples).  

p,p-DDE was detected in all of the 2002 samples, but none of the more recent 2015 samples. 

Cyanotoxin data were collected using passive, continuous (i.e., SPATT bag) methods.  SPATT 

results provide insight into toxin presence, but do not yield toxin concentrations.  Therefore, 

comparison of these results to the established action levels is not appropriate. 

Therefore, based on these results, it is concluded that there are not likely to be adverse health 

impacts to human recreational users at the Lake.  Because of these results, constituents of 

concern have not been identified for human receptors. 

5.3 Screening-Level Ecological Risk Assessment 

The SLERA evaluated the potential for adverse ecological impacts that may occur as a result of 

possible current exposures to chemicals in waters and sediments of the Lake and the Creek.  

As the primary concern is the potential impacts of water and sediment quality (RWQCB, 2011), 

this SLERA focuses on the potential risks to in-Lake and in-Creek biota. 

5.3.1 SLERA Problem Formulation 

Problem formulation establishes the scope of the ecological risk assessment, identifies the 

major factors to be considered, and ensures that ecological receptors likely to be exposed and 

exposure scenarios most likely to contribute to ecological risk are evaluated.  An SCM was 

prepared that identifies and summarizes the sources, mechanisms of transport, media of 

concern, exposure routes, and receptors of concern, and is intended to identify those exposure 
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scenarios that are most likely to put biotic receptors of concern at risk.  A SLERA SCM for the 

Lake and the Creek is shown in Figure 86.  Protection of the structure and function of in-Lake 

and in-Creek aquatic biota communities and sediment-dwelling biota communities was 

identified. 

5.3.2 SLERA Exposure Assessment 

The exposure assessment establishes the information necessary to determine or predict 

ecological exposures to COPCs under exposure conditions of interest.  As in-Lake aquatic biota 

and sediment-dwelling biota are considered to be distributed throughout the Lake, this SLERA 

evaluates the Lake as a single exposure area.  Similarly, as in-Creek aquatic biota and 

sediment-dwelling biota are considered to be distributed throughout the Creek, this SLERA 

evaluates the Creek as a separate, single exposure area. 

For the Lake, concentrations of COPCs are anticipated to vary by time and by depth.  

Consequently, exposures for in-Lake aquatic biota are calculated on a year-to-year, summer-

winter (seasonal), and surface-deep (depth) basis.  Concentrations in Lake sediments are 

anticipated to be more stable over time.  Hence, exposures for in-Lake sediment-dwelling biota 

are calculated based on combining data across all years and all seasons. 

In-Creek water chemistry is anticipated to vary over time.  However, data for in-Creek chemistry 

show variability and inconsistency (no apparent pattern) both seasonally and from one year to 

next.  Given the data, exposures for in-Creek aquatic biota are only calculated by grouping all 

available data across time. 

5.3.3 SLERA Effects Assessment 

The effects assessment establishes toxicity reference values (TRVs) that are protective of 

aquatic biota (i.e., aquatic plants, invertebrates, fishes) and sediment-dwelling biota (i.e., 

macroinvertebrates).  Ideally, the TRV is the highest dose or media concentration at which no 

chronic effects occur, and above which chronic adverse effects begin to occur.  Risk-based 

TRVs used in this SLERA were used directly or derived from: 
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 Water quality criteria for the protection of freshwater aquatic biota 

 Freshwater sediment quality guidelines 

TRVs used in this SLERA are either ARARs or were obtained from widely recognized state and 

federal government sources. 

Note that the same TRVs are used for both the Lake and the Creek as both are freshwater 

ecosystems supporting freshwater biota.  In addition, water quality criteria for total phosphorus 

and total nitrogen are not based on chemical toxicity to aquatic biota.  Rather, these water 

quality criteria are based on their potential to promote algal growth. 

5.3.3.1 Ammonia  

The toxic action of un-ionized ammonia on aquatic biota, particularly in sensitive fish, includes 

the following (U.S. EPA, 2013): 

 Increased ventilation rates and damage to the gill epithelium 

 Reduction in blood oxygen-carrying capacity due to progressive acidosis 

 Uncoupling oxidative phosphorylation causing inhibition of production and depletion of 

adenosine triphosphate (ATP) in the brain 

 Disruption of osmoregulatory and circulatory activity, disrupting normal metabolic 

functioning of the liver and kidneys 

Among invertebrates (bivalves), toxic effects of un-ionized ammonia include the following 

(U.S. EPA, 2013): 

 Reduced opening of valves for respiration and feeding 

 Reduced ciliary action in gills  

 Depletion of lipid and carbohydrate stores leading to metabolic alteration 

 Mortality  
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These negative physiological effects may lead to reductions in feeding, fecundity, and 

survivorship. 

Ammonia toxicity principally manifests from the un-ionized form (NH3) relative to the ionized 

ammonium ion (NH4
+).  In water, these two forms exist in equilibrium, based on temperature and 

pH (U.S. EPA, 1999b).  The San Diego Basin Plan ammonia benchmark is for un-ionized 

ammonia.  Un-ionized ammonia can be calculated from total ammonia using the following 

equations: 

 
pHpKNHf 


101

1
3

 (2) 

 
T

pK



2.273

92.729,2
09018.0  (3) 

where 
3NHf  = un-ionized ammonia (unitless fraction) 

 pH = [H+] of water body 

 T = water temperature (°C) 

The un-ionized ammonia concentration in surface water is then derived by multiplying total 

ammonia by 
3NHf .  Temperature and pH data collected concurrently with total ammonia data 

were used to calculate the un-ionized ammonia concentrations in Lake and Creek water. 

5.3.3.2 Nutrients vs. Hypoxia  

There is a concern that excessive phosphorus and nitrogen (nutrient) loading can result in 

increased phytoplankton and algal growth (i.e., increased primary productivity or “blooms”) in 

the Lake.  Harmful algal blooms can depress DO content of Lake surface waters to a level 

resulting in kills of fish and other aquatic biota (RWQCB, 1994).   

Hence, this SLRA did not evaluate risks due to exposure to individual nutrients (phosphorus, 

nitrogen) or the abundance of algae and/or aquatic plants.  Rather, this SLRA did evaluate the 
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risks due to reduced DO levels (hypoxia), a noted stressor in eutrophic waterbodies, for the 

following reasons: 

 Hypoxia is the cumulative result of excessive phosphorus and nitrogen loading to the 

Lake and the ensuing increase in algal abundance/harmful algal blooms. 

 Hypoxia is the stressor directly impacting aquatic biota. 

Note that because standards for ammonia, total phosphorus, and total nitrogen concentrations 

are available in the San Diego Basin Plan (RWQCB, 1994), concentrations are compared to 

these standards to provide added context in support of the RI/FS report. 

5.3.4 SLERA Risk Characterization 

Risk characterization integrates the results of the analysis phase (i.e., exposure and effects 

assessments) to evaluate the likelihood of adverse ecological impacts associated with exposure 

to COPCs (U.S. EPA, 1992).  Potential risks were inferred based on the following: 

 HQs 

 Other site-specific studies 

HQs were used to estimate the potential for adverse ecological impacts when sufficient 

exposure and toxicity data exist.  An HQ is simply the ratio of the estimated exposure to the 

TRV: 

 
TRV

exposureEstimated
HQ   (4) 

An HQ less than 1 indicates a negligible potential for adverse ecological impacts due to 

exposure to a particular COPC, whereas an HQ greater than or equal to 1 indicates a potential 

for adverse ecological impacts due to exposure to that COPC.   
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5.3.4.1 In-Lake Risks 

5.3.4.1.1 Aquatic Biota.  COPCs that consistently (over years and during both summer and 

winter seasons) exceeded TRVs for surface (epilimnion) waters in the Lake are as follow: 

 Un-ionized ammonia 

 Dissolved oxygen 

 Total phosphorus 

 Total nitrogen 

Boxplots in Appendix AF present data that are different than plots of the 95UCL; boxplots show 

the range in concentration.  Boxplots can be used to (1) obtain a sense of the upper and lower 

bound in ranges of observed concentrations and (2) compare distributions between seasons 

and years. 

For DO, TRVs were considered to be exceeded (i.e., unacceptable hypoxic conditions existed) 

when levels were less than the TRV of 5 mg/L.  Note that DO concentrations in the epilimnion 

fluctuate from year to year, showing periods where concentrations are above or below water 

quality criterion of 5 mg/L during recent years. 

COPCs that consistently exceeded TRVs for bottom (hypolimnion) waters in the Lake include 

the following: 

 Un-ionized ammonia 

 Dissolved oxygen 

 Total phosphorus 

 Total nitrogen 

Note that DO concentrations in the hypolimnion were consistently less than the 5 mg/L in recent 

years during both summer and winter seasons; the only exception was winter of 2015, in which 

DO concentrations were generally greater than 5 mg/L. 
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Numeric water quality criteria for total phosphorus and total nitrogen are not based on chemical 

toxicity to aquatic biota.  Rather, these water quality criteria are based on their potential to 

promote algal growth to the extent that such ‘blooms’ cause nuisance or adversely affect 

beneficial uses.  Exceedances of water quality criteria for total phosphorus and total nitrogen 

are considered to corroborate potential risks due to reduced oxygen concentrations (hypoxia) in 

bottom waters of the Lake.  However, numeric water quality criteria (TRVs) for ammonia are 

based on toxicological criteria.   

5.3.4.1.2 Sediment-Dwelling Biota.  Screening level EPCs of constituents exceeding TEC 

based TRVs in Lake sediments are as follow: 

 Arsenic 

 Zinc 

 Cadmium 

 DDE 

 Copper 

 Alpha (α)- and gamma (γ)-chlordane 

 Nickel 

 Total PAHs 

TECs and PECs were used to bound potential risks as follows (McDonald et al., 2000): 

 Less than TEC:  Adverse effects are not expected to occur. 

 Between TEC and PEC:  Predicted to be neither toxic nor non-toxic—no guidance 

provided for this range. 

 Greater than PEC:  Adverse effects are expected to occur more often than not. 

No constituents exceeded PEC-based TRVs in Lake sediments even using maximum detected 

concentrations (screening-level EPCs).  
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5.3.4.2 In-Creek Risks 

5.3.4.2.1 Aquatic Biota.  COPCs with available TRVs that have screening-level EPC 

concentrations exceeding a TRV (HQ > 1) include the following: 

 Un-ionized ammonia 

 Selenium 

 Total phosphorus  

 DDE 

 Total nitrogen 

The refined EPC for selenium did not exceed its TRV.  It should also be noted that the 

screening-level and refined EPC for DDE are the same concentration (i.e., the calculated 

95UCL was greater than the maximum detected concentration; therefore, the refined EPC 

defaulted to the maximum concentration), and was infrequently detected (selenium detected in 

1 of 11 samples and DDE detected in 3 of 15 samples).  Therefore, neither of these COPCs is 

expected to present a substantial ecological risk. 

Temporal trends are not evident in ammonia, DO, or nutrient concentrations, but a ‘spike’ in 

ammonia did occur in 2011 and 2012.  However, the refined EPC for un-ionized ammonia that 

accounts for the entire Creek system does not exceed the TRV.  It is probable that un-ionized 

ammonia presents potential ecological risk to aquatic life in some years but not in others.  

5.3.4.3 Site-Specific Studies 

No Creek-specific studies were found.  Lake-specific studies that were found and reviewed 

included the following: 

 Aquatic Vegetation Survey and Nutrient Content Evaluation Report (Great Ecology, 

2015a) 

 Phytoplankton Survey (CDC, 2012b and 2015a) 

 Zooplankton Survey (CDC, 2015a) 

 Fish Population Survey (Great Ecology, 2015b) 
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 Toxicity Testing for Sediments Collected from Lake San Marcos (Nautilus, 2015) 

With the exception of the site-specific sediment toxicity study, findings from these studies 

provide presence/absence information, but little to no usable quantitative information to 

characterize potential risks to in-Lake biota.  Findings from these studies were not used in the 

SLERA. 

5.3.4.3.1 Site-Specific Sediment Toxicity Tests (Nautilus, 2015).  HQs suggest that ammonia 

may pose a risk to sediment-dwelling biota, whereas results of site-specific sediment toxicity 

tests show no lethality to the amphipod (H. azteca), but some lethality to the midge (C. dilutus).  

Given results of purged samples, the authors conclude that ammonia alone does not account 

for observed elevated mortality to midges in Round 2.  The authors also conclude that presence 

or absence of toxicity in this study appears to be solely related to the sensitivity to ammonia 

exhibited by test organisms. 

Confounding findings among HQs and results of bioassays (i.e., different lines-of-evidence) are 

frequently noted in risk assessments.  Each line of evidence has its strengths and limitation.  

For example, the TRVs used to derive HQs are not based on site-specific sediment conditions; 

rather, they are based on chronic tests examining sub-lethal endpoints (e.g., reproductive 

impairment) of several test species, and are extrapolated to be generally protective of 

chronically exposed members of the sediment-dwelling community.  The sediment toxicity test 

was conducted using site-specific sediments; however, the study was conducted for a 10-day 

(not chronic) exposure period, for two test species, and only examined lethality. 

Both lines of evidence suggest that sediments pose a risk to sediment-dwelling biota.  Given the 

focused nature of site-specific toxicity data, it cannot be summarily concluded at this time that 

ammonia does not pose a chronic sub-lethal risk to sediment-dwelling biota. 

5.3.5 Summary of SLERA Results 

In Lake San Marcos, exposures to un-ionized ammonia and hypoxic conditions present potential 

risk to aquatic biota, based on comparison to aquatic life TRVs.  This is particularly evident in 
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the hypolimnion.  No other potential risk drivers were identified to aquatic life.  For sediment 

dwelling biota, some metal and pesticide COPCs exceeded screening level TRVs, but none 

exceeded TRVs indicative of probable toxicity.  Likewise, HQs for the screening level TRVs 

were generally low in magnitude.  Therefore, potential risk to benthic communities is not 

considered likely from metals or pesticides.  Results of site-specific sediment toxicity tests show 

no lethality to the amphipod (H. azteca), but some lethality to the midge (C. dilutes) (Nautilus, 

2015).  However, results of purged samples suggest that ammonia alone does not account for 

observed elevated mortality to midges in sediment toxicity tests.  Although the sediment toxicity 

test was conducted using site-specific sediments, the study was conducted for a 10-day (not 

chronic) exposure period and only examined lethality.  Given the confounding findings of HQ 

risk estimates and the sediment toxicity study, it cannot be summarily concluded that ammonia 

does not pose a chronic sub-lethal risk to sediment-dwelling biota. 

In San Marcos Creek nutrient concentrations, while high, do not appear to be creating hypoxic 

conditions in the Creek.  Potential risk from un-ionized ammonia also appears to be acceptable.  

Selenium and DDE exceeded their respective TRVs, but were infrequently detected.  This 

suggests that the results may be anomalous.  In summary, given the infrequent detections, a 

negligible potential for risk was identified for in-Creek aquatic life.  Potential risk to benthic 

macroinvertebrate communities was not evaluated due to the lack of sediment chemistry data. 

5.4 Uncertainty Analysis 

Risk estimates are values that have uncertainties associated with them.  These uncertainties, 

which arise at every step of a risk assessment, are evaluated to provide an indication of the 

relative degree of uncertainty associated with a risk estimate.  Uncertainties associated with the 

SLRA are discussed in Appendix AF.  To reduce uncertainties, focused verification of this SLRA 

may be considered. 

5.5 Identification of Constituents of Concern (Risk) 

Constituents of concern (risk) identified in this SLRA include the following: 
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 Recreational User 

 No constituents of concern were identified as a result of the SLHHRA. 

 In-Lake Aquatic Biota 

 DO and nutrients (total nitrogen and total phosphorus) are creating eutrophic 

conditions, which in turn drives hypoxia in surface waters.  This is primarily evident in 

the hypolimnion, where hypoxic conditions are present regardless of season.  This 

may present potential risk to aquatic biota.  Hypoxia in the epilimnion is of less 

concern. 

 Un-ionized ammonia (nutrient) in the epilimnion and particularly in the hypolimnion 

may be a potential risk driver.  Seasonal trending is evident in the hypolimnion, but 

exceedances were observed year-round in the epilimnion.    

 In-Lake Sediment-Dwelling Biota 

 Metals (arsenic, cadmium, copper, nickel and zinc) have sediment concentrations 

that exceed TEC TRVs but not PECs.  The level of toxicity associated with these 

metals is uncertain.  However, only copper and zinc have refined EPCs 

(representative of Lake-wide exposure) with HQs greater than 1, and the magnitudes 

of these exceedances are low.  As such, potential risk associated with metals in 

sediment is considered unlikely.  

 A sediment benchmark is not available to quantify potential risk from ammonia to 

sediment-dwelling biota.  However, given the potential risk to aquatic biota from 

exposure to the water column, it is conceivable that potential risk may also be 

present from hypolimnion water contacting the sediment bed and interstitial water 

within the sediment bed. 

 Pesticides (4,4'-DDE, alpha chlordane, and gamma chlordane), like metals, have 

sediment concentrations that exceed TEC TRVs but not PECs; thus, the level of 

toxicity is uncertain.  Given that the HQs for these pesticides are not exceedingly 

high (all HQs < 6) and no PEC TRVs are exceeded, potential risk with pesticides in 

sediment is considered unlikely. 
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 In-Creek Aquatic Biota 

 DO and nutrients:  Nutrient concentrations are high in Creek data, but potential risks 

to aquatic biota from un-ionized ammonia or hypoxia are not indicated based on the 

quantitative evaluation.  Selenium and DDE exceeded their respective TRVs, but 

were infrequently detected.  This suggests the results are anomalous, and not 

indicative of potential risk to aquatic biota. 
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6. Site Conceptual Model 

As discussed in Section 1, Lake San Marcos is a small private reservoir formed by the 

impoundment of upper San Marcos Creek.  The Lake is located at the southern boundary of the 

Watershed.  The Watershed covers 18,540 acres and is predominantly urban with single-family 

residential land use, with smaller commercial and industrial areas (Tetra Tech, 2015).  

Residential development represents approximately 32 percent of the Watershed land area, 

agriculture represents approximately 12 percent, and recreational areas (including golf courses) 

comprise approximately 5 percent of the Watershed land area.  The climate of the region is 

Mediterranean, with cool wet winters and warm dry summers.  Precipitation averages 

approximately 15 inches annually, although extreme variability is present, with annual 

precipitation values ranging from 3.9 to 24.2 inches and averaging 8.6 inches over the past 

14 years (CIMIS, 2015).     

6.1 Upper San Marcos Creek Watershed 

6.1.1 Water Quality 

The SCM for the Watershed is illustrated in Figure 87.  Within the Watershed there are 

numerous permitted National Pollutant Discharge Elimination System (NPDES) discharges, 

including MS4s and industrial and construction stormwater discharges.  The majority of the non-

point source (NPS) runoff to San Marcos Creek and its tributaries is therefore derived from 

developed areas.  Urban runoff and associated nutrient and sediment loads are strongly 

controlled by the degree of impervious cover, soil types, and existing stormwater BMPs in the 

Watershed.  Nutrient loading is in part related to prior site use in the area, including former 

poultry and dairy operations (Figure 2).  Nutrient loading is also associated with various current 

point and non-point sources in the Watershed (Figures 21 and 22).   

6.1.2 Watershed Inputs 

Watershed runoff concentrations of sediment and nutrients vary naturally with soil 

characteristics and land use.  For example, the nutrient and sediment yield from developed 
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agricultural and urban areas are typically much higher loads than undeveloped areas.  

Impervious cover (e.g., streets, alleys, parking lots, sidewalks, and roofs) generates much 

higher runoff than undeveloped or developed pervious areas and, as a result, have a higher 

yield.   

Build-up of regionally generated pollutants during the extended dry season and between storms 

is subject to wash-off during rainfall events.  Fertilizers, lawn wastes, leaking pipes, and other 

anthropogenic sources increase the concentrations of nutrients and sediments from developed 

areas unless sequentially removed by existing source, rate controls (such as wet detention 

basins), and volume controls (e.g. low impact development). 

The Mediterranean climate of southern California has a strong precipitation seasonality, with the 

majority of the rainfall occurring in winter.  Watershed modeling (Section 2.6) predicts that more 

than 85 percent of the total volumetric input to the Lake from San Marcos Creek occurs between 

October and March (Figure 88).  The sediment load was even greater in the winter, with 

97 percent of the total load during those three months (Figure 89).  Predicted nutrient loads 

have the same seasonality, with 91 percent of the total nitrogen and total phosphorus loads 

occurring in the winter months (Figures 90 and 91). 

A second important component of the California climate is the occurrence of El Niño periods 

(Section 3.3).  Modeling indicates that those years are characterized by substantially increased 

runoff, which carries higher sediment and nutrient loads to the Lake (Figures 92 through 95).  

During the El Niño periods, loads can be more than three times the long-term average. 

6.1.3 Storm Drain Water Quality 

With development of the Watershed over time, natural conveyances have been modified to 

more efficiently convey the increased runoff volume due to development.  Storm drains are 

significant sources of nutrients and sediment in both dry and wet periods because storm drain 

runoff originates in areas with elevated sediment and nutrient levels.   
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Sampling data indicate that Watershed storm drains typically have elevated nutrient levels when 

compared with the Creek receiving waters, however, those levels are typically less than the 

existing nitrogen WQO and typically (more than 75 percent of samples) exceed the existing total 

phosphorus WQO.  There is little difference in the exceedance frequency between Watershed 

samples collected during summer and winter.  However, dry weather exceedances are different 

depending on where the samples are collected in the Watershed.   

Storm drain samples have been extensively collected throughout the Watershed, as well as 

from drains surrounding and near the Lake (Section 2.5).  Total nitrogen concentrations in the 

storm drains near the Lake are marginally lower than from other storm drains in the Watershed 

during the summer and similar during winter.  Total phosphorus patterns were the reverse, with 

similar concentrations during summer and slightly higher concentrations during winter. 

6.1.4 Upper San Marcos Creek Water Quality 

Like the observed conditions in storm drain flows, nitrogen concentrations in the streams were 

typically below the existing WQO during both summer and winter.  During the summer, nitrogen 

concentrations in San Marcos Creek tended to decrease closer to the Lake but during winter, 

the concentrations were relatively similar throughout the Creek.  Nitrate/nitrite, nitrate, and total 

nitrogen concentrations in the Twin Oaks tributary were considerably higher than those 

observed in San Marcos Creek during both summer and winter (ammonia concentrations were 

similar).  The Twin Oaks tributary has more agricultural lands than other areas in the 

Watershed, which likely contributes to the elevated nitrogen levels.  

Total phosphorus concentrations tended to decrease downstream in lower San Marcos Creek 

but showed an increase near the Lake during the summer and slightly upstream of the Lake 

during the winter.  The Twin Oaks tributary had slightly higher total phosphorus concentrations 

in both summer and winter, which suggests that the upstream agricultural areas are a significant 

source of nutrients. 

Based on relatively limited sampling data, selenium, DDT/DDD/DDE, and pyrethroids are not 

present in surface water in significant concentrations.   
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6.1.5 Hydrology 

Surface water and groundwater in the area are influenced by the area’s Mediterranean climate 

and precipitation patterns, with low flows occurring during the summer months (base flows) and 

higher flows and higher groundwater resulting in the wet season.  The Watershed is 

predominantly composed of low-permeability soils (hydrologic soil groups [HSGs] C and D), with 

scattered pockets of higher-permeability HSG A and B soils, most predominantly in the 

headlands of San Marcos Creek and near the Lake.  Wet season runoff patterns are amplified 

by the degree of imperviousness from developed areas.  Base flows in the Creek may also be 

influenced by irrigation practices.  Because of the relatively elevated temperatures and low 

humidity during the summer months, evapotranspiration can be a significant source of water 

loss. 

6.2 Lake San Marcos 

Lake San Marcos is a small, private reservoir that was formed following construction of a small 

dam on San Marcos Creek in 1946.  The current concrete arch dam was completed in 1962, the 

shoreline was recontoured, and the Lake was filled with Colorado River water from the San 

Diego Canal in 1963 (Ball, 1974).  The dam is a variable radius arch dam with a spillway 

elevation of 496.78 feet msl; the rating curve for the dam is provided in Figure 17.  Lake 

bathymetry, hydrology, sedimentation, nutrient loading, water quality, and ecology are 

discussed in the following subsections.  The Lake SCM is presented in Figure 96. 

6.2.1 Bathymetry 

In response to a request from the County of San Diego concerning the elevation-area-volume 

relationships for the Lake, a 1969 CDWR memorandum provided area, capacity, and depths 

taken from a 1952 application indicating a maximum depth of 38.5 feet, a Lake surface area of 

54 acres, and a capacity of 480 acre-feet.  These values yield an average depth of 8.9 feet 

(Table 51).  Following raising of the dam and other activities, the area, capacity, and depth were 

reported to have increased by 50 percent or more (e.g., area of 80 acres and capacity of 

1,200 acre-feet). 
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However, Ball conducted a bathymetric survey for the Lake in 1974 and found values quite a bit 

lower than reported (Table 51).  In that survey, he reported that the upper part of the Lake, 

representing 78 percent of the Lake surface area, was a constructed basin of rather flat uniform 

depth between 8 to 9 feet.  The lower portion of the Lake, located within the natural steep-sided 

canyon, was about 12 acres (22 percent of the Lake area), with an average depth of 20 feet and 

a maximum depth of 34 feet.  These values can be compared with more recent values 

measured by Norman Peet for the County of San Diego Department of Public Works on 

November 19 and 20, 2005.  In that survey, Lake depth was measured at 19 transects across 

the short axis of the Lake (approximately east to west) with about 15 depth measurements per 

transect.  The maximum depth reported was 27.9 feet at a transect in the southern part of the 

Lake near the dam, while depths were typically 6 to 8 feet near the middle and upper-middle 

region of the Lake. 

A bathymetric survey was conducted by Tierra Data on December 20 and 21, 2012 to provide a 

detailed and up-to-date representation of the Lake basin.  Data were used by LimnoTech to 

develop a bathymetric map that also formed the basis for the three-dimensional grid used in 

Lake modeling.  Using georeferenced hydroacoustic data, satellite imagery, and GIS tools, 

LimnoTech reported a Lake surface area of 56 acres, capacity of 509 acre-feet, and mean and 

maximum depths of 9.1 feet and 30.5 feet, respectively (Table 51).  These values can be 

compared with those reported by Ball (1974).  Lake area is not meaningfully different from 

values reported by Ball (1974).  Capacity of the Lake is substantively lower, however, with a 

capacity of 509 acre-feet determined by LimnoTech, representing a loss of 149.5 acre-feet 

(23 percent) of storage in the intervening 38 years since Ball’s 1974 survey.  This corresponds 

to an average of 3.9 acre-feet of sediment deposited annually.  These values differ somewhat 

from preliminary calculations, but nonetheless indicate loss of capacity as a result of sediment 

accumulation within the Lake basin.  

6.2.2 Lake Hydrology 

Based on aerial photograph measurements using GIS software, the Watershed covers 

approximately 18,540 acres and the Lake surface area covers approximately 56 acres.  The 

relatively large Watershed and small Lake area yield a Watershed:Lake area ratio of over 300:1.  
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This ratio is thought to drive a number of important features of the Lake, including substantial 

Watershed inputs, low water residence times, and poor water quality (Kalff, 2002).  As a result 

of this strong linkage to the Watershed, the Lake and Creek are both impaired due to nutrients 

and constituents on the state’s 303(d) list.  The upper, northern portion of the Lake is relatively 

shallow, mostly about 2 to 5 feet deep, while the lower, southern portion of the Lake is mostly 

deeper than 10 feet, up to approximately 30 feet deep near the dam. 

The Mediterranean climate of the region delivers runoff during the cool winter months; therefore, 

most significant Watershed inputs are typically found in January through March.  Refined 

Watershed modeling (Section 3.3), coupled with a Lake model, will rigorously quantify the 

response of the Watershed and Lake to precipitation events.  

As a preliminary assessment, simple calculations suggest that with fairly typical annual rainfall 

of 10 to 12 inches (CIMIS, 2015) and assuming a conservative average runoff coefficient of 

0.1 to 0.2 (County of San Diego, 2003), the Watershed can generate and deliver 1,500 to 

4,000 acre-feet of runoff to the Lake.  Bathymetric data from Tierra Data (2013) indicate that the 

Lake volume is approximately 509 acre-feet.  Thus, Watershed runoff is capable under typical 

conditions of exchanging the entire Lake volume 3 to 8 times each winter.  

The amount and degree of Lake flushing that occurs is a direct result of the total amount and 

intensity of the annual precipitation in the Watershed.  The precipitation patterns in the 

Watershed are, in turn, affected by the extremes in the naturally occurring climate cycle referred 

to as the El Niño/Southern Oscillation (ENSO).  During an El Niño cycle, a warm pool of the 

Pacific Ocean typically shifts eastward along with an associated area of tropical convective 

rainfall (NWS, 2015).  The result can be a significant increase in rainfall over the Watershed.  El 

Niño episodes typically occur every 3 to 5 years; however, in the historical record this interval 

has varied from 2 to 7 years (NWS, 2015).  Even under common drought conditions, the Lake 

could be effectively flushed and reset each winter with the runoff inputs.  

Recent groundwater investigation work has shown that regional groundwater flows toward the 

Lake from the Watershed.  Local groundwater gradients are also directed toward the Lake 

(SCS, 2015b).  Groundwater inflow may help the Lake retain its relatively stable water level 
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throughout the year (Anderson, 2010).  Groundwater may also contribute some nutrient loading 

to Lake water (SCS, 2015b).  Mixing and other complex biogeochemical cycling also influence 

Lake water quality. 

Regional groundwater is also directed toward the Creek in the southern Watershed area.  

Regional groundwater flow into the Creek is therefore a secondary source of nutrients to the 

Creek and the Lake.   

CDC currently operates a supply well on the adjacent St. Marks Golf Club and discharges 

groundwater directly to the Lake in the northern Lake area.  However, there are only limited data 

available concerning pumping rate, duration, frequency, or history.   

6.2.3 Lake Sedimentation 

The upper, northern portion of the Lake is relatively shallow, mostly about 2 to 5 feet deep, while 

the lower, southern portion of the Lake is mostly deeper than 10 feet, up to approximately 

30 feet deep near the dam (Figure 4).  Runoff delivers nutrients and other constituents that 

contribute to impairments of the Lake.  While there is some uncertainty about early basin 

dimensions, especially reported for 1963, comparison of bathymetric surveys conducted by Ball 

(1974) and Tierra Data (2013) indicate that the Lake has rapidly infilled over the past several 

decades.  There are also a number of pipelines that cross the Lake bottom (Figure 4); 

construction of the temporary working dams and these pipelines likely added sediment.  

Infilling of lakes and reservoirs with sediment is a natural process, although accelerated 

sediment accumulation is commonly found in disturbed watersheds, especially those with 

agricultural activities and significant development (Kalff, 2002).  The Lake has thus served as a 

sediment trap, reducing sediment load to downstream reaches of the impounded Creek.  No 

sediment removal or dredging operations have been conducted in the Lake.   

Using Ball’s 1974 survey as a reference, the recent hydroacoustic survey conducted by Tierra 

Data (2013) indicate that Lake San Marcos has received 149.5 acre-feet of sediment that has 

reduced Lake capacity by approximately 23 percent over the past 38 years, lowered the mean 
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depth by 2.3 feet, and reduced the maximum depth by 3.5 feet (Table 51).  Higher rates of 

sedimentation have therefore been observed near the dam due to sediment focusing.  The 

observed reduction of the mean depth corresponds to a Lake-wide average annual 

sedimentation rate of 1.8 centimeters per year (cm/yr) and an average volumetric sediment load 

of 3.9 ac-ft/yr over this period of time.  Assuming a sediment water content of about 70 percent 

by weight and a (dry) sediment bulk density of 350 kilograms per cubic meter (kg/m3), this yields 

a deposition of 1,680 metric tons of sediment annually.  From a Watershed of 18,540 acres, this 

corresponds to a sediment yield of about 0.09 metric tons per acre per year.  Application of 

Watershed and Lake models (Section 3.3) will provide more detailed insights into the generation 

of runoff, delivery of nutrients and suspended solids to the Lake, and their retention and 

biogeochemical cycling.   

6.2.4 Lake Nutrient Loading 

In addition to the loss of storage capacity and depth, particulate forms of nutrients, whether 

delivered from the Watershed or formed in situ via biological uptake of dissolved forms of 

nutrients, are also retained in the Lake.  This can lead to long-term biogeochemical recycling of 

nutrients from the sediments to the water column (Figure 96); this internal loading of nutrients 

represents a significant part of the annual nutrient budget for the water column, and is especially 

important during the summer, when the Lake is hydrologically comparatively stable.  

Nonetheless, nuisance runoff inputs, groundwater exchange, and other processes are also 

operating.   

Available data also suggest that water levels are maintained in part by groundwater inflows and 

pumping; these processes therefore also play a role in terms of the water and nutrient budgets 

for the Lake (SCS, 2014b).  As discussed in Section 6.2.1, groundwater may also contribute 

some nutrient loading to Lake water (SCS, 2015b).   

The internal recycling of nutrients from bottom sediments thus contributes to the poor water 

quality of the Lake (Anderson, 2013; Great Ecology, 2015c).  This is especially important in the 

northern and central parts of the Lake and associated embayments that are relatively shallow 

(<10 feet); these sediments lie above the Lake thermocline that is present during the summer 
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(Great Ecology, 2014a), and therefore contribute readily available forms of nitrogen and 

phosphorus directly to the warm, relatively well-lit surface waters (Figure 96) that can support 

high levels of algal production (chlorophyll at concentrations typically 30 to 50 µg/L) (Great 

Ecology, 2014a).  

Historical episodic releases from the Watershed have also likely contributed to Lake nutrient 

loading over time, such as at historical former dairy or poultry properties (Section 3.1.3).   

Modeling shows that groundwater contributes a lower amount of nutrient loading to the Lake 

compared to Watershed runoff (Section 2.6.7). 

6.2.5 Lake Water Quality 

Concentrations of dissolved readily bioavailable forms of nutrients are often low near the 

surface of the Lake, indicating efficient uptake and utilization; concentrations in the hypolimnion 

present in the deepest part of the Lake near the dam can reach much higher values, with 

orthophosphate-P levels exceeding 2 mg/L and ammonium-N concentrations reaching 10 mg/L 

or more (Great Ecology, 2014a) (Figure 96).  The accumulation of nutrients within the 

hypolimnion that forms in the southern (deepest) part of the Lake provides direct evidence for 

the recycling from the sediments to the water column.  The thermal stratification present during 

the summer (Great Ecology, 2014a) (Figure 96) limits mixing of DO into the deeper regions of 

the Lake, while high rates of sediment and water column oxygen demand rapidly deplete DO 

concentrations below the thermocline (Great Ecology, 2014a) (Figure 96).  Low DO 

concentrations in the hypolimnion render this part of the water column unavailable for fish and 

other aerobic organisms.  

The mixing of the water column in the early fall also severely depletes DO concentrations 

throughout the water column in the southern portion of the Lake (Great Ecology, 2014a).  

Dissolution of oxygen from the atmosphere slowly restores DO concentrations through the fall 

(Great Ecology, 2014a).  
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6.2.6 Lake Ecology 

Water quality also affects, and is affected by, the ecology of the Lake.  The high concentrations 

of nutrients support a phytoplankton community that tends to be dominated by cyanobacteria 

(>77 percent numerical abundance), including Microcystis, Aphanocapsa, Anabaena, and 

Pseudanabaena (EcoAnalysts, 2012).  In comparison, green algae comprised about 19 percent 

and diatoms only 2.2 percent of the algal community  

The composition of the algal community also influences higher trophic levels.  Blue-green algae 

represent a poor quality food resource, thereby potentially limiting effective grazing by 

zooplankton (Moss, 1998).  The zooplankton community was sampled on August 6, 2014 by 

Great Ecology and analyzed by EcoAnalysts, Inc.  The zooplankton community was dominated 

by rotifers (e.g., Brachionus spp.), copepod nauplii, and ostracods (EcoAnalysts, 2012).  

Notably, beneficial large-bodied zooplankton were present in relatively low numbers, with only a 

single Daphnia identified (D. lumholtzi), which is an invasive species originally from Lake 

Victoria in Africa.  This community composition is consistent with poor food quality and/or one 

that is heavily grazed by zooplanktivorous fish that are sight-feeders selective for larger 

zooplankton (Moss, 1998). 

The fishery was sampled on November 20, 2014 by beach seining (Great Ecology, 2015b).  

Threadfin shad numerically dominated the fish collected, representing 87 percent of the total 

number of individuals.  Threadfin shad are excellent forage fish for piscivores such as 

largemouth bass and black crappie, but also exert a strong grazing pressure on beneficial 

zooplankton that can otherwise help control phytoplankton levels (Anderson, 2010).  

6.2.7 Lake Site Conceptual Model Summary 

In summary, the Lake is a small dam-impounded reservoir that receives runoff from the 

Watershed that is over 300 times the area of the Lake.  The amount of runoff that is received in 

the Lake is variable, but can be relatively large in years that experience an El Niño episode.  

Runoff delivers nutrients and other constituents that contribute to impairment of the Lake.  

Recent groundwater investigation work has shown that regional groundwater flows toward the 
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Lake from the Watershed.  Local groundwater gradients are also directed toward the Lake.  

Water quality sampling and modeling indicates that groundwater contributes a lower amount of 

nutrient loading to Lake water compared to surface water runoff. 

The Lake has served as a sediment trap and much of the runoff load (and associated nutrients) 

has been retained in the Lake.  Between 1974 and 2012, the Lake received an estimated 

1,680 metric tons per year of sediment (0.09 tons per year per acre of Watershed), and the 

Lake has lost an estimated 23 percent capacity.  Particulate forms of nutrients are also retained 

in the Lake, promoting long-term biogeochemical recycling of nutrients from the sediments to 

the water column and contributing to poor water quality in the Lake.   

The presence of nutrients in turn promotes algal production in the Lake.  The mixing of the 

water column in the early fall also severely depletes DO concentrations throughout the water 

column in the southern portion of the Lake due to release of hydrogen sulfide (observed as 

odors during sediment sampling) and other reduced constituents with a relatively high chemical 

oxygen demand.  The high concentrations of nutrients support a phytoplankton community 

dominated by cyanobacteria.  Low DO concentrations and high hydrogen sulfide and ammonia 

concentrations in the hypolimnion render this part of the water column unavailable for fish and 

other aerobic organisms.  Threadfin shad dominates the fishery of the Lake, and may limit 

effective grazing of algae by zooplankton due to predation on beneficial large-bodied Daphnia. 
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7. RI Conclusions 

As discussed in detail in Section 2, the RI consisted of field work focused on Watershed surface 

water sampling and Lake water and sediment sampling.  Groundwater characterization was also 

conducted across the Watershed and in the vicinity of the Lake.  In addition, soil and 

groundwater sampling was conducted in the vicinity of former agricultural properties along San 

Marcos Creek.  Soil, sediment, and water laboratory analyses focused primarily on nutrients 

(nitrogen and phosphorus compounds) with supplemental data collected for metals, pesticides, 

and water quality parameters.   

The following conclusions are based on background information presented and discussed in 

Section 1 and RI data presented and discussed in Section 4: 

 Based on information that summarizes the past operations at these properties, the 

former Prohoroff, Wilgenburg, and Hollandia properties contributed significant quantities 

of nutrients to San Marcos Creek over the course of their historical agricultural 

operations.  Soil sampling in the vicinity of the former agricultural properties indicates 

that residual soil nutrients are present at the agricultural properties:  

 The maximum detected phosphorus concentrations in relatively shallow soil 

(440 mg/kg at 2.25 feet bgs and 400 mg/kg at 3.75 feet bgs) were measured 

downgradient of the former Prohoroff and Wilgenburg properties.  The maximum 

detected TKN concentration of 940 mg/kg and the maximum detected ammonia 

concentration of 180 mg/kg were detected between the Hollandia property and San 

Marcos Creek.   

 Groundwater sampling and modeling in the Watershed and Lake area indicates that 

groundwater nutrient flux is lower than Watershed surface water runoff flux: 

 Groundwater inflow to the Lake is approximately 57 to 59 ac-ft/yr during the dry 

season (using 2012-2014 data) and 0 ac-ft/yr during the wet season.   
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 Supply well data indicate that groundwater in the central Watershed is a potential 

source of total phosphorus (averaging 0.15 mg/L) to the Lake. 

 Lake/groundwater gradient data plus the dissolved nutrient concentration data 

suggest that shallow Lake area groundwater is likely contributing nutrient inflow to 

the Lake.   

 The golf course supply well sampling data indicate that groundwater in the screened 

interval of the well (likely >100 feet bgs) is not a significant source of nutrients to the 

Lake.   

 Maximum detected nutrient concentrations in groundwater are typically lower than 

those detected in surface water. 

 Storm drain and Creek water sampling data indicate that detected phosphorus and 

nitrogen compound concentrations typically exceed existing WQOs for total phosphorus 

and total nitrogen: 

 Nutrient concentrations detected in Watershed storm drains are typically higher than 

those detected in Creek receiving waters.  

 Lake area storm drains typically have lower total nitrogen concentrations in the 

summer compared to other Watershed storm drains; in the winter, total nitrogen 

concentrations increase in Lake area storm drains, as well as in storm drains near 

the former Hollandia property.     

 Lake area and Watershed area storm drains have similar total phosphorus 

concentrations in the summer; total phosphorus concentrations are slightly higher in 

winter Lake storm drain samples.     

 During the summer, total nitrogen concentrations in San Marcos Creek tended to 

decrease at sampling stations closer to the Lake; during winter, however, the 

concentrations were relatively similar throughout the Creek.   
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 Nitrate/nitrite, nitrate, and total nitrogen concentrations in the Twin Oaks tributary 

were considerably higher than those observed in San Marcos Creek during both 

summer and winter (ammonia concentrations were similar).  The Twin Oaks tributary 

has more agricultural lands in the Watershed model than other areas in the 

Watershed model, which likely contributes to the elevated nitrogen levels.  

 The Twin Oaks tributary had higher average total phosphorus concentrations in both 

summer and winter, which also suggests that the modeled upstream agricultural 

areas are a significant source of nutrients.  Model output and empirical ammonia, 

nitrate, nitrate/nitrite, and total nitrogen data indicate that the Twin Oaks portion of 

the Watershed model is also the most significant source of nitrogen concentrations in 

the Watershed model output.  County field sampling data indicate, however, that 

surface water flow in the Twin Oaks branch during two sampling events 

(Appendix O) was less than predicted in the model; thus, modeled long-term average 

flux and loading from this area that was based on model flow rates assigned through 

“weight-of-evidence” model calibration (Appendix P) is overestimated when 

compared to these empirical County data.   

 Based on relatively limited sampling data, selenium, DDT/DDD/DDE, and pyrethroids 

are not present in surface water (storm drains or Creek water), or are present only in 

relatively insignificant concentrations. 

 Model-predicted sediment yields show that “Barren” and “Agriculture” land uses have the 

highest TSS loads.  During years with higher precipitation, model-predicted sediment 

yield increases by more than two orders of magnitude. 

 Model-predicted land use nutrient inputs were similar to sediment loads, with modeled 

“Barren” and “Agriculture” land uses having some of the highest model-predicted yields.  

Other modeled agricultural lands (“Nursery Greenhouse” and “Orchard Vineyard”) and 

golf courses also contribute to model-predicted nutrient loading in the Creek. 
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 Lake conditions characterized by the RI are summarized as follows: 

 Lake San Marcos is a eutrophic warm monomictic reservoir that exhibits gradients in 

basin properties and water quality across its longitudinal extent.  The deeper 

southern region near the dam exhibits a temperature and stratification regime similar 

to other lakes in the region.  Well-mixed conditions and annual minimum water 

column temperatures near 10 to 12°C are present in the winter, followed by rapid 

warming and onset of thermal stratification in late winter/early spring, thermal 

stratification with very warm surface temperatures (25 to 27°C) through the summer, 

and cooling and mixing in the fall.   

 Associated with thermal stratification, DO concentrations are rapidly depleted and a 

strongly anoxic hypolimnion is present for much of the summer with high 

concentrations of ammonium-N, phosphate-P and, based upon odor of water 

samples, hydrogen sulfide production.  Mixing of the Lake generally occurs in 

September and results in low DO concentrations throughout the water column in this 

deeper region of the Lake for an extended period of time.  Natural reaeration through 

the transfer of oxygen from the atmosphere into the water column, in response to the 

disequilibrium with respect to Henry’s Law, slowly increases DO concentrations in 

the water column.  The high concentrations of ammonium-N and hydrogen sulfide 

exert a strong chemical oxygen demand in the water.  In contrast, the northern part 

of the Lake is very shallow, and experiences no seasonal thermal stratification.  DO 

concentrations are thus typically relatively high compared with the deeper part of the 

Lake.  

 Water quality is poor throughout the Lake, with high chlorophyll a concentrations and 

low transparency.  Conditions are often particularly poor near the inflow from San 

Marcos Creek; this is attributed to the shallow depth (<3 feet), limited lateral mixing, 

and inflows from the Creek.  Phytoplankton are often dominated by blue-green algae 

well-adapted to shallow stagnant waters, although species richness and diversity 

appears to be relatively high during cooler seasonal conditions.  The zooplankton 

community includes few large-bodied cladocerans, which limit natural grazing that 

help regulate algal levels.  The fishery is dominated chiefly by threadfin shad, which 
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are thought to be, in part, responsible for observed zooplankton and phytoplankton 

populations.  

 LimnoTech’s Lake and Watershed water, solids, and nutrient budget models indicate the 

following: 

 The largest component of the summer Lake water budget is groundwater inflow from 

the golf course supply well (1,055 acre-feet), which is approximately 1.5 times the 

amount of water input from Watershed runoff (729 acre-feet).  Lake water extraction 

for irrigation in the summer accounts for nearly the same volume (97 percent) as 

input from Watershed runoff (–708 acre-feet).   

 Watershed runoff (4,293 acre-feet) is the largest winter water budget component, 

followed by water loss from dam overflow (–2,829 acre-feet) and loss from use of the 

dam valve (–1,165 acre-feet).  Total water loss over the dam and through the valve 

in winter (–3,394 acre-feet) is about 80 percent of input from Watershed runoff 

(4,293 acre-feet).   

 Summer Lake solids input from Watershed runoff (64,878 kg) is about 17 percent of 

the solids input to the Lake from winter Watershed runoff (391,026 kg).  About 

30 percent of the summer solids budget from Watershed runoff is lost over the dam 

or through the dam valve, and another 12 percent is lost in Lake water extraction for 

irrigation.  In winter, 44 percent of the solids budget from Watershed runoff goes over 

the dam or through the valve.   

 Summer total phosphorus input from Watershed runoff (685 kg) is the largest total 

phosphorus budget component, followed by sediment bed diffusion (391 kg); about 

45 percent is lost over the dam or through the valve.  In winter, the total phosphorus 

input from the Watershed increases to 2,520 kg, and about 71 percent goes over the 

dam or through the valve (approximately 731 kg remain in the Lake).  
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 In summer, total nitrogen input from Watershed runoff is about 5,891 kg, and about 

38 percent is lost over the dam or through the valve; another 14 percent is lost to 

Lake water extraction for irrigation.  In winter, the total nitrogen input from the 

Watershed increases over 3.5 times to 21,135 kg, and about 66 percent goes over 

the dam or through the valve. 
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8. Feasibility Study 

8.1 Introduction and Purpose 

The following FS is compliant with CERCLA and the NCP, and was prepared in accordance with 

the Guidance for Conducting Remedial Investigations and Feasibility Studies Under CERCLA 

(U.S. EPA, 1988).  The purpose of this FS is the development and evaluation of implementable 

remedial alternatives to address identified remedial action objectives (RAOs).   

8.2 Document Organization 

Section 8.3 presents the COPCs identified in risk screening (Section 5).  Section 8.4 describes 

applicable or relevant and appropriate requirements (ARARs).  Section 8.5 presents and 

discusses RAOs.  Section 8.6 presents and discusses general response actions (GRAs) that 

could be used to address site RAOs.   

Section 8.7 identifies and provides a preliminary screening of several technology alternatives 

that could potentially be appropriate.  The result of this preliminary screening is the selection of 

specific technology alternatives that will be subjected to more detailed analysis.  Section 8.8 

provides the detailed analysis of selected technology alternatives that result from the preliminary 

screening conducted in Section 8.7.  The detailed analysis consists of evaluating the 

technologies against nine CERCLA criteria (CERCLA NCP, 40 CFR Part 300, Section 300.430).  

Section 8.9 presents and discusses the selected preferred technology alternative, including 

approximate cost ranges.     

8.3 Site COPCs (FS) 

Based on the risk screening summarized in Section 5, the following COPCs (based on 

ecological risk) have been identified for the Lake and the Watershed: 

 DO 

 Nutrients 
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Metals and pesticides identified as ecological COPCs (risk) will not be carried into the FS, as 

potential risk associated with analytes is considered unlikely.  Human health risk is not indicated 

for any analytes (Section 5.5).   

8.4 ARARs 

In accordance with CERCLA, remedial actions performed under CERCLA must achieve a level 

of cleanup and/or control of pollutants or contaminants that assures protection of human health 

and the environment.  Remedial actions must meet the requirements of federal environmental 

laws or more stringent state environmental laws referred to as applicable or relevant and 

appropriate requirements (ARARs).  Remedial alternative screening must include ARARs 

evaluation.   

As noted by U.S. EPA (1991): 

Section 121(d)(2) of the Comprehensive Environmental Response, Compensation, and Liability 

Act (CERCLA), as amended by the 1986 Superfund Amendments and Reauthorization Act 

(SARA), requires that on-site remedial actions must attain (or waive) Federal and more stringent 

state ARARs of environmental laws upon completion of the remedial action.  The revised National 

Contingency Plan of 1990 (NCP) requires compliance with ARARs during remedial actions as 

well as at completion, and compels attainment of ARARs during removal actions to the extent 

practicable, considering the exigencies of the situation (NCP, 40 CFR section 300.415(i) (55 FR 

8666, 8843) and section 300.435(b)(2) (55 FR 8666, 8852) (March 8, 1990). 

8.4.1 Definitions 

Applicable requirements are those “cleanup standards, standards of control, and other 

substantive requirements, criteria, or limitations promulgated under federal environmental or 

state environmental or facility siting laws that specifically address a hazardous substance, 

pollutant, contaminant, remedial action, location, or other circumstance found at a CERCLA site.  

Only those state standards that are identified by a state in a timely manner and that are more 

stringent than federal requirements may be applicable” (CFR 300.5).   
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If a requirement is not applicable, it still may be relevant and appropriate and address issues 

“sufficiently similar to those encountered at the CERCLA site that their use is well suited to the 

particular site” (Section 300.5 of the NCP, 55 FR at 8817) (U.S. EPA, 1991).    

As summarized by U.S. EPA (BAH, 1998), environmental laws and regulations can be broadly 

classified into three categories:  

 Laws and regulations pertaining to the management of certain chemicals 

 Laws and regulations that restrict activities at a given location 

 Laws and regulations that control specific actions 

There are therefore three primary types of ARARs (BAH, 1998): 

 Chemical-Specific ARARs: Usually health-based or risk-based restrictions on the 

concentration or flux of a chemical that may be found in or discharged to the 

environment.       

 Location-Specific ARARs:  Intended to protect unique or sensitive areas, such as 

wetlands, riparian areas, historic places, and fragile ecosystems, and restrict or prohibit 

activities that are potentially harmful to such areas.     

 Action-Specific ARARs:  Activity or technology based.  These ARARs control remedial 

activities involving the design or use of certain equipment or technology or regulate 

discrete actions and are used in remedial technology alternatives screening.   

To-be-considered criteria (TBC) are also identified in addition to ARARs.  TBCs are advisories, 

guidance, policies, and/or proposed regulations or standards that might be applicable or 

applicable in the future.  Finally, local permitting requirements and ordinances are also 

applicable when performing remedial actions. 
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8.4.2 Identified ARARs 

ARARs for the Lake, Creek, and Watershed are summarized in Table 52 and include: 

1. 1961 California Lake and Streambed Alteration Program  

2. 1968 California Anti-degradation Policy 

3. 1969 California Porter-Cologne Act 

4. 1970 California Environmental Quality Act (CEQA) 

5. 1970 California Endangered Species Act (CESA) 

6. 1972 Federal Clean Water Act (CWA) 

7. 1973 Federal Endangered Species Act (ESA) 

8. 1993 USEPA Non-point Pollution (NPS) Management Guidance 

9. 1994 RWQCB San Diego Basin Plan 

10. 1995 SWRCB Water Quality Policy, Enclosed Bays and Estuaries  

11. 2000 California Toxics Rule (CTR) 

12. 2002 California Water Quality Enforcement Policy 

13. 2004 California NPS Pollution Control Policy 

14. 2005 Toxics Standards Policy for Inland Surface Waters 

15. 2005 USEPA Contaminated sediment remediation guidance 

16. 2007 SWRCB SWAMP Water Chemistry Threshold Standards 

17. 2007 OEHHA threshold concentrations for fish tissue contaminants 

18. 2012 OEHHA Cyanotoxin Action Levels 

19. 2015 SWRCB 303(d) Listing Policy of 2004, amended 2015 

20. 2015 USEPA Draft Selenium Ambient Fresh Water Quality Criterion 

21. 2015 SWRCB State Bacterial Objectives (proposed) 

22. 2015 SWRCB Recycled Water Policy (and amendment) 
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23. 2015 SWRCB Nutrient Objectives for CA (statewide nutrient control program) (proposed) 

24. 2015 SWRCB Draft Policy for Toxicity Assessment and Control (proposed) 

25. 2015 California Division of Occupational Safety and Health (DOSH) regulations (Cal-

OSHA) 

26. 2015 SWRCB/RWQCB 401 Water Quality Certifications and Wetlands Program 

8.5 Remedial Action Objectives 

RAOs are general cleanup objectives designed to protect human health and the environment 

and site-specific goals.  RAOs are developed in this section for both the Lake and the 

Watershed.      

8.5.1 Upper San Marcos Creek Watershed 

Identified general RAOs for the Watershed consist of the following: 

 Protection of human health and the environment 

 Protection of water quality and ecological resources 

The specific RAO for the Watershed is as follows: 

 RAO1:  Reduce nutrient loading to Lake San Marcos 

The Watershed has elevated levels of nutrients entering the Lake, which impacts Lake water 

quality.  Because the Lake impairments from elevated nutrients at least partially originate from 

Watershed inputs, mitigating those inputs is necessary to improve Lake conditions.  GRAs in the 

Watershed (Section 8.6.1) focus on reducing the anthropogenic nutrient inputs during both wet 

and dry weather conditions.  
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8.5.2 Lake San Marcos RAOs 

Identified general RAOs for Lake San Marcos consist of the following: 

 Protection of human health and the environment 

 Protection of water quality and ecological resources 

Specific RAOs for Lake water are as follows: 

 RAO1:  Improve DO conditions  

 RAO2:  Reduce nutrient concentrations 

 RAO3:  Reduce chlorophyll a concentrations/improve water clarity 

The specific RAO for Lake sediment is as follows: 

 RAO4:  Reduce nutrient release from sediments to water column 

The availability of DO in lakes and reservoirs (1) governs the suitability of the water column for 

fish, zooplankton, and other aerobic organisms, and (2) regulates biogeochemical conditions 

and reactions, including mineral solubility and reductive dissolution and release of phosphate 

bound to iron and manganese oxides and hydroxides, formation of hydrogen sulfide, methane 

and other redox reactions, and the production and release of ammonium and phosphate from 

bottom sediments.  Maintenance of adequate DO concentrations in the water column is thus a 

critical objective for lake restoration efforts.  The RWQCB has defined in its Basin Plan a WQO 

of >5 mg/L.  As noted in Section 2, DO concentrations frequently fail to meet this WQO.  

In addition to DO concentrations in the water column, the concentrations of nutrients are of 

central importance in defining water quality in a lake.  Algal production, and thus also water 

clarity and color, is dependent upon availability of nitrogen and phosphorus; for example, 

nitrogen is needed for producing amino acids and proteins, while phosphorus is required for 

synthesis of phospholipid bilayers and ATP.  Redfield (1934) previously found that the elemental 

composition of phytoplankton is 40:7:1 on a mass basis. 



 

 

 

 

 182  

D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

Algal abundance is most commonly quantified through the measurement of chlorophyll a levels 

in the water column.  Chlorophyll a is the primary pigment and chromophore used in the process 

of photosynthesis.  Its concentration is a key index of water quality and overall ecological health, 

directly affects water clarity and color, and is therefore also an important aesthetic property.  

The concentration of chlorophyll a can also affect shortwave penetration into the water column 

that affects water column thermal properties, lake heat budget, and development of the aquatic 

macrophyte community and littoral zone. 

Internal recycling and loading of nutrients to the water column from bottom sediments (derived 

from prior external loading) is often a major or primary source of nutrients leading to 

impairments of a lake’s beneficial uses.  Control of internal loading is thus a primary objective of 

many lake restoration projects. 

8.6 General Response Actions 

GRAs describe those broad, overall categories of actions that will satisfy RAOs and provide a 

framework for identifying specific remedial technologies for screening and detailed analysis.   

8.6.1 Upper San Marcos Creek Watershed 

Watershed GRAs include one or a combination of the following: 

 No action 

 Low-impact development (LID) 

 Pollution controls 

 BMPs 

 Regional stormwater control 

 Stream restoration 

The GRAs, discussed below, would be supplementary and applied in addition to whatever 

BMPs and/or NPS runoff controls or programs already exist in the Watershed. 
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8.6.1.1 No Action 

No remedial activities would be implemented under this alternative.  This alternative is the 

standard comparative response action and is required to be considered by the NCP and 

CERCLA as a baseline against which other alternatives can be compared. 

8.6.1.2 Low-Impact Development 

LID “is a comprehensive land planning and engineering design approach with a goal of 

maintaining and enhancing the pre-development hydrologic regime of urban and developing 

watersheds.”  Watershed LID GRA options consist of technologies intended to reduce rainfall 

runoff due to capture or infiltration into engineered pavements or structures.  LID can also 

include management options for anthropogenic runoff reduction, capture, control, and/or reuse.  

Existing LID regulations are currently in effect in the Watershed; therefore, this GRA would 

include supplementary LID in addition to currently planned LID projects.   

8.6.1.3 Pollution Controls 

Watershed pollution control GRA options consist of coordinated efforts intended to reduce 

unacceptable build-up of targeted Watershed contaminants (such as nutrients) on a regional 

scale.  Build-up can occur on streets, public and private properties, regional catch basins, or 

other public stormwater control or distribution infrastructure.  Existing pollution controls (such as 

street sweeping) are likely currently in effect in the Watershed; therefore, this GRA would 

include supplementary pollution controls in addition to currently existing pollution controls. 

8.6.1.4 Agricultural BMPs 

Watershed agricultural BMP GRA options consist of efforts specifically targeting stormwater 

and/or anthropogenic runoff from existing agricultural properties and operations in the 

Watershed, including crop production, animal husbandry, and/or landscaping.  Stormwater 

runoff generally contains fertilizers and pesticides, as well as nutrients that need to be 

addressed. 

Existing agricultural BMPs (such as buffer strips) are currently present in the Watershed; 

therefore, this GRA would include supplementary agricultural BMPs in addition to currently 

existing or planned agricultural BMPs.  For example, the RWQCB is currently developing the 



 

 

 

 

 184  

D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

tentative general waste discharge requirements for discharges of wastes from commercial 

agricultural and nursery operations within the San Diego Region (General Agricultural Order) to 

replace the expired Agricultural Waiver.  The San Diego Water Board is tentatively scheduled to 

consider adoption of the Tentative General Order in late 2015.  The order is also expected to 

eventually require monitoring, as well as BMPs for agricultural sources.  

8.6.1.5 Regional Stormwater Control 

Regional stormwater control GRAs consist of coordinated efforts to capture, control and/or 

manage Watershed-wide stormwater flow and runoff.  Stormwater controls in this category of 

GRAs typically involves relatively large-scale civil engineering infrastructure, such as flood-

control channels and watershed-scale detention basins.  Use of existing stormwater or sanitary 

sewer lines for flow diversion to regional wastewater treatment plants is also included. 

8.6.1.6 Stream Restoration 

Stream restoration consists of efforts to restore the pre-development streambed while 

incorporating nutrient reduction capability.  Stream restoration can involve reduced streamflow 

rates, channel widening, increased streambed microtopography, and increased native 

vegetation.  This GRA incorporates the redesign of a degraded stream channel to allow for a 

more natural flow condition while providing a level of water quality treatment via biological 

uptake and reduced streambank erosion and sediment generation.  This option could also 

contain engineered access to periodically apply a permitted chemical additive treatment, such 

as a flocculation agent for phosphorus inactivation.   

8.6.2 Lake San Marcos 

GRAs to address the Lake RAOs (Section 8.5) are discussed in the following subsections. 

8.6.2.1 Lake RAO1:  Improve DO Conditions  

8.6.2.1.1 No Action.  No remedial activities would be implemented under this alternative.  This 

alternative is the standard comparative response action and is required to be considered by the 

NCP and CERCLA as a baseline against which other alternatives can be compared. 
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8.6.2.1.2 Physical Control.  Includes methods to physically or mechanically enhance mixing of 

the water column to eliminate thermal stratification, redistribute or add oxygen to hypolimnion or 

the entire water column, and provide control on sulfide and ammonia production.  This option 

also includes adjusting the overall water balance of the Lake using Lake water extraction and 

groundwater input.   

8.6.2.2 Lake RAO2:  Reduce Nutrient Concentrations 

8.6.2.2.1 No Action.  No remedial activities would be implemented under this alternative.  This 

alternative is the standard comparative response action and is required to be considered by the 

NCP and CERCLA as a baseline against which other alternatives can be compared. 

8.6.2.2.2 Physical Control.  Includes methods to redistribute or add oxygen to hypolimnion or 

entire water column; maintains oxic conditions at sediment/water interface that inhibits release 

from sediments. 

8.6.2.2.3 Chemical Control.  Involves addition of chemical/flocculant that is effective at 

removing dissolved and particulate forms of nutrients, stripping them from the water, and 

rendering them unavailable for uptake by phytoplankton or release from sediments. 

8.6.2.2.4 Biological Control.  Includes biological or ecological manipulation to reduce nutrient 

levels (e.g., removal of benthivorous fish that resuspend bottom sediments and thus enhance 

release of nutrients to water column). 

8.6.2.3 Lake RAO3:  Lower Algal Concentrations/Improve Water Clarity 

8.6.2.3.1 No Action.  No remedial activities would be implemented under this alternative.  This 

alternative is the standard comparative response action and is required to be considered by the 

NCP and CERCLA as a baseline against which other alternatives can be compared. 

8.6.2.3.2 Chemical Control.  Includes algaecide addition and chemical inactivation/reduction of 

nutrient availability described above (bottom-up approach). 
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8.6.2.3.3 Physical Control.  Includes limiting time of phytoplankton within photic zone via 

physical or mechanical mixing; induces light limitation to algal growth. 

8.6.2.3.4 Biological Control.  Includes top-down control of phytoplankton levels by maximizing 

grazing by zooplankton or planktivorous fish. 

8.6.2.4 Lake RAO4:  Reduce Nutrient Release from Bottom Sediments 

8.6.2.4.1 No Action.  No remedial activities would be implemented under this alternative.  This 

alternative is the standard comparative response action and is required to be considered by the 

NCP and CERCLA as a baseline against which other alternatives can be compared. 

8.6.2.4.2 Physical Control.  Includes dredging to remove nutrient-laden sediments, and 

aeration or oxygenation to maintain oxic conditions at sediment/water interface that inhibits 

nutrient release from sediments to water column. 

8.6.2.4.3 Chemical Control.  Involves addition of chemicals that oxidize sediments, inactivates 

phosphorus by irreversibly binding it within bottom sediments, or inhibits ammonium-N formation 

and release.  

8.7 Identification and Screening of Technology Alternatives 

8.7.1 Approach 

This section describes the GRA technologies commonly used in industry to address the RAOs 

(Section 8.5).  This section also provides an initial screening of these technologies to identify 

and eliminate technologies that have a sufficiently obvious flaw, based on known conditions, 

such that it can be determined early on in the remedy selection process that the technology 

could not be reasonably implemented achieve RAOs.  Technologies that are retained as the 

result of the analysis presented in this section are then carried forward to the detailed analysis 

of technology alternatives presented in Section 8.8.  Section 8.9 presents the selected preferred 

alternative. 
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8.7.2 Upper San Marcos Creek Watershed 

Screening technologies for the Watershed are presented in Table 53.  

8.7.2.1 No Action 

As discussed in Section 8.6, no remedial activities would be implemented under the No Action 

alternative.  This alternative is the CERCLA standard comparative response action considered 

as a baseline against which other alternatives can be compared. 

8.7.2.2 Low-Impact Development 

LID engineering attempts to return the hydraulic/hydrologic response of a watershed to 

conditions that are more representative of pre-development conditions.  Several potential LID 

approaches are available that intercept and infiltrate stormwater to bind and settle nutrients or 

allow nutrients to be utilized by biota.  Multiple LID options are outlined in CASQA (2003).  

Some LID options can be retrofitted to existing development, but most are more readily 

implemented in new developments.  Potential LID options include the following: 

 Bioretention 

 Permeable pavement 

 Vegetated buffer strips 

 Downspout disconnection 

 Irrigation management 

 Residential rain barrels 

8.7.2.2.1 Bioretention.  The bioretention BMP functions as a soil and plant-based filtration 

device that removes pollutants through a variety of physical, biological, and chemical treatment 

processes.  These facilities typically consist of a grass buffer strip, sand bed, ponding area, 

organic layer or mulch layer, planting soil, and plants.  Runoff velocity is reduced by passing 

over or through the buffer strip and subsequently distributed evenly along a ponding area.  

Exfiltration of the stored water in the bioretention area planting soil into the underlying soils 

occurs over a period of days (CASQA, 2003). 
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8.7.2.2.2 Permeable Pavement.  This term describes a system comprising a load-bearing, 

durable surface together with an underlying layered structure that temporarily stores water prior 

to infiltration or drainage to a controlled outlet.  The surface can itself be porous such that water 

infiltrates across the entire surface of the material (e.g., grass and gravel surfaces, porous 

concrete and porous asphalt), or can be built up of impermeable blocks separated by spaces 

and joints, through which the water can drain (CASQA, 2003).  

8.7.2.2.3 Vegetated Buffer Strips.  Grassed buffer strips (vegetated filter strips, filter strips, and 

grassed filters) are vegetated surfaces that are designed to treat sheet flow from adjacent 

surfaces (CASQA, 2003). 

8.7.2.2.4 Downspout Disconnection.  This option involves removing direct connections of 

downspouts from road curbs and allowing roof runoff to flow across a pervious surface (e.g., 

lawn, filter strip) and infiltrate.   

8.7.2.2.5 Irrigation Management.  Irrigation management aims to reduce lawn overwatering to 

only provide needed water based on evapotranspiration requirements.  It also adjusts sprinklers 

so that only lawns are irrigated and not the surrounding sidewalks, driveways, or roads. 

8.7.2.2.6 Residential Rain Barrels.  Rain barrels intercept roof runoff for use on the parcel as 

irrigation at a later date.  The rain barrels can also help to retain the more nutrient-rich first flush. 

8.7.2.2.7 LID Screening Summary.  LID has the ability to greatly reduce the nutrient runoff 

from developed parcels.  It is typically integrated into new development as a compliance to 

minimize anthropogenic nutrient loads and reduce peak flows to comply with hydromodification 

requirements.  Because the Watershed is highly developed, widespread coordinated 

supplementary application of LID approaches on existing parcels is unlikely.  Thus, LID is not 

retained for detailed analysis.  

8.7.2.3 Pollution Controls 

Pollution controls reduce nutrient build-up before runoff transport to surface water.  Typical 

approaches include the following: 
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 Street sweeping  

 Catch basin cleaning  

 Facility Inspections  

8.7.2.3.1 Street Sweeping.  Mechanical street sweepers can be highly effective at removing 

particulate-bound nutrients and are commonly used throughout San Diego County. 

8.7.2.3.2 Catch Basin Cleaning.  Removing accumulated sediments and other materials from 

catch basins between storms will both remove nutrients from the overall Watershed system and 

allow the catch basins to capture additional nutrients in subsequent storms. 

8.7.2.3.3 Facility Inspections.  Facility inspections of public properties such as city-owned 

buildings or restaurants can help to remove nutrient build-up from areas such as trash bins and 

washdown areas. 

8.7.2.3.4 Pollution Controls Screening Summary.  Pollution control approaches can greatly 

reduce nutrients in both dry and wet weather runoff.  They are a commonly applied accepted 

practice throughout the region.  Additional pollution controls supplementary to existing programs 

are considered likely to be successful in further reducing nutrient loading in the Watershed.  

Therefore, supplementary pollution controls will be retained for detailed evaluation. 

8.7.2.4 Supplementary Agricultural BMPs 

Watershed modeling results show that agricultural activities are a significant contributor to 

nutrient loads to the Lake (Section 2.6.7).  Agricultural BMPs aim to reduce the mobility of 

accumulated nutrients and reduce the likelihood of their transport to nearby streams.  Examples 

of potential agricultural BMPs include the following: 

 Agricultural buffer strips 

 Facility inspections 

 Manure/fertilizer management 

 Agriculture irrigation reduction 
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8.7.2.4.1 Agricultural Buffer Strips.  This option consists of vegetated areas between a field, 

confined feeding lot, or other agricultural practice that help to infiltrate runoff and bind nutrients. 

8.7.2.4.2 Facility Inspections.  This option consists of periodic inspection of animal-related 

facilities and landscaping facilities to ensure that prescribed approaches to mitigate nutrients are 

followed. 

8.7.2.4.3 Manure/Fertilizer Management.  This option consists of ensuring that fertilizer is not 

overapplied to control the amount of nutrients that runs off agricultural parcels.  Proper 

containment and management of manure at animal husbandry operations is also included to 

reduce nutrient runoff.   

8.7.2.4.4 Supplementary Agricultural BMPs Screening Summary.  Because agricultural areas 

are a significant source of nutrients, mitigating the input from those areas is essential in 

controlling nutrients in the Watershed.  In addition, all options have high implementability in the 

Watershed.  Thus, because of the significance of agricultural loadings to the Lake, this option is 

retained for detailed analysis. 

8.7.2.5 Creek BMPs 

BMPs are targeted applications that reduce nutrients transported downstream from a larger 

area.  BMPs can consist of MS4 flow interception at outfalls, and treatment before further 

discharge to the Creek.  This group of options also includes the following:  

 Engineered treatment wetlands 

 Detention basins 

8.7.2.5.1 Engineered Treatment Wetlands.  Constructed wetlands are engineered basins that 

have a permanent pool of water throughout the year (or at least throughout the wet season) and 

differ from wet ponds primarily in being shallower and having greater vegetation coverage.  As 

stormwater runoff flows through the wetland, pollutant removal is achieved through settling and 

biological uptake within the wetland.  However, this option could not be permitted where needed 

inline within lower San Marcos Creek under the CWA Section 401.  This option will not be 
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retained for detailed evaluation; however, restored wetlands will be considered as a component 

of stream restoration (Section 8.7.2.7). 

8.7.2.5.2 Detention Basins.  Dry extended detention ponds (a.k.a. dry ponds, extended 

detention basins, detention ponds, extended detention ponds) are basins whose outlets have 

been designed to detain stormwater runoff from a water quality design storm for some minimum 

time (e.g., 48 hours) to allow particles and associated pollutants to settle.  Unlike wet ponds, 

these facilities do not have a large permanent pool.  They can also be used to provide flood 

control by including additional flood detention storage.  However, this option could not be 

permitted where needed inline within lower San Marcos Creek under the CWA Section 401.  

This option will not be retained for detailed evaluation; however, restored native basins and 

restored floodplain area will be considered as a component of stream restoration 

(Section 8.7.2.7). 

8.7.2.6 Regional Stormwater Control 

Regional stormwater control options consist of the following: 

 Regional foothill basins 

 Regional lake stormwater pipeline system reconfiguration 

 Engineered treatment basins 

 Multiple or targeted Watershed-wide dry weather diversions to sanitary sewer 

 Multiple or targeted Watershed-wide stormwater diversions to sanitary sewer 

Regional foothill basins could be constructed for upper Watershed stormwater detention and 

groundwater recharge.  Basins also trap sediment and can be used for controlled release of 

stormwater to prevent episodic loading and associated creek bed scouring.  Orange County, 

California operates several such basins in the upper Newport Bay Watershed.  However, due to 

the relatively high cost associated with this option, it will not be retained for detailed evaluation.   

The stormwater pipeline system in the vicinity of the Lake theoretically could be redesigned and 

reconfigured to periodically direct stormwater flow around the Lake entirely with discharge 

directed to lower San Marcos Creek.  While this would address upper Watershed RAOs, this 
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option would likely unacceptably impact lower San Marcos Creek.  In addition, limited available 

property in the Lake vicinity makes this option difficult and expensive to implement.  This option 

will not be retained for detailed evaluation. 

8.7.2.6.1 Irvine Ranch Water District (IRWD) in Irvine, California operates the San Joaquin 

Marsh adjacent to the Michelson treatment plant.  The marsh is in place to reduce nutrient 

loading to upper Newport Bay in Newport Beach.  A similar large engineered wetlands and 

retention/treatment basin could be constructed at head of the Lake in the lower Creek to 

function similar to the San Joaquin Marsh.  However, this option would be expensive to 

implement.  In addition, this option could not be permitted where needed inline within lower San 

Marcos Creek under the CWA Section 401.  This option will not be retained for detailed 

evaluation; however, restored wetlands and native basins or extended floodplain area will be 

considered as a component of stream restoration (Section 8.7.2.7). 

Targeted diversions to sanitary sewer can be effective and cost-efficient where dry weather 

flows are localized, low-flow, and can be readily captured and controlled.  In addition, regional 

treatment plants can typically address multiple waste streams from such low flows, such as 

selenium, nutrients, metals, and organic contaminants.  Diversions can significantly reduce 

downstream water input needed to maintain aquatic or riparian ecosystems.  In addition, dry 

weather flow in the Watershed occurs over a relatively large geographical area; therefore, this 

option will not be retained for detailed evaluation. 

Multiple or targeted Watershed-wide stormwater diversions to sanitary sewer are also 

theoretically possible, especially because some sanitation districts are running at reduced 

capacity due to drought and can accept some non-traditional storm flow.  Stormwater is not 

traditionally accepted by sanitation districts due to high flow volume.  As noted above, 

diversions can also significantly reduce downstream water input needed to maintain aquatic or 

riparian ecosystems.  For these reasons, stormwater diversion is not feasible and will not be 

retained.   
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8.7.2.7 Stream Restoration 

As discussed above, stream restoration consists of efforts to restore the pre-development 

streambed while incorporating nutrient reduction capability.  Stream restoration can involve 

reduced stream flow rates, increased creek channel width, increased streambed 

microtopography, and increased vegetation, as well as periodic chemical treatment for 

excessive nutrient inactivation.  This option incorporates the redesign of a degraded stream 

channel to allow for a more natural flow condition while providing a level of water quality 

treatment via biological uptake, reduced streambank erosion, and reduced sediment generation.  

Flocculant for phosphorus inactivation can also be periodically applied for nutrient reduction in 

this option.  The RWQCB has indicated that this option can be permitted under NPDES 

(Appendix AG).  Due to its cost effectiveness and implementability, this option is retained for 

detailed evaluation. 

8.7.2.8 Summary of Retained Watershed Technologies  

The following technology alternatives have been retained for detailed evaluation, after 

completion of the screening process, to address Watershed RAOs: 

 W1:  No action  

 W2: Supplementary Pollution Controls 

 W3: Supplementary Agricultural BMPs 

 W4: Stream Restoration 

8.7.3 Lake San Marcos 

GRAs to address the Lake water RAOs were described in Section 8.5.1.2 and include no action, 

physical controls, chemical controls, and biological controls (NALMS, 2001).  GRAs for the Lake 

sediment nutrients RAO were described in Section 8.5.1.2 and include no action, physical 

controls, chemical controls, and biological controls (NALMS, 2001).  This section presents a 

screening of potential technologies, organized by RAO.  The technologies are also presented in 

Tables 54 through 58.   
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8.7.3.1 Lake RAO1:  Improve DO Conditions 

A summary of the screening evaluation of technologies and process options based on 

effectiveness, implementability, and cost is shown in Table 54; those considered consist of the 

following: 

 No action 

 Destratification/mixing 

 Diffused aeration 

 Axial flow pumps 

 Oxygenation 

 Speece cone 

 Side-stream super-saturation 

 Line diffuser 

8.7.3.1.1 No Action.  No action will not achieve RAOs.   

8.7.3.1.2 Destratification/mixing/diffused aeration.  Destratification/mixing/diffused aeration is a 

physical approach to improving water quality through addition of turbulent kinetic energy to 

supplement natural wind-forcing and convective mixing of the water column.  This can prevent 

the development of thermal stratification and allows DO to be distributed throughout the water 

column, maintaining oxic conditions at the sediment/water interface and mixing phytoplankton 

out of the photic zone, thereby limiting photosynthesis and growth.  This can be achieved 

through use of a diffused aeration system, in which air is injected via diffusers into bottom 

waters.  The bubbles rise due to their buoyant force, entrain water, and help bring bottom 

waters to the surface, where oxygen from the atmosphere can dissolve into the water.  At the 

same time, this mixing energy helps drive warm well-aerated water towards the sediments.  This 

process thus weakens or eliminates thermal stratification and enhances DO concentrations 

within the water column.  In a similar way, axial flow water pumps also mechanically mix the 

water column, in this case through use of impellers mounted below the water surface that 

pushes warm, aerated surface water downward and brings cooler, low DO bottom water to the 

surface.  Axial flow pumps involve installation of units extending above the water surface, while 

diffused aeration systems use diffusers mounted on or just above the lake bottom.  Axial flow 
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pumps typically have only limited effectiveness in relatively shallow lakes, and can also present 

surface navigation hazards and reduced aesthetics due to required infrastructure on the lake 

surface.  In addition, fountains and flumes are common in small ponds but not in larger lakes 

due to limited effectiveness.  However, these and other similar components would be detailed 

and specified during remedial design and engineering costing of the selected remedy.   

8.7.3.1.3 Oxygenation.  Oxygenation involves the direct addition of oxygen into the water 

column.  Addition of oxygen can be achieved via several different approaches, including Speece 

cones, sidestream supersaturation, diffused aeration, and line injection.  Pure oxygen is used 

because it can deliver 5 times as much O2 as air at equivalent pressure and can fully dissolve 

into the water column.  This is especially advantageous when one is interested in maintaining 

thermal stratification.  The Speece cone and sidestream supersaturation technologies both use 

pressures greater than 1 atmosphere to further increase the amount of O2 dissolved into water.  

The Speece cone is deployed directly in the lake and uses hydrostatic pressure to increase O2 

solubility, with bottom water pumped into the Speece cone, and uses countercurrent downward 

water flow against the upward supplied O2 gas stream.  The O2-supersaturated water is then 

distributed throughout the deeper region of the lake with water flow.  The principle of sidestream 

supersaturation is the same as the Speece cone, although O2 delivery is provided by a 

pressurized downflow contactor on shore which receives water pumped from the lake that is 

then returned to the lake typically at a similar depth and temperature.  O2 can be supplied as 

liquid O2 delivered and stored at the lake or produced onsite using pressure-swing or other 

techniques.  The third approach to deliver O2 to the water column of a lake or reservoir is 

through O2 delivered directly to the water via gas flow through semipermeable tubing distributed 

through the region of interest.  The O2 gas is released as small bubbles that quickly dissolve into 

the water.  All techniques are presently used in southern California and elsewhere.  

8.7.3.2 Lake RAO2:  Reduce Nutrient Concentrations 

A summary of the screening evaluation of technologies and process options based on 

effectiveness, implementability and cost is shown in Table 55; those considered consist of the 

following:  

 No action 
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 Destratification/mixing 

 Diffused aeration 

 Axial flow pumps 

 Oxygenation 

 Speece cone 

 Side-stream super-saturation 

 Line diffuser 

 Dilution and flushing 

 Mechanical removal (pumping and filtration) 

 Selective withdrawal 

 Flocculation/settling 

 Alum (aluminum sulfate) 

 Ferric salts 

 Biomanipulation 

 Benthivorous fish removal 

 Competition 

 Vegetation harvesting 

No action will not achieve RAOs.  Destratification/mixing and hypolimnetic oxygenation are 

described and discussed above in the previous section. 

A number of different approaches can be used to achieve reductions in nutrient concentrations 

in lakes and reservoirs.  Nutrients are released from bottom sediments via natural 

biogeochemical processes; rapid release of a large amount of phosphate-P often occurs when 

anoxic conditions develop in bottom waters.  Anoxic conditions promote formation of 

ammonium-N and accumulation to high concentrations in the hypolimnion of stratified lakes.  As 

a result, aeration/destratification and oxygenation techniques (described above) are often used 

to control phosphate-P and ammonium-N levels in lakes. 

8.7.3.2.1 Dilution/Flushing.  Nutrient concentrations can be reduced through addition of low 

nutrient water (i.e., dilution) and, with sufficient volume of water, flushing nutrients from the lake 

or reservoir.  This approach does require a substantial supply of low nutrient water to achieve 
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meaningful reductions in nutrient concentrations, and is therefore not practicable in many 

regions.  The Watershed provides sufficient flow volume; however, the input to the Lake is not 

sufficiently low in nutrient concentration.   

8.7.3.2.2 Mechanical Removal (Pumping/Filtration).  Nutrient concentrations in water can also 

be reduced by mechanical removal that involves extraction of water from the lake, filtration, or 

other means to remove nutrients (particulate or dissolved) by pumped flow, and return of the 

clarified or purified water to the lake.  The water can be returned by direct discharge to the lake 

or in some cases by groundwater flow.  

8.7.3.2.3 Selective Withdrawal.  Related to mechanical removal via pumping/filtration, 

selective withdrawal involves targeted removal of high nutrient water (typically hypolimnetic 

water) and export of that water and nutrient load out of the lake basin.  Withdrawal can be 

achieved via active pumping, but is more commonly achieved by release from a port or valve 

within the hypolimnion region of the water column.  Availability of replacement water allows for 

maintenance of lake level.  This option also includes adjusting the overall water balance of the 

Lake using Lake water extraction and groundwater input. 

8.7.3.2.4 Flocculation/Settling.  Addition of metal salts that hydrolyze or precipitate to form a 

floc can be effective at capturing and removing via sedimentation particulate forms of nutrients.  

This approach is used routinely in surface water treatment plants in the production of drinking 

water.  As in drinking water treatment plant, alum (aluminum sulfate) or other aluminum salts 

can be used.  Ferric iron salts can also be used, but typically require high concentrations of DO 

to be most effective.  This treatment is also common in lakes (Welch and Cook, 1999; Moore et 

al., 2009) (Appendices AH and AI).  The release of phosphorus from bottom sediments can be 

substantially reduced through addition of alum (or in some cases ferric or calcium salts or 

Phoslock) at a rate sufficient to bind phosphorus within mobile fractions of sediment.  Alum 

added to the lake hydrolyzes and forms a floc that settles through the water column, stripping 

dissolved and particulate forms of phosphorus.  Phosphorus inactivation requires application of 

a larger dose compared with flocculation/settling so that the alum floc forms a reactive barrier on 

the sediment surface that intercepts and irreversibly binds phosphorus recycled within the 

sediments.  Phoslock works in a similar way—that is, serving as a reactive barrier limiting efflux 
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of phosphate-P from bottom sediments.  Phoslock is bentonite clay with lanthanum on the 

exchange phase; phosphate released from sediments encounters the Phoslock and precipitates 

with lanthanum as LaPO4(s). 

8.7.3.2.5 Biomanipulation.  Nutrients can also be removed from the water column through 

modification of lake ecology.  In many lakes, benthivorous fish such as common carp disturb 

bottom sediments and greatly increase nutrient delivery to the water column.  As a result, 

removal of carp (or other benthivorous species) can reduce nutrient concentrations and improve 

clarity and overall water quality.  Carp removal can be achieved by seining (e.g., Lake Elsinore), 

or other mechanical type techniques (e.g., bowfishing, Big Bear Lake); carp populations can 

also be controlled by food web manipulation via stocking of piscivores to naturally limit carp 

recruitment (e.g., Lake Elsinore).  Nutrient concentrations can also be reduced via competition 

between rooted aquatic plants that extract nutrients directly from bottom sediments (and also 

provide surfaces for colonization of attached algae) and phytoplankton that are restricted to 

accessing nutrients in the water column.  Vegetation harvesting can in some cases also reduce 

nutrient inventory in a lake. 

8.7.3.3 Lake RAO3:  Reduce Algal Concentrations/Improve Water Clarity 

A summary of the screening evaluation of technologies and process options based on 

effectiveness, implementability, and cost is shown in Table 56.  The technologies and process 

options that were retained for further consideration are also indicated in Table 58, and consist of 

the following:  

 No action 

 Destratification/mixing 

 Diffused aeration 

 Axial flow pumps 

 Oxygenation 

 Speece cone 

 Side-stream super-saturation 

 Line diffuser 

 Dilution and flushing 
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 Mechanical removal (pumping and filtration) 

 Selective withdrawal 

 Flocculation/settling (phosphorus inactivation) 

Alum (aluminum sulfate) 

 Ferric salts 

 Phoslock 

 Biomanipulation 

 Benthivorous fish removal 

 Competition 

 Vegetation harvesting 

 Enhanced grazing 

 Algaecides 

 Copper sulfate/chelate 

 Organic algaecides 

 Oxidizing algaecides 

No action will not achieve RAOs.  Destratifaction/mixing, hypolimnetic oxygenation, dilution and 

flushing, mechanical removal (pumping and filtration), selective withdrawal, flocculation/settling, 

and biomanipulation are described and discussed above in the previous section. 

The previously described techniques that increase DO concentrations in the water column and 

reduce nutrient concentrations can also reduce chlorophyll a concentrations and increase water 

clarity.  While those techniques are generally indirect approaches that involve reducing nutrient 

concentrations, algaecides can provide significant direct control.  

8.7.3.3.1 Algaecides.  A number of different chemicals have been used to reduce algal levels 

in lakes.  Use of copper sulfate and chelated forms of copper can be effective at controlling 

blue-green algae at low concentrations, but does introduce a heavy metal into the lake 

ecosystem that can accumulate with repeated applications.  Organic herbicides can also be 

effective, but like copper can accumulate in bottom sediments.  Oxidizing algaecides such as 

percarbonate and other free radical species are increasingly used due to low effective dose, 

good specificity, and absence of residual (products are CO2 and H2O).  
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8.7.3.3.2 Biomanipulation.  Enhanced grazing is a form of biomanipulation that can reduce 

chlorophyll a levels in a lake or reservoir.  Natural grazing of phytoplankton by zooplankton 

converts algal biomass (and particulate nutrients) into zooplankton biomass.  Grazing pressure 

by zooplankitvorous fish on zooplankton can greatly reduce zooplankton populations; as a 

result, phytoplankton populations can grow largely unchecked and only constrained by the 

availability of nutrients.  Manipulating the foodweb to enhance grazing can be a successful 

natural approach. 

8.7.3.4 Lake RAO4:  Reduce Nutrient Release from Bottom Sediments 

A summary of the lake sediment screening evaluation of technologies and process options 

based on effectiveness, implementability and cost is shown in Table 57.  The technologies and 

process options that were retained for further consideration are also indicated in Table 58 and 

consist of the following:  

 No action 

 Destratification/mixing 

 Diffused aeration 

 Axial flow pumps 

 Oxygenation 

 Speece cone 

 Side-stream super-saturation 

 Line diffuser 

 Dredging 

 Phosphorus Inactivation 

 Alum (aluminum sulfate) 

 Ferric salts 

 Phoslock 

No action will not achieve RAOs.  Destratification/mixing and oxygenation are described and 

discussed above in the previous section.  
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In addition to destratification/mixing and oxygenation described previously, sediment removal 

via dredging and phosphorus inactivation can reduce nutrient flux from bottom sediments. 

8.7.3.4.1 Dredging.  Dredging involves the physical removal of nutrient-rich bottom sediments 

by wet or dry excavation, with deposition in containment areas for dewatering.  The reduction of 

the nutrient inventory in the lake can reduce the amount released from sediments to the water 

column.  In lakes where internal nutrient recycling represents a significant fraction of the total 

nutrient loading to the water column, dredging can reduce algal growth.  Dredging also removes 

other contaminants, including metals, organochlorine pesticides, PAHs, and other hydrophobic 

organic contaminants, can reduce sediment oxygen demand, and increases lake depth.  

8.7.3.4.2 Phosphorus Inactivation.  As discussed in RAO2, the release of phosphorus from 

bottom sediments can be substantially reduced through addition of alum (or in some cases ferric 

or calcium salts or Phoslock) at a rate sufficient to bind phosphorus within mobile fractions of 

sediment.  Alum added to the lake hydrolyzes and forms a floc that settles through the water 

column, stripping dissolved and particulate forms of phosphorus (as previously described for 

nutrient reductions within water column, RAO2).  Phosphorus inactivation requires application of 

a larger dose compared with flocculation/settling so that the alum floc forms a reactive barrier on 

the sediment surface that intercepts and irreversibly binds phosphorus recycled within the 

sediments.  Phoslock works in a similar way—that is, serving as a reactive barrier limiting efflux 

of phosphate-P from bottom sediments.  Phoslock is bentonite clay with lanthanum on the 

exchange phase; phosphate released from sediments encounters the Phoslock and precipitates 

with lanthanum as LaPO4(s).  Phoslock will also react with phosphorus in the water column at 

the time of application.  Both methods (alum and Phoslock) are proven effective; so selection is 

typically a cost driven decision that is made at the time of permit application. 

8.7.3.5 Summary of Retained Technologies 

Based on completion of the screening process, the following technology alternatives have been 

retained for detailed evaluation to address the Lake RAOs: 

 Alternative L1:  No action 

 Alternative L2: Destratification/mixing (diffused aeration) 
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 Alternative L3:  Oxygenation (side-stream super-saturation) 

 Alternative L4:  Flocculation/settling/phosphorus inactivation 

 Alternative L5: Biomanipulation (enhanced grazing) 

 Alternative L6: Selective withdrawal 

8.8 Detailed Analysis of Remedial Technologies 

The NCP requires that the detailed analysis of remedial alternatives be conducted using nine 

evaluation criteria (CERCLA NCP, 40 CFR Part 300, Section 300.430; U.S. EPA, 1988).  

Table 59 summarizes the nine evaluation criteria, along with respective factors that are used to 

conduct a thorough analysis of the alternatives.  The nine evaluation criteria are listed below: 

 Threshold Criteria.  These criteria must be satisfied before any other criteria are 

considered: 

1. Overall protection of human health and the environment 

2. Compliance with ARARs 

 Balancing Criteria.  Evaluation of the balancing criteria provides the best balance of 

trade-offs among alternatives in terms of the five primary balancing criteria (criteria 3 

through 7 below).  The balancing criteria emphasize long-term effectiveness and 

reduction of toxicity, mobility, or volume through treatment.  The balancing criteria also 

consider the preference for treatment as a principal element and the bias against off-site 

land disposal of untreated waste (CERCLA National Contingency Plan, 40 CFR 

Part 300, Section 300.430): 

3. Long-term effectiveness and permanence 

4. Reduction of toxicity, mobility, or volume through treatment 

5. Short-term effectiveness 

6. Implementability 

7. Cost 
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 Modifying Criteria.  The last two criteria are used to determine whether the preferred 

alternative is acceptable to a state or support agency and to the local community.  

Generally, state and community acceptance are assessed during the public comment 

period after a proposed plan is published: 

8. State acceptance 

9. Community acceptance 

The purpose of the detailed analysis of remedial alternatives is to provide information to 

facilitate the evaluation of individual alternatives against each of the nine CERCLA remedy 

selection criteria and to allow for the comparative analysis of the performance of each 

alternative against those criteria.  Selection of the preferred alternative is presented in 

Section 8.9. 

8.8.1 Detailed Analysis Approach 

In this section, each of the technologies is evaluated with respect to the first seven of the nine 

NCP criteria listed in Section 6.  The last two criteria are used to determine whether the 

preferred alternative is acceptable to a state or support agency and to the local community.   

State and community acceptance are generally assessed during a public comment period after 

a proposed remediation plan is presented to the public.  As such, the detailed analysis of 

alternatives presented in this FS is based on an evaluation of the first seven criteria.   

The preferred alternative that is selected from this process will be presented to the regulatory 

agency and the public and then evaluated with respect to the final two criteria: state acceptance 

and community acceptance. 

The narrative evaluations presented in this section are ranked, by the elements that comprise 

each of the seven criteria, in Table 60 (Watershed) and Table 61 (Lake).  Relative rankings are 

also applied and scored to represent how well each of the remediation technologies meets each 

of the criteria elements.  The cost criterion is also evaluated on a ranked and scored categorical 

basis.  Numerical scores were then assigned to each of the ranked categories.  The scores for 
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each of the technology elements were then summed, without weighting, to arrive at a total 

technology score.  The scores of the remediation technologies were then compared and the 

technologies that received the higher scores were selected for inclusion in the final selected 

preferred alternative.  

8.8.2 Lake and Watershed Modeling Input to Detailed Analysis 

The recalibrated LSPC model developed by LimnoTech was used to evaluate the following 

potential Lake and Watershed remedial alternatives: 

 Lake aeration 

 Lake flocculation/sequestration (phosphorus inactivation) (one time event) 

 Watershed pollution controls 

 Watershed LID 

 Watershed agricultural controls 

 Watershed stream restoration 

 Alternatives 3 through 6 combined (Watershed only) 

 Lake flocculation/sequestration (phosphorus inactivation) (annual events) 

 Lake selective withdrawal (hypolimnetic extraction) 

 Alternatives 7, 8, and 9 combined 

Table 62a shows the assumed total nitrogen, total phosphorus, and TSS removal efficiency of 

each alternative evaluated in the model runs.  Assumptions were also made about the fraction 

of each model land use that could receive treatment from Watershed alternative (Table 62b).   

Based on a literature review of the performance of comparable stream restoration projects 

(Appendix AJ), the stream restoration alternative was assumed to reduce the nutrient inputs to 

the Lake by a constant fraction.  An assumed constant fraction nutrient reduction of 50 percent 

was tested, along with a separate model run assuming a constant fraction nutrient reduction of 

40 percent (Table 62a) (no specific stream restoration elements, such as groundwater infiltration 

or plant uptake, were specifically modeled).  Both stream restoration model runs of 40 and 
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50 percent nutrient reduction resulted in significant improvements in Lake water quality 

conditions.   

Table 63 shows the resulting predicted Lake load reductions in sediment, total phosphorus, and 

total nitrogen from each alternative.  The LimnoTech modeling shows that a “seasonally 

complementary” combination of Watershed and Lake treatment is appropriate.   

Model predictions show that land use controls alone (pollution controls and agricultural BMPs) 

have a marginal impact on load reduction to the Lake.  Land use controls alone are predicted to 

reduce total phosphorus loads by approximately 10 percent and in combination, approximately 

18 percent.   

Overall, modeling indicates that the Creek-to-Lake nutrient load reduction of approximately 

40 percent is appropriate to realize a significant and reasonable improvement in Lake DO, 

algae, and nutrient conditions (Appendix R).  The soluble, dissolved-phase component of the 

total phosphorus load would need to be addressed with some form of infiltration, uptake, 

adsorption, or attenutation by, for example, flocculation or stream restoration methodologies, as 

the dissolved phase cannot be settled out with a retention basin.   

The modeling results (Figures 97 through 100) were integrated into the detailed analysis of each 

technology retained from the screening evaluation.  

8.8.3 Detailed Analysis - Upper San Marcos Creek Watershed 

The Watershed technologies selected for detailed analysis include the following: 

 W1: No action  

 W2: Pollution Controls 

 W3: Agricultural BMPs 

 W4: Stream Restoration 
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The Watershed options detailed analysis is summarized in Table 60 and discussed in the 

following subsections.  Approximate order-of-magnitude alternative remedy costs for the 

Watershed are included in Tables 64a, 64b, and 64c.   

8.8.3.1 Alternative W1:  No Action 

8.8.3.1.1 Description.  The No Action alternative is required to be considered under CERCLA 

and the NCP as a baseline against which to compare other remedial alternatives.  In a No 

Action alternative, there are no long-term monitoring or remedial actions implemented. 

8.8.3.1.2 Detailed Evaluation.  This alternative was evaluated based on CERCLA criteria as 

follows: 

 Overall Protection of Human Health and the Environment.  The No Action alternative 

would not be protective of human health and the environment, as beneficial uses are 

currently listed as impaired.   

 Compliance with ARARs.  This alternative would not meet the requirements of the 

identified ARARs.   

 Long-Term Effectiveness and Permanence.  This alternative takes no action to reduce or 

abate impacts, and thus has no long-term effectiveness or permanence.    

 Reduction of Toxicity, Mobility, and Volume Through Treatment.  A No Action alternative 

provides no remedy to reduce toxicity, mobility, or volume. 

 Short-Term Effectiveness.  This alternative takes no action to reduce or abate impacts 

and thus has no short-term effectiveness. 

 Implementability.  The No Action alternative would not involve any construction or 

remedial activities and is therefore readily implementable.  However, regulatory 

enforcement would prohibit implementation of this alternative.   
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 Cost.  Because there are no remedial activities for the No Action alternative, no capital 

costs (either direct or indirect) would be incurred.   

8.8.3.1.3 Conclusion.  Due to the issues discussed above, the no action alternative will not be 

considered further.   

8.8.3.2 Alternative W2:  Supplementary Pollution Controls 

8.8.3.2.1 Description.  Pollution controls reduce or remove nutrients before transport to 

surface water.   

8.8.3.2.2 Detailed Evaluation.  This alternative was evaluated based on CERCLA criteria as 

follows: 

 Overall Protection of Human Health and the Environment.  Using pollution control 

approaches will reduce nutrients in the Watershed streams and in the Lake and will be 

more protective of the environment and designated beneficial uses. 

 Compliance with ARARs.  Widespread use of the technologies identified in this option 

has the ability to reduce nutrient concentrations and comply with ARARs.  The reduction 

in nutrients from street sweeping, catch basin cleaning, and facility inspections will 

mitigate nutrient loading to the Watershed and Lake.   

 Long-Term Effectiveness and Permanence.  This option, if continually implemented, has 

the ability to provide long-term reduction in the nutrient levels in the Lake and 

Watershed.  However, using pollution controls will require a long-term commitment to 

continue those efforts. 

 Reduction of Toxicity, Mobility, and Volume Through Treatment.  This option has the 

ability to provide limited long-term reduction in the nutrient levels in the Watershed if 

continually applied.  Modeling indicates that this option alone would account for 

approximately 4 percent of the total nutrient load to the Lake from the Watershed 

(Appendix R).  
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 Short-Term Effectiveness.  Once this option is built and continually implemented, it is 

effective in the short-term.  However, full build-out of this option can take decades as 

regulated property redevelopment incrementally occurs across the Watershed.   

 Implementability.  The pollution control approaches can be implemented in the 

Watershed, and many of them are currently used throughout San Diego County. 

 Cost.  Implementing pollution control measures will require capital investment in 

additional street sweepers and vacuum trucks to clean out catch basins.  Personnel 

costs will be required to operate those machines and dispose of the waste.  The final 

cost will be in personnel to inspect the outlined facilities and be trained in what to look for 

in those inspections.  The cost of this option is relatively high over the long-term 

(>$25 million).   

8.8.3.2.3 Conclusion.  Due to the relatively high cost over the long-term coupled with the 

predicted overall nutrient reduction as determined by the LimnoTech modeling (Section 8.8.2), 

the supplementary pollution controls alternative will not be selected as a component of the 

overall preferred remedy.   

8.8.3.3 Alternative W3:  Supplementary Agricultural BMPs 

8.8.3.3.1 Description.  The Watershed model identifies that agricultural activities are a 

significant contributor to the nutrient loads to the Lake.  Agricultural BMPs aim to reduce the 

mobility of those nutrients and reduce the likelihood of their transport to nearby streams. 

8.8.3.3.2 Detailed Evaluation.  This alternative was evaluated based on CERCLA as follows: 

 Overall Protection of Human Health and the Environment.  Using agricultural BMPs will 

reduce nutrients in the Watershed streams and in the Lake and will be more protective of 

the environment and designated beneficial uses. 

 Compliance with ARARs.  This option has the ability to promote reduced nutrient loading 

in the Watershed and Lake while adequately complying with ARARs.   
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 Long-Term Effectiveness and Permanence.  This option has the ability to provide long-

term reduction in the nutrient levels in the Watershed if continually applied.  Modeling 

indicates that this option alone would account for approximately 4 percent of the total 

phosphorus load to the Lake from the Watershed (Appendix R). 

 Reduction of Toxicity, Mobility, and Volume Through Treatment.  This option has the 

potential to adequately reduce volume and mobility, as well as associated potential 

toxicity. 

 Short-Term Effectiveness.  Some of the practices outlined in the RAO can be quickly 

implemented (fertilizer management and facility inspections).  The buffer strips have the 

potential to be relatively quickly implemented.  This option has the ability to be effective 

in the short-term.   

 Implementability.  Agricultural BMPs can be readily implemented in the Watershed, and 

many of them are currently used throughout San Diego County. 

 Cost.  Little direct cost will be incurred from fertilizer management.  Potentially less 

fertilizer will be applied, saving money, but a reduction in crop may offset that cost.  The 

relationship between those costs will be dependent on the farming practice and crop 

type.  Facility inspections will require costs in training personnel and personnel cost to 

conduct the inspections.  Buffer strips will require costs to plan the ground cover.  

Indirect costs will be associated with loss of plantable lands for crops.  Overall, this 

option is relatively cost-effective over the long-term.   

8.8.3.3.3 Conclusion.  Due to the issues discussed above, the supplementary agricultural 

BMPs alternative will be selected as a component of the overall preferred remedy.   

8.8.3.4 Alternative W4: Stream Restoration  

8.8.3.4.1 Description.  Stream restoration consists of efforts to restore the pre-development 

streambed while facilitating increased natural nutrient reduction, reduced stream flow velocity, 

increased streambed microtopography, increased residence time, and/or increased native 
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vegetation for increased overall nutrient uptake and reduction.  As stormwater runoff flows 

through the restored stream, nutrient reduction is achieved through settling and biological 

uptake.  In addition, excessive phosphorus inactivation can also be implemented by periodic 

chemical flocculant addition permitted under NPDES.    

Addition of alum to tributary streams of lakes has been shown to reduce total and dissolved 

phosphorus delivered to lakes (Pilgrim and Brezonik, 2005a and 2005b; Moore et al., 2009; 

Burns et al., 2009).  Addition of alum and other coagulants has also been evaluated for control 

of suspended solids in urban runoff delivered to Lake Tahoe (Bachand et al., 2010; Trejo-

Gayton et al., 2006). 

The alum floc will bind dissolved orthophosphate and also coagulate and remove particulate 

forms of phosphorus and nitrogen, as well as other suspended solids.  The floc will settle in low 

velocity/low shear environments within the Creek channel while higher velocities will result in 

transport to the Lake.  Some resuspension of previously deposited floc will also occur if bottom 

shear increases (e.g., during strong runoff events with greater flow velocities).  Some transport 

and/or resuspension of floc and delivery of floc to the Lake is expected and actually beneficial, 

as the floc can further inactivate sediment phosphorus and reduce internal phosphorus 

recycling.  Assuming that no alum floc is retained in the Creek channel, we can compare the 

amount of solid aluminum hydroxide (Al(OH)3(s)) delivered to the Lake with the Watershed 

sediment load estimates (Section 2.6.7).  Based on the dry and wet season water budgets of 

729 acre-feet and 4,293 acre-feet, respectively, and an instream alum dose of 5 mg/L as Al3+, 

12,989 and 76,489 kg Al(OH)3 is delivered to the Lake for the dry and wet season, respectively.  

These values can be compared with 64,878 and 391,026 kg TSS delivered from the Watershed; 

assuming all Creek floc is delivered to the Lake, instream alum treatment will increase TSS load 

by approximately 20 percent compared with no treatment.  

Treatment with alum of the entire flow during wet season storm events is not necessarily the 

most cost-effective strategy.  As noted in Section 6.2.2, winter flows will likely flush much of the 

Lake volume several times over; therefore, potentially a significant volume of alum-treated 

streamflow would be transported through the Lake and spilled to the downstream reach of San 
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Marcos Creek.  During El Niño events, it would be most cost-effective to only treat late winter 

storms, where the inflow is more likely to be retained in the Lake.  

The effectiveness of alum is dependent upon pH, with greatest effectiveness near circumneutral 

pH values.  While pH values >8 were often found in surface waters of the Lake, alum hydrolysis 

generates acidity and will lower the pH value and yield high floc formation and strong binding of 

orthophosphate, as previously demonstrated (e.g., for Big Bear Lake) (Anderson et al., 2014). 

8.8.3.4.2 Detailed Evaluation.  This alternative was evaluated based on CERCLA criteria as 

follows: 

 Overall Protection of Human Health and the Environment.  Nutrients are not typically 

present in concentrations detrimental to human health.  However, this option will reduce 

nutrients overall in the Creek and in the Lake and will be more protective of the 

environment. 

 Compliance with ARARs.  This option can be permitted and designed to adequately 

comply with ARARs.   

 Long-Term Effectiveness and Permanence.  This option has the ability to provide long-

term reduction of the nutrient loads in the Creek and the Lake.  However, maintaining its 

operating capacity will require a relatively long-term commitment. 

 Reduction of Toxicity, Mobility, and Volume Through Treatment.  This option has the 

potential to adequately reduce volume and mobility as well as associated potential 

toxicity.   

 Short-Term Effectiveness.  Once installed, this option is effective in the short-term; 

however, the option will require advance siting, plan development, permitting, and 

construction. 
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 Implementability.  This option is readily implementable using standard equipment, 

materials, and design engineering expertise.  Permitting under NPDES and CWA 

Section 401 will likely involve a relatively significant preparation and approval process.   

 Cost.  This option is relatively cost-effective over the long-term.  . 

8.8.3.4.3 Conclusion.  Due to the issues discussed above in the previous sections, stream 

restoration will be selected as a component of the overall preferred remedy.   

8.8.4 Detailed Analysis - Lake San Marcos 

The technologies selected for detailed analysis included the following: 

 Alternative L1:  No action 

 Alternative L2:  Destratification/mixing (diffused aeration) 

 Alternative L3:  Oxygenation (side-stream super-saturation) 

 Alternative L4:  Flocculation/settling/phosphorus inactivation 

 Alternative L5:  Biomanipulation (enhanced grazing) 

 Alternative L6: Selective withdrawal 

Table 61 presents a summarized evaluation of each Lake remediation technology selected for 

detailed analysis along with a ranked score using the technology scoring system described in 

Section 8.8.1.    

8.8.4.1 Alternative L1:  No Action 

8.8.4.1.1 Description.  The no action alternative is required to be considered under CERCLA 

and the NCP as a baseline against which to compare other remedial alternatives.  In a no action 

alternative, there are no institutional controls, no long-term monitoring, and no remedial actions 

implemented at the Site. 

8.8.4.1.2 Detailed Evaluation.  This alternative was evaluated based on the seven criteria as 

follows:  



 

 

 

 

 213  

D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

 Overall Protection of Human Health and the Environment.  A no action alternative would 

not be protective of human health and the environment. 

 Compliance with ARARs.  This alternative would not meet the requirements of 

California’s non-degradation policy (SWRCB Resolution No. 68-16, as incorporated into 

the Basin Plan) and other identified ARARs. 

 Long-Term Effectiveness and Permanence.  This alternative takes no action; thus, there 

is no long-term effectiveness or permanence.  

 Reduction of Toxicity, Mobility, and Volume Through Treatment.  A no action alternative 

provides no active treatment process; thus, there is no reduction in toxicity, mobility, or 

volume. 

 Short-Term Effectiveness.  A no action alternative provides no short-term effectiveness. 

 Implementability.  The no action alternative would not involve construction or remedial 

activities, would not require approvals or coordination with regulatory agencies, and 

would not require site access agreements; it is therefore readily implementable.  

 Cost.  Because there are no remedial activities for the no action alternative, no capital 

costs (either direct or indirect) would be incurred.  No long-term monitoring would be 

performed, and thus no costs incurred, for the no action alternative. 

8.8.4.1.3 Conclusion.  Due to the issues discussed above in the previous sections, the No 

action alternative will not be considered further. 

8.8.4.2 Alternative L2:  Destratification/Mixing (Diffused Aeration) 

8.8.4.2.1 Description.  Destratification/mixing involves the addition of mechanical mixing 

energy to supplement natural processes to eliminate thermal stratification and mix DO 

throughout the water column.  Buoyant forces acting on air bubbles introduced through a line or 

multiport diffuser at the Lake bottom induces vertical transport and entrainment of water.  As a 
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result, cool low DO water is brought up to the surface and can interact with the atmosphere, 

while warmer high DO water is mixed downward.  This can distribute DO throughout water 

column and reduce occurrence of fish kills, reduce production of ammonia and hydrogen sulfide, 

and slow the rate of phosphate release from bottom sediments.  Vertical downward mixing of 

phytoplankton can also reduce mean light levels and lower the growth of buoyant blue green 

algae. 

8.8.4.2.2 Detailed Evaluation.  This alternative was evaluated based on the seven criteria as 

follows: 

 Overall Protection of Human Health and the Environment.  Nutrients are not typically 

present at a level that is detrimental to human health.  Use of destratification/mixing 

would be protective of the environment through the distribution of DO throughout the 

water column, as well as potential reductions in nutrient levels and blue green algal 

growth. 

 Compliance with ARARs.  Use of oxygenation will increase DO concentrations of bottom 

waters and has the capacity to meet the Basin Plan WQO of 5 mg/L DO, as well as 

reduce nutrient concentrations.  

 Long-Term Effectiveness and Permanence.  Operation of the destratification system 

each year from approximately April–October will effectively control DO levels in bottom 

waters that will inhibit release of PO4 from sediments. 

 Reduction of Toxicity, Mobility, and Volume Through Treatment.  Destratification/mixing 

will increase DO, reduce formation of toxic ammonia and hydrogen sulfide, and reduce 

nutrients in the Lake. 

 Short-Term Effectiveness.  A destratification system can quickly deliver DO and be 

effective in the short-term, as well as over longer time frames. 
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 Implementability.  Destratification systems using diffused aeration are readily 

commercially available and straightforward to implement. 

 Cost.  The costs of diffused aeration systems are relatively low.  Costs for this option 

(Table 65) were based on input from Clean Lakes Inc. (Appendix AK). 

8.8.4.2.3 Conclusion.  Due to the issues discussed above in the previous sections, diffused 

aeration alternative will be selected as a component of the overall preferred remedy.   

8.8.4.3 Alternative L3: Oxygenation (Side-Stream Super Saturation) 

8.8.4.3.1 Description.  Oxygenation involves the introduction of pure O2 into water into the 

hypolimnion or other regions in the Lake that are deficient in DO.  Side-stream supersaturation 

involves withdrawal of water, oxygenating at high ambient pressure, and returning 

supersaturated water to the Lake.  The advantages of this approach include (1) capacity to 

produce water at very DO concentration (potentially 100 mg/L or more), (2) shoreline installation 

and convenient access to all mechanical hardware, (3) enhanced mixing of bottom waters, 

(4) capacity to offset chemical oxygen demand of highly reduced waters and offset high 

sediment oxygen demand. 

8.8.4.3.2 Detailed Evaluation.  This alternative was evaluated based on the seven criteria as 

follows: 

 Overall Protection of Human Health and the Environment.  Nutrients are not typically 

present at a level that is detrimental to human health.  Use of hypolimnetic oxygenation 

would be protective of the environment through the supply of DO at levels suitable for 

respiratory requirements of aerobic organisms. 

 Compliance with ARARs.  Use of oxygenation will increase DO concentrations of bottom 

waters during periods of thermal stratification and has the capacity to meet the Basin 

Plan WQO of 5 mg/L DO.  



 

 

 

 

 216  

D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

 Long-Term Effectiveness and Permanence.  Operation of the oxygenation system each 

year through the stratified period extending from approximately May–October will 

effectively control DO levels in bottom waters that will inhibit release of phosphate from 

approximately 12 acres of bottom sediments at the southern end of the Lake, 

corresponding to approximately one-fifth (21 percent) of the total sediment area. 

 Reduction of Toxicity, Mobility, and Volume Through Treatment.  Oxygenation will 

increase DO, reduce formation of toxic ammonia and hydrogen sulfide, and reduce 

nutrients in the Lake. 

 Short-Term Effectiveness.  An oxygenation system can quickly deliver DO and be 

effective in the short-term, as well as over longer time frames. 

 Implementability.  Oxygenation systems are commercially available and relatively 

straightforward to implement. 

 Cost.  The costs of oxygenation systems can be high, especially in this case when 

considering the small relative area of Lake sediments that would be favorably affected 

by its operation (about one-fifth of bottom sediments).  Costs for this option (Table 65) 

were based on the system installed by Gerling et al. (2014). 

8.8.4.3.3 Conclusion.  Due to the issues discussed above in the previous sections, the 

oxygenation (side-stream supersaturation) alternative will not be considered further. 

8.8.4.4 Alternative L4: Flocculation/Settling/Phosphorus Inactivation 

8.8.4.4.1 Description.  Addition of alum to the water column of lakes achieves a number of 

benefits, including the flocculation of dissolved and particulate forms of nutrients, removal of 

these nutrients out of the water column through settling, and inactivation of mobile phosphorus 

within bottom sediments.  Alum addition to lakes is an extension of a common unit process 

within drinking water treatment plants and is widely used throughout the world (Appendices AH 

and AI).  Moreover, the floc formed from alum is not influenced by DO level; therefore, unlike 

iron phases, it does not undergo reductive dissolution under low redox conditions.  Alum 
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treatments do generate protons and thus can reduce pH values, although Lake San Marcos, like 

most lakes in southern California, has abundant alkalinity and is thus able to buffer significant 

changes in pH. 

8.8.4.4.2 Detailed Evaluation.  This alternative was evaluated based on the seven criteria as 

follows: 

 Overall Protection of Human Health and the Environment.  Nutrients are not typically 

present at a level that is detrimental to human health.  Use of alum for flocculation/ 

settling/phosphorus inactivation would be protective of the environment by reducing 

nutrient concentrations in the water column and rates of internal phosphorus recycling 

from bottom sediments.  Alum treatments have generally been found to not negatively 

affect aquatic ecosystems (Pilgrim and Brezonik, 2005a and 2005b; Clearwater et al., 

2014).  

 Compliance with ARARs.  Use of alum decreases nutrient concentrations in the water 

column of the Lake and can directly help meet the Basin Plan WQO of 0.025 mg/L 

phosphorus. 

 Long-Term Effectiveness and Permanence.  Application of alum to the Lake each year 

will effectively help control phosphorus levels, limit algal growth, and increase clarity of 

the Lake. 

 Reduction of Toxicity, Mobility, and Volume Through Treatment.  Alum treatment will 

decrease phosphorus concentrations and indirectly help increase DO concentrations 

and reduce formation of toxic ammonia and hydrogen sulfide. 

 Short-Term Effectiveness.  Addition of alum results in very rapid increases in clarity and 

reductions in water column nutrient concentrations. 

 Implementability.  Alum application is a common lake management strategy with low 

chemical costs and numerous restoration companies providing this service. 
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 Cost.  The cost of alum is very low and application on a lake this size could be done in a 

single day. 

8.8.4.4.3 Conclusion.  Due to the issues discussed above in the previous sections, the 

flocculation/settling/phosphorus inactivation alternative will be selected as a component of the 

overall preferred remedy.   

8.8.4.5 Alternative L5: Biomanipulation (Enhanced Grazing) 

8.8.4.5.1 Description.  Alteration of the food web to enhance grazing of phytoplankton is a 

natural bioengineering approach to improving clarity and overall water quality in the Lake.  

Threadfin shad are vigorous predators on beneficial large-bodied zooplankton that naturally 

graze down phytoplankton.  Introduction of piscivorous fish, and their support within the food 

web through suitable habitat, spawning, and water quality, can yield a trophic cascade, wherein 

large piscivores such as black crappie and largemouth bass hold threadfin shad populations in 

check, thereby promoting a large healthy zooplankton population and low phytoplankton levels. 

8.8.4.5.2 Detailed Evaluation.  This alternative was evaluated based on the seven criteria as 

follows: 

 Overall Protection of Human Health and the Environment.  Nutrients are not typically 

present at a level that is detrimental to human health.  Use of biomanipulation via 

enhanced grazing would be protective of the environment by reducing phytoplankton 

levels, improve water clarity, improve recreational opportunities, and reduce particulate 

nutrient concentrations in the water column. 

 Compliance with ARARs.  Use of biomanipulation (enhanced grazing) will help improve 

clarity of the Lake; its influence on nutrient concentrations is expected to be more 

modest, while effects on DO are likely to be negligible.  This option is not anticipated to 

adequately meet the defined RAOs as an individual remedy or as a component of an 

alternative remedy. 
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 Long-Term Effectiveness and Permanence.  Biomanipulation is most effective when 

used in conjunction with other restoration strategies, although by itself it is unlikely to 

measurably reduce nutrient concentrations or increase DO levels.  When established, it 

can provide long-term and permanent improvements in water clarity and reductions in 

phytoplankton abundance.   

 Reduction of Toxicity, Mobility, and Volume Through Treatment.  Biomanipulation does 

not generally directly alter toxicity, but may slightly reduce mobility of nutrients within the 

Lake system and reduce burden on other restoration efforts. 

 Short-Term Effectiveness.  Biomanipulation is typically a longer-term approach to 

improving water quality. 

 Implementability.  Stocking of piscivorous fish is relatively inexpensive and, if successful 

in terms of subsequent spawning and reproduction, only requires a single stocking 

event, although periodic stocking would more likely be necessary. 

 Cost.  Fish stocking is comparatively inexpensive. 

8.8.4.5.3 Conclusion.  Due to the issues discussed above in the previous sections, the 

biomanipulation (enhanced grazing) alternative will not be considered further.   

8.8.4.6 Alternative L6: Selective Withdrawal 

8.8.4.6.1 Description.  Selective withdrawal involves the removal of water from a specific depth 

or region of the Lake, often targeting nutrient-rich bottom waters and facilitating export of 

nutrients from the Lake basin.  Water withdrawn from the lower water column near the dam can 

be discharged downstream to San Marcos Creek or pumped back to the golf courses for 

irrigation supply, simultaneously removing nutrients from the Lake and reducing or eliminating 

fertilizer use.  This option also includes adjusting the overall water balance of the Lake using 

Lake water extraction and groundwater input.  Lake level can be maintained with make-up water 

from local groundwater; with sufficient rate of withdrawal, destratification, and mixing of naturally 

aerated waters this alternative can provide DO to bottom waters.  Some care would be needed 
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to ensure that high concentrations of hydrogen sulfide, dissolved iron, and other species are not 

present in the waters to avoid adverse downstream effects, unwanted odors, discoloration, and 

clogging of irrigation infrastructure. 

8.8.4.6.2 Detailed Evaluation.  This alternative was evaluated based on the seven criteria as 

follows: 

 Overall Protection of Human Health and the Environment.  Nutrients are not typically at a 

level that are detrimental to human health.  Use of selective withdrawal would be 

protective of the environment by reducing dissolved nutrient concentrations and, with 

sufficient pumping rates, may lead to improvements in DO. 

 Compliance with ARARs.  Selective withdrawal and pumping will remove nutrients and 

potentially increase DO, thereby helping meet both nutrient and DO WQOs in the Basin 

Plan.  Potential permitting issues associated with downstream release would have to be 

addressed during full-scale design with discharge water quality sampling data.   

 Long-Term Effectiveness and Permanence.  As with many other approaches, this 

requires continued operation to provide long-term effectiveness for control of nutrient 

and supply of DO, but doing so can provide long-term improvements in water quality. 

 Reduction of Toxicity, Mobility, and Volume Through Treatment.  Selective withdrawal 

will reduce accumulation of ammonia and hydrogen sulfide, can prevent toxic levels to 

aquatic organisms, and will reduce nutrients in the Lake. 

 Short-Term Effectiveness.  Commencement of withdrawal prior to development of 

thermal stratification will be important in both the short-term and long-term effectiveness 

of this approach. 

 Implementability.  This is a straightforward hydraulic approach that requires basic 

hardware to set up and implement. 



 

 

 

 

 221  

D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

 Cost.  Capital costs are expected to be low; some operating (electricity) and related 

maintenance costs are expected. 

8.8.4.6.3 Conclusion.  Due to the issues discussed above in the previous sections, the 

selective withdrawal alternative will be selected as a component of the overall preferred remedy.   

8.9 Preferred Alternative 

8.9.1 Description 

As systematically discussed in the previous sections, the following alternatives have been 

selected as the preferred remedy for the Watershed: 

 Alternative W3:  Supplementary Agricultural BMPs 

 Alternative W4:  Stream restoration 

Agricultural BMPs consist of installing supplemental buffer strips, conducting or maintaining 

Watershed-wide facility inspections for appropriate managerial practices (manure/fertilizer 

management), and implementing an agricultural irrigation optimization/reduction program.  

Existing agricultural BMPs (such as buffer strips) are currently present in the Watershed; 

therefore, this option includes supplementary agricultural BMPs in addition to currently existing 

or planned agricultural BMPs.  Available land use for this option is shown in Table 66.  

The stream restoration option would be designed for an overall nutrient load reduction of 

approximately 40 percent.  Comparable projects have obtained nutrient reductions exceeding 

60 percent (Appendices AJ and AL).  This option involves increasing creek width, as needed, to 

reduce flow and increase residence time, implement invasive species removal and native 

vegetation planting for increased nutrient uptake.  This option is broadly similar to the proposed 

Shephard Canyon and Serra Mesa projects in the San Diego Watershed (Appendix AL), as well 

as the SWRCB example San Diego River and Sycamore Creek projects (Appendix AJ).  The 

stream restoration project could be supplemented with a periodic chemical addition to 
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flocculate/settle and inactivate excessive orthophosphate so that nutrient loading to the Lake is 

significantly reduced.  In summary, this option consists of the following:  

 Widening or modifying the impaired creek channel to disperse and slow flow to increase 

residence time and nutrient uptake. 

 Resloping streambanks to reduce erosion and TSS and nutrient loading downstream. 

 Streambank stabilization by revetments, log cribs, groins, or gabions reduce erosion and 

TSS and nutrient loading downstream. 

 Floodplain restoration and reconnection with the stream course to increase retention 

time and groundwater recharge.  

 Floodplain, native basin, and stream channel sand filter beds to promote groundwater 

recharge.  

 Restored native basins to temporarily capture and reduce flow and promote nutrient 

uptake and groundwater recharge.  

 Refurbishment of existing basins for desilting and groundwater recharge. 

 Replacing invasive vegetation species with native vegetation that has increased nutrient 

uptake. 

 Removing impediments or impairments to the existing impaired natural wetlands 

environment to increase nutrient uptake. 

 Encouraging further natural development of the existing wetlands so that nutrient uptake 

is further facilitated.   

 Periodic microfloc alum addition to bind dissolved orthophosphate and reduce total 

phosphorus loading to the Lake.  

 Stream gauge installation for long-term flow monitoring.   
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 Access improvement to facilitate monitoring and periodic alum addition to reduce 

nutrient loading to the Lake.   

Assuming that property acquisition or use is not prohibitive, multiple areas along San Marcos 

Creek and along the Twin Oaks branch of San Marcos Creek represent potential conceptual 

candidate stream segments for restoration (Figure 101).  The following conceptual candidate 

areas have been identified: 

 Area 1:  East of San Marcos High School (13 acres) 

 Area 2:  Echo Lane area (22 acres) 

 Area 3:  Civic Center Drive area (10 acres) 

 Area 4:  Johnston Lane area (13 acres) 

 Area 5:  Inland Rail Trail area (6 acres) 

 Area 6:  Woodward Street Area (36 acres) 

 Area 7:  Twin Oaks Golf Course area (13 acres) 

 Area 8:  Sycamore Drive area (12 acres) 

This is a preliminary list; it may be expanded based on subsequent discussions with project 

stakeholders.  Only a portion of these areas would be selected for restoration to meet project 

objectives based on final design.  In addition, the following pre-design input is needed, at a 

minimum, to develop a detailed scope of work and engineering cost estimate for construction 

bidding: 

 Land surveying and land ownership 

 Native, invasive, and endangered species survey 

 Aquatic and riparian habitat assessment 

 Current and historical wetlands area mapping 

 Hydrologic analysis and floodplain mapping 

 Streambank and stream channel characterization 

 Stream course and MS4 outfall mapping 
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The following alternatives have been selected as the preferred remedy for the Lake: 

 Alternative L2:  Diffused aeration 

 Alternative L4:  Flocculation/settling/phosphorus inactivation 

 Alternative L6:  Selective withdrawal 

Diffused aeration involves addition of mechanical mixing energy to supplement natural 

processes to eliminate thermal stratification and mix DO throughout the water column.  Mixing of 

the water column is most commonly achieved by injection of air into a diffuser system located in 

the deepest part of the Lake.  Buoyant forces acting on the air bubbles cause the bubbles to 

rise, expand due to the reduction in hydrostatic pressure, and entrain bottom waters.  The 

entrained water rises with the bubble plume and is mixed with warm well-oxygenated surface 

waters, increasing DO concentrations.  Some dissolution of oxygen from the air bubbles into the 

water column also occurs, although this is generally limited for shallow lakes.  Diffused aeration 

systems require access to power to drive a suitably sized air compressor that delivers air 

through a supply line to the diffuser(s).  The compressor is commonly housed in small enclosure 

to minimize noise and protect it from weather and other external forces.  Lorenzen and Fast 

(1977) recommend an air flow rate of 1.3 cubic feet per minute (ft3/min) per acre of lake surface.  

The diffuser(s) can be one or more multi-port assemblies located at specific sites on the Lake or 

line diffusers that create bubble curtains.  

Alum addition directly to the Lake would be periodically conducted to floc and settle total 

phosphorus in the Lake water column and to inactivate mobile phosphorus within surficial 

sediments (Cooke and Kennedy, 1981).  The effectiveness of alum is dependent upon pH, with 

greatest effectiveness near circumneutral pH values.  While pH values >8 were often found in 

surface waters of the Lake, alum hydrolysis generates acidity and will lower the pH value and 

yield high floc formation and strong binding of orthophosphate (e.g., as demonstrated for Big 

Bear Lake) (Anderson et al., 2014).  Notwithstanding, pilot jar tests (Section 8.9.2) should be 

conducted to determine site-specific alum dose-pH relationships and phosphate removal 

effectiveness.  Alum would be applied as a liquid from a boat making a series of transects 

across the Lake.  Real-time GPS allows precise navigation while metering delivery of the liquid 

alum regulates the dose that can be applied either as a spray onto the water surface or injection 
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below the water surface.  Inactivation of mobile phosphorus within the bottom sediments 

involves matching of the applied dose to mobile phosphorus concentration of the sediments at a 

given area of the Lake.  

The cost of alum treatment is a function of alum dose, material cost (liquid alum), and 

application cost.  Based upon mobile-phosphorus contents of sediment in other lakes in the 

region (Table 67), and assuming a water content of 50 to 80 percent and a 20:1 

aluminum:phosphorus (Al:P) ratio (Anderson et al., 2015), an average dose of 60 to 100 grams 

of alum per square meter (g Al/m2) would be needed to fully inactivate mobile-phophorus in the 

bottom sediments of Lake San Marcos.  If material costs are approximately $0.60 per gallon of 

liquid alum (delivered), the material cost for treatment of 56 acres to an average dose of 

100 g Al/m2 is estimated to be approximately $58,000.  However, this is a maximum dose 

application; a reduced alum dose on the order of 10 to 20 g Al/m2 each year will sufficiently bind 

soluble and particulate phosphorus and particulate nitrogen, flocculate and remove algae from 

the water column, improve clarity, and inactivate a meaningful amount of mobile-phosphorus 

within the sediments annually.  The approximate cost for such a treatment regime is estimated 

to be $15,000 per year (Table 65).  This approach is recommended, as it allows the greatest 

flexibility in terms of timing and amount of alum applied, with the potential to increase the dose 

as appropriate. 

Large tanker trucks are typically used for transport and delivery; if access is limited, then smaller 

trucks and higher delivery charges would be expected.  Additional chemical measurements and 

jar tests are needed to confirm these estimates.  Moreover, a single annual treatment may not 

adequately address continued inputs of nutrients from the Watershed.  Thus, there is some 

advantage (and it may be necessary to avoid low pH and high dissolved aluminum 

concentrations) to apply the alum in smaller, more regular doses, as has been done at Canyon 

Lake.  

Selective withdrawal (hypolimnetic extraction) would be completed either by dam release and 

downstream discharge to Lower San Marcos Creek or by a simple pipeline with screened inlet 

and associated pumping system extending to near the Lake floor in the deeper southern portion 
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of the Lake.  This latter option also involves monitoring of the extracted Lake water prior to 

pumping and discharge application to the target irrigation area on the adjacent golf courses.   

As demonstrated by Watershed and Lake modeling discussed in Section 8.8.2 (Appendix R), 

the combination of these Lake and Watershed alternatives working together (the preferred 

remedy) will best achieve an improvement in water quality parameters that protect and maintain 

the designated beneficial uses for the Creek and the Lake.   

8.9.2 Pilot Testing 

Selected components of the preferred remedy should be pilot tested before full-scale 

implementation.  Pilot testing would be completed to simulate full-scale implementation as much 

as possible while obtaining the design data needed to scale-up and cost the remedy for 

complete implementation.  Supplemental surface water flow and water quality data, Lake 

monitoring data, or other supportive data could be collected to support the pilot testing design 

and performance evaluation.  Pilot testing and associated baseline and performance monitoring 

is typically specified and detailed in a separate remedial design/implementation (RDI) plan.   

8.9.3 Regulatory Component 

The selected preferred alternative also contains a regulatory component relating to the existing 

WQOs in the Basin Plan.  In accordance with the Lake San Marcos Work Group Participation 

Agreement (LSM Work Group, 2011), if the existing region-wide WQOs are found to be 

technically infeasible to achieve, site-specific nutrient WQOs (termed “local variation” [RWQCB, 

2004]) and a companion Basin Plan amendment for the Lake could be developed if needed that 

are appropriate based on the expected sustainable long-term performance of the selected 

remedy.   

8.9.4 Approximate Cost Range 

The approximate order-of-magnitude range of costs (2015 dollars) associated with the preferred 

alternative is provided in Tables 64a, 64b, 64c, 65, and 68.  Approximate cost ranges for the 
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remaining technologies discussed in the screening evaluation are also included for reference.  

Estimated costs are based on cited literature values from similar projects.   

Agricultural BMPs are estimated to cost approximately $1.5 million over a 30-year period.  

Stream restoration is estimated to cost approximately $6.58 million over a 30-year period.  Two 

examples of the various cost components of the stream restoration remedy are presented in 

Table 64c.  The estimated cost for the phosphorus inactivation component of the stream 

restoration remedy is anticipated to be approximately comparable to the Lake phosphorus 

inactivation cost of $435,000 over 30 years (Tables 64b and 65).  The preferred Watershed 

options total approximately $8.5 million over 30 years. 

Diffused aeration in the Lake is estimated to cost approximately $674,000 and alum application 

is estimated to cost approximately $954,000 over 30 years.  Selective withdrawal is estimated to 

cost approximately $1.12 million over 30 years.  Thus, the preferred Lake options total 

approximately $2.75 million over 30 years.  Combined, the estimated costs for Lake and 

Watershed preferred options total approximately $11.3 million over 30 years (Table 68).   

8.9.5 Summary 

The selected preferred alternative provides a cost-effective, demonstrable, and sustainable 

benefit to the Lake through reduced internal and external nutrient loading, reduced chlorophyll a 

concentrations, and increased DO concentrations.  These substantial improvements to Lake 

water quality will be consistent with the designated beneficial uses of the Lake over time.   
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Figure 2

LAKE SAN MARCOS/
UPPER SAN MARCOS CREEK WATERSHED

Site Location
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Figure 3

LAKE SAN MARCOS/
UPPER SAN MARCOS CREEK WATERSHED

Site Location with Topography

Sources: 
1. USGS 1:24,000 topographic map.
2. San Diego Geographic Information Source (SanGIS)

Note: HOA = Homeowners association property
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Figure 4

LAKE SAN MARCOS/
UPPER SAN MARCOS CREEK WATERSHED

Site Area, Lake San Marcos
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Figure 6

Historical Sampling Locations
Upper San Marcos Creek Watershed and Lake San Marcos
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Figure 7

Historical Surface Water Sample Locations
Lake San Marcos and Upper San Marcos Creek Watershed
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Figure 8

Historical Sample Locations (without Surface Water Sampling Locations)
Lake San Marcos and Upper San Marcos Creek Watershed
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Figure 9

LAKE SAN MARCOS/
UPPER SAN MARCOS CREEK WATERSHED

Planned Creek Water Sampling Stations near
Prohoroff and Hollandia Properties, 2015

Source: SCS (2015a)
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Planned Creek Water Sampling Stations
Reach 1
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Figure 10

Source: SCS (2015a)
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Planned Creek Water Sampling Stations
Reach 2
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Figure 11

Source: SCS (2015a)
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Figure 12

LAKE SAN MARCOS/
UPPER SAN MARCOS CREEK WATERSHED

Planned Creek Water Sampling Stations
Reach 3

Source: SCS (2015a)

Non-target reach

Drainage boundary

Reach 3

Explanation
Storm mainStream

Storm channel

Sample location



Explanation

T:
\V

D
R

\0
_

V
D

R
-P

R
O

JE
C

T
S

\0
0

-C
A

\C
A

1
5

.0
0

5
5

_
L

A
K

E
_

S
A

N
_

M
A

R
C

O
S

\G
IS

\M
X

D
S

\R
I_

F
S

_
F

IG
U

R
E

S
\F

IG
1

3
_

C
R

E
E

K
_

S
A

M
P

L
IN

G
_

L
O

C
S

_
R

E
A

C
H

4
.M

X
D

JN CA15.005512/18/2015
Daniel B. Stephens & Associates, Inc.

Figure 13

LAKE SAN MARCOS/
UPPER SAN MARCOS CREEK WATERSHED

Planned Creek Water Sampling Stations
Reach 4

Source: SCS (2015a)

Non-target reach

Drainage boundary

Reach 2 Storm main

Reach 4

Stream

Storm channel

Sample location
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Figure 14

Vegetation Survey Reaches and Transects
December 2013

LAKE SAN MARCOS/
UPPER SAN MARCOS CREEK WATERSHED

Explanation

Vegetation transect

Lake shoreline

Picnic area and road

Source: Great Ecology (2014a)



Number of Docks and Boats in Lake San Marcos
1947-2015
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Source: SCS (2014b)

Figure 15



Figure 16

LAKE SAN MARCOS/
UPPER SAN MARCOS CREEK WATERSHED

Historical Lake San Marcos Water Elevation
1947-2013

Daniel B. Stephens & Associates, Inc.
12/18/2015 JN CA15.0055
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Figure 17
Daniel B. Stephens & Associates, Inc.
12/18/2015 JN CA15.0055
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St. Mark Executive Golf Course Irrigated Area
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Figure 18

Source: SCS (2014b)

Explanation

N

Approximate irrigated area of
St. Mark Executive Golf Course
(±1,273,263 sq. ft.; ±29.23 acres)

Approximate golf course boundary

Approximate study area boundary

Course-hole reference



St. Mark Golf Club Irrigated Area
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LAKE SAN MARCOS/
UPPER SAN MARCOS CREEK WATERSHED

Figure 19

Source: SCS (2014b)

Explanation

N

Approximate irrigated area of
St. Mark’s Executive Golf
(±5,220,498 sq. ft.; ±119.84 Acres)

Approximate golf course boundary

Course-hole reference

Feet
0 250 500

Approximate irrigated area of
St. Mark Golf Club
(±5,220,498 sq. ft.; ±119.84 acres)
Approximate golf course boundary

Course-hole reference
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Figure 20

LAKE SAN MARCOS/
UPPER SAN MARCOS CREEK WATERSHED

Load of TSS to the
Stream from the Catchment

Explanation
Watershed boundary 

Major road

USGS-mapped stream

Municipal boundary

Total suspended solids

(TSS) ton/yr

0.3 - 50.0

50.1 - 100.0

100.1 - 150.0

150.1 - 200.0

200.1 - 250.0

250.1 - 300.0

VISTA
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Figure 21

LAKE SAN MARCOS/
UPPER SAN MARCOS CREEK WATERSHED

Load of Total Phosphorus to the
Stream from the Catchment

Explanation
Watershed boundary 

Major road

USGS-mapped stream

Municipal boundary

Total phosphorus

(TP) lb/yr

1.7 - 75.0

75.1 - 150.0

150.1 - 225.0

225.1 - 300.0

300.1 - 375.0

VISTA
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Figure 22

LAKE SAN MARCOS/
UPPER SAN MARCOS CREEK WATERSHED

Load of Total Nitrogen to the
Stream from the Catchment

Explanation
Watershed boundary 

Major road

USGS-mapped stream

Municipal boundary

Total nitrogen

(TN) lb/yr

16.4 - 500.0

500.1 - 1,000.0

1,000.1 - 1,500.0

1,500.1 - 2,000.0

2,000.1 - 2,500.0

2,500.1 - 3,000.0

3,000.1 - 3,500.0

VISTA
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Figure 23

Yield of TSS to the
Stream from the Catchment

Explanation
Watershed boundary 

Major road

USGS-mapped stream

Municipal boundary

Total suspended solids

(TSS) ton/ac/yr

0.02 - 0.10

0.11 - 0.20

0.21 - 0.30

0.31 - 0.40

0.41 - 0.50

LAKE SAN MARCOS/
UPPER SAN MARCOS CREEK WATERSHED
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Figure 24

Yield of Total Phosphorus to the
Stream from the Catchment

Explanation
Watershed boundary 

Major road

USGS-mapped stream

Municipal boundary

Total phosphorus

(TP) lb/ac/yr

0.09 - 0.10

0.11 - 0.20

0.21 - 0.30

0.31 - 0.40

0.41 - 0.50

0.51 - 0.60

0.61 - 0.70

LAKE SAN MARCOS/
UPPER SAN MARCOS CREEK WATERSHED
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Figure 25

Yield of Total Nitrogen to the
Stream from the Catchment

Explanation
Watershed boundary 

Major road

USGS-mapped stream

Municipal boundary

Total nitrogen

(TN) lb/ac/yr

0.89 - 1.00

1.01 - 2.00

2.01 - 3.00

3.01 - 4.00

4.01 - 5.00

5.01 - 6.00

LAKE SAN MARCOS/
UPPER SAN MARCOS CREEK WATERSHED
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Figure 26

LAKE SAN MARCOS/
UPPER SAN MARCOS CREEK WATERSHED

Delivered Load of TSS to the
Lake from the Catchment

Explanation
Watershed boundary 

Major road

USGS-mapped stream

Municipal boundary

Total suspended solids

(TSS) ton/yr

0.1 - 20.0

20.1 - 40.0

40.1 - 60.0

60.1 - 80.0

80.1 - 100.0

100.1 - 120.0

120.1 - 140.0

140.1 - 160.0

160.1 - 180.0

VISTA
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Figure 27

LAKE SAN MARCOS/
UPPER SAN MARCOS CREEK WATERSHED

Delivered Load of Total Phosphorus to the
Lake from the Catchment

Explanation
Watershed boundary 

Major road

USGS-mapped stream

Municipal boundary

Total phosphorus

(TP) lb/yr

1.7 - 50.0

50.1 - 100.0

100.1 - 150.0

150.1 - 200.0

200.1 - 250.0

250.1 - 300.0

300.1 - 350.0

350.1 - 400.0

VISTA
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Figure 28

LAKE SAN MARCOS/
UPPER SAN MARCOS CREEK WATERSHED

Delivered Load of Total Nitrogen to the
Lake from the Catchment

Explanation
Watershed boundary 

Major road

USGS-mapped stream

Municipal boundary

Total nitrogen

(TN) lb/yr

16.1 - 400.0

400.1 - 800.0

800.1 - 1,200.0

1,200.1 - 1,600.0

1,600.1 - 2,000.0

2,000.1 - 2,400.0

VISTA
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Figure 29

Delivered Yield of TSS to the
Lake from the Catchment

Explanation
Watershed boundary 

Major road

USGS-mapped stream

Municipal boundary

Total suspended solids

(TSS) ton/ac/yr

0.01 - 0.05

0.06 - 0.10

0.11 - 0.15

0.16 - 0.20

0.21 - 0.25

0.26 - 0.30

0.31 - 0.35

0.36 - 0.40

LAKE SAN MARCOS/
UPPER SAN MARCOS CREEK WATERSHED
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Figure 30

Delivered Yield of Total Phosphorus to the
Lake from the Catchment

Explanation
Watershed boundary 

Major road

USGS-mapped stream

Municipal boundary

Total phosphorus

(TP) lb/ac/yr

0.09 - 0.10

0.11 - 0.20

0.21 - 0.30

0.31 - 0.40

0.41 - 0.50

0.51 - 0.60

0.61 - 0.70

LAKE SAN MARCOS/
UPPER SAN MARCOS CREEK WATERSHED
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Figure 31

Delivered Yield of Total Nitrogen to the
Lake from the Catchment

Explanation
Watershed boundary 

Major road

USGS-mapped stream

Municipal boundary

Total nitrogen

(TN) lb/ac/yr

0.8 - 1.0

1.1 - 2.0

2.1 - 3.0

3.1 - 4.0

4.1 - 5.0

LAKE SAN MARCOS/
UPPER SAN MARCOS CREEK WATERSHED
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Figure 32

LAKE SAN MARCOS/
UPPER SAN MARCOS CREEK WATERSHED

Land Use in the
Upper San Marcos Creek Watershed

Source: SCS (2015a)



Figure 33

LAKE SAN MARCOS/
UPPER SAN MARCOS CREEK WATERSHED

County and City Drains, Culverts and Channel
Daniel B. Stephens & Associates, Inc.
12/18/2015 JN CA15.0055
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LAKE SAN MARCOS/
UPPER SAN MARCOS CREEK WATERSHED

Lake San Marcos Surface Water Discharge Points
Daniel B. Stephens & Associates, Inc.

Figure 34
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NOTE: CAR13 AND CAR 14;
COUNTY OF SAN DIEGO
MASS LOADING STUDY,
2009 - 2010

Explanation

Source: SCS (2014b)



Figure 35

LAKE SAN MARCOS/
UPPER SAN MARCOS CREEK WATERSHED

GPS Stations with Photographs
Daniel B. Stephens & Associates, Inc.
12/18/2015 JN CA15.0055
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Figure 36

LAKE SAN MARCOS/
UPPER SAN MARCOS CREEK WATERSHED

Sub-Catchment Areas, Flow Directions, and Sub-Catchment Discharge Locations
Daniel B. Stephens & Associates, Inc.
12/18/2015 JN CA15.0055
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Sub-catchment area boundary

Approximate surface flow path and direction

Sub-catchment discharge point

Project area



Figure 37

LAKE SAN MARCOS/
UPPER SAN MARCOS CREEK WATERSHED

St. Mark Golf Course Catchment Areas, Flow Lines, and Sample Location
Daniel B. Stephens & Associates, Inc.
12/18/2015 JN CA15.0055
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Figure 38

LAKE SAN MARCOS/
UPPER SAN MARCOS CREEK WATERSHED

St. Mark Executive Golf Course Catchment Areas, Flow Lines, and Sample Location
Daniel B. Stephens & Associates, Inc.
12/18/2015 JN CA15.0055
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Source: SCS (2014b)



Figure 39

LAKE SAN MARCOS/
UPPER SAN MARCOS CREEK WATERSHED

Area Land Use
Daniel B. Stephens & Associates, Inc.
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Source: SCS (2014b)



Figure 40

LAKE SAN MARCOS/
UPPER SAN MARCOS CREEK WATERSHED

Area Land Use, Sub-Catchment Areas, Flow Directions, and Sub-Catchment Discharge Locations
Daniel B. Stephens & Associates, Inc.
12/18/2015 JN CA15.0055
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LAND USE

Source: SCS (2014b)

Land use

Approximate surface flow path and direction

Project area

Lake San Marcos surface discharge point

Sub-catchment discharge point

Sub-catchment area



Figure 41

LAKE SAN MARCOS/
UPPER SAN MARCOS CREEK WATERSHED

San Marcos Creek Flow Volume
June-August 2013

Daniel B. Stephens & Associates, Inc.
12/18/2015 JN CA15.0055
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JN CA15.0055 Figure 42

LAKE SAN MARCOS/
UPPER SAN MARCOS CREEK WATERSHED

Creek Stage-Discharge Curve
July 2013

Two views of the Creek weir and level logger.
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Elevation
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N

Figure 43

0 2,000 4,000 Feet

Explanation

Watershed boundary
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Figure 44

Note: Soil groups from NRCS, 2007
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Regional Geology
Daniel B. Stephens & Associates, Inc.
12/23/2015
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Figure 46

LAKE SAN MARCOS/
UPPER SAN MARCOS CREEK WATERSHED

Site Geology
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Geologic Map Units
Daniel B. Stephens & Associates, Inc.

Figure 47

Source:  Geologic map adapted from Geologic Map
of the Oceanside 30x60-minute Quadrangle, California
(Kennedy and Tan, 2007)
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Figure 48

Site Geology with
Cross-Section Locations
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Figure 50

LAKE SAN MARCOS/
UPPER SAN MARCOS CREEK WATERSHED

Geologic Cross-Sections A and B
Daniel B. Stephens & Associates, Inc.
12/18/2015 JN CA15.0055
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Figure 51

Locations of Geologic
Cross-Sections C and D
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Figure 52
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Geologic Cross-Sections C and D
Daniel B. Stephens & Associates, Inc.
12/18/2015 JN CA15.0055
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Groundwater Elevation Map
Creek Area OW Wells, March 2013

JN CA15.0055
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Figure 53

Estimated groundwater contour
in feet above mean sea level

Approximate groundwater monitoring well location

Groundwater elevation in feet above mean sea level
as measured on March 26, 2013 following a rain
event greater than 0.5 inch

Source: SCS (2013b)
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Hydrographs for San Marcos Creek Area Wells
2012-2013
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Figure 54

Source: SCS (2013b)
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Groundwater Elevation Map, City of San Marcos Supply Wells, 2013
Daniel B. Stephens & Associates, Inc.
12/18/2015 JN CA15.0055
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Surface Water Ammonia Concentrations
Upper San Marcos Creek Watershed

JN CA15.0055
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Figure 56

Note: 
Red bar indicates maximum and minimum detected value.  Blue bar
indicates average detected value.  Half the detection limit utilized
for non-detected values.  All values in mg/L. 
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Explanation
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Surface Water Nitrate Concentrations
Upper San Marcos Creek Watershed
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Figure 57

Note: 
Red bar indicates maximum and minimum detected value.  Blue bar
indicates average detected value.  Half the detection limit utilized
for non-detected values.  All values in mg/L. 
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Surface Water Nitrate/Nitrite Concentrations
Upper San Marcos Creek Watershed
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Figure 58

Note: 
Red bar indicates maximum and minimum detected value.  Blue
bar indicates average detected value.  Half the detection limit used
for non-detect values.  All values in mg/L. 
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Surface Water Total Nitrogen Concentrations
Upper San Marcos Creek Watershed
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Figure 59

Note: 
Red bar indicates maximum and minimum detected value.  Blue bar
indicates average detected value.  Half the detection limit utilized
for non-detected values.  All values in mg/L. 
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Surface Water Total Phosphorus Concentrations
Upper San Marcos Creek Watershed
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Figure 60

Note: 
Red bar indicates maximum and minimum detected value.  Blue
bar indicates average detected value.  Half the detection limit used
for non-detect values.  All values in mg/L. 
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Surface Water
Total Suspended Solids Concentrations

Upper San Marcos Creek Watershed
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Figure 61

Note: 
Red bar indicates maximum and minimum detected value.  Blue 
bar indicates average detected value.  Half the detection limit used
for non-detect values.  All values in mg/L. 
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Groundwater Analytical Data
Creek Area OW Wells, 2012-2013
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Figure 62

Source: SCS (2013b)Explanation
Groundwater samples collected by SCS Engineers and analyzed for nitrate/nitrite
(NN) by SM4500-NO3E, ammonia (AM) by SM4500-NH3 B/C, total phosphorus (TP),
dissolved phosphorus (DP), and orthophosphate (OP) by SM4500-P B/E, total
Kjeldahl nitrogren (TKN) by SM4500-N Org B, total dissolved solids (TDS) by
SM2540-C, and total hardness (CaCO3) by SM2340-C. All results reported in
milligrams per liter (mg/L). < indicates not reported at concentrations greater than the
indicated analytical method reporting limit. * indicates the duplicate sample result was
used due to higher value.

Approximate groundwater monitoring well location



Figure 63
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City of San Marcos Supply Wells Analytical Data, 2013
Daniel B. Stephens & Associates, Inc.
12/18/2015 JN CA15.0055
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dissolved solids (TDS) using SM 2450-C; and total hardness analyzed
using SM 2340. < indicates not detected above laboratory reporting limit
for given analyte. Results reported in milligrams per liter (mg/L).
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Figure 64

Note:
Solid line: September 4, 2012; dashed line: September 25, 2012;
dot-dashed line: December 11, 2012.
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Source: Tierra Data Inc. (2013)
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Figure 65

Bathymetric Survey Transects

Survey conducted by Tierra Data on December 20-21, 2012.
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Figure 66

Lake Bathymetric Map

Source: Tierra Data Inc. (2013)
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Lake Total Nitrogen Data, 2012-2015, Stations A through E
JN CA15.0055
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Figure 67

Note: 
Almost all total nitrogen in bottom samples is present in the soluble,
readily bioavailable ammonium form.
a) Surface total nitrogen at Stations A through E
b) Surface and bottom total nitrogen
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Sediment Nutrient Flux Results
Station A, June-July 2013

JN CA15.0055
Daniel B. Stephens & Associates, Inc.
12/18/2015
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Figure 68



Contour Plot showing Water Column Temperature at
Station A as a Function of Depth and Time

JN CA15.0055
Daniel B. Stephens & Associates, Inc.
12/18/2015
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Figure 69

Note:
Water column is stratified at this location during the spring-
summer, mixes in September, cools to winter minimum temperature
of 10-12°C in January, and warms and stratifies in the spring.



Temperature Profiles Comparing Stations A through E on
May 2, July 19, and August 26, 2013 and January 8, 2014

JN CA15.0055
Daniel B. Stephens & Associates, Inc.
12/18/2015
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Figure 70

Note: Different scales on temperature axis.



Lake Surface Temperature, 2012-2015, Stations A through E
JN CA15.0055

Daniel B. Stephens & Associates, Inc.
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Figure 71
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Contour Plot Showing Water Column
Dissolved Oxygen Concentrations at

Station A as a Function of Depth and Time
JN CA15.0055

Daniel B. Stephens & Associates, Inc.
12/18/2015
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Figure 72

Note:
Low DO concentrations are present in hypolimnion when water
column is stratified location during the spring-summer; mixing of
anoxic water in September depleted DO levels in entire water 
column, which then slowly reaerates during fall and winter.



Dissolved Oxygen Profiles Comparing Stations A through E on
May 2, July 19, and August 26, 2013 and January 8, 2014

JN CA15.0055
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Figure 73

Note: Different scale on DO axis in panel d.



Lake Dissolved Oxygen, 2012-2015, Stations A through E
JN CA15.0055

Daniel B. Stephens & Associates, Inc.
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Figure 74

Note:
a) Surface DO values at Stations A through E, and b) Surface and bottom DO concentrations presented as CDF.
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Lake Water Column pH, 2012-2015, Station A
JN CA15.0055
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Figure 75

Notes:
1. Lower pH values throughout water column following mixing in September
    due to oxidation of sulfide and ammonia that generate acidity.
2. Higher pH values are present in epilimnion during summer while
    lower values are present in hypolimnion.
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pH Profiles Comparing Stations A through E on
May 2, July 19, and August 26, 2013 and January 8, 2014

JN CA15.0055
Daniel B. Stephens & Associates, Inc.
12/18/2015
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Figure 76
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Figure 77

Note:
a) Surface pH values at Stations A through E, and b) Surface and bottom pH concentrations presented as CDF.

Lake pH Data, 2012-2015, Stations A through E
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Contour Plot Showing Chlorophyll a Concentrations at
Station A as Function of Depth and Time

JN CA15.0055
Daniel B. Stephens & Associates, Inc.
12/18/2015

T:\VDR\0_VDR-PROJECTS\00-CA\CA15.0055_LAKE_SAN_MARCOS\GIS\MXDS\RI_FS_FIGURES\FIG78_CHLOROPHYLL_A_CONCENTRATIONS .MXD

LAKE SAN MARCOS/
UPPER SAN MARCOS CREEK WATERSHED

Figure 78

Note: Relatively high values seen throughout water column following mixing in 2015.



Chlorophyll a Profiles Comparing Stations A through E on
May 2, July 19, and August 26, 2013 and January 8, 2014
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Figure 79
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Figure 80

Note:
a) At Stations A through E, and b) Presented as CDF.

Measured Surface Chlorophyll a
Concentrations at Lake San Marcos

Chlorophyll a (μg/L)
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Lake Total Phosphorus Data, 2012-2015, Stations A through E
JN CA15.0055

Daniel B. Stephens & Associates, Inc.
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Figure 81

Note: 
Almost all total phosphorus in bottom samples is present in the soluble,
readily bioavailable orthophosphate form.
a) Surface total phosphorus at Stations A through E
b) Surface and bottom total phosphorus 
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Lake Concentration Ratios of Total Nitrogen and
Total Phosphorus, 2012-2015, Stations A through E
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Figure 82

Note:
Ratios less than 10 often taken as indicative of N-limitation,
while values greater than 20 generally represent P-limitation. 
a) Surface total nitrogen at Stations A through E
b) Surface and bottom total nitrogen 
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Time Series Plots of Dissolved PO4-P and NH4-N
Concentrations in Bottom Samples at Stations A and C
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Figure 83

Note:
The marked increase in dissolved nutrient concentrations during
spring-summer stratification was used to estimate sediment flux rates
using the hypolimnetic mass balance approach.



Figure 84

LAKE SAN MARCOS/
UPPER SAN MARCOS CREEK WATERSHED

Analytical Results of Lake Area Groundwater Well Sampling
Daniel B. Stephens & Associates, Inc.
12/18/2015 JN CA15.0055
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Explanation

N = nitrogen
mg/L = milligrams per liter
Concentrations noted in bold indicate a detection above the laboratory reporting limit.
< = indicates a concentration below the specified reporting limit.
* In any stream at the point it enters a standing body of water, nor to exceed 0.025 mg/L
in a standing body of water, nor to exceed 0.1 mg/L in any flowing water.
NA = Not applicable

Source: SCS (2015b)

Notes:

Monitoring well location

Dry monitoring well location

Area of study



Human Exposure
Site Conceptual Model
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Figure 85
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Ecological Exposure Site Conceptual Model for
Lake San Marcos and the San Marcos Watershed
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Figure 86
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Site Conceptual Model
Upper San Marcos Creek Watershed

LAKE SAN MARCOS/
UPPER SAN MARCOS CREEK WATERSHED

N Explanation
Watershed boundary

USGS-mapped stream
Surface water flow

Sediment transport

Approximate regional
groundwater flow
direction (SCS, 2013b)
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Volumetric Load from
Upper San Marcos Creek to Lake San Marcos

JN CA15.0055
Daniel B. Stephens & Associates, Inc.
12/18/2015
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Figure 88

Total monthly average predicted volumetric load (ac-ft/month) from Upper San Marcos Creek to Lake San Marcos.
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Sediment Load from
Upper San Marcos Creek to Lake San Marcos

JN CA15.0055
Daniel B. Stephens & Associates, Inc.
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Figure 89

Total monthly average predicted sediment load (ton/month) from Upper San Marcos Creek to Lake San Marcos.
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Total Nitrogen Load from
Upper San Marcos Creek to Lake San Marcos
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Figure 90

Total monthly average predicted total nitrogen load (lb/month) from Upper San Marcos Creek to Lake San Marcos.
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Total Phosphorus Load from
Upper San Marcos Creek to Lake San Marcos
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Figure 91

Total monthly average predicted total phosphorus load (lb/month) from Upper San Marcos Creek to Lake San Marcos.
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Volumetric Input from
Upper San Marcos Creek to Lake San Marcos
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Figure 92

Annual predicted volumetric input (ac-ft/yr) by water year from Upper San Marcos Creek to Lake San Marcos.
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Sediment Input from
Upper San Marcos Creek to Lake San Marcos
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Figure 93

Annual predicted sediment input (ton/yr) by water year from Upper San Marcos Creek to Lake San Marcos.
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Total Nitrogen Input from
Upper San Marcos Creek to Lake San Marcos

JN CA15.0055
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Figure 94

Annual predicted total nitrogen input (lb/yr) by water year from Upper San Marcos Creek to Lake San Marcos.
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Total Phosphorus Input from
Upper San Marcos Creek to Lake San Marcos
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Figure 95

Annual predicted total phosphorus input (lb/yr) by water year from Upper San Marcos Creek to Lake San Marcos.
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Site Conceptual Model
Lake San Marcos
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Notes:
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Text

1. Bathymetry data from Tierra Data (2013).
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Predicted Reduction in Surface Water
Phosphorus Concentrations, 2012-2015 under

Combined Scenario Remedial Alternative
JN CA15.0055

Daniel B. Stephens & Associates, Inc.
12/18/2015
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Figure 97

Note: 
Combined scenarios remedial alternatives modeling consists of:
Watershed - low impact development, pollution controls, agricultural
BMPs, and San Marcos Creek detention/flocculation basins.
Lake - annual flocculation/settling (phosphorus inactivation) and
selective (hypolimnetic) withdrawal.
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Source: LimnoTech (2015d)
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Predicted conditions

Baseline conditions



Predicted Reduction in Bottom Water
Phosphorus Concentrations, 2012-2015 under

Combined Scenario Remedial Alternative
JN CA15.0055
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Figure 98

Note: 
Combined scenarios remedial alternatives modeling consists of:
Watershed - low impact development, pollution controls, agricultural
BMPs, and San Marcos Creek detention/flocculation basins.
Lake - annual flocculation/settling (phosphorus inactivation) and
selective (hypolimnetic) withdrawal.
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Source: LimnoTech (2015d)
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Predicted conditions

Baseline conditions



Predicted Reduction in
Chlorophyll a Concentrations, 2012-2015 under

Combined Scenarios Remedial Alternative
JN CA15.0055
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Figure 99

Note: 
Combined scenarios remedial alternatives modeling consists of:
Watershed - low impact development, pollution controls, agricultural
BMPs, and San Marcos Creek detention/flocculation basins.
Lake - annual flocculation/settling (phosphorus inactivation) and
selective (hypolimnetic) withdrawal.

LAKE SAN MARCOS/
UPPER SAN MARCOS CREEK WATERSHED

Source: LimnoTech (2015d)
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Predicted Increase in Bottom Water
Dissolved Oxygen Concentrations, 2012-2015 under

Combined Scenarios Remedial Alternative
JN CA15.0055
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Figure 100

Note: 
Combined scenarios remedial alternatives modeling consists of:
Watershed - low impact development, pollution controls, agricultural
BMPs, and San Marcos Creek detention/flocculation basins.
Lake - annual flocculation/settling (phosphorus inactivation) and
selective (hypolimnetic) withdrawal.
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Source: LimnoTech (2015d)
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Baseline conditions
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Figure 101

Proposed Conceptual
Candidate Stream Restoration Areas
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Table 1.  Dam Elevation-Discharge-Flow Rate Calculations Using Historical Data 

 Stage 1 Discharge (Elevation 494 ft msl) Stage 2 Discharge (Elevation 499 ft msl)  

Stage-
Elevation 
(ft msl) 

Piezometric 
Head (h) 

(feet) 

Effective 
Length 

(Leff) 
(feet) 

Discharge 
Coefficient 

(C)  
(feet) 

Flow Rate 
(Q) 
(cfs) 

Piezometric 
Head (h') 

(feet) 

Effective 
Length 
(L'eff) 
(feet) 

Discharge 
Coefficient 

(C')  
(feet) 

Flow Rate 
(Q') 
(cfs) 

Total  
Flow Rate 

(Q") 
(cfs) 

494 0 265 — — — — — — 0 

495 1 265 2.67 708 — — — — 708 

496 2 265 2.68 2,009 — — — — 2,009 

497 3 265 2.75 3,787 — — — — 3,787 

498 4 265 2.79 5,915 — — — — 5,915 

499 5 265 3.07 9,096 0 28 — — 9,096 

500 6 265 3.3 12,852 1 28 2.67 75 12,927 

501 7 265 3.3 16,196 2 28 2.68 212 16,408 

502 8 265 3.3 19,788 3 28 2.73 397 20,185 

503 9 265 3.3 23,612 4 28 2.79 625 24,236 

504 10 265 3.3 27,654 5 28 3.07 961 28,615 
 

Source:  SCS, 2014b 
ft msl = Feet above mean sea level 
cfs = Cubic feet per second 
— = Water level below dam crest height; no discharge 

 



 

 

 

 

 
   

D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

 

Table 2.  Dam Elevation-Discharge-Flow Rate Calculations Using 2013 Data 

 Stage 1 Discharge (Elevation 496.78 ft msl) Stage 2 Discharge (Elevation 501.70 ft msl)  

Stage-
Elevation 
(ft msl) 

Piezometric 
Head (h) 

(feet) 

Effective 
Length 

(Leff) 
(feet) 

Discharge 
Coefficient 

(C) 
(feet) 

Flow Rate 
(Q) 
(cfs) 

Piezometric 
Head (h') 

(feet) 

Effective 
Length 
(L'eff) 
(feet) 

Discharge 
Coefficient 

(C') 
(feet) 

Flow Rate 
(Q') 
(cfs) 

Total  
Flow Rate 

(Q") 
(cfs) 

496.78 0 264 — — — — — — 0 

497.78 1 264 2.67 704 — — — — 704 

498.78 2 264 2.68 1,998 — — — — 1,998 

499.78 3 264 2.75 3,766 — — — — 3,766 

500.78 4 264 2.79 5,883 — — — — 5,883 

501.78 5 264 3.07 9,046 0 28 — — 9,046 

502.78 6 264 3.3 12,782 1 28 2.67 76 12,858 

503.78 7 264 3.3 16,108 2 28 2.68 215 16,323 

504.78 8 264 3.3 19,680 3 28 2.73 403 20,083 

505.78 9 264 3.3 23,483 4 28 2.79 635 24,117 

506.78 10 264 3.3 27,503 5 28 3.07 976 28,479 
 

Source:  SCS, 2014b 
ft msl = Feet above mean sea level 
cfs = Cubic feet per second 
— = Water level below dam crest height; no discharge 
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Table 3.  Sampling Effort Descriptions 

Data Source Project Name Laboratory Name 

COSD Mass Loading Lake San Marcos 
2010/Dry Weather Monitoring 

Lake San Marcos Water 
Quality 

EnviroMatrix Analytical, Inc. 

COSD Mass Loading Lake San Marcos 
2010/Wet Weather Monitoring 

County of SD Lake San 
Marcos 

Not included 

COSD/Jurisdictional Dry Weather Dry Weather 2007-2008 Not included 

COSD/Jurisdictional Dry Weather Dry Weather 2008-2009 Not included 

COSD/Jurisdictional Dry Weather Dry Weather 2009-2010 Not included 

COSD/Jurisdictional Dry Weather Dry Weather 2010-2011 Not included 

COSD/Lake San Marcos data COSD 
DWM-MS4-LMS_sweeps up to June 30 
2011 

Lake San Marcos Clinical Laboratory of San 
Bernardino 

COSD/Lake San Marcos data COSD 
DWM-MS4-LMS_sweeps up to June 30 
2011 

Lake San Marcos EnviroMatrix Analytical, Inc. 

COSD/Lake San Marcos data COSD 
DWM-MS4-LMS_sweeps up to June 30 
2011 

Lake San Marcos Truesdail Laboratories, Inc 

COSD/Lake San Marcos data COSD 
DWM-MS4-LMS_sweeps up to June 30 
2011 

MS4 EnviroMatrix Analytical, Inc. 

COSD/Lake San Marcos data COSD 
DWM-MS4-LMS_sweeps up to June 30 
2011 

MS4 Truesdail Laboratories, Inc 

MS4 co-permittee data 2015 MS4 Various 

COSD\MS4 Targeted Dry Chemistry MS4_Targeted Dry_2010 Not included 

COSD\NPDES Old Chemisty Results COSD_NPDES_2010 Weston Solutions 

June 2010 Submission\Analytical 
Data\DW1-EMA 

Lake San Marcos EnviroMatrix Analytical, Inc. 

June 2010 Submission\Analytical 
Data\WW1 

County of SD Lake San 
Marcos 

Stormwater 

June 2010 Submission\Analytical 
Data\WW2 

County of SD Lake San 
Marcos 

Not included 
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Table 4.  Estimated Water Budgets, April–October 

   Amount (acre-feet) 

Season 
Date 

Range 
Number 
of Days 

Dam 
Overflow 

Dam 
Valve 

Release 
Groundwater 

Infiltration 
Watershed 

Runoff 
Groundwater 

Pump 
Irrigation 

Pump Evaporation 
Direct 

Precipitation Total 

2012 dry 
season 

4/15/2012–
10/31/2012 

200 –157 –143 57 288 336 –227 –135 4 23 

2013 dry 
season 

4/01/2013–
10/31/2013 

214 –222 –111 59 249 359 –240 –145 5 –46 

2014 dry 
season 

4/01/2014–
10/31/2014 

214 –68 –131 59 192 359 –240 –163 3 10 

Total 4/15/2012–
10/31/2014 

642 –447 –385 174 729 1,055 –708 –442 12 –13 

 

Source: LimnoTech, 2015b 
Note: The modeled estimates listed for the groundwater pump resulted in substantially greater nutrient loads than would be calculated based on limited sampling conducted to date; see Appendix S. 
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Table 5.  Estimated Water Budgets, November–March 

   Amount (acre-feet) 

Season Date Range 
Number 
of Days 

Dam 
Overflow 

Dam 
Valve 

Release 
Groundwater 

Infiltration 
Watershed 

Runoff 
Groundwater 

Pump 
Irrigation 

Pump Evaporation 
Direct 

Precipitation Total 

2012 wet 
season 

11/01/2012–
3/31/2013 

151 –992 –396 0 1,586 0 –55 –58 23 108 

2013 wet 
season 

11/01/2013–
3/31/2014 

151 –500 –245 0 773 0 –55 –50 13 –65 

2014 wet 
season 

11/01/2014–
3/31/2015 

151 –1,337 –523 0 1,934 0 –54 –61 25 –17 

Total 11/01/2012–
3/31/2015 

453 –2,829 –1,165 0 4,293 0 –165 –168 60 26 

 

Source: LimnoTech, 2015b 
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Table 6.  Estimated Solids Budgets, April–October 

  Solids (kilograms) 

Season 
Date 

Range 
Number 
of Days 

Dam 
Overflow 

Dam 
Valve 

Release 
Groundwater 

Infiltration 
Watershed 

Runoff 
Groundwater 

Pump 
Irrigation 

Pump 
Algae 

Production Total 

2012 dry 
season 

4/15/2012–
10/31/2012 

200 –4772 –2,523 26 26,409 155 –2,423 NE 16,873 

2013 dry 
season 

4/01/2013–
10/31/2013 

214 –4,406 –3,506 27 19,346 166 –3,327 NE 8,300 

2014 dry 
season 

4/01/2014–
10/31/2014 

214 –1,248 –2,776 27 19,123 166 –2,153 NE 13,140 

Total 4/15/2012–
10/31/2014 

642 –10,426 –8,805 80 64,878 488 –7,903 NE 38,313 

 

Source: LimnoTech, 2015b 
NE = Not estimated 
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Table 7.  Estimated Solids Budgets, November–March 

  Solids (kilograms) 

Season Date Range 
Number 
of Days 

Dam 
Overflow 

Dam 
Valve 

Release 
Groundwater 

Infiltration 
Watershed 

Runoff 
Groundwater 

Pump 
Irrigation 

Pump 
Algae 

Production Total 

2012 wet 
season 

11/01/2012–
3/31/2013 

151 –60,638 –15,381 0 224,872 0 –2,638 NE 146,215

2013 wet 
season 

11/01/2013–
3/31/2014 

151 –14,819 –8,060 0 44,013 0 –1,471 NE 19,663 

2014 wet 
season 

11/01/2014–
3/31/2015 

151 –50,678 –21,148 0 122,141 0 –1,982 NE 48,333 

Total 11/01/2012–
3/31/2015 

453 –126,135 –44,588 0 391,026 0 –6,092 NE 214,211

 

Source: LimnoTech, 2015b 
NE = Not estimated 
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Table 8.  Estimated Total Phosphorus Budgets, April–October 

   Total Phosphorus (kilograms) 

Season 
Date 

Range 
Number 
of Days 

Dam 
Overflow 

Dam 
Valve 

Release 
Groundwater 

Infiltration 
Watershed 

Runoff 
Groundwater 

Pump 
Irrigation 

Pump 

Sediment 
Bed 

Diffusion 

Sediment 
Bed 

Deposition Total 

2012 dry 
season 

4/15/2012–
10/31/2012 

200 –54 –64 8 204 49 –45 120 NE 218 

2013 dry 
season 

4/01/2013–
10/31/2013 

214 –89 –47 9 300 52 –59 154 NE 319 

2014 dry 
season 

4/01/2014–
10/31/2014 

214 –19 –39 9 181 52 –51 117 NE 250 

Total 4/15/2012–
10/31/2014 

642 –162 –149 25 685 153 –156 391 NE 788 

 

Source: LimnoTech, 2015b 
Note: The modeled estimates listed for the groundwater pump resulted in substantially greater nutrient loads than would be calculated based on limited sampling conducted to date; see Appendix S. 
NE = Not estimated 
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Table 9.  Estimated Total Phosphorus Budgets, November–March 

   Total Phosphorus (kilograms) 

Season Date Range 
Number 
of Days 

Dam 
Overflow 

Dam 
Valve 

Release 
Groundwater 

Infiltration 
Watershed 

Runoff 
Groundwater 

Pump 
Irrigation 

Pump 

Sediment 
Bed 

Diffusion 

Sediment 
Bed 

Deposition Total 

2012 wet 
season 

11/01/2012–
3/31/2013 

151 –407 –160 0 894 0 –25 –28 NE 273 

2013 wet 
season 

11/01/2013–
3/31/2014 

151 –225 –104 0 426 0 –24 –19 NE 54 

2014 wet 
season 

11/01/2014–
3/31/2015 

151 –647 –250 0 1,201 0 –21 –45 NE 239 

Total 11/01/2012–
3/31/2015 

453 –1,279 –515 0 2,520 0 –70 –92 NE 565 

 

Source: LimnoTech, 2015b 
NE = Not estimated 
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Table 10.  Estimated Total Nitrogen Budgets, April–October 

   Total Phosphorus (kilograms) 

Season 
Date 

Range 
Number 
of Days 

Dam 
Overflow 

Dam 
Valve 

Release 
Groundwater 

Infiltration 
Watershed 

Runoff 
Groundwater 

Pump 
Irrigation 

Pump 

Sediment 
Bed 

Diffusion 

Sediment 
Bed 

Deposition Total 

2012 dry 
season 

4/15/2012–
10/31/2012 

200 –481 –407 18 1,828 104 –241 2 NE 821 

2013 dry 
season 

4/01/2013–
10/31/2013 

214 –593 –313 18 2,516 111 –356 –1 NE 1,383 

2014 dry 
season 

4/01/2014–
10/31/2014 

214 –152 –304 18 1,547 111 –222 23 NE 1,021 

Total 4/15/2012–
10/31/2014 

642 –1,226 –1,025 54 5,891 327 –820 23 NE 3,224 

 

Source: LimnoTech, 2015b 
Note: The modeled estimates listed for the groundwater pump resulted in substantially greater nutrient loads than would be calculated based on limited sampling conducted to date; see Appendix S. 
NE = Not estimated 
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Table 11.  Estimated Total Nitrogen Budgets, November–March 

   Total Phosphorus (kilograms) 

Season Date Range 
Number 
of Days 

Dam 
Overflow 

Dam 
Valve 

Release 
Groundwater 

Infiltration 
Watershed 

Runoff 
Groundwater 

Pump 
Irrigation 

Pump 

Sediment 
Bed 

Diffusion 

Sediment 
Bed 

Deposition Total 

2012 wet 
season 

11/01/2012–
3/31/2013 

151 –3,258 –1,222 0 7,708 0 –213 –42 NE 2,972 

2013 wet 
season 

11/01/2013–
3/31/2014 

151 –1,739 –777 0 3,480 0 –192 –32 NE 739 

2014 wet 
season 

11/01/2014–
3/31/2015 

151 –5,023 –2,007 0 9,948 0 –180 –56 NE 2,681 

Total 11/01/2012–
3/31/2015 

453 –10,020 –4,007 0 21,135 0 –585 –130 NE 6,393 

 

Source: LimnoTech, 2015b 
NE = Not estimated 
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Table 12.  Annual Average Sediment (TSS) Yield by USMC LSPC  
Watershed Model Land Use Category, 2000-2014 

 TSS Yield (tons/ac/yr) 

Land Use Category Average Minimum Maximum 

Barren 0.978 0.257 2.369 

Agriculture 0.919 0.080 1.925 

Field Crop 0.533 0.029 1.680 

Orchard Vineyard 0.346 0.029 1.379 

Nursery Greenhouse 0.254 0.033 0.344 

Freeway Impervious 0.244 0.171 0.394 

Industrial Impervious 0.240 0.169 0.415 

Institutional/Office Impervious 0.228 0.168 0.472 

Road Impervious 0.228 0.168 0.493 

Commercial Impervious 0.219 0.169 0.442 

High-Intensity Development 0.176 0.001 0.732 

Medium-Intensity Development 0.125 0.001 0.939 

Low-Intensity Development 0.121 0.001 0.793 

Golf Course 0.106 0.007 0.251 

Rural Residential 0.102 0.000 1.123 

Vacant/Undeveloped 0.094 0.006 0.307 

Park/Open Space 0.048 0.001 0.267 

Water 0.006 0.000 0.009 
 

Note:  Data sorted by average values. 
TSS = Total suspended solids 
tons/ac/yr = Tons per acre per year 
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Table 13.  Annual Average Total Phosphorus Yield by USMC LSPC  
Watershed Model Land Use Category, 2000-2014 

 Total Phosphorus Yield (lb/ac/yr) 

Land Use Category Average Minimum Maximum 

Barren 1.012 0.447 1.402 

Golf Course 0.704 0.189 1.346 

Agriculture 0.632 0.193 1.114 

Orchard Vineyard 0.608 0.264 0.852 

Nursery Greenhouse 0.600 0.225 0.760 

Industrial Impervious 0.498 0.476 0.526 

Commercial Impervious 0.495 0.476 0.527 

Road Impervious 0.495 0.476 0.526 

Freeway Impervious 0.494 0.476 0.526 

Institutional/Office Impervious 0.436 0.414 0.459 

High-Intensity Development 0.430 0.025 1.159 

Medium-Intensity Development 0.412 0.016 1.163 

Field Crop 0.387 0.107 0.918 

Low-Intensity Development 0.341 0.011 1.053 

Rural Residential 0.336 0.006 1.015 

Park/Open Space 0.102 0.012 0.259 

Vacant/Undeveloped 0.093 0.015 0.162 

Water 0.028 0.006 0.047 
 

Note:  Data sorted by average values. 
lb/ac/yr = Pounds per acre per year 
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Table 14.  Annual Average Total Nitrogen Yield by USMC LSPC  
Watershed Model Land Use Category, 2000-2014  

 Total Nitrogen Yield (lb/ac/yr) 

Land Use Category Average Minimum Maximum 

Agriculture 8.19 3.20 13.13 

Barren 6.62 3.41 8.99 

Field Crop 4.84 1.83 10.44 

Golf Course 4.77 1.46 8.99 

Freeway Impervious 4.57 3.70 5.07 

Orchard Vineyard 4.40 1.84 6.24 

Nursery Greenhouse 4.24 1.59 5.35 

Industrial Impervious 4.00 3.82 4.24 

Commercial Impervious 3.98 3.82 4.24 

Road Impervious 3.98 3.82 4.24 

Institutional/Office Impervious 3.89 3.70 4.09 

High-Intensity Development 3.50 0.39 9.07 

Medium-Intensity Development 3.36 0.29 9.18 

Low-Intensity Development 2.75 0.21 8.28 

Rural Residential 2.40 0.13 6.94 

Park/Open Space 0.79 0.20 1.79 

Vacant/Undeveloped 0.75 0.19 1.25 

Water 0.12 0.07 0.18 
 

Note:  Data sorted by average values. 
lb/ac/yr = Pounds per acre per year 

 



 

 

 

 

 
Table 15.  Groundwater Elevation Data, San Marcos Creek Area Groundwater Monitoring Wells, 2012-2013 

Page 1 of 2 

Source: SCS, 2013b 
a 

Monitoring wells developed by SCS Engineers on March 26 and 27, 2012. 
b 

Data collected by SCS Engineers 
c 

Survey performed by Geocentric Land Surveying on December 22, 2011.  
btoc = Below top of casing msl = Above mean sea level 
TOC = Top of casing bgs = Below ground surface 
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Monitoring 
Well Number a 

Date 
Measured b 

Type of 
Sampling 

Event 

Total Depth 
of Well 

(feet btoc) 

TOC 
Elevation c 
(feet msl) 

Depth to 
Water 

(feet btoc) 

Depth to 
Water 

(feet bgs) 

Groundwater 
Elevation 
(feet msl) 

OW-4 4/04/2012 Dry 18.82 550.89 5.75 2.75 545.14 

 4/15/2012 Wet   4.37 1.37 546.52 

 7/25/2012 Dry   9.42 6.42 541.47 

 11/27/2012 Dry   8.74 5.74 542.15 

 12/14/2012 Wet   4.41 1.41 546.48 

 2/20/2013 Wet   5.18 2.18 545.71 

 3/26/2013 Dry   6.89 3.89 544.00 

OW-11 4/04/2012 Dry 20.36 535.41 5.33 2.44 530.08 

 4/15/2012 Wet   4.04 1.15 531.37 

 7/25/2012 Dry   7.75 4.86 527.66 

 11/27/2012 Dry   5.91 3.02 529.50 

 12/14/2012 Wet   3.10 0.21 532.31 

 2/20/2013 Wet   4.42 1.53 530.99 

 3/26/2013 Dry   5.00 2.11 530.41 

OW-14 4/04/2012 Dry 18.53 529.74 5.89 3.21 523.85 

 4/15/2012 Wet   4.65 1.97 525.09 

 7/25/2012 Dry   8.13 5.45 521.61 

 11/27/2012 Dry   7.11 4.43 522.63 

 12/14/2012 Wet   4.54 1.86 525.20 
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Monitoring 
Well Number a 

Date 
Measured b 

Type of 
Sampling 

Event 

Total Depth 
of Well 

(feet btoc) 

TOC 
Elevation c 
(feet msl) 

Depth to 
Water 

(feet btoc) 

Depth to 
Water 

(feet bgs) 

Groundwater 
Elevation 
(feet msl) 

OW-14 (cont.) 2/20/2013 Wet 18.53 529.74 5.67 2.99 524.07 

 3/26/2013 Dry   5.98 3.30 523.76 

OW-15 4/4/2012 Dry 23.47 533.63 8.38 5.43 525.25 

 4/15/2012 Wet   7.87 4.92 525.76 

 7/25/2012 Dry   10.93 7.98 522.70 

 11/27/2012 Dry   9.52 6.57 524.11 

 12/14/2012 Wet   8.84 5.89 524.79 

 2/20/2013 Wet   8.60 5.65 525.03 

 3/26/2013 Dry   8.54 5.59 525.09 

OW-16 4/04/2012 Dry 18.66 516.40 8.57 5.71 507.83 

 4/15/2012 Wet   8.19 5.33 508.21 

 7/25/2012 Dry   9.28 6.42 507.12 

 11/27/2012 Dry   8.97 6.11 507.43 

 12/14/2012 Wet   8.25 5.39 508.15 

 2/20/2013 Wet   8.30 5.44 508.10 

 3/26/2013 Dry   8.46 5.60 507.94 
 

Source: SCS, 2013b 
a 

Monitoring wells developed by SCS Engineers on March 26 and 27, 2012. 
b 

Data collected by SCS Engineers. 
c 

Survey performed by Geocentric Land Surveying on December 22, 2011.  
btoc = Below top of casing msl = Above mean sea level 
TOC = Top of casing bgs = Below ground surface 
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Table 16.  Groundwater Elevation Data  
Lake San Marcos Area Monitoring Wells, 2013-2015 

Well 
Designation Date 

TOC Elevation 
(ft avd) 

Depth to Water
(ft btoc) 

Groundwater 
Elevation 
(ft avd) 

MW2 7/25/2013 531.78 Dry NA 

 11/6/2014 531.78 Dry NA 

 1/14/2015 531.78 Dry NA 

 4/30/2015 531.78 Dry NA 

MW3 7/25/2013 499.39 3.56 495.83 

 11/6/2014 499.39 3.35 496.04 

 1/14/2015 499.39 2.90 496.49 

 4/30/2015 499.39 2.86 496.53 

MW4 7/25/2013 501.73 5.86 495.87 

 11/6/2014 501.73 5.57 496.16 

 1/14/2015 501.73 5.15 496.58 

 4/30/2015 501.73 5.10 496.63 

MW5 7/25/2013 505.92 9.76 496.16 

 11/6/2014 505.92 9.35 496.57 

 1/14/2015 505.92 8.24 497.68 

 4/30/2015 505.92 8.41 497.51 

MW6 7/25/2013 506.53 9.40 497.13 

 11/6/2014 506.53 9.90 496.63 

 1/14/2015 506.53 8.90 497.63 

 4/30/2015 506.53 9.33 497.20 

MW7 7/25/2013 508.30 11.22 497.08 

 11/6/2014 508.30 11.55 496.75 

 1/14/2015 508.30 10.78 497.52 

 4/30/2015 508.30 10.95 497.35 

MW8 7/25/2013 521.98 13.31 508.67 

 11/6/2014 521.98 9.35 512.63 

 1/14/2015 521.98 7.45 514.53 

 4/30/2015 521.98 9.07 512.91 
 

Source: SCS, 2015b 
TOC = Top of casing 
ft avd = Feet above vertical datum (NAVD 88) 
ft btoc = Feet below top of casing 
Dry = Monitoring well did not contain measurable quantities of water 
NA = Not applicable; dry well 

 



 

 

 

 

 
Table 17.  Groundwater/Lake Gradient Data, Lake San Marcos Area Monitoring Wells, 2013-2015 

Page 1 of 2 

 

Source: SCS, 2015b 
a 

Lake water elevations for 2014 and January 2015 only available from staff gauge measurements with accuracy of 0.1 foot 
TOC = Top of casing ft/ft = Feet per foot 
ft avd = Feet above vertical datum (NAVD 88) Dry = Monitoring well did not contain measurable quantities of water 
ft btoc = Feet below top of casing NA = Not applicable; dry well 
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Well 
Designation Date 

TOC 
Elevation 
(ft avd) 

Depth to 
Water 

(ft btoc) 

Groundwater 
Elevation 
(ft avd) 

Lake Water 
Elevation a 

(ft avd) 

Change in 
Hydraulic 

Head 
(feet) 

Distance of Well to 
Closest Point in 

Lake 
(feet) 

Hydraulic 
Gradient 

(ft/ft) 

MW2 7/25/2013 531.78 Dry NA NA NA 837 NA 

 11/6/2014 531.78 Dry NA NA NA 837 NA 

 1/14/2015 531.78 Dry NA NA NA 837 NA 

 4/30/2015 531.78 Dry NA NA NA 837 NA 

MW3 7/25/2013 499.39 3.56 495.83 495.790 0.040 47 0.001 

 11/6/2014 499.39 3.35 496.04 496.3 –0.26 47 –0.006 

 1/14/2015 499.39 2.90 496.49 496.6 –0.11 47 –0.002 

 4/30/2015 499.39 2.86 496.53 495.9 0.627 47 0.013 

MW4 7/25/2013 501.73 5.86 495.87 495.774 0.096 37 0.003 

 11/6/2014 501.73 5.57 496.16 496.3 –0.14 37 –0.004 

 1/14/2015 501.73 5.15 496.58 496.6 –0.02 37 –0.001 

 4/30/2015 501.73 5.10 496.63 495.9 0.719 37 0.019 

MW5 7/25/2013 505.92 9.76 496.16 495.823 0.337 98 0.003 

 11/6/2014 505.92 9.35 496.57 496.3 0.27 98 0.003 

 1/14/2015 505.92 8.24 497.68 496.6 1.08 98 0.011 

 4/30/2015 505.92 8.41 497.51 495.9 1.599 98 0.016 

MW6 7/25/2013 506.53 9.40 497.13 495.821 1.309 169 0.008 

 11/6/2014 506.53 9.90 496.63 496.3 0.33 169 0.002 

 1/14/2015 506.53 8.90 497.63 496.6 1.03 169 0.006 

 4/30/2015 506.53 9.33 497.2 495.9 1.275 169 0.008 
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Source: SCS, 2015b 
a 

Lake water elevations for 2014 and January 2015 only available from staff gauge measurements with accuracy of 0.1 foot 
TOC = Top of casing ft/ft = Feet per foot 
ft avd = Feet above vertical datum (NAVD 88) Dry = Monitoring well did not contain measurable quantities of water 
ft btoc = Feet below top of casing NA = Not applicable; dry well 
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Well 
Designation Date 

TOC 
Elevation 
(ft avd) 

Depth to 
Water 

(ft btoc) 

Groundwater 
Elevation 
(ft avd) 

Lake Water 
Elevation a 

(ft avd) 

Change in 
Hydraulic 

Head 
(feet) 

Distance of Well to 
Closest Point in 

Lake 
(feet) 

Hydraulic 
Gradient 

(ft/ft) 

MW7 7/25/2013 508.30 11.22 497.08 495.822 1.258 438 0.003 

 11/6/2014 508.30 11.55 496.75 496.3 0.45 438 0.001 

 1/14/2015 508.30 10.78 497.52 496.6 0.92 438 0.002 

 4/30/2015 508.30 10.95 497.35 495.9 1.454 438 0.003 

MW8 7/25/2013 521.98 13.31 508.67 495.806 12.864 554 0.023 

 11/6/2014 521.98 9.35 512.63 496.3 16.33 554 0.029 

 1/14/2015 521.98 7.45 514.53 496.6 17.93 554 0.032 

 4/30/2015 521.98 9.07 512.91 495.9 17.02 554 0.031 
 

Source: SCS, 2015b 
a 

Lake water elevations for 2014 and January 2015 only available from staff gauge measurements with accuracy of 0.1 foot 
TOC = Top of casing ft/ft = Feet per foot  
ft avd = Feet above vertical datum (NAVD 88) Dry = Monitoring well did not contain measurable quantities of water 
ft btoc = Feet below top of casing NA = Not applicable; dry well 
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Table 18.  City of San Marcos Supply Well Construction Data 

Well Name Abbreviation Date 
Total Depth 

(feet) 

Depth to 
First Water 

(feet) 

Depth to 
Static Water 

Level 
(feet) 

Depth of Seal
(feet) Construction 

Blank Casing
(feet) 

Screen Casing
(feet) 

Fill  
(feet) 

Alluvium  
(feet) 

Santiago 
Formation 

(feet) 
Volcanic  

(feet) 
Granite  
(feet) 

Cerro de Las Posas CDLP 9/15/1991 735 Unknown 40.00 170 Unknown Unknown Unknown 0–10 10–140 140–155 155–735 — 

Corky Smith 
Gymnasium  

CS 10/12/1994 265 Unknown 20.00 37 Cased 0–130 130–195 — 0–37 — — 37–265 

Grand Las Posas GLP 11/16/2006 370 225.00 Artesian 184 Cased 0–290 290–370 0–3 3–120 — 120–370 — 

Hollandia Park HP 5/01/2006 1018 Unknown 20.00 161 Unknown Unknown Unknown 0–12 — — — 12–1018 

Mission Sports Park MSP 10/13/1998 615 Unknown Artesian 180 Unknown Unknown Unknown — 0–55 55–172 — 172–615 

Public Works Yard PW Unknown Unknown Unknown 12.34 Unknown Unknown Unknown Unknown — — — — — 

Rancho Sante Fe RSF 11/20/2003 400 Unknown 150.00 80 Unknown Unknown Unknown 0–24 — 24–50 — 50–400 

San Elijo Hills SHE 2/25/2008 818 220.00 129.00 58 Unknown Unknown Unknown 0–40 — — — 40–818 

Sunset Park  SP 3/26/2007 725 Unknown 264.00 385 Unknown Unknown Unknown — — 0–370 — 370–725 

Town Center  TC 6/04/1993 499 Unknown Artesian 103 Unknown Unknown Unknown — 0–27 27–97 206–269 97–206; 
269–499 

Walnut Grove Park WG Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown Unknown 
 

Source: SCS, 2015c 
— = Not applicable 
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Table 19.  Groundwater Elevation Data, City of San Marcos Supply Wells, 2013 

Monitoring Well 
Number Date Measured a 

Total Depth of 
Well 

(feet btoc) 
Elevation b 
(feet msl) 

Depth to 
Water 

(feet btoc or 
feet bgs) 

Groundwater 
Elevation 
(feet msl) 

SEH  5/06/2013 Unknown 661 >300 Unknown 

 Unknown   297.00 364.00 

RSF 5/06/2013 Unknown 511.5 139.4 c 372.1 

 Unknown   37.0 473.0 

TC Unknown Unknown 571 43 528 

CS Unknown Unknown 577 20 537 

MSP 50/6/2013 Unknown 564 0 564 

GLP 5/06/2013 Unknown 555 0 555 

PW 5/06/2013 Unknown 613 12.34 600.66 

Sunset 9/2010 Unknown 594 277 317 

 10/2010   279 315 

 Unknown   264 330 

HP Unknown Unknown 694 20 674 

CDLP Unknown Unknown 622 40 582 

WG 5/06/2013 Unknown 702 16.6 687.00 

Creekside 12/20/2012 Unknown Unknown 4.7 Unknown 

Discovery Hills Unknown Unknown 585 80.00 505.00 
 

Source: SCS, 2015c 
a 

Measured by SCS Engineers. 
b 

Surface elevation at well as interpreted from Google Earth. 
c 

Indicates pumping elevation. 
btoc = Below top of casing 
msl = Above mean sea level 
bgs = Below ground surface 
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Table 20.  Watershed Sample Groups, Upper San Marcos Creek Watershed 

Creek Sites Non-Creek Sites 

San Marcos Cr – Down Storm Drains (general) 

San Marcos Cr – Lake Storm Drains (near Holland facility) 

San Marcos Cr – Mid Storm Drains (near Prohoroff facility) 

San Marcos Cr – Top Storm Drains (near the Lake or draining to the Lake) 

San Marcos Cr – Upper Golf Course Runoff 

Las Posas branch  

Twin Oaks branch  
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Table 21.  Surface Water Ammonia Concentrations, Upper San Marcos Creek Watershed 

 Ammonia Concentration a (mg/L) 

Watershed Sample Group 
Total 

Analyses
Total 

Non-Detects Minimum Average Maximum 

Summer      

San Marcos Cr – Lake 15 1 0.03 0.22 0.73 

San Marcos Cr – Down 18 3 0.04 0.38 1.05 

San Marcos Cr – Mid 5 1 0.04 0.55 1.11 

San Marcos Cr – Upper 6 0 0.14 0.20 0.32 

Twin Oaks 10 1 0.04 0.39 1.07 

SD 64 7 0.04 0.51 4.20 

SD – Prohoroff 3 0 0.02 0.51 0.86 

SD-Lake 97 23 0.02 0.19 1.53 

Winter      

San Marcos Cr – Lake 14 3 0.03 0.16 0.38 

San Marcos Cr – Down 15 0 0.06 0.18 0.34 

San Marcos Cr – Mid 3 0 0.11 0.15 0.23 

San Marcos Cr – Upper 4 0 0.08 0.17 0.21 

San Marcos Cr – Top 60 16 0.02 0.22 1.50 

Twin Oaks 13 6 0.03 0.13 0.39 

Las Posas 8 0 0.02 0.61 1.19 

SD 91 11 0.02 0.32 2.00 

SD – Holland 4 0 0.02 0.91 2.68 

SD-Lake 55 3 0.03 0.54 9.90 

Golf Course 3 1 0.05 0.22 0.42 
 

a 
Half the detection limit used for non-detect values. 

mg/L = Milligrams per liter 
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Table 22.  Surface Water Nitrate Concentrations, Upper San Marcos Creek Watershed 

 Nitrate Concentration b (mg/L) 

Watershed Sample Group 
Total 

Analyses
Total 

Non-Detects 

Percent exceeding 
1 mg/L WQO a 

(%) Minimum Average Maximum 

Summer       

San Marcos Cr – Lake 15 0 87 0.05 1.88 4.91 

San Marcos Cr – Down 14 0 86 0.97 2.53 4.64 

San Marcos Cr – Mid 4 0 100 1.71 2.30 2.60 

San Marcos Cr – Upper 6 0 100 1.61 5.21 8.32 

Twin Oaks 8 0 100 3.54 15.42 26.70 

SD 55 5 51 0.02 1.91 11.80 

SD – Prohoroff 1 0 100 14.20 14.20 14.20 

SD-Lake 99 3 45 0.02 2.82 21.60 

Winter       

San Marcos Cr – Lake 12 3 42 0.03 0.87 2.93 

San Marcos Cr – Down 13 0 31 0.38 1.09 2.32 

San Marcos Cr – Mid 0 — — — — — 

San Marcos Cr – Upper 4 0 50 0.69 1.14 2.00 

San Marcos Cr – Top 58 10 47 0.03 1.38 6.30 

Twin Oaks 13 6 46 0.03 4.54 25.28 

Las Posas 6 0 17 0.47 0.72 1.30 

SD 79 13 46 0.03 1.59 8.50 

SD – Holland 2 0 100 2.30 2.41 2.51 

SD-Lake 53 0 34 0.01 0.92 4.90 

Golf Course 0 — — — — — 
 

a 
Per Basin Plan (RWQCB, 1994), surface water threshold nitrate/nitrite/nitrogen compound values not established; natural ratios of nitrogen to phosphorus 
(N:P) to be determined by monitoring. If no data are available, an N:P of 10:1 (by weight) shall be used. Because threshold total phosphorus water quality 
objective (WQO) is 0.1 milligram per liter (mg/L) for flowing waters, the WQO for nitrogen is 1 mg/L. 

b 
Half the detection limit used for non-detect values. 

— = No samples collected 
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Table 23.  Surface Water Nitrate/Nitrite Concentrations, Upper San Marcos Creek Watershed 

   Nitrate/Nitrite Concentration b (mg/L) 

Watershed Sample Group 
Total 

Analyses
Total 

Non-Detects 

Percent 
Exceeding 

1 mg/L WQO a 

(%) Minimum Average Maximum 

Summer       

San Marcos Cr – Lake 11 4 0 0.01 0.06 0.32 

San Marcos Cr – Down 14 7 43 0.01 1.05 3.25 

San Marcos Cr – Mid 5 2 20 0.01 1.03 4.23 

San Marcos Cr – Upper 0 — — — — — 

Twin Oaks 10 1 30 0.03 8.03 44.00 

SD 49 20 27 0.01 1.82 30.40 

SD – Prohoroff 3 0 67 0.11 12.40 23.20 

SD-Lake 98 50 2 0.01 0.12 7.11 

Winter       

San Marcos Cr – Lake 2 0 100 1.40 1.65 1.90 

San Marcos Cr – Down 3 0 67 0.78 2.39 3.20 

San Marcos Cr – Mid 3 0 100 3.30 3.70 4.40 

San Marcos Cr – Upper 2 0 0 0.70 0.75 0.80 

San Marcos Cr – Top 7 2 29 0.01 0.55 2.09 

Twin Oaks 0 — — — — — 

Las Posas 6 3 0 0.01 0.14 0.36 

SD 45 6 58 0.01 2.02 9.90 

SD – Holland 4 0 50 0.06 5.50 19.55 

SD-Lake 12 0 17 0.22 0.61 1.49 

Golf Course 3 2 0 0.05 0.28 0.73 
 

a 
Per Basin Plan (RWQCB, 1994), surface water threshold nitrate/nitrite/nitrogen compound values not established; natural ratios of nitrogen to phosphorus 
(N:P) to be determined by monitoring. If no data are available, an N:P of 10:1 (by weight) shall be used. Because threshold total phosphorus water quality 
objective (WQO) is 0.1 milligram per liter (mg/L) for flowing waters, the WQO for nitrogen is 1 mg/L. 

b 
Half the detection limit used for non-detect values. 

— = No samples collected 
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Table 24.  Surface Water Total Nitrogen Concentrations, Upper San Marcos Creek Watershed 

 Total Nitrogen Concentration b (mg/L) 

Watershed Sample Group 
Total 

Analyses
Total 

Non-Detects 

Percent exceeding 
1 mg/L WQO a 

(%) Minimum Average Maximum 

Summer       

San Marcos Cr – Lake 1 0 100.0 1.03 1.03 1.03 

San Marcos Cr – Down 12 0 100.0 2.80 4.01 5.90 

San Marcos Cr – Mid 5 0 100.0 1.70 3.87 6.70 

San Marcos Cr – Upper 0 — — — — — 

Twin Oaks 6 0 100.0 13.00 23.63 44.00 

SD 33 2 90.9 0.25 8.59 96.70 

SD – Prohoroff 3 0 100.0 15.50 18.77 23.90 

SD-Lake 19 0 89.5 0.45 4.22 12.10 

Winter       

San Marcos Cr – Lake 4 0 50.0 0.22 0.92 1.51 

San Marcos Cr – Down 7 0 100.0 2.18 2.57 3.02 

San Marcos Cr – Mid 1 0 100.0 3.40 3.40 3.40 

San Marcos Cr – Upper 2 0 100.0 2.11 2.12 2.14 

San Marcos Cr – Top 8 0 87.5 0.70 3.32 6.50 

Twin Oaks 1 0 100.0 23.40 23.40 23.40 

Las Posas 6 1 66.7 0.25 1.80 3.70 

SD 43 1 97.7 0.25 4.30 12.50 

SD – Holland 4 0 100.0 2.70 8.44 20.85 

SD-Lake 42 0 92.9 0.56 3.65 34.60 

Golf Course 0 — — — — — 
 

a 
Per Basin Plan (RWQCB, 1994), surface water threshold nitrate/nitrite/nitrogen compound values not established; natural ratios of nitrogen to phosphorus 
(N:P) to be determined by monitoring. If no data are available, an N:P of 10:1 (by weight) shall be used. Because threshold total phosphorus water quality 
objective (WQO) is 0.1 milligram per liter (mg/L) for flowing waters, the WQO for nitrogen is 1 mg/L. 

b 
Half the detection limit used for non-detect values. 

— = No samples collected 
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Table 25.  Surface Water Total Phosphorus Concentrations, Upper San Marcos Creek Watershed 

 Total Phosphorus Concentration b (mg/L) 

Watershed Sample Group 
Total 

Analyses
Total 

Non-Detects 

Percent exceeding 
0.1 mg/L WQO a 

(%) Minimum Average Maximum 

Summer       

San Marcos Cr – Lake 7 0 85.7 0.05 0.42 1.34 

San Marcos Cr – Down 17 0 88.2 0.08 0.20 0.53 

San Marcos Cr – Mid 5 0 100 0.11 0.37 1.35 

San Marcos Cr – Upper 0 — — — — — 

Twin Oaks 9 0 100 0.13 0.51 1.23 

SD 31 0 100 0.11 0.37 1.30 

SD – Prohoroff 3 0 100 0.27 0.42 0.65 

SD-Lake 9 0 88.9 0.04 0.31 0.69 

Winter       

San Marcos Cr – Lake 6 2 50 0.05 0.14 0.31 

San Marcos Cr – Down 13 1 92.3 0.05 0.36 0.71 

San Marcos Cr – Mid 3 1 66.7 0.05 0.14 0.22 

San Marcos Cr – Upper 2 0 100 0.25 0.25 0.25 

San Marcos Cr – Top 11 0 100 0.13 0.34 1.45 

Twin Oaks 6 0 100 0.22 0.56 1.20 

Las Posas 6 0 83.3 0.09 0.45 1.05 

SD 68 0 91.2 0.02 0.25 1.20 

SD – Holland 4 0 100 0.40 0.60 0.80 

SD-Lake 51 2 78.4 0.05 0.41 2.00 

Golf Course 3 1 66.7 0.05 0.12 0.21 
 

a 
Per Basin Plan (RWQCB, 1994), threshold total phosphorus water quality objective (WQO) is 0.05 milligram per liter (mg/L) in any stream where it enters a 
standing body of water, 0.025 mg/L in any standing body of water, and 0.1 mg/L for flowing waters. Total phosphorus desired goal is 0.01 mg/L to prevent 
plant nuisances in streams and other flowing waters. 

b 
Half the detection limit used for non-detect values. 

— = No samples collected 
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Table 26.  Surface Water Total Suspended Solids Concentrations, Upper San Marcos Creek Watershed 

   Total Suspended Solids Concentration b (mg/L) 

Watershed Sample Group 
Total 

Analyses
Total 

Non-Detects 

Percent 
Exceeding 
Reference 

Benchmark a

(%) Minimum Average Maximum 

Summer       

San Marcos Cr – Lake 15 2 20 3.40 29.14 100.00 

San Marcos Cr – Down 17 3 5.9 1.00 18.81 60.00 

San Marcos Cr – Mid 4 3 0 0.50 3.25 10.00 

San Marcos Cr – Upper 0 — — — — — 

Twin Oaks 10 3 20 0.50 85.30 534.00 

SD 48 9 2.1 0.50 11.80 167.00 

SD – Prohoroff 3 1 33.3 2.00 70.17 198.50 

SD-Lake 99 18 7.1 0.20 17.13 164.00 

Winter       

San Marcos Cr – Lake 3 1 33.3 0.50 30.17 78.00 

San Marcos Cr – Down 12 0 8.3 3.00 24.63 62.00 

San Marcos Cr – Mid 3 1 33.3 10.00 44.33 69.00 

San Marcos Cr – Upper 2 0 50 34.25 65.88 97.50 

San Marcos Cr – Top 11 3 0 0.50 6.12 16.60 

Twin Oaks 6 1 33.3 0.50 75.46 236.00 

Las Posas 6 0 0 1.00 4.00 13.00 

SD 55 6 16.4 0.00 37.04 365.50 

SD – Holland 4 0 25 6.00 33.75 64.00 

SD-Lake 17 1 23.5 3.00 64.19 304.00 

Golf Course 0 — — — — — 
 

a 
Per Basin Plan (RWQCB, 1994), waters shall not contain suspended and settleable solids in concentrations that cause nuisance or adversely affect 
beneficial uses. NSDQ (2005) benchmark of 58 milligrams per liter (mg/L) total suspended solids used for reference. 

b 
Half the detection limit used for non-detect values. 

— = No samples collected 
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Table 27.  Golf Course Runoff Sampling Analytical Results (Nutrients), 2013 

   Concentration (mg/L) 

Sample Number 
Date 

Sampled a 

Type of 
Sampling 

Event Nitrate/Nitrite b Ammonia c 
Total 

Phosphorus d 
Ortho- 

phosphate d 
Dissolved 

Phosphorus d

Total 
Kjeldahl 

Nitrogen e 

Total 
Dissolved 

Solids f  

Total 
Hardness 

as CaCO3
 g  

St. Mark SW 6/28/2013 Dry 0.73 0.42 0.11 ND ND 2.8 1,660 610 

Executive SW 6/28/2013 Dry ND 0.2 0.21 ND ND 3.4 2,480 930 

FB-ST Mark SW 6/28/2013 Dry ND ND ND ND ND ND ND ND 
 

Source: SCS, 2014b 
a 

Sampled by SCS Engineers 
b 

Analyzed using SM 4500-NO3E 
c 

Analyzed using SM 4500-NH3 B/C 
d 

Analyzed using SM 4500-P B/E 
e 

Analyzed using SM 4500-N Org B 
f 

Analyzed using SM 2540-C 
g 

Analyzed using SM 2340-C 
mg/L = Milligrams per liter 
ND = Not detected above the laboratory reporting limit 
FB = Field blank 

 



 

 

 

 

 
Table 28.  Groundwater Analytical Results, San Marcos Creek Area Monitoring Wells (Nutrients), 2012-2013 
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Source: SCS, 2013b 
a
 Groundwater samples collected by SCS Engineers. 

g
 Analyzed for using SM 2340-C. 

b
 Analyzed for using SM 4500-NO3E. 

c
 Analyzed for using SM 4500-NH3 B/C. 

h
 The duplicate sample result was reported to have a higher concentration than the original sample;  
therefore, the duplicate sample result is reported here. 

d
 Analyzed for using SM 4500-P B/E.  

e
 Analyzed for using SM 4500-N Org B. mg/L = Milligrams per liter 

f
 Analyzed for using SM 2540-C. < = Not detected at concentration above the indicated reporting limit 
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   Concentration (mg/L) 

Sample 
Number a 

Date 
Sampled 

Type of 
Sampling 

Event 
Nitrate-
Nitrite b Ammonia c 

Total 
Phosphorus d 

Ortho 
Phosphate d  

Dissolved 
Phosphorus d 

Total 
Kjeldahl 

Nitrogen e 

Total 
Dissolved 

Solids f  

Total 
Hardness g 
as CaCO3  

OW-4 4/04/2012 Dry 4.7 0.11 1.50 0.39 0.66 1.00 1,140 610 

 4/15/2012 Wet 4.5 0.11 0.36 0.18 0.22 0.56 1,180 600 

 7/25/2012 Dry 4.5 <0.10 0.29 <0.10 0.13 <0.50 1,220 620 

 11/28/2012 Dry 2.3 <0.10 0.66 0.51 0.59 <0.50 1,280 590 

 12/14/2012 Wet 2.4 <0.10 0.40 h 0.20 0.34 h 0.70 1,240 h 620 

 2/20/2013 Wet 3.7 <0.10 2.30 <0.10 <0.10 <0.50 1,180 580 

 3/26/2013 Dry 2.4 <0.10 0.27 <0.10 <0.10 0.98 1,200 610 

OW-11 4/04/2012 Dry 1.7 <0.10 0.52 0.16 0.45 0.70 2,350 1,000 

 4/15/2012 Wet 1.5 <0.10 0.24 0.21 0.22 <0.50 2,460 1,100 

 7/25/2012 Dry 2.3 <0.10 0.37 <0.10 0.11 <0.50 2,180 930 

 11/28/2012 Dry 2.5 <0.10 0.16 <0.10 0.13 <0.50 2,120 900 

 12/14/2012 Wet 2.1 <0.10 1.10 0.11 0.40 0.56 2,160 900 

 2/20/2013 Wet 2.6 <0.10 <0.10 <0.10 <0.10 <0.50 2,180 910 

 3/26/2013 Dry 2.2 <0.10 0.14 <0.10 <0.10 0.56 2,170 930 

OW-14 4/04/2012 Dry <0.10 0.11 0.80 <0.10 0.70 <0.50 2,200 980 

 4/15/2012 Wet <0.10 <0.10 0.77 h 0.14 0.21 h 0.56 2,200 1,000 

 7/25/2012 Dry <0.10 <0.10 0.31 <0.10 0.16 <0.50 2,080 890 

 11/28/2012 Dry <0.10 <0.10 0.11 <0.10 <0.10 <0.50 1,720 710 



 

 

 

 

 
Table 28.  Groundwater Analytical Results, San Marcos Creek Area Monitoring Wells (Nutrients), 2012-2013 
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Source: SCS, 2013b 
a
 Groundwater samples collected by SCS Engineers. 

g
 Analyzed for using SM 2340-C. 

b
 Analyzed for using SM 4500-NO3E. 

c
 Analyzed for using SM 4500-NH3 B/C. 

h
 The duplicate sample result was reported to have a higher concentration than the original sample;  
therefore, the duplicate sample result is reported here. 

d
 Analyzed for using SM 4500-P B/E.  

e
 Analyzed for using SM 4500-N Org B. mg/L = Milligrams per liter 

f
 Analyzed for using SM 2540-C. < = Not detected at concentration above the indicated reporting limit 
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   Concentration (mg/L) 

Sample 
Number a 

Date 
Sampled 

Type of 
Sampling 

Event 
Nitrate-
Nitrite b Ammonia c 

Total 
Phosphorus d 

Ortho 
Phosphate d  

Dissolved 
Phosphorus d 

Total 
Kjeldahl 

Nitrogen e 

Total 
Dissolved 

Solids f  

Total 
Hardness g 
as CaCO3  

OW-14 12/14/2012 Wet <0.10 0.11 0.36 <0.10 0.29 0.56 1,940 810 

(cont.) 2/20/2013 Wet <0.10 <0.10 0.92 <0.10 <0.10 <0.50 2,350 1,100 

 3/26/2013 Dry <0.10 <0.10 0.27 <0.10 <0.10 0.56 2,560 1,100 

OW-15 4/04/2012 Dry 3.7 <0.10 0.52 0.11 0.63 h 0.56 1,490 540 h 

 4/15/2012 Wet 3.9 <0.10 0.56 0.20 0.27 0.56 1,460 520 

 7/25/2012 Dry 3.5 <0.10 0.57 <0.10 0.19 <0.50 1,430 480 

 11/28/2012 Dry 3.6 <0.10 <0.10 <0.10 <0.10 <0.50 1,440 460 

 12/14/2012 Wet 3.7 <0.10 0.23 0.11 0.16 0.84 1,390 460 

 2/20/2013 Wet 3.3 <0.10 1.2 h <0.10 0.18 h <0.50 1,400 470 

 3/26/2013 Dry 2.9 <0.10 0.21 <0.10 <0.10 <0.50 1,380 470 

OW-16 4/04/2012 Dry 2.1 0.11 2.30 0.14 0.41 0.77 3,800 1,600 

 4/15/2012 Wet 2.1 <0.10 0.35 0.29 0.34 <0.50 3,930 1,700 

 7/25/2012 Dry 2.6 <0.10 0.33 <0.10 0.23 <0.50 3,620 1,500 

 11/28/2012 Dry 0.87 h <0.10 0.21 0.15 0.18 <0.50 2,830 1,100 

 12/14/2012 Wet 1.2 <0.10 0.70 0.16 0.48 <0.50 2,590 1,000 

 2/20/2013 Wet 1.5 <0.10 0.19 <0.10 0.14 <0.50 2,980 1,200 

 3/26/2013 Dry 1.6 <0.10 0.31 <0.10 0.16 0.56 3,460 h 1,400 
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Table 29.  Groundwater Water Quality Measurements 
City of San Marcos Supply Wells, May 6, 2013 

Sample 
Number a 

Temperature 
(°C) 

pH  
(s.u.) 

Oxidation/ 
Reduction 
Potential 

(mV) 
Conductivity 

(mS/cm) 
Turbidity 
(NTU) 

Dissolved 
Oxygen 
(mg/L) 

Total 
Dissolved 

Solids 
(mg/L) 

Salinity 
(ppt) 

SEH  20.50 7.04 9 3.37 1.0 9.25 2,160 1.4 

RSF 19.89 7.16 177 2.12 0.4 9.81 1,360 0.8 

TC 23.19 7.93 94 1.23 4.1 8.94 784 0.4 

CS 20.04 7.65 141 1.23 0.0 9.19 787 0.4 

MSP 19.24 7.98 211 0.914 0.5 9.23 585 0.3 

GLP 20.85 7.63 –132 1.82 3.1 8.92 1,160 0.6 

PW 21.48 7.77 142 1.03 2.9 8.89 657 0.3 

Sunset 20.14 7.77 34 1.44 0.3 9.93 920 0.5 

HP 21.74 7.12 161 2.16 0.0 8.62 1,380 0.8 

CDLP 20.83 7.15 69 1.79 0.6 8.90 1,150 0.6 

WG 18.52 6.71 173 1.90 4.3 9.35 1,220 0.7 
 

Source: SCS, 2013d 
a 

Sampled by SCS Engineers 
°C = Degrees Celsius NTU = Nephelometric turbidity units 
s.u.  = Standard units mg/L = Milligrams per liter 
mV = Millivolts ppt = Parts per trillion 
mS/cm = Millisiemens per centimeter  
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Table 30.  Groundwater Analytical Results, City of San Marcos Supply Wells (Nutrients) 
May 6, 2013 

  Concentration (mg/L) 

Sample 
Number a 

Type of 
Sampling 

Event 
Nitrate/ 
Nitrite b Ammonia c 

Total 
Phosphorous d 

Ortho-
phosphate d 

Dissolved 
Phosphorous d 

Total 
Kjeldahl 

Nitrogen e 

Total 
Dissolved 

Solids f 

Total 
Hardness 

as CaCO3
 g 

SEH  Dry <0.10 <0.10 0.10 <0.10 0.10 <0.50 2,580 990 

RSF Dry 9.1 <0.10 0.22 0.14 0.17 <0.50 1,680 750 

TC Dry <0.10 <0.10 0.10 <0.10 <0.10 <0.50 845 280 

TC-Dupe Dry <0.10 <0.10 0.10 <0.10 <0.10 <0.50 865 290 

CS Dry <0.10 <0.10 0.10 <0.10 <0.10 <0.50 910 320 

MSP Dry 0.27 0.34 0.14 <0.10 <0.10 0.70 755 260 

GLP Dry <0.10 <0.10 0.12 <0.10 <0.10 <0.50 1,290 360 

PW Dry <0.10 <0.10 0.12 <0.10 <0.10 <0.50 740 250 

Sunset Dry <0.10 <0.10 0.35 0.30 0.33 <0.50 1,020 420 

HP Dry 6.6 <0.10 0.10 <0.10 <0.10 <0.50 1,660 680 

CDLP Dry 3.3 <0.10 0.22 <0.10 0.14 <0.50 1,240 470 

WG Dry 26 <0.10 0.17 <0.10 0.16 <0.50 1,540 740 

WG-Dupe Dry 24 <0.10 0.15 <0.10 0.14 <0.50 1,510 720 

TB NA <0.10 <0.10 <0.10 <0.10 <0.10 <0.50 <1.0 <2.0 
 

Source: SCS, 2013d 
a 

Sampled by SCS Engineers 
b 

Analyzed using SM 4500-NO3E 
c 

Analyzed using SM 4500-NH3 B/C 
d 

Analyzed using SM 4500-P B/E 
e 

Analyzed using SM 4500-N Org B 
f 

Analyzed using SM 2540-C 
g 

Analyzed using SM 2340-C 
mg/L = Milligrams per liter 
< = Not detected above the indicated laboratory reporting limit 
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Table 31.  Phytoplankton Speciation and Enumeration, Lake San Marcos  
September 4, 2012 Sampling 

  Cell Density (cells per mL) 

Taxon Cyanobacteria? Station A Station C Station E 

Anabaena sp. Yes 46.85 18.09 14.74 

Anabaenopsis elenkenii Yes — 71.40 239.06 

Aphanocapsa sp. Yes — 635.91 1,962.44 

Chlamydomonas sp. No (Chlorophyta) — 22.85 0.82 

Cocconeis sp.  No (Diatom) 12.22 17.14 — 

Cryptomonas sp. No (Chlorophyta) 139.87 99.96 53.22 

Cyclotella spp. No (Diatom) 56.36 — 6.55 

Golenkinia radiata No (Chlorophyta) — — 45.85 

Leptolyngbya foveolarum Yes 675.60 — — 

Leptolyngbya tenuis Yes — 14.28 — 

Microcystis aeruginosa Yes 113.39 309.39 813.79 

Monoraphidium contortum No (Chlorophyta) 2.72 139.94 46.67 

Monoraphidium sp. No (Chlorophyta) 8.15 19.04 — 

Oscillatoria sp. Yes 53.64 — 112.98 

Navicula sp. No (Diatom) — 0.95 — 

Pandorina morum No (Chlorophyta) — — 91.70 

Peridinium sp. No (Dinoflagellate) 10.86 12.38 24.56 

Pseudanabaena sp. Yes 102.53 — — 

Scenedesmus dimorphus No (Chlorophyta) 32.59 95.20 127.72 

Scenedesmus quadricauda No (Chlorophyta) 29.88 60.93 68.77 

Scenedesmus subspicatus No (Chlorophyta) — 3.81 6.55 
 

Source: CDC, 2012b 
Bold indicates three highest cell density values.  Note that density is not equivalent to biomass. 
mL = Milliliter 
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Source: SCS, 2014b 
°C = Degrees Celsius mS/cm = Millisiemens per centimeter g/L = Grams per liter 
s.u.  = Standard units NTU = Nephelometric turbidity units ppt = Parts per trillion 
mV = Millivolts mg/L = Milligrams per liter  
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Location Date Round Time 
Depth 

(inches) 
Temperature

(°C) 
pH 

(s.u.) 

Oxidation/
Reduction 
Potential

(mV) 
Conductivity

(mS/cm) 
Turbidity
(NTU) 

Dissolved 
Oxygen 
(mg/L) 

Dissolved 
Oxygen 

(%) 

Total 
Dissolved 

Solids 
(g/L) 

Salinity 
(ppt) 

Secchi 
Depth 

(inches) 

LWQ1 6/18/2013 Morning 9:11 56 25.4 6.54 6 1.33 197 6.9 85.9 0.853 0.7 6 

   9:13 36.5 25.77 6.71 24 1.32 56.8 7.76 97.2 0.847 0.7 — 

   9:16 17 26.18 6.64 49 1.3 54.2 8.29 104.5 0.83 0.6 — 

 7/05/2013 Morning 7:52 48 26.43 7.15 –64 1.51 257 6.79 — 0.966 0.8 18 

   7:53 30 26.45 7.14 –26 1.51 30.4 7.2 — 0.965 0.8 — 

   7:54 12 26.48 7.18 15 1.51 20.3 7.56 — 0.964 0.8 — 

  Midday 11:42 48 27.06 7.26 –36 1.50 103 8.58 — 0.952 0.7 18 

   11:44 30 27.1 7.27 –37 1.49 41.8 8.39 — 0.951 0.7 — 

   11:46 12 27.37 7.29 –38 1.47 30.4 7.99 — 0.944 0.7 — 

  Evening 17:13 48 29.34 7.47 –36 1.43 201 9.01 119.1 0.914 0.7 18 

   17:14 30 29.36 7.45 –28 1.43 47.9 8.47 112.1 0.914 0.7 — 

   17:15 12 29.63 7.42 –4 1.42 32.3 7.64 101.4 0.910 0.7 — 

 7/22/2013 Morning 7:57 42 23.39 8.52 116 1.58 18.2 7.53 90.8 1.01 0.8 21 

   7:58 24 23.53 8.61 112 1.57 17.7 5.99 72.4 1.00 0.8 — 

   8:00 6 23.72 8.69 106 1.57 17.8 4.87 59.1 1.00 0.8 — 

  Midday 11:47 46 25.29 8.80 –20 1.49 34.0 6.23 77.5 0.953 0.7 21.5 

   11:48 28 25.81 8.86 37 1.52 31.8 7.64 96.0 0.975 0.8 — 

   11:49 10 26.19 8.92 36 1.50 25.8 8.00 101.0 0.963 0.7 — 

  Evening 17:38 48 27.71 9.05 21 1.51 78.0 8.58 110.6 0.969 0.8 21 

   17:39 30 27.9 9.09 19 1.51 25.7 8.40 108.6 0.964 0.8 — 

   17:40 12 28.22 9.15 18 1.50 20.9 8.71 113.3 0.959 0.7 — 

LS2 6/18/2013 Midday 9:58 80 26.19 6.67 31 1.27 129 9.06 114.1 0.816 0.6 13 

   10:00 62 26 6.87 29 1.24 75.8 9.74 122.3 0.795 0.6 — 

   10:02 46 26.02 6.92 33 1.24 36.9 9.55 120 0.796 0.6 — 

   10:03 30 26.35 6.97 40 1.24 107 9.18 116 0.795 0.6 — 

   10:05 15 26.65 6.98 44 1.23 47.6 8.88 112.7 0.79 0.6 — 

 7/05/2013 Morning 8:07 72 26.67 7.15 –102 1.40 340 7.63 — 0.899 0.7 21 

   8:09 54 26.85 7.16 –22 1.38 45.0 8.04 — 0.885 0.7 — 

   8:10 36 26.95 7.17 –4 1.38 28.9 8.10 — 0.883 0.7 — 

   8:11 18 26.95 7.21 12 1.38 24.0 8.12 — 0.882 0.7 — 
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Source: SCS, 2014b 
°C = Degrees Celsius mS/cm = Millisiemens per centimeter g/L = Grams per liter 
s.u.  = Standard units NTU = Nephelometric turbidity units ppt = Parts per trillion 
mV = Millivolts mg/L = Milligrams per liter  
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Location Date Round Time 
Depth 

(inches) 
Temperature

(°C) 
pH 

(s.u.) 

Oxidation/
Reduction 
Potential

(mV) 
Conductivity

(mS/cm) 
Turbidity
(NTU) 

Dissolved 
Oxygen 
(mg/L) 

Dissolved 
Oxygen 

(%) 

Total 
Dissolved 

Solids 
(g/L) 

Salinity 
(ppt) 

Secchi 
Depth 

(inches) 

LS2 7/05/2013 Midday 12:37 72 27.33 7.29 –32 1.47 148 7.74 — 0.938 0.7 21 
(cont.)   12:38 54 27.3 7.28 –53 1.44 24.5 7.59 — 0.923 0.7 — 

   12:40 36 27.54 7.29 –6 1.40 23.5 7.66 — 0.896 0.7 — 

   12:41 18 27.8 7.29 7 1.38 21.0 7.60 — 0.886 0.7 — 

  Evening 17:23 72 27.82 7.41 –47 1.42 228 7.02 90.6 0.910 0.7 22 

   17:25 54 27.95 7.39 –46 1.42 53.3 7.09 91.8 0.907 0.7 — 

   17:26 36 28.64 7.38 –27 1.39 24.4 7.08 92.70 0.893 0.7 — 

   17:27 18 29.22 7.38 5 1.36 19.0 6.99 92.20 0.868 0.7 — 

 7/22/2013 Morning 8:10 66 24.2 8.86 56 1.51 34.2 4.71 57.7 0.971 0.8 19 

   8:11 48 24.54 8.97 12 1.46 21.4 4.46 54.7 0.935 0.7 — 

   8:12 30 24.6 8.98 19 1.45 17.9 4.32 53.1 0.928 0.7 — 

   8:13 12 24.69 9.00 –22 1.45 19.2 4.45 54.8 0.925 0.7 — 

  Midday 12:54 73 24.74 8.71 –26 1.51 60.2 5.94 73.1 0.963 0.8 19.5 

   12:55 55 24.73 8.72 –11 1.51 24.4 5.42 66.8 0.965 0.8 — 

   12:56 37 25.61 8.90 13 1.47 28.5 6.59 82.3 0.939 0.7 — 

   12:58 19 26.25 8.97 16 1.46 19.6 7.56 95.7 0.936 0.7 — 

  Evening 17:51 73 27.63 9.07 3 1.49 47.5 8.72 111.8 0.952 0.8 22 

   17:52 55 27.08 8.98 –10 1.48 22.6 7.78 99.5 0.947 0.7 — 

   17:53 37 27.73 9.07 5 1.47 17.9 8.03 103.7 0.938 0.7 — 

   17:56 19 28.08 9.11 16 1.44 15.1 8.83 114.6 0.922 0.7 — 

LS4 6/18/2013 Midday 10:35 82 25.44 6.58 –155 1.23 350 8.31 103.5 0.787 0.6 16 

   10:37 66 25.51 6.67 –99 1.22 94.1 8.56 106.7 0.783 0.6 — 

   10:38 50 25.61 6.81 –34 1.22 65.4 8.79 109.7 0.781 0.6 — 

   10:39 34 25.77 6.88 9 1.22 39.4 8.82 110.4 0.781 0.6 — 

   10:41 18 26.18 6.9 23 1.22 55.3 8.61 108.6 0.784 0.6 — 

 7/05/2013 Morning 8:22 75 26.76 7.20 –74 1.37 173 6.57 — 0.875 0.7 23 

   8:23 57 26.73 7.21 –71 1.36 53.1 5.56 — 0.872 0.7 — 

   8:24 39 26.84 7.19 –24 1.36 28.3 5.49 — 0.871 0.7 — 

   8:26 21 26.83 7.21 –14 1.36 25.1 5.39 — 0.870 0.7 — 

  Midday 12:50 75 27.09 7.33 –110 1.34 149 7.41 — 0.859 0.7 22 

   12:51 57 26.48 7.32 –213 1.33 39.7 7.52 — 0.850 0.7 — 

   12:52 39 26.85 7.32 –102 1.34 38.2 7.32 — 0.860 0.7 — 



 

 

 

 
 

Table 32.  Field Water Quality Measurements, Lake San Marcos Stations, 2013 
Page 3 of 10 

 

Source: SCS, 2014b 
°C = Degrees Celsius mS/cm = Millisiemens per centimeter g/L = Grams per liter 
s.u.  = Standard units NTU = Nephelometric turbidity units ppt = Parts per trillion 
mV = Millivolts mg/L = Milligrams per liter  
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Location Date Round Time 
Depth 

(inches) 
Temperature

(°C) 
pH 

(s.u.) 

Oxidation/
Reduction 
Potential

(mV) 
Conductivity

(mS/cm) 
Turbidity
(NTU) 

Dissolved 
Oxygen 
(mg/L) 

Dissolved 
Oxygen 

(%) 

Total 
Dissolved 

Solids 
(g/L) 

Salinity 
(ppt) 

Secchi 
Depth 

(inches) 

LS4 7/05/2013 Evening 17:36 71 27.16 7.39 –143 1.35 180 7.70 98.5 0.865 0.7 21 
(cont.)   17:37 53 27.47 7.38 –103 1.36 30.5 7.63 98.3 0.869 0.7 — 

   17:38 35 27.95 7.38 –36 1.36 23.2 7.52 97.4 0.872 0.7 — 

   17:40 17 28.34 7.38 –12 1.36 20.0 7.40 96.4 0.870 0.7 — 

 7/22/2013 Morning 8:23 70 24.72 8.96 –33 1.45 32.9 3.78 46.5 0.926 0.7 19 

   8:25 52 24.65 8.89 –87 1.45 25.3 2.23 27.4 0.930 0.7 — 

   8:26 34 24.65 8.89 –49 1.46 23.0 2.15 26.5 0.931 0.7 — 

   8:29 16 24.77 8.91 –18 1.45 23.0 2.36 29.0 0.931 0.7 — 

  Midday 13:07 70 26.02 8.92 –46 1.44 61.6 6.52 81.6 0.922 0.7 19.5 

   13:08 52 25.07 8.84 –87 1.44 31.6 4.06 50.2 0.919 0.7 — 

   13:09 34 25.27 8.87 –53 1.45 21.3 4.21 52.3 0.929 0.7 — 

   13:11 16 25.92 8.93 –17 1.45 18.4 5.78 72.5 0.930 0.7 — 

  Evening 18:06 71 27.49 9.08 –13 1.43 24.5 8.58 109.8 0.914 0.7 18 

   18:07 53 26.39 9.02 –36 1.43 22.8 7.33 92.7 0.916 0.7 — 

   18:08 35 26.61 9.03 –14 1.45 21.0 6.98 88.6 0.926 0.7 — 

   18:09 17 27.05 9.05 –2 1.45 19.3 7.56 96.7 0.930 0.7 — 

LWQ2 6/18/2013 Midday 10:52 84 25.53 6.67 –66 1.21 135 8.92 110.7 0.777 0.6 17 

   10:53 65 25.07 6.63 –98 1.23 45.1 9.25 114.6 0.784 0.6 — 

   10:55 46 25.39 6.81 –39 1.24 37.2 9.19 114.5 0.796 0.6 — 

   10:56 27 25.77 6.89 8 1.24 32.6 8.99 112.7 0.796 0.6 — 

   10:57 8 26.11 6.91 20 1.24 53.3 8.78 110.6 0.791 0.6 — 

 7/05/2013 Morning 8:35 72 26.37 7.20 –159 1.35 166 7.22 — 0.866 0.7 24 

   8:36 54 26.18 7.20 –114 1.35 36.2 7.44 — 0.861 0.7 — 

   8:37 36 26.49 7.20 –64 1.36 20.9 7.32 — 0.869 0.7 — 

   8:38 18 26.75 7.22 –20 1.36 17.5 7.20 — 0.873 0.7 — 

  Midday 13:00 72 26.66 7.31 –134 1.33 208 8.00 — 0.854 0.7 24 

   13:01 54 26.57 7.32 –155 1.34 56.8 8.41 — 0.859 0.7 — 

   13:02 36 26.89 7.32 –109 1.35 30.4 8.18 — 0.866 0.7 — 

   13:03 18 27.35 7.33 –50 1.35 18.1 7.88 — 0.866 0.7 — 

   13:04 6 27.95 7.37 –18 1.36 18.3 7.57 — 0.868 0.7 — 

  Evening 17:50 72 27.2 7.40 –24 1.39 107 7.48 95.7 0.891 0.7 22 

   17:52 54 27.3 7.38 –51 1.40 34.5 7.61 97.6 0.893 0.7 — 
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Source: SCS, 2014b 
°C = Degrees Celsius mS/cm = Millisiemens per centimeter g/L = Grams per liter 
s.u.  = Standard units NTU = Nephelometric turbidity units ppt = Parts per trillion 
mV = Millivolts mg/L = Milligrams per liter  
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Location Date Round Time 
Depth 

(inches) 
Temperature

(°C) 
pH 

(s.u.) 

Oxidation/
Reduction 
Potential

(mV) 
Conductivity

(mS/cm) 
Turbidity
(NTU) 

Dissolved 
Oxygen 
(mg/L) 

Dissolved 
Oxygen 

(%) 

Total 
Dissolved 

Solids 
(g/L) 

Salinity 
(ppt) 

Secchi 
Depth 

(inches) 

LWQ2 7/05/2013 Evening 17:53 36 27.72 7.39 –27 1.37 17.6 7.49 96.7 0.879 0.7 — 
(cont.)   17:54 18 28.11 7.39 –1 1.34 17.5 7.37 95.6 0.861 0.7 — 

 7/22/2013 Morning 8:38 74 24.84 8.92 –50 1.45 31.8 2.96 36.5 0.929 0.7 19 

   8:39 56 24.87 8.92 –77 1.45 21.5 3.51 43.3 0.927 0.7 — 

   8:40 38 24.88 8.92 –40 1.45 19.1 3.33 41.1 0.926 0.7 — 

   8:41 20 24.95 8.93 –24 1.44 17.8 3.52 43.5 0.925 0.7 — 

  Midday 13:22 73 25.8 8.89 –49 1.43 37.2 5.25 65.7 0.919 0.7 24 

   13:23 55 25.63 8.84 –65 1.42 21.2 4.42 55.2 0.911 0.7 — 

   13:24 37 25.98 8.84 –35 1.43 14.1 4.41 55.6 0.913 0.7 — 

   13:25 19 26.6 8.83 –15 1.42 10.6 4.76 60.5 0.910 0.7 — 

  Evening 18:19 75 26.36 8.95 –35 1.43 111.0 6.98 87.8 0.914 0.7 19 

   18:20 57 25.9 8.89 –51 1.42 30.9 5.83 73.2 0.910 0.7 — 

   18:21 39 26.89 8.99 –5 1.40 15.6 6.50 82.8 0.898 0.7 — 

   18:23 20 26.98 9.02 1 1.40 15.8 6.75 86.1 0.898 0.7 — 

LS8 6/18/2013 Midday 11:40 184 23.7 6.29 –276 1.15 53.7 10.83 130.2 0.738 0.6 18 

   11:41 165 23.41 6.36 –307 1.19 32.3 11.06 133.3 0.757 0.6 — 

   11:42 146 23.87 6.56 –298 1.21 21.5 10.74 130.6 0.776 0.6 — 

   11:43 127 24.2 6.67 –178 1.22 17.4 10.39 126.8 0.778 0.6 — 

   11:45 108 24.35 6.72 –73 1.21 19.2 10.2 124.8 0.776 0.6 — 

   11:46 89 24.45 6.75 –14 1.21 21.3 10.01 122.7 0.775 0.6 — 

   11:47 70 24.61 6.76 7 1.21 24.6 9.78 120.2 0.775 0.6 — 

   11:48 51 24.86 6.78 21 1.22 41.2 9.54 117.7 0.782 0.6 — 

   11:49 32 25.29 7 29 1.24 28.2 9.15 113.9 0.791 0.6 — 

   11:51 12 25.84 7.21 29 1.23 35.2 8.78 110.1 0.786 0.6 — 

 7/05/2013 Morning 8:53 152 25.83 7.14 –198 1.32 107 8.53 — 0.847 0.7 24 

   8:54 134 25.22 7.10 –325 1.31 44.2 9.50 — 0.838 0.7 — 

   8:55 116 25.44 7.15 –303 1.32 23.5 9.35 — 0.845 0.7 — 

   8:56 98 25.6 7.19 –255 1.32 13.0 9.19 — 0.846 0.7 — 

   8:57 80 25.72 7.19 –201 1.32 12.6 9.05 — 0.847 0.7 — 

   9:00 62 26.22 7.17 –55 1.33 12.3 8.65 — 0.854 0.7 — 

   9:01 46 26.28 7.19 –33 1.34 16.0 8.54 — 0.855 0.7 — 

   9:03 28 26.43 7.23 –12 1.34 15.1 8.36 — 0.856 0.7 — 
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Source: SCS, 2014b 
°C = Degrees Celsius mS/cm = Millisiemens per centimeter g/L = Grams per liter 
s.u.  = Standard units NTU = Nephelometric turbidity units ppt = Parts per trillion 
mV = Millivolts mg/L = Milligrams per liter  
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Location Date Round Time 
Depth 

(inches) 
Temperature

(°C) 
pH 

(s.u.) 

Oxidation/
Reduction 
Potential

(mV) 
Conductivity

(mS/cm) 
Turbidity
(NTU) 

Dissolved 
Oxygen 
(mg/L) 

Dissolved 
Oxygen 

(%) 

Total 
Dissolved 

Solids 
(g/L) 

Salinity 
(ppt) 

Secchi 
Depth 

(inches) 

LS8 7/5/2013 Morning 9:04 10 26.48 7.25 –1 1.34 17.1 8.23 — 0.856 0.7 — 
(cont.)  Midday 13:55 174 23.49 7.05 –335 1.25 9.9 10.54 127.3 0.800 0.6 24 

   13:57 156 23.76 7.11 –350 1.29 41.3 10.21 123.8 0.829 0.6 — 

   13:59 138 24.39 7.11 –361 1.32 11.8 9.73 119.6 0.841 0.7 — 

   14:00 120 25.23 7.11 –360 1.34 17.4 9.23 114.7 0.856 0.7 — 

   14:02 102 25.63 7.11 –292 1.33 11.2 8.97 121.1 0.854 0.7 — 

   14:03 84 25.86 7.12 –192 1.33 16.3 8.80 110.4 0.854 0.7 — 

   14:05 66 26.1 7.14 –111 1.34 10.6 8.57 107.8 0.857 0.7 — 

   14:06 48 26.25 7.15 –82 1.34 11.9 8.42 106.2 0.858 0.7 — 

   14:08 30 26.6 7.16 –48 1.34 16.5 8.17 103.7 0.860 0.7 — 

   14:10 12 27.32 7.25 –17 1.35 13.9 7.72 99.2 0.863 0.7 — 

  Evening 18:08 174 23.56 7.29 –305 1.27 128 9.56 115.4 0.811 0.6 22.5 

   18:09 156 23.58 7.28 –320 1.28 46.9 9.62 116.4 0.816 0.6 — 

   18:10 138 24.47 7.28 –341 1.31 12.9 9.69 114.3 0.840 0.6 — 

   18:11 120 25.62 7.30 –326 1.35 13.7 8.67 108.5 0.862 0.7 — 

   18:13 102 26.12 7.30 –238 1.35 16.2 8.48 106.8 0.865 0.7 — 

   18:14 84 26.49 7.31 –131 1.36 18.3 8.30 105.2 0.869 0.7 — 

   18:15 66 26.87 7.32 –52 1.36 17.9 8.09 103.1 0.867 0.7 — 

   18:16 48 27.13 7.33 –20 1.36 17.0 7.93 101.4 0.862 0.7 — 

   18:17 30 27.36 7.35 –2 1.34 16.7 7.71 99.0 0.858 0.7 — 

 7/22/2013 Morning 8:52 176 24.54 8.08 –284 1.39 26.3 1.28 15.7 0.890 0.7 24 

   8:53 158 24.44 7.89 –309 1.39 25.2 1.01 12.4 0.887 0.7 — 

   8:54 140 24.71 8.23 –320 1.41 20.0 0.85 10.4 0.901 0.7 — 

   8:55 122 24.95 8.58 –309 1.42 18.9 0.77 9.5 0.908 0.7 — 

   8:56 104 25.01 8.67 –278 1.42 17.3 0.75 9.2 0.906 0.7 — 

   8:58 86 25.05 8.73 –223 1.41 9.4 0.68 8.4 0.903 0.7 — 

   8:59 68 25.06 8.74 –213 1.41 9.7 0.66 8.1 0.903 0.7 — 

   9:01 50 25.13 8.78 –173 1.41 10.2 0.65 8.1 0.902 0.7 — 

   9:02 32 25.12 8.78 –166 1.41 10.1 0.64 7.9 0.902 0.7 — 

   9:03 14 25.18 8.79 –145 1.41 10.5 0.65 8.1 0.902 0.7 — 

  Midday 14:18 176 24.68 8.36 –255 1.42 29.4 2.27 27.9 0.910 0.7 28 

   14:20 158 24.77 8.36 –267 1.43 24.8 1.95 24.0 0.916 0.7 — 
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Source: SCS, 2014b 
°C = Degrees Celsius mS/cm = Millisiemens per centimeter g/L = Grams per liter 
s.u.  = Standard units NTU = Nephelometric turbidity units ppt = Parts per trillion 
mV = Millivolts mg/L = Milligrams per liter  

 

   

D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

Location Date Round Time 
Depth 

(inches) 
Temperature

(°C) 
pH 

(s.u.) 

Oxidation/
Reduction 
Potential

(mV) 
Conductivity

(mS/cm) 
Turbidity
(NTU) 

Dissolved 
Oxygen 
(mg/L) 

Dissolved 
Oxygen 

(%) 

Total 
Dissolved 

Solids 
(g/L) 

Salinity 
(ppt) 

Secchi 
Depth 

(inches) 

LS8 7/22/2013 Midday 14:21 140 24.9 8.69 –234 1.44 19.4 1.89 23.3 0.922 0.7 — 

   14:23 122 25.05 8.78 –139 1.44 17.2 2.23 27.6 0.922 0.7 — 

   14:24 104 25.09 8.78 –94 1.44 16.1 2.46 30.5 0.921 0.7 — 

   14:26 86 25.13 8.80 –50 1.44 14.8 2.37 29.4 0.919 0.7 — 

   14:27 68 25.28 8.80 –39 1.43 13.5 2.33 28.9 0.914 0.7 — 

   14:29 50 25.41 8.79 –34 1.42 13.1 2.27 28.3 0.910 0.7 — 

   14:30 32 25.69 8.78 –28 1.42 11.8 2.41 30.2 0.907 0.7 — 

   14:31 16 26.54 8.81 –14 1.40 9.3 3.44 43.5 0.896 0.7 — 

  Evening 18:35 171 26.24 8.91 –64 1.40 26.9 5.20 65.2 0.898 0.7 21 

   18:36 153 25.16 8.79 –125 1.42 20.8 2.82 34.9 0.906 0.7 — 

   18:37 135 25.07 8.79 –102 1.44 20.4 2.03 25.1 0.923 0.7 — 

   18:38 117 25.11 8.80 –73 1.45 19.4 1.98 24.5 0.926 0.7 — 

   18:40 99 25.23 8.81 –49 1.45 16.6 2.15 26.7 0.928 0.7 — 

   18:41 81 25.51 8.81 –26 1.44 20.6 2.77 34.6 0.925 0.7 — 

   18:42 63 25.68 8.81 –16 1.43 19.4 2.96 37.0 0.918 0.7 — 

   18:43 45 25.85 8.81 –11 1.43 12.5 2.89 36.2 0.914 0.7 — 

   18:44 27 26.18 8.84 –1 1.42 12.7 3.42 43.1 0.908 0.7 — 

   18:45 9 26.23 8.84 3 1.42 13.2 3.52 44.4 0.906 0.7 — 

LWQ3 6/18/2013 Midday 12:22 358 18.99 6.65 –329 0.981 238 8.48 94.1 0.626 0.5 21 

   12:23 339 18.83 6.72 –346 1.04 535 7.94 88.3 0.662 0.5 — 

   12:24 320 19.07 6.86 –354 1.04 324 6.46 71.9 0.665 0.5 — 

   12:25 301 18.76 6.87 –356 1.04 137 8.64 95.5 0.667 0.5 — 

   12:27 282 18.55 6.93 –364 1.05 33.6 12.71 140.3 0.671 0.5 — 

   12:28 263 18.67 7.01 –370 1.05 16.8 13.97 154.7 0.671 0.5 — 

   12:29 244 18.94 7.06 –373 1.05 8.23 13.75 153 0.67 0.5 — 

   12:31 225 19.34 7.08 –376 1.05 8.07 13.26 148.7 0.674 0.5 — 

   12:33 206 20 7.11 –379 1.07 4.9 12.57 142.8 0.685 0.5 — 

   12:34 187 20.31 7.13 –380 1.07 8.02 12.33 140.7 0.688 0.5 — 

   12:35 168 20.64 7.15 –381 1.08 5.33 12.11 139.1 0.693 0.5 — 

   12:36 149 21.64 7.15 –383 1.13 9.49 11.4 133.5 0.724 0.6 — 

   12:37 130 22.83 7.15 –387 1.21 16.8 10.58 126.7 0.774 0.6 — 

   12:39 111 23.83 7.14 –160 1.23 25.7 10.08 122.3 0.789 0.6 — 
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Source: SCS, 2014b 
°C = Degrees Celsius mS/cm = Millisiemens per centimeter g/L = Grams per liter 
s.u.  = Standard units NTU = Nephelometric turbidity units ppt = Parts per trillion 
mV = Millivolts mg/L = Milligrams per liter  

 

   

D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

Location Date Round Time 
Depth 

(inches) 
Temperature

(°C) 
pH 

(s.u.) 

Oxidation/
Reduction 
Potential

(mV) 
Conductivity

(mS/cm) 
Turbidity
(NTU) 

Dissolved 
Oxygen 
(mg/L) 

Dissolved 
Oxygen 

(%) 

Total 
Dissolved 

Solids 
(g/L) 

Salinity 
(ppt) 

Secchi 
Depth 

(inches) 

LWQ3 6/18/2013 Midday 12:41 92 23.96 7.16 –136 1.24 39 9.86 120 0.791 0.6 — 
(cont.)   12:42 73 24.13 7.17 –81 1.24 25.7 9.7 118.3 0.793 0.6 — 

   12:43 54 24.18 7.17 –53 1.24 34.6 9.69 118.2 0.791 0.6 — 

   12:45 35 24.24 7.17 –44 1.23 28.7 9.55 116.7 0.79 0.6 — 

   12:46 24 24.4 7.16 –43 1.23 47 9.25 113.4 0.79 0.6 — 

   12:48 16 24.73 7.3 –16 1.23 27 8.82 108.5 0.787 0.6 — 

 7/05/2013 Morning 9:18 314 21.76 7.01 –213 1.09 276 12.32 — 0.704 0.6 27 

   9:19 296 19.57 6.93 –314 1.04 82.2 14.51 — 0.664 0.5 — 

   9:20 278 19.47 7.00 –336 1.06 43.6 13.72 — 0.680 0.5 — 

   9:22 260 19.56 7.08 –338 1.06 15.5 13.29 — 0.682 0.5 — 

   9:23 242 19.87 7.17 –347 1.07 10.2 12.67 — 0.682 0.5 — 

   9:25 224 20.25 7.24 –351 1.08 5.78 12.18 — 0.691 0.5 — 

   9:26 206 20.69 7.26 –357 1.10 6.05 11.76 — 0.703 0.5 — 

   9:28 188 21.23 7.28 –360 1.13 4.76 11.36 — 0.725 0.6 — 

   9:29 170 21.77 7.28 –363 1.17 5.55 10.97 — 0.747 0.6 — 

   9:31 152 22.5 7.26 –368 1.22 5.15 10.44 — 0.780 0.6 — 

   9:32 134 24.48 7.20 –299 1.30 10.1 9.58 — 0.831 0.6 — 

   9:34 116 25.51 7.20 –160 1.31 8.43 9.13 — 0.839 0.7 — 

   9:35 98 25.59 7.19 –145 1.31 9.89 9.17 — 0.840 0.7 — 

   9:36 80 25.6 7.18 –103 1.31 13.3 9.10 — 0.840 0.7 — 

   9:42 62 25.72 7.21 –79 1.31 12.1 8.93 — 0.841 0.7 — 

   9:44 44 25.86 7.25 –44 1.31 12.3 8.63 — 0.841 0.7 — 

   9:45 26 25.93 7.25 –39 1.31 13.0 8.39 — 0.839 0.7 — 

   9:47 8 25.98 7.25 –34 1.31 12.3 8.26 — 0.839 0.7 — 

  Midday 14:20 288 19.61 7.00 –326 1.02 99.7 13.26 149.1 0.652 0.5 21 

   14:25 270 19.22 7.07 –341 1.08 114.0 12.64 142.6 0.688 0.5 — 

   14:26 252 19.73 7.13 –346 1.08 82.9 12.34 140.5 0.690 0.5 — 

   14:27 234 20 7.17 –353 1.09 74.00 11.86 134.8 0.690 0.5 — 

   14:28 216 20.52 7.20 –358 1.11 22.20 11.32 129.9 0.711 0.5 — 

   14:30 198 21.17 7.21 –362 1.14 76.10 10.80 125.4 0.729 0.6 — 

   14:31 180 22.04 7.22 –367 1.21 17.20 10.21 120.8 0.770 0.6 — 

   14:32 162 23.04 7.21 –375 1.27 10.40 9.73 116.8 0.814 0.6 — 
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Source: SCS, 2014b 
°C = Degrees Celsius mS/cm = Millisiemens per centimeter g/L = Grams per liter 
s.u.  = Standard units NTU = Nephelometric turbidity units ppt = Parts per trillion 
mV = Millivolts mg/L = Milligrams per liter  

 

   

D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

Location Date Round Time 
Depth 

(inches) 
Temperature

(°C) 
pH 

(s.u.) 

Oxidation/
Reduction 
Potential

(mV) 
Conductivity

(mS/cm) 
Turbidity
(NTU) 

Dissolved 
Oxygen 
(mg/L) 

Dissolved 
Oxygen 

(%) 

Total 
Dissolved 

Solids 
(g/L) 

Salinity 
(ppt) 

Secchi 
Depth 

(inches) 

LWQ3 7/05/2013 Midday 14:33 144 23.7 7.20 –381 1.29 6.50 9.36 113.5 0.826 0.6 — 
(cont.)   14:35 126 24.33 7.19 –380 1.31 20.70 9.03 110.8 0.835 0.6 — 

   14:36 108 25.21 7.19 –306 1.33 16.10 8.67 107.0 0.849 0.7 — 

   14:37 90 25.63 7.20 –181 1.33 12.40 8.41 105.0 0.853 0.7 — 

   14:38 72 25.82 7.20 –120 1.33 24.90 8.20 102.7 0.850 0.7 — 

   14:39 54 25.99 7.21 –101 1.33 18.80 8.05 101.2 0.850 0.7 — 

   14:40 36 26.24 7.25 –64 1.33 17.50 7.94 98.9 0.850 0.7 — 

   14:41 9 26.7 7.33 –42 1.33 16.40 7.54 95.9 0.849 0.7 — 

  Evening 18:34 312 19.25 7.11 –311 1.08 503 11.62 129.9 0.694 0.5 31 

   18:35 294 19.34 7.13 –325 1.08 9.63 12.78 143.9 0.693 0.5 — 

   18:37 276 19.82 7.15 –339 1.08 5.81 12.08 136.6 0.691 0.5 — 

   18:38 258 20.15 7.18 –346 1.09 5.83 11.63 132.2 0.697 0.5 — 

   18:40 240 20.34 7.20 –349 1.10 6.19 11.40 130.3 0.704 0.5 — 

   18:41 222 20.96 7.21 –352 1.14 5.67 10.86 125.9 0.729 0.6 — 

   18:42 204 21.74 7.22 –356 1.20 6.94 10.30 120.9 0.766 0.6 — 

   18:43 186 22.44 7.22 –363 1.23 5.78 9.86 117.4 0.787 0.6 — 

   18:44 168 24.08 7.19 –376 1.30 8.12 9.10 111.3 0.829 0.6 — 

   18:45 150 24.95 7.16 –377 1.32 11.80 8.63 106.8 0.847 0.6 — 

   18:46 132 25.27 7.19 –320 1.32 13.60 8.55 106.3 0.847 0.7 — 

   18:47 114 25.55 7.21 –214 1.33 12.0 8.45 105.5 0.850 0.7 — 

   18:48 96 25.8 7.22 –124 1.33 10.20 8.28 103.7 0.852 0.7 — 

   18:50 78 25.88 7.23 –73 1.33 8.71 8.13 102.0 0.851 0.7 — 

   18:51 42 26.05 7.26 –28 1.33 8.75 7.93 99.7 0.851 0.7 — 

   18:51 60 25.99 7.24 –49 1.33 8.73 8.03 100.9 0.851 0.7 — 

   18:53 24 26.07 7.29 –19 1.33 9.21 7.76 97.6 0.850 0.7 — 

   18:54 6 26.08 7.31 –14 1.33 8.62 7.70 97.2 0.850 0.7 — 

 7/22/2013 Morning 9:16 344 22.33 7.86 –232 1.22 12.7 1.39 16.1 0.787 0.6 29 

   9:17 326 19.43 6.89 –342 1.09 15.4 2.61 29.3 0.693 0.6 — 

   9:18 308 19.49 6.94 –349 1.14 12.2 2.56 28.8 0.728 0.6 — 

   9:19 290 19.65 7.02 –355 1.13 11.9 2.31 26.0 0.722 0.6 — 

   9:20 272 20.02 7.11 –363 1.12 8.86 2.18 24.8 0.719 0.6 — 

   9:21 254 20.43 7.18 –366 1.14 8.64 2.09 24.0 0.727 0.6 — 
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Source: SCS, 2014b 
°C = Degrees Celsius mS/cm = Millisiemens per centimeter g/L = Grams per liter 
s.u.  = Standard units NTU = Nephelometric turbidity units ppt = Parts per trillion 
mV = Millivolts mg/L = Milligrams per liter  

 

   

D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

Location Date Round Time 
Depth 

(inches) 
Temperature

(°C) 
pH 

(s.u.) 

Oxidation/
Reduction 
Potential

(mV) 
Conductivity

(mS/cm) 
Turbidity
(NTU) 

Dissolved 
Oxygen 
(mg/L) 

Dissolved 
Oxygen 

(%) 

Total 
Dissolved 

Solids 
(g/L) 

Salinity 
(ppt) 

Secchi 
Depth 

(inches) 

LWQ3 7/22/2013 Morning 9:22 236 21.09 7.27 –371 1.17 8.18 1.99 23.0 0.747 0.6 — 
(cont.)   9:23 218 21.75 7.38 –375 1.20 6.98 1.89 22.2 0.766 0.6 — 

   9:24 200 22.66 7.56 –380 1.26 7.56 1.80 21.5 0.803 0.6 — 

   9:26 182 23.81 8.03 –379 1.35 12.7 1.67 20.4 0.857 0.7 — 

   9:27 164 24.75 8.66 –360 1.41 10.0 1.51 18.7 0.904 0.7 — 

   9:28 146 24.82 8.78 –345 1.41 10.5 1.41 17.4 0.905 0.7 — 

   9:29 128 24.88 8.78 –337 1.41 10.3 1.37 16.9 0.902 0.7 — 

   9:30 110 24.91 8.77 –331 1.41 11.5 1.34 16.6 0.901 0.7 — 

   9:31 92 24.9 8.77 –323 1.41 11.7 1.30 16.1 0.900 0.7 — 

   9:32 74 24.92 8.78 –304 1.41 13.4 1.26 15.5 0.900 0.7 — 

   9:33 56 24.96 8.77 –270 1.41 9.33 1.24 15.3 0.900 0.7 — 

   9:35 38 25.01 8.76 –226 1.41 9.65 1.22 15.1 0.900 0.7 — 

   9:36 10 25.11 8.77 –190 1.41 8.32 1.23 15.3 0.900 0.7 — 

  Midday 15:20 333 24.24 7.98 –148 1.25 95.4 1.25 37.1 0.809 0.6 25 

   15:22 315 19.13 6.77 –353 1.09 20.5 2.19 24.4 0.694 0.6 — 

   15:23 297 19.18 6.83 –358 1.13 11.9 2.15 24.0 0.724 0.6 — 

   15:25 279 19.62 6.87 –363 1.12 8.90 1.93 21.8 0.719 0.6 — 

   15:27 261 19.89 6.88 –363 1.12 6.88 1.88 21.3 0.716 0.6 — 

   15:28 243 20.06 6.90 –363 1.12 5.96 1.85 21.0 0.719 0.6 — 

   15:29 225 20.51 6.95 –365 1.14 6.17 1.75 20.1 0.729 0.6 — 

   15:30 207 20.92 6.99 –367 1.15 5.54 1.70 19.7 0.736 0.6 — 

   15:31 189 21.68 7.13 –370 1.21 4.62 1.63 19.2 0.771 0.6 — 

   15:32 171 22.89 7.58 –381 1.30 4.93 1.57 18.8 0.831 0.6 — 

   15:33 153 23.89 8.17 –391 1.37 5.94 1.50 18.3 0.878 0.6 — 

   15:34 135 24.49 8.48 –390 1.40 7.78 1.42 17.5 0.894 0.7 — 

   15:35 117 24.68 8.53 –382 1.40 7.51 1.35 16.6 0.893 0.7 — 

   15:36 99 24.85 8.59 –364 1.40 6.65 1.27 15.6 0.895 0.7 — 

   15:38 81 24.99 8.62 –339 1.40 6.35 1.21 15.0 0.896 0.7 — 

   15:39 63 25.02 8.62 –284 1.40 8.62 1.18 14.6 0.895 0.7 — 

   15:40 45 25.06 8.64 –207 1.40 8.15 1.18 14.7 0.895 0.7 — 

   15:41 27 25.14 8.66 –159 1.40 8.44 1.24 15.3 0.895 0.7 — 

   15:42 9 25.47 8.70 –99 1.40 10.3 1.40 17.4 0.895 0.7 — 
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Source: SCS, 2014b 
°C = Degrees Celsius mS/cm = Millisiemens per centimeter g/L = Grams per liter 
s.u.  = Standard units NTU = Nephelometric turbidity units ppt = Parts per trillion 
mV = Millivolts mg/L = Milligrams per liter  

 

   

D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

Location Date Round Time 
Depth 

(inches) 
Temperature

(°C) 
pH 

(s.u.) 

Oxidation/
Reduction 
Potential

(mV) 
Conductivity

(mS/cm) 
Turbidity
(NTU) 

Dissolved 
Oxygen 
(mg/L) 

Dissolved 
Oxygen 

(%) 

Total 
Dissolved 

Solids 
(g/L) 

Salinity 
(ppt) 

Secchi 
Depth 

(inches) 

LWQ3 7/22/2013 Evening 18:59 260 22.51 7.77 –200 1.19 9.21 2.50 29.0 0.771 0.6 28 
(cont.)   19:01 242 19.93 7.02 –342 1.10 9.47 1.63 18.4 0.701 0.6 — 

   19:02 224 19.95 7.00 –356 1.13 8.67 2.12 24.0 0.724 0.6 — 

   19:04 206 20.18 7.03 –360 1.14 31.0 2.18 24.9 0.728 0.6 — 

   19:05 188 20.7 7.07 –364 1.16 35.9 2.07 23.8 0.743 0.6 — 

   19:06 170 22.52 7.64 –375 1.33 42.1 1.86 22.1 0.851 0.7 — 

   19:08 152 23.9 8.18 –382 1.38 25.3 1.69 20.7 0.880 0.7 — 

   19:10 134 24.31 8.40 –383 1.39 7.75 1.58 19.3 0.887 0.7 — 

   19:11 116 24.5 8.51 –379 1.40 7.83 1.46 17.9 0.896 0.7 — 

   19:13 98 24.81 8.57 –367 1.40 5.20 1.34 16.6 0.894 0.7 — 

   19:14 80 24.81 8.57 –368 1.40 6.26 1.31 16.2 0.894 0.7 — 

   19:15 62 24.84 8.57 –370 1.40 12.5 1.26 15.6 0.895 0.7 — 

   19:16 44 24.86 8.59 –369 1.40 6.76 1.22 15.1 0.896 0.7 — 

   19:17 26 24.91 8.64 –350 1.41 9.06 1.17 14.4 0.900 0.7 — 
 

Source: SCS, 2014b 
°C = Degrees Celsius mS/cm = Millisiemens per centimeter g/L = Grams per liter 
s.u.  = Standard units NTU = Nephelometric turbidity units ppt = Parts per trillion 
mV = Millivolts mg/L = Milligrams per liter  

 

 

 



 

 

 

 
 

 

   

D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

Table 33.  Analytical Results, Lake San Marcos Stations and Dam Effluent (Nutrients), 2013 

          Concentration (mg/L) 

Location Depth Sample Date 
Sample 

Time 
Depth 

(inches) 
Total Hardness 

(as CaCO3) 
Total Dissolved 

Solids 
Total Kjeldahl 

Nitrogen 
Orthophosphate 

(as P) 
Total 

Phosphorus 
Dissolved 

Phosphorus 
Ammonia 

(as N) 
Nitrate/Nitrite 

(as N) 

LWQ1 Top 6/18/2013 9:31 1 360 840 4.2 0.43 0.46 0.45 0.22 <0.10 

  7/05/2013 11:57 6 380 910 2.9 <0.10 0.38 0.11 0.22 <0.10 

  7/22/2013 12:37 6 390 1,090 2.5 0.11 0.17 0.13 0.22 <0.10 

 Center 6/18/2013 9:26 28 370 855 4.3 0.3 0.42 0.34 0.17 <0.10 

  7/05/2013 11:54 27 380 965 2.9 <0.10 0.38 0.16 0.22 0.1 

  7/22/2013 12:27 29 380 1,140 2.4 0.1 0.15 0.013 0.17 <0.10 

 Deep 6/18/2013 9:21 56 380 915 4.5 0.28 0.46 0.29 0.17 <0.10 

  7/05/2013 11:50 48 380 945 2.8 <0.10 0.27 <0.10 0.2 0.11 

  7/22/2013 12:17 50 380 1,150 2.4 0.10 0.15 0.13 0.17 <0.10 

LWQ2 Top 6/18/2013 11:10 2 340 775 3.6 0.23 0.4 0.26 0.22 <0.10 

  7/05/2013 13:35 6 370 875 2.9 0.11 0.38 0.13 0.17 <0.10 

  7/22/2013 13:47 6 370 1,040 2.1 0.20 0.30 0.22 0.17 <0.10 

 * 7/22/2013 13:47 6 370 940 2.0 0.21 0.27 0.23 0.14 <0.10 

 Center 6/18/2013 11:06 42 340 800 3.2 0.26 0.43 0.31 0.17 <0.10 

  7/05/2013 13:15 39 370 845 2.8 0.21 0.36 0.31 0.34 <0.10 

 * 7/05/2013 13:27 39 360 825 2.8 0.11 0.43 0.11 0.22 <0.10 

  7/22/2013 13:37 38 370 980 2.2 0.22 0.30 0.23 0.17 <0.10 

 Deep 6/18/2013 11:00 86 340 770 2.5 0.33 0.47 0.34 0.34 <0.10 

  7/05/2013 13:08 72 360 855 2.2 0.21 0.4 0.22 0.31 <0.10 

  7/22/2013 13:29 70 380 1,040 2.2 0.14 0.19 0.16 0.17 <0.10 

LWQ3 Top 6/18/2013 13:05 2 350 775 2.9 0.23 0.4 0.26 0.17 <0.10 

 * 6/18/2013 13:07 2 340 770 2.7 0.23 0.41 0.25 0.22 <0.10 

  7/05/2013 15:15 6 360 850 4.1 <0.10 0.45 <0.10 0.22 <0.10 

  7/22/2013 15:10 6 370 900 2.2 0.26 0.34 0.28 0.36 <0.10 

 Center 6/18/2013 13:00 175.5 330 715 2.9 0.59 0.61 0.61 0.9 <0.10 

  7/05/2013 15:13 147 350 750 3.1 0.28 0.69 0.29 1.6 <0.10 

  7/22/2013 15:01 162 350 895 3.1 0.64 0.68 0.65 1.8 <0.10 

 Deep 6/18/2013 12:55 351 290 640 5.6 1.4 1.4 1.4 4.5 <0.10 

  7/05/2013 15:10 288 300 610 9.1 1 2.4 2 7.3 <0.10 

  7/22/2013 14:50 318 350 715 18 2.5 3.4 3.1 15 <0.10 

Dam Effluent — 7/22/2013 10:00 — 300 905 12 2.4 2.9 2.5 8.8 <0.10 
 

Source: SCS, 2014b 
Region 9 Regional Water Quality Control Board Water Quality Objectives for total phosphorus, nitrogen, and ammonia are 0.1 mg/L, 1.0 mg/L, and 0.025 mg/L, respectively. 
* Duplicate sample 
mg/L = Milligrams per liter 
< = Analyte not detected at concentration above the indicated reporting limit 
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Table 34.  Phytoplankton Survey Results, Lake San Marcos, June 20, 2013 

  Cell Density (cells per mL) 

Taxon Cyanobacteria? Station A Station C Station E 

Anabaena sp. Yes 40,358.94 62,707.08  

Anabaenopsis elenkinii Yes 737.52 1,896.49  

Carteria klebsii No (Chlorophyta) 1,157.50 1,106.29 74,904.76 

Cryptomonas sp. No (Chlorophyta) 71.70 263.40  

Cyclotella sp. No (Diatom)  17.56  

Merismopedia punctata Yes  561.92  

Monoraphidium irregulare No (Chlorophyta)  122.92  

Nitzschia sp. No (Diatom) 61.46 298.52 576.19 

Pandorina morum No (Chlorophyta) 778.50  3,073.02 

Pediastrum tetras No (Chlorophyta)  491.68 1,536.51 

Peridiniopsis cunningtonii No   192.06 

Scenedesmus acuminatus No (Chlorophyta)  351.20  

Scenedesmus dimorphus No (Chlorophyta) 40.97 70.24  

Scenedesmus quadricauda No (Chlorophyta) 20.49 491.68 2,688.89 

Tetraedron regulare No (Chlorophyta)  52.68  
 

Source: CDC, 2013b 
Bold indicates three highest cell density values.  Note that density is not equivalent to biomass. 
mL = Milliliter 
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Table 35.  Sediment Properties, Lake San Marcos 

   Concentration (mg/kg dry-weight) 

Date Station 
Fines 
(%) 

Total 
Phosphorus

Total Kjeldahl 
Nitrogen 

Orthophosphate-
P 

Ammonia 
Nitrogen 

Total 
Sulfide 

6/28/2013 (n = 2) A 99.4 940 8,500 40.5 111.5 395 

 C 99.3 715 7,000 24 60 235 

 E 90.9 450 4,350 17 23.5 60 

9/20/2013 (n = 3) A 95.5 593 8,200 29 173.3 207 

 C 91.6 513 6,733 20.3 77.7 150 

 E 85.5 273 3,883 5.4 23.3 473 

1/24/2014 (n = 3) A 88.1 923 5,933 22.3 116.7 583 

 C 81.5 453 6,567 25.3 23.3 313 

 E 78.7 267 3,733 15.3 8.5 106 
 

Source: CDC, 2013b 
mg/kg = Milligrams per kilogram 
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Table 36.  Analytical Results, Lake San Marcos Sediment (Nutrients), June 18, 2013 

  PHYSIS Analyses a IIRMES Analyses b 

Sample 
ID 

Depth 
(inches) 

Total Phosphorus
(µg/dry g) 

Percent Solids
(% dry weight) 

Ammonia as N
(mg/dry kg) 

Total Phosphorus 
(mg/kg) 

Total Organic Carbon 
(% dry weight) 

Total Nitrogen 
(% dry weight) 

LS-1 55 457 36.9 84.55 1,732.01 6.13 0.3 

LS-2 70 429 37.9 57.46 1,665.04 4.99 0.3 

LS-3 79 514 35.3 41.83 2,120.88 4.69 0.3 

LS-4 75 643 32.5 46.1 2,876.28 4.71 0.4 

LS-5 83 562 33.6 31.83 2,326.94 6.53 0.5 

LS-6 71 661 28.2 61.85 3,151.07 6.87 0.6 

LS-7 118 615 29.6 54.5 3,038.77 6.12 0.4 

LS-8 165 705.7 30.4 115.21 3,236.95 6.67 0.6 

LS-9 232 771.2 31.1 200.57 3,423.32 3.4 0.5 

LS-10 315 618.9 32.2 177.13 2,745.38 2.9 0.3 
 

Source: SCS, 2014b 
a 

PHYSIS analyzed for total phosphorus by SM 4500-P E, percent solids by SM 2540B, and ammonia as N by SM 4500-NH3 D. 
b 

IIRMES analyzed for total phosphorus by Aspila et al. (1976), total organic carbon by SM 5310 B, and total nitrogen by SM 4500-N. 
µg/dry g = Micrograms per dry gram 
mg/dry kg = Milligrams per dry kilogram 
mg/kg = Milligrams per kilogram 
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Table 37.  Analytical Results, Lake San Marcos Sediment (Metals), June 18, 2013 

  Concentration (mg/kg) 

Sample 
Identifier 

Depth 
(inches) A
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LS-1 55 14,400 <5.12 3.23 145 <2.56 <63.9 <2.56 53,500 20.7 10.3 61.2 22,300 17.4 7,010 371 3.23 12.7 3,570 <2.56 <12.8 811 39.1 165 <2.56 <12.8 54.2 313 

LS-2 70 16,600 <4.62 3.41 145 <2.31 <57.7 <2.31 37,200 22.3 10.4 60.7 25,200 17.9 6,920 419 <2.31 12.4 3,830 <2.31 <11.5 688 43.3 122 <2.31 <11.5 54.5 278 

LS-3 79 18,800 <5.24 4.56 154 <2.62 <65.4 <2.62 40,800 27.4 12.1 65.5 28,300 20.6 7,920 497 3.06 13.6 4,360 <2.62 <13.1 723 38.2 139 <2.62 <13.1 70 284 

LS-4 75 21,200 <5.57 5.21 175 <2.79 <69.6 <2.79 46,900 31.1 13.3 72.7 32,100 22.9 8,800 604 3.32 15.1 4,950 <2.79 <13.9 830 35.9 152 <2.79 <13.9 75 286 

LS-5 83 21,200 <5.45 5.03 171 <2.72 <68.1 <2.72 40,400 29.7 14.3 73.6 34,300 24.4 8,600 603 3.4 15.7 5,210 <2.72 <13.6 824 36.7 136 <2.72 <13.6 81.8 300 

LS-6 71 16,800 <6.08 6.11 140 <3.04 <76 <3.04 43,700 24.6 11.6 83.1 26,500 21.3 7,120 472 3.67 14.1 3,600 <3.04 <15.2 805 32.9 146 <3.04 <15.2 69.3 277 

LS-7 118 20,300 <6.06 5.56 166 <3.03 <75.8 <3.03 32,900 30.5 14.5 75.5 32,100 23.4 8,190 595 4.3 15.5 4,770 <3.03 <15.2 869 33 115 <3.03 <15.2 86.6 295 

LS-8 165 23,200 <6.78 5.72 203 <3.39 <84.7 <3.39 43,900 35.5 15.9 91.1 38,400 26.4 9,250 750 6.7 18.1 5,710 <3.39 <16.9 865 29.5 143 <3.39 <16.9 97.4 318 

LS-9 232 21,300 <6.56 5.93 193 <3.28 <82 <3.28 36,700 33 14.9 80.9 34,400 25.3 8,260 828 9.25 16.5 4,930 <3.28 <16.4 843 30.5 123 <3.28 <16.4 94.6 289 

LS-10 315 26,300 <6.1 6.19 222 <3.05 <76.2 <3.05 15,800 39.4 18.6 77 42,400 26.7 9,710 839 4.89 18.2 6,750 <3.05 <15.2 855 32.8 75.2 <3.05 <15.2 109 275 
 

Source: SCS, 2014b 
mg/kg = Milligrams per kilogram 
< = Analyte not detected at a concentration above the indicated reporting limit 
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Table 38.  Analytical Results, Lake San Marcos Sediment (Particle Size) 
June 18, 2013 

 Composition (%) 

Sample 
Identifier 

Clay 
<0.0039 mm 

Silt 
0.0039 to <0.0625 mm 

Sand 
0.0625 to <2.0 mm 

LS-1 15.1 69.5 15.2 

LS-2 18.2 64.4 17.2 

LS-3 25.6 67.4 6.9 

LS-4 35.4 62.2 2.1 

LS-5 33.6 62.6 3.7 

LS-6 28.8 59 12.2 

LS-7 31.2 65.5 3.2 

LS-8 35.4 62.6 2.2 

LS-9 41.5 60.2 <0.05 

LS-10 38.4 59.9 1.9 

LS-10 a 38.8 59.9 1.7 
 

Source: SCS, 2014b 
a 

Laboratory split sample 
mm = Millimeters 
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Table 39.  Zooplankton Survey Results, Lake San Marcos, August 30, 2014 

 Organism Density (organisms per cubic meter) 

Taxon Station A Station C Station E 

Fine Fraction    

Bdelloidea 1.02 0.00 0.00 

Brachionus angularis 150.38 68.54 163.17 

Brachionus calycifiorus 50.13 11.25 1.69 

Brachionus urceolaris 5.12 2.73 1.13 

Copepoda – nauplii 401.02 95.14 329.72 

Lecane mira 1.02 0.34 1.69 

Monostyla cornuta 0.00 0.00 0.56 

Monostyla quadridentata 0.00 0.00 0.56 

Platylas quadricornis 1.02 0.00 0.00 

Synchaeta sp. 2.05 1.36 0.56 

Testudinella sp. 0.00 0.00 0.56 

Coarse Fraction    

Acari 0.00 0.20 0.56 

Calanoida – copepodite 9.21 0.97 1.97 

Camptocercus sp. 0.00 0.05 0.00 

Chaoborus punctipennis 0.26 0.00 0.00 

Chironomidae 0.26 0.15 0.84 

Chydoridae 0.51 0.36 0.00 

Cyclopoida – copepodite 0.26 0.10 1.97 

Daphnia lumholtzi 0.00 0.05 0.00 

Eurytemora affinis 0.26 0.00 0.00 

Ostracoda 38.62 18.93 57.39 

Scapholeberis sp. 0.77 0.10 0.00 
 

Source: CDC, 2015a 
Bold indicates the three highest organism density values for the fine and coarse fractions.  Note that density is not 
equivalent to biomass. 
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Table 40.  Whole-Lake Nutrient Mass Load in Nymphaea mexicana 

Mass Total Core Area 
(m2) 

Total Outer Area 
(m2) Total Nitrogen a Total Phosphorus b 

3,444.7 318.1 67,443.1 g 16,667.4 g 

 Mass (kg) 67.4 16.7 

 Mass (lb) 148.7 36.8 
 

Source: Great Ecology, 2015a 
a 

Total nitrogen was calculated by summing the product of the total core and outer areas and the mean core and 
outer nitrogen per unit area concentrations. 

b 
Total phosphorus was calculated by summing the product of the total core and outer areas and the mean core 
and outer phosphorus per unit area concentrations 
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Table 41.  Mean Densities of Fish Sampled at Each Station, Lake San Marcos 

 Mean Density a (± SE) (fish per square foot) 

Species Upper Station Middle Station Lower Station 

Threadfin shad 0.064 (± 0.009) 0.181 (± 0.163) 0.072 (± 0.007) 

Bluegill 0.007 (± 0.004) 0.003 (± 0.001) 0.003 (± 0.003) 

Black crappie 0.002 (± 0.001) 0 b 0 b 

Largemouth bass 0.006 (± 0.006) 0.002 (± 0.002) 0.022 (± 0.018) 

Western mosquitofish 0.003 (± 0.001) 0 b 0 b 

Mean c (all species) 0.080 (± 0.021) 0.185 (± 0.163) 0.097 (± 0.019) 
 

Source: Great Ecology, 2015b 
a 

All mean values calculated using number of individuals per species collected per n haul, where n = 3 for all stations. 
b 

Individuals of species were not observed or collected across all hauls at that station. 
c 

Station mean calculated using the total number of fish collected per n haul, where n = 3 for all stations. 
SE = Standard error 
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Table 42.  Average Total Length and Weight of Fish, Lake San Marcos 
November 20, 2014 

 Upper Station Middle Station Lower Station 

Species 
Total Length 

(mm) 
Weight 

(g) 
Total Length

(mm) 
Weight 

(g) 
Total Length 

(mm) 
Weight 

(g) 

Threadfin shad 70.0 (± 13.6) 4.3 (± 2.2) 63.1 (± 12.7) 2.9 (± 2.1) 61.7 (± 14.7) 3.0 (± 2.0) 

Bluegill 51.0 (± 16.5) 9.0 a 66.3 (± 52.1) 35.0 a 110.0 (± 13.5) 24.7 (± 8.0) 

Black crappie 205.0 (± 110.3) 208 (± 257.4) NA NA NA NA 

Largemouth bass 97.7 (± 13.7) 11.1 (± 4.6) 86.0 (± 8.5) 8.0 (± 1.4) 101.7 (± 18.6) 12.7 (± 5.9) 

Western mosquitofish 26.0 (± 3.6) NR NA NA NA NA 
 

Source: Great Ecology, 2015b 
a 

This species had only one recorded weight. 
mm = Millimeters 
g = Grams 
NA = Not applicable 
NR = Not recorded 
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Table 43.  Average Nutrient Flux Rates 

 Average Flux Rate (mg/m2/d) 

Nutrient Station A Station C Station E 

Ammonia 52.90 ± 7.17 15.75 ± 3.64 12.86 ± 8.27 

Nitrate –0.57 ± 0.95 1.10 ± 1.41 0.13 ± 0.16 

Nitrite 1.38 ± 3.02 0.98 ± 1.54 0.06 ± 0.19 

Total Kjeldahl nitrogen 57.97 ± 9.27 15.91 ± 6.83 17.26 ± 14.22 

Orthophosphate 1.96 ± 1.33 0.53 ± 0.51 0.61 ± 0.55 

Total phosphorus 1.05 ± 0.73 0.38 ± 0.56 0.50 ± 0.52 

Dissolved phosphorus 1.29 ± 0.87 0.53 ± 0.54 0.38 ± 0.47 
 

Source: Great Ecology, 2015c 
mg/m

2
/d = Milligrams per square meters per day 
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Table 44.  Organochlorine Pesticide Residue Concentrations in Sediments 

 Concentration (µg/kg) 

Contaminant Station A Station B Station C Station D Station E 

Alpha-chlordane 11 9.4 4.5 4.3 4.9 

Gamma-chlordane 10 9.6 3.5 3.5 4.5 

cis-nonachlor 5.5 3.2 2.3 2.4 2.6 

trans-nonachlor 11 5.4 4.1 4 5.5 

4,4'-DDE 20 20 15 11 10 
 

Source: Nautilus, 2015 
µg/kg = Micrograms per kilogram 
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Table 45.  Sediment Major and Trace Element Data 
Lake San Marcos 

 Concentration (mg/kg dry-weight) 

Element Station A Station C Station E 

Major Elements    

Aluminum 19,600 19,850 12,050 

Calcium 45,100 58,750 68,300 

Iron 40,150 41,050 22,850 

Magnesium 11,300 11,950 8,530 

Manganese 1,270 965 414 

Potassium 6,170 6,050 3,795 

Sodium 1,495 1,390 1,022 

Trace Elements    

Antimony 1.92 1.79 1.08 

Arsenic 8.0 6.6 2.7 

Barium 287.5 237.5 159.5 

Cadmium 1.03 0.97 0.70 

Chromium 42.4 37.9 21.8 

Cobalt 18.3 18.5 10.8 

Copper 105.4 112.0 64.6 

Lead 32.0 32.0 19.8 

Molybdenum 20.9 9.1 4.3 

Nickel 19.9 19.8 14.8 

Selenium 3.46 3.49 2.47 

Strontium 153.0 187.0 185.5 

Tin 3.45 3.46 3.06 

Vanadium 118.0 115.0 60.7 

Zinc 385.0 426.5 344.0 
 

Source: Nautilus, 2015 
Note:  Boron, beryllium, silver, and thallium concentrations are below detection. 
mg/kg = Milligrams per kilogram 
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Table 46.  Results of SPATT Bag Assay for Microcystins, Lake San Marcos 

 Result (ng/g) 

Date Total MCY MCY-LR MCY-RR MCY-YR MCY-LA 

9/04/2012 4.1 3.6 0.5 ND ND 

9/25/2012 5.74 4.18 1.56 ND ND 
 

Source: Nautilus, 2012a 
ng/g = Nanograms per gram 
MCY = Microcystins 
ND = Not detected 
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Table 47.  Lakewide Average Abundance and Biomass Estimates 

Species 
Abundance 

(fish/ft2) 
Biomass 

(g/ft2) 

Threadfin shad 0.106 (86.6%) 0.339 (49.9%) 

Bluegill 0.004 (3.6%) 0.081 (11.9%) 

Black crappie 0.001 (0.5%) 0.139 (20.4%) 

Largemouth bass 0.010 (8.2%) 0.121 (17.8%) 

Western mosquitofish 0.001 (0.8%) NA 

Total 0.122 0.679 
 

Source: Great Ecology, 2015b 

 



 

 

 

 

 
Table 48.  Groundwater Analytical Results, Lake San Marcos Area Monitoring Wells (Nutrients), 2013–2015 

Page 1 of 2 

 

Source: SCS, 2015b 
Note:  Groundwater accessed by the groundwater monitoring well network is described as being part of the San Marcos HA (904.50). 
Bold indicates that value exceeds the Basin Plan groundwater water quality objective (WQO). 
mg/L = Milligrams per liter NA = Not applicable 
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  Concentration (mg/L) 

Well 
Designation Sample Date 

Nitrate/Nitrite
(as N) Ammonia 

Total 
Phosphorus Orthophosphate 

Dissolved 
Phosphorus 

Total 
Kjeldahl 
Nitrogen 

Total 
Dissolved 

Solids 
Total 

Hardness 

Basin Plan Groundwater WQO 10 NA NA NA NA NA 1,000 NA 

MW3 7/25/2013 1.8 <0.10 <0.10 <0.10 <0.10 <0.50 1,340 620 

  11/6/2014 2.0 <0.10 <0.10 <0.10 <0.10 <0.50 1,420 640 

  1/14/2015 2.3 <0.10 <0.10 <0.10 <0.10 0.56 1,400 680 

  4/30/2015 2.3 <0.10 0.23 <0.10 <0.10 0.56 1,580 710 

MW4 7/25/2013 2.0 <0.10 0.19 <0.10 <0.10 <0.50 400 160 

  11/6/2014 2.3 <0.10 <0.10 <0.10 <0.10 <0.50 595 240 

  1/14/2015 3.2 <0.10 <0.10 <0.10 <0.10 0.56 320 180 

  4/30/2015 2.9 0.17 <0.20 <0.10 <0.10 0.7 425 180 

MW5 7/25/2013 2.1 <0.10 <0.10 <0.10 <0.10 1.1 1,140 440 

  11/6/2014 <0.10 <0.10 0.14 0.12 0.12 <0.50 1,220 520 

  1/14/2015 0.22 <0.10 0.21 <0.10 0.12 <0.50 1,040 530 

  4/30/2015 0.15 <0.10 0.19 0.17 0.17 0.56 2,060 540 

MW6 7/25/2013 <0.10 <0.10 <0.10 <0.10 <0.10 1.3 2,180 1,000 

  11/6/2014 <0.10 <0.10 <0.10 <0.10 <0.10 <0.50 2,890 940 

  1/14/2015 0.67 1.1 <0.10 <0.10 <0.10 <0.50 275 130 

  4/30/2015 0.48 <0.10 0.26 <0.10 <0.10 0.84 670 310 

MW7 7/25/2013 1.6 <0.10 <0.10 <0.10 <0.10 0.7 2,920 1,300 

  11/6/2014 1.2 <0.10 <0.10 <0.10 <0.10 <0.50 3,000 1,100 

  1/14/2015 1.2 <0.10 <0.10 <0.10 <0.10 <0.50 2,690 1,200 



 

 

 

 

 
Table 48.  Groundwater Analytical Results, Lake San Marcos Area Monitoring Wells (Nutrients), 2013–2015 
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Source: SCS, 2015b 
Note:  Groundwater accessed by the groundwater monitoring well network is described as being part of the San Marcos HA (904.50). 
Bold indicates that value exceeds the Basin Plan groundwater water quality objective (WQO). 
mg/L = Milligrams per liter NA = Not applicable 
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  Concentration (mg/L) 

Well 
Designation Sample Date 

Nitrate/Nitrite
(as N) Ammonia 

Total 
Phosphorus Orthophosphate 

Dissolved 
Phosphorus 

Total 
Kjeldahl 
Nitrogen 

Total 
Dissolved 

Solids 
Total 

Hardness 

Basin Plan Groundwater WQO 10 NA NA NA NA NA 1,000 NA 

MW7 (cont.) 4/30/2015 1.2 0.11 <0.20 <0.10 <0.10 0.7 2,840 1,100 

(Duplicate) 7/25/2013 1.5 <0.10 <0.10 <0.10 <0.10 0.7 3,170 1,300 

  11/6/2014 1.2 <0.10 <0.10 <0.10 <0.10 <0.50 3,010 1,200 

  1/14/2015 1.2 <0.10 <0.10 <0.10 <0.10 <0.50 2,770 1,200 

  4/30/2015 1.3 0.11 <0.20 <0.10 <0.10 0.7 2,660 1,100 

MW8 7/25/2013 0.12 <0.10 0.2 0.14 0.18 0.7 1,380 410 

  11/6/2014 <0.10 <0.10 0.18 0.17 0.18 <0.50 920 320 

  1/14/2015 <0.10 1.1 0.32 0.31 0.31 <0.50 905 350 

  4/30/2015 <0.10 0.11 0.41 0.34 0.35 0.84 1,060 350 
 

Source: SCS, 2015b 
Note:  Groundwater accessed by the groundwater monitoring well network is described as being part of the San Marcos HA (904.50). 
Bold indicates that value exceeds the Basin Plan groundwater water quality objective (WQO). 
mg/L = Milligrams per liter NA = Not applicable 
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Table 49.  Groundwater Analytical Results, St. Mark Golf Club Supply Well (Nutrients), 2013-2014 

  Concentration (mg/L) 

Sample ID Date 
Ammonia 

(as N) 

Total 
Hardness 

(as CaCO3) 
Nitrate/Nitrite

(as N) 
Orthophosphate 

(as P) 
Dissolved 

Phosphorus
Total 

Phosphorus 

Total 
Dissolved 

Solids 

Total 
Kjeldahl 
Nitrogen 

SMGC 6/11/2013 <0.10 500 0.23 <0.10 <0.10 <0.10 1,150 <0.50 

SMGC-D a 6/11/2013 <0.10 500 0.23 <0.10 <0.10 <0.10 1,180 <0.50 

HR 8/23/2013 <0.094 370 NS <0.039 <0.026 <0.022 1,070 <0.46 

HR 10/04/2013 <0.094 410 NS <0.039 <0.026 0.024 1,150 <0.46 

HR 5/23/2014 <0.067 440 NS <0.039 <0.026 0.025 1,140 <0.28 

HR 9/30/2014 0.11 NA NS <0.039 0.028 0.028 1,150 0.56 
 

Source: SCS, 2014b; Great Ecology, 2015d 
a 

Field duplicate 
mg/L = Milligrams per liter 
< = Analyte not detected at concentration above the indicated reporting limit 
NS = Not sampled 
NA = Not analyzed 

 



 

 

 

 
 

Table 50.  Constituents of Potential Concern 
Page 1 of 3 

● = COPC 
* Other nutrient analytes were collected during Lake and Watershed water quality monitoring, including nitrite, 

organic nitrogen, total Kjeldahl nitrogen, orthophosphate, and dissolved phosphorus. These are all nitrogen or 
phosphorus derivatives captured by analytical results for total nitrogen or total phosphorus.  Therefore, total 
nitrogen and total phosphorus are assumed to cover all other nitrogen- and phosphorus-containing 
compounds for the purposes of this risk assessment. 

a
 Not toxic, but may result in harmful algal bloom; ecological risk evaluated as part of DO. 

b
 Human water quality criteria available; not toxic to ecological receptors, but may result in harmful algal bloom; risk 

evaluated as part of DO. 
c
 Human water quality criteria available, not toxic to ecological receptors. 

d 
Not toxic, but may present ecological risk if concentrations are too low in surface water. 

e
 Not toxic, but influential in ammonia ecotoxicity. 

f
 Not toxic, but may be indicative of a harmful algal bloom; ecological risk evaluated as part of DO. 
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Constituent 
Lake Surface

Water 
Lake 

Sediment 

Creek 
Surface 
Water 

Metals    

Aluminum  ●  

Arsenic  ●  

Barium  ●  

Cadmium  ●  

Chromium  ●  

Cobalt  ●  

Copper  ●  

Iron  ●  

Lead  ●  

Manganese  ●  

Mercury  ●  

Molybdenum  ●  

Nickel  ●  

Selenium  ● ● 

Silver  ●  

Strontium  ●  

Vanadium  ●  

Zinc  ●  

Nutrients    

Ammonia ● ● ● 

Fluoride  ●  

Phosphorus, Total *  ● a  ● a  ● a 

Nitrogen, Total *  ● a  ● a  ● a 

Nitrate  ● b ● ● 
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Constituent 
Lake Surface

Water 
Lake 

Sediment 

Creek 
Surface 
Water 

Pesticides    

DDT / DDE / DDD  ● ● 

Alpha Chlordane  ●  

Cis-nonachlor  ●  

Gamma Chlordane  ●  

Trans-nonachlor  ●  

Bifenthrin   ● 

Cyfluthrin   ● 

Cypermethrin   ● 

L-Cyhalothrin   ● 

Permethrin   ● 

PAHs and TPH    

1-Methylnaphthalene  ●  

2-Methylnaphthalene  ●  

2,6-Dimethylnaphthalene  ●  

Anthracene  ●  

Benzo (a) Anthracene  ●  

Benzo (a) Pyrene  ●  

Benzo (b) fluoranthene  ●  

Benzo (e) pyrene  ●  

Benzo (g,h,i) perylene  ●  

Benzo (k) fluoranthene  ●  

Chrysene  ●  

Dibenz (a,h) anthracene  ●  

Indeno (1,2,3-c,d) pyrene  ●  

Fluoranthene  ●  

Fluorene  ●  
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Constituent 
Lake Surface

Water 
Lake 

Sediment 

Creek 
Surface 
Water 

PAHs and TPH (cont.)    

Naphthalene  ●  

Perylene  ●  

Phenanthrene  ●  

Pyrene  ●  

Total PAHs  ●  

TPH as diesel  ●  

TPH as motor oil  ●  

Other    

Total Dissolved Solids (TDS)  ● c   ● c 

Dissolved oxygen (DO)  ● d   ● d 

pH  ● e   ● e 

Cyanotoxins ●   

Chlorophyll-a  ● f   
 

● = COPC 
* Other nutrient analytes were collected during Lake and Watershed water quality monitoring, including nitrite, 

organic nitrogen, total Kjeldahl nitrogen, orthophosphate, and dissolved phosphorus. These are all nitrogen or 
phosphorus derivatives captured by analytical results for total nitrogen or total phosphorus.  Therefore, total 
nitrogen and total phosphorus are assumed to cover all other nitrogen- and phosphorus-containing 
compounds for the purposes of this risk assessment. 

a
 Not toxic, but may result in harmful algal bloom; ecological risk evaluated as part of DO. 

b
 Human water quality criteria available; not toxic to ecological receptors, but may result in harmful algal bloom; risk 

evaluated as part of DO. 
c
 Human water quality criteria available, not toxic to ecological receptors. 

d 
Not toxic, but may present ecological risk if concentrations are too low in surface water. 

e
 Not toxic, but influential in ammonia ecotoxicity. 

f
 Not toxic, but may be indicative of a harmful algal bloom; ecological risk evaluated as part of DO. 

 

 



 

 

 

 

 
   

D a n i e l  B .  S t e p h e n s  &  A s s o c i a t e s ,  I n c .  

Table 51.  Basin Characteristics Reported for Lake San Marcos 

Characteristic 1952 a 1963 b 1974 c 2006 b 2015 d 

Area (acres) 54.0 80 57.9 NA 56.0 

Capacity (acre-feet) 480 1,200 658.5 NA 509 

Mean Depth (feet) 8.9 15.0 11.4 NA 9.1 

Maximum Depth (feet) 38.5 54 34 38 30.5 
 

a 
CDWR, 1969 

b 
LSM Fact Sheet 

c 
Ball, 1974 

d 
LimnoTech, 2015 
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No. ARAR? Date Agency Name Title Goals/Objectives/Features 

1 Applicable 1961 CDFG DFG Lake and 
Streambed Alteration 
Program, amended 

DFG Lake and Streambed 
Alteration Program 

Fish and Game Code section 1602 requires an entity to notify CDFW prior to commencing any activity that may 
substantially divert or obstruct the natural flow of any river, stream or lake; substantially change or use any material 
from the bed, channel or bank of any river, stream, or lake; or deposit debris, waste or other materials that could pass 
into any river, stream, or lake.  

2 Applicable 1968 CA Anti-degradation Policy Resolution 68-16 State water discharges be regulated to achieve the “highest water quality consistent with maximum benefit to the 
people of the state.” Satisfies federal CWA 40 CFR 131.12. Incorporated into Basin Plans. 

3 Applicable 1969 SWRCB Porter-Cologne Act Porter-Cologne Water Quality Act 
(CA Water Code) 

Porter-Cologne grants the SWRCB and RWQCBs the authority to implement and enforce the water quality laws, 
regulations, policies, and plans to protect the groundwater and surface waters of the state.  The Act is the principal law 
governing water quality control in California and establishes comprehensive program to protect water quality and the 
beneficial uses of waters of the State. The Act applies broadly to all State waters, including surface waters, wetlands, 
and ground water, waste discharges to land, surface water, and groundwater, and applies to both point and nonpoint 
sources of pollution. 

4 Applicable 1970 CA CEQA, amended 1983 California Environmental Quality 
Act 

Requires state and local agencies to identify the significant environmental impacts of their actions and to avoid or 
mitigate those impacts, if feasible. CEQA applies to certain activities of state and local public agencies who must 
comply with CEQA when it undertakes an activity defined by CEQA as a “project.” A project is an activity undertaken 
by a public agency or a private activity which the agency has the authority to deny the requested permit or approval 
which may cause either a direct physical change in the environment or a reasonably foreseeable indirect change in the 
environment. Environmental review requires at a minimum an initial review of the project and its environmental effects. 
A more substantial review may be conducted as an environmental impact report (EIR). Requires feasible alternatives 
or mitigation measures to substantially lessen the significant environmental effects of the project. 

5 To-be-
Considered 
(TBC) 

1970 CDFG California Endangered 
Species Act (CESA) 

California Endangered Species 
Act (CESA)  
(Fish and Game Code Sections 
2050-2116) 

All native species of fishes, amphibians, reptiles, birds, mammals, invertebrates, and plants, and their habitats, 
threatened with extinction and those experiencing a significant decline which, if not halted, would lead to a threatened 
or endangered designation, will be protected or preserved 

6 Applicable 1972 USEPA Federal Clean Water Act 
(CWA) 

Federal Water Pollution Control 
Act of 1972  
(Clean Water Act amended 1977, 
1981, 1987) 

Restore and maintain the chemical, physical, and biological integrity of the nation’s waters by preventing point and 
nonpoint pollution sources 

7 TBC 1973 USFWS/NOAA Federal Endangered 
Species Act (ESA) 

Federal Endangered Species Act 
(ESA) 

Enacting legislation to carry out the provisions outlined in The Convention on International Trade in Endangered 
Species of Wild Fauna and Flora. Designed to protect critically imperiled species from extinction as a "consequence of 
economic growth and development untempered by adequate concern and conservation."  

8 TBC 1993 USEPA EPA NPS Management 
Guidance 

Guidance Specifying 
Management Measures For 
Sources Of Nonpoint Pollution In 
Coastal Waters 

Guidance specifying management measures for sources of nonpoint pollution in coastal waters 

9 Applicable 1994 RWQCB San Diego Basin Plan Water Quality Control Plan for 
the San Diego Basin (9) 

 Establishes comprehensive program to preserve, enhance, and restore water quality in all water bodies within the 
state as master planning document for each RWQCB. Designates beneficial uses of surface water and groundwater 
and water quality objectives (WQOs) 

       Concentrations not to be exceeded more than 10% of the time during any single one year period unless studies of 
the specific water body clearly show that WQO changes are permissible and are approved by RWQCB. Inland 
surface waters shall not contain biostimulatory substances in concentrations in excess of the numerical objectives 
(WQOs). 

       Water quality variations from the objectives may also occur within a given hydrologic area subarea or stream reach. 
Such local variations will be evaluated when waste discharge requirements, NPDES permits, Cleanup and 
Abatement Orders, and Cease and Desist Orders are being developed for a given discharger.  
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No. ARAR? Date Agency Name Title Goals/Objectives/Features 

Applicable 1994 RWQCB DDE WQO not specified for inland surface waters in Basin Plan (see also Toxic Pollutants).  40CFR131.36 DDT criterion 
maximum concentration, freshwater = 1.1 µg/L and DDT criterion continuous concentration, freshwater = 0.001 µg/L. 

9 
(cont.) 

   Dissolved oxygen Dissolved oxygen levels shall not be less than 5.0 mg/L in inland surface waters with designated WARM beneficial 
uses. The annual mean dissolved oxygen concentration shall not be less than 7 mg/L more than 10% of the time. 

    

Water Quality 
Objectives, San Marcos 
Hydrologic Area (HA) 
(biostimulatory and 
other substances) 

Nitrate Inland surface waters shall not contain nitrate (as NO3) in concentrations in excess of the WQOs. 

     Nitrogen compounds Threshold values not established; natural ratios of nitrogen to phosphorus (N:P) to be determined by monitoring. If no 
data are available, a ratio of N:P of 10:1 (by weight) shall be used. 

     Nitrogen and phosphorus (N&P) Maintain levels below those that stimulate algae and emergent plant growth. 

     Pesticides No pesticides present in water, sediment, or biota at concentrations that affect beneficial uses or that bioaccumulate in 
aquatic organisms to levels harmful to human health, wildlife, or aquatic organisms. 

     pH Changes in normal ambient pH <0.5 units; pH 6.5-8.5 in inland surface waters. 

     Sediment Suspended sediment load and suspended sediment discharge rate of surface waters shall not be altered to cause 
nuisance or to adversely affect beneficial uses. 

     Selenium WQO not specified for inland surface waters in Basin Plan. 

     Selenium <0.005 mg/L 4-day average concentration per U.S. EPA National Ambient Water Quality Criteria, Aquatic Life 
Protection (recommended criteria) 

     Selenium <0.020 mg/L 1-hour average maximum concentration per U.S. EPA National Ambient Water Quality Criteria, Aquatic 
Life Protection (recommended criteria) 

     Sulfate <250 mg/L in inland surface waters (San Marcos hydrologic area) 

     Suspended and settleable solids Waters shall not contain suspended and settleable solids in concentrations that cause nuisance or adversely affect 
beneficial uses. 

     Temperature Natural receiving water temperature shall not be altered unless RWQCB agrees beneficial uses not adversely affected.

     Threshold total phosphorus <0.05 milligrams per liter (mg/L) in any stream where it enters standing body of water. 

     Threshold total phosphorus <0.025 mg/L in any standing body of water. 

     Threshold total phosphorus <0.1 mg/L for flowing waters. 

     Total dissolved solids <300 mg/L (Table C-1, Water Quality Criteria for Inorganic Constituents, Inland Surface Waters) or <500 mg/L 
(Table 3-2, Water Quality Objectives, Inland Surface Waters) 

     Total phosphorus (desired goal) <0.01 mg/L in order to prevent plant nuisances in streams and other flowing waters. 

     Toxic pollutants Inland surface waters shallow not contain toxic pollutants in excess of numerical objectives in 40CFR 131.36 revised 
as 57 FR 60848 12/22/92. 

     Toxicity 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. Compliance with WQO determined by indicator 
organisms, analyses of species diversity, population density, growth anomalies, minimum 96-hour bioassay or other 
methods specified by RWQCB. 

     Turbidity <20 NTU in inland surface waters.  Waters shall be free of changes in turbidity that cause nuisance or adversely affect 
beneficial uses. 

     Un-ionized ammonia <0.025 mg/L (as N) in inland surface waters, enclosed bays, estuaries and coastal lagoons. 
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10 TBC 1995 SWRCB Water Quality Policy 
Enclosed Bays and 
Estuaries  

Water Quality Control Policy for 
the Enclosed Bays and Estuaries 
of CA as Adopted by Resolution 
No. 95-84 11/16/95 

Water quality principles and guidelines to prevent water quality degradation and to protect the beneficial uses of 
waters of enclosed bays and estuaries (does not apply to wastes from land runoff except as specifically indicated for 
siltation (Chapter III 4.) and combined sewer flows (Chapter III 7)). Discharge of municipal wastewaters and industrial 
process waters (exclusive of cooling waste discharges) to enclosed bays and estuaries (except San Francisco Bay-
Delta) shall be phased out. Persistent or cumulative toxic substances shall be removed from waste to the maximum 
extent practicable through source control or adequate treatment prior to discharge.  Nonpoint sources of pollutants 
shall be controlled to the maximum practicable extent. Requires self-monitoring/reporting. 

11 Applicable 2000 USEPA California Toxics Rule Water Quality Standards; 
Establishment of Numeric 
Criteria for Priority Toxic 
Pollutants for the State of 
California; Rule 

Promulgates numeric aquatic life criteria for 23 priority toxic pollutants, numeric human health criteria for 57 priority 
toxic pollutants and a compliance schedule provision which authorizes California to issue schedules of compliance for 
new or revised NPDES permit limits.  Fills 1994 gap in California water quality standards when a state court 
overturned the water quality control plans which contained water quality criteria for priority toxic pollutants. Thus, 
California had been without numeric water quality criteria for many priority toxic pollutants as required by CWA. Criteria 
are applicable in California for inland surface waters, enclosed bays and estuaries for all purposes and programs 
under the Clean Water Act. Addresses selenium. 

12 Applicable 2002 SWRCB Water Quality 
Enforcement Policy 

Water Quality Enforcement 
Policy February 19, 2002 

Creates framework for identifying and investigating instances of noncompliance and taking enforcement actions that 
are appropriate in relation to the nature and severity of the violation, and for prioritizing enforcement resources to 
achieve maximum environmental benefits. Other state agencies (Fish and Game) can enforce water quality provisions 
and state law allows for members of the public to bring enforcement matters to the attention of the state and 
authorizes aggrieved persons to petition the state to review most actions or in-actions by the RWQCB. In addition, 
state and federal statutes provide for public participation in the issuance of most orders, policies, and water quality 
control plans. 

13 Applicable 2004 SWRCB Nonpoint Source 
Pollution Control Policy 

Policy for Implementation and 
Enforcement of the Nonpoint 
Source Pollution Control 
Program 5/20/04 

NPS Plan implementation. RWQCBs have primary responsibility for ensuring that appropriate NPS control 
implementation programs are in place throughout the State. RWQCB responsibilities include, but are not limited to, 
issuing WDRs or a waiver of WDRs for individual discharges or a category of NPS discharges, or adopting a basin 
plan amendment that addresses NPS discharges. Provides guidelines for development of third-party NPS control 
programs such as a mix of public and private partnership efforts. 

14 Applicable 2005 SWRCB Toxics Standards Policy 
for Inland Surface 
Waters 

Policy for Implementation of 
Toxics Standards for Inland 
Surface Waters, Enclosed Bays, 
and Estuaries of California 

Establishes consistent standardized approach for permitting discharges of toxic pollutants to non-ocean surface 
waters. Tool to be used in conjunction with watershed management approaches and development of TMDLs to ensure 
achievement of water quality standards (i.e., WQOs).  

15 TBC 2005 USEPA Contaminated sediment 
remediation guidance 

Contaminated Sediment 
Remediation Guidance for 
Hazardous Waste Sites 

Provides technical and policy guidance for remedy decisions for contaminated sediment sites under CERCLA.  
Information related to dredging, capping, monitored natural recovery, and long-term monitoring. 

16 Applicable 2007 SWRCB SWAMP Water 
Chemistry Threshold 
Standards 

SWAMP Water Chemistry 
Threshold Standards 

Numerical standards combined from Basin Plan, California Toxics Rule (CTR), USEPA Aquatic Life Standards, 
National Academy of Science Health Advisory (NASHA), USEPA Integrated Risk Information System (IRIS), CCR. 
CTR dissolved selenium threshold, aquatic life = 0.005 mg/L. DDE CTR human health threshold 0.00059 micrograms 
per liter (µg/L). DDE aquatic life threshold = 0 μg/L. 

17 Applicable 2007 OEHHA OEHHA threshold 
concentrations for fish 
tissue contaminants 

Draft Development of Guidance 
Tissue Levels and Screening 
Values for Common Contaminant 
in California Sport Fish: 
Chlordane, DDTs, Dieldrin, 
Methylmercury, PCBs, Selenium, 
and Toxaphene (OEHHA, 2006). 

Numerical standards from OEHHA (2006), including selenium (1.94 ppm by wet-weight) 
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18 Applicable 2012 OEHHA Cyanotoxin Action 
Levels 

Toxicological Summary and 
Suggested Action Levels to 
Reduce Potential Adverse Health 
Effects of Six Cyanotoxins 

Provides numerical Action Levels for six cyanotoxins: anatoxin-a, cylindrospermopsin, and the four microcystins (LA, 
LR, RR, and YR). 

19 Applicable 2015 SWRCB 303(d) Listing Policy of 
2004, amended 2015 

Water Quality Control Policy 
Developing CA CWA Section 
303d List 

Establishes standardized SWRCB/RWQCB approach and process for developing listing requirements of section 
303(d) of CWA. CWA section 303(d) requires states to identify waters that do not meet, or are not expected to meet by 
the next listing cycle, applicable water quality standards (WQOs or beneficial uses) after the application of certain 
technology-based controls, and schedule such waters for development of total maximum daily loads (TMDLs). States 
are required to assemble and evaluate water quality data and information to develop the list and to provide 
documentation for listing or not listing a state’s waters. Establishes methodology to develop list including Listing 
Factors and Delisting Factors, the process for gathering and evaluating readily available data and information, and 
TMDL scheduling.  

20 TBC 2015 USEPA Draft Selenium Ambient 
Fresh Water Quality 
Criterion 

Draft Aquatic Life Ambient Water 
Quality Criterion for  Selenium – 
Freshwater 2015 

Once final will provide guidance to establish water quality standards under CWA to protect aquatic life from toxic 
effects of selenium.  

21 TBC 2015 SWRCB State Bacterial 
Objectives 

State Water Boards Bacterial 
Objectives 

Proposed statewide program to protect recreational users from pathogens in CA water bodies. Would be adopted as 
amendments to both the Inland Surface Water, Enclosed Bays and Estuaries Plan and the California Ocean Plan. 
Elements may include new WQOs for fresh and marine waters based on new USEPA criteria, a natural source 
exclusion process and high flow exemptions. 

22 TBC 2015 SWRCB Recycled Water Policy 
(and amendment) 

Recycled Water Policy (and 
amendment) 

Promotes use of recycled water and stormwater in CA.  Permits recycled water projects.  Requires salt/nutrient 
management plans. Addresses landscape irrigation. 

23 TBC 2015 SWRCB Proposed Nutrient 
Objectives for CA 
(statewide nutrient 
control program) 

Development of Nutrient Criteria 
for Ecoregions within California, 
Arizona, and Nevada 

Would provide water quality standards used as endpoints to protect waters from nutrient over enrichment and limit 
excessive growth of macrophytes or phytoplankton, potentially harmful algal blooms leading to oxygen declines, 
imbalance of aquatic species, public health threats, and a general decline in the aquatic resource. Would provide 
water quality standards used as endpoints to protect waters from nutrient over enrichment and limit excessive growth 
of macrophytes or phytoplankton, potentially harmful algal blooms leading to oxygen declines, imbalance of aquatic 
species, public health threats, and a general decline in the aquatic resource. Would be adopted as an amendment to 
the Inland Surface Water, Enclosed Bays and Estuaries Plan. 

24 TBC 2015 SWRCB Draft Proposed Policy 
for Toxicity Assessment 
and Control 

State Implementation Policy 
(SIP) - Proposed Policy for 
Toxicity Assessment and Control 

Proposes numeric toxicity objectives, a standardized method of data analysis, corresponding monitoring and reporting 
requirements, and provisions for compliance determination. If adopted, the draft Policy will supersede Section 4 of the 
State Implementation Policy (SIP). Establishes requirements to protect aquatic life beneficial uses including warm 
freshwater habitat (WARM), 09_and wildlife habitat (WILD). 

25 Applicable 2015 Cal-OSHA CA Division of 
Occupational Safety and 
Health (DOSH) 
regulations (various) 

Various regulations regarding 
safety 

Protects workers from health and safety hazards in the workplace in California. Sets permissible exposure levels 
(PELs) and other numerical values. Numerous requirements for worker safety and health. 

26 Applicable 2015 SWRCB/RWQCB 401 WQC Program 401 Water Quality Certifications 
and Wetlands Program 

Regulates discharges of fill and dredged material under Clean Water Act Section 401 and the Porter-Cologne Water 
Quality Control Act.  Protects all waters with special responsibility for wetlands, riparian areas, and headwaters of high 
resource value; protection of special-status species; regulation of hydromodification impacts; pollutant removal;  flood 
water retention; and habitat connectivity.   
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General 
Response 

Action 
Remedial 

Technology Process Option Effectiveness Implementability Cost 
Screening 
Comments 

No Action Not applicable Not applicable Low: Does not meet 
remedial action 
objectives (RAOs). 

High: Does not 
require any effort to 
implement. 

Low: There are no 
associated costs. 

Required for 
consideration by 
NCP. 

LID LID  Bioretention  High: Removal rates up 
to 90% for sediment, 
83% for total 
phosphorus (TP), and 
80% for total Kjeldahl 
nitrogen (TKN). 

Medium: Requires 
access and space on 
parcels to implement 
on a watershed-wide 
scale. 

Medium: Construction 
cost estimates for a 
bioretention area are 
slightly greater than 
those for the required 
landscaping for a new 
development  A general 
rule of thumb is that 
residential bioretention 
areas average about $3 
to $4 per square foot, 
depending on soil 
conditions and the 
density and types of 
plants used. 
Commercial, industrial, 
and institutional site 
costs can range 
between $10 to $40 per 
square foot, based on 
the need for control 
structures, curbing, 
storm drains, and 
underdrains. Retrofitting 
a site typically costs 
more, averaging $6,500 
per bioretention area. 
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General 
Response 

Action 
Remedial 

Technology Process Option Effectiveness Implementability Cost 
Screening 
Comments 

LID (cont.) LID (cont.) Permeable 
pavement 

High: Will infiltrate 
impervious runoff, 
which greatly reduces 
the loads from 
impervious areas. 

Medium: Will need to 
remove existing 
pavement and 
develop infiltration 
capacity under the 
pavement or 
implement on new 
developments. 

Low: Permeable 
pavements are up to 
25% cheaper (or at 
least no more 
expensive than the 
traditional forms of 
pavement construction), 
when all construction 
and drainage costs are 
taken into account. 

  Vegetated buffer 
strips 

Low: Dissolved and 
total phophorus can be 
added to the effluent, 
not removed. 

Medium: Need to 
have access and 
individual parcels 
available to 
implement on a 
watershed-wide scale 

Low: Areas with buffer 
strips are typically 
vegetated.  

  Downspout 
disconnection 

High: Routing roof 
runoff across landscape 
essentially behaves like 
a bioretention system 
and can greatly reduce 
runoff volume and 
nutrient loads and 
concentrations. 

High: Identifying 
connected 
downspouts can be 
performed by drive-by 
observations and lake 
surveys for shoreline 
residents. 

Low: Costs are 
deferred to the land 
owners for their 
compliance. 
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General 
Response 

Action 
Remedial 

Technology Process Option Effectiveness Implementability Cost 
Screening 
Comments 

LID (cont.) LID (cont.) Residential/municipal 
irrigation reduction 

Medium: Modifying 
irrigation can reduce 
dry weather runoff and 
wet weather runoff 
(because the soils have 
an adsorptive capacity). 

Medium: Need to 
have access and 
individual parcels 
available to 
implement on a 
watershed-wide 
scale. 

Low: Involves 
modifying irrigation 
schedules and times 
with potentially 
integrating 
evapotranspiration 
demand into 
instrumentation.  

LID as a group of 
options for the 
regional watershed 
discarded due to 
high cost.   

Pollution 
Controls 

Pollution 
controls 

Street sweeping Medium: Street 
sweeping is being used 
as a nutrient control 
BMP throughout San 
Diego County. 

High: Street 
sweeping is currently 
a BMP implemented 
in San Diego County. 

Medium: Personnel 
and equipment costs 
are the chief cost.  

  Catch basin cleaning Medium: Cleaning 
catch basins can 
remove particulate 
nutrients.  

High: Local 
municipalities have 
access to the catch 
basins and can 
implement this BMP. 

Medium: Personnel 
and equipment costs 
are the chief cost. 

  Facility inspections Low: The small 
footprint of those 
facilities will have 
limited benefit. 

High: Local 
municipalities have 
access to those 
locations and can 
implement this BMP. 

Low: Personnel costs 
only. 

Pollution controls as 
a group of options 
for the regional 
watershed discarded 
due to high cost.   

Agricultural 
BMPs 

Agricultural 
controls 

Agriculture buffer 
strips 

Low: Limited rainfall 
and surface runoff 
would not likely result in 
significant impact. 

High: Agriculture 
sites nationwide have 
used to reduce the 
nutrient runoff from 
their site. 

Medium: Costs would 
be borne by the land 
owner. 

Retained due to 
relative performance 
and cost 
effectiveness. 
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General 
Response 

Action 
Remedial 

Technology Process Option Effectiveness Implementability Cost 
Screening 
Comments 

Agricultural 
BMPs (cont.) 

Agricultural 
controls (cont.) 

Facility inspections Low: The small 
footprint of those 
facilities will have 
limited benefit. 

High: Local agencies 
already inspect those 
locations and would 
only add to the 
current inspections. 

Low: 
Personnel/reporting 
costs only. 

Retained due to 
relative performance 
and cost 
effectiveness. 

  Manure/fertilizer 
management 

Low: Limited 
application in the 
watershed would likely 
cause minimal 
improvement. 

High: Would require 
buy-in of agriculture in 
the watershed. 

Low: Changing 
application would have 
minimal costs. 

Retained due to 
relative performance 
and cost 
effectiveness. 

Stream 
restoration 

  Medium/High: Stream 
restoration can be 
designed to promote 
nutrient load reduction.  
Flocculant contributes 
to increased 
phosphorus nutrient 
reduction. 

High: This option is 
readily permitted 
under CWA Section 
401.   

Medium: Stream 
restoration can be cost-
effective. 

Retained due to 
implementability, 
relative cost 
effectiveness and 
nutrient reduction 
benefits. 

Inline BMPs (in 
creek) 

 Detention basins High: Can significantly 
capture first-flush and 
particulate-bound 
nutrients. 

Low: This option is 
not permitted under 
CWA Section 401. 

Medium: Land and 
construction costs 

Screened out due to 
implementability 
inline in Creek.   

Offline BMPs 
(adjacent to 
creek) 

 Treatment wetlands High: Can significantly 
capture first-flush and 
particulate-bound 
nutrients. 

Low: This option is 
not permitted under 
CWA Section 401. 

Medium-High: Land 
and construction costs. 

Screened out due to 
cost and permits. 
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Table 54.  Screening Evaluation: Technologies to Improve Dissolved Oxygen Conditions in Water Column of  
Lake San Marcos 

General 
Response Action 

Remedial 
Technology Process Option Effectiveness Implementability Cost 

Screening 
Comments 

No Action Not applicable Not applicable Low: Does not meet 
remedial action 
objectives (RAOs). 

High: Does not require 
any effort to implement. 

Low: There are no 
associated costs. 

Required for 
consideration by 
NCP. 

Physical Control Destratification: 
mixing 

Diffused aeration Moderate: Commonly 
used in lakes; challenges 
for shallow, highly 
productive lakes. May 
partially meet RAO. 

High: Numerous off-the-
shelf systems available; 
requires power to shore 
site; compressor can be 
noisy. 

Moderate: 
Numerous off-the-
shelf systems 
available. Modest 
O&M costs. 

Retained. 

  Axial flow pumps Moderate: Frequently 
used in lakes; challenges 
for shallow, highly 
productive lakes. Solar 
systems often 
ineffectual. May partially 
meet RAO. 

Moderate:  Commercial 
units available; requires 
installation on lake 
surface; aesthetic and 
navigational issues. 

Moderate: Off-the-
shelf systems 
available. Low O&M 
costs. 

Screened out due to 
effectiveness and 
implementability 
concerns. 

 Hypolimnetic 
oxygenation 

Speece cone High:  High 
concentration of 
dissolved oxygen (DO) 
distributed with water 
flow through line, jets. 
Would likely meet RAO. 

Moderate: Underwater 
installation; cone could 
be deployed near dam; 
liquid O2 or on-site 
generation on shore. 

High: Unit, 
installation, and 
O&M costs high.  

Screened out due to 
high cost and 
moderate expected 
effectiveness and 
implementability. 

  Side stream 
super-saturation 

High: High concentration 
of DO distributed with 
water flow through line 
diffusers. Would likely 
meet RAO. 

High: Surface 
installation; liquid O2 or 
on-site generation on 
shore; control of flow 
and DO distribution. 

High: Unit, 
installation, and 
O&M costs high (but 
lower than Speece 
cone). 

Retained. 

  Line diffuser High: O2 dissolved in 
water at high 
concentration at line 
diffusers. Would likely 
meet RAO. 

High: Surface 
installation; liquid O2 or 
on-site generation on 
shore; control of flow 
and DO distribution. 

High: Unit, 
installation, and 
O&M costs high (but 
lower than Speece 
cone). 

Screened out due to 
effectiveness 
concerns. 
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General 
Response 

Action 
Remedial 

Technology Process Option Effectiveness Implementability Cost Screening Comments 

No Action Not applicable Not applicable Low: Does not meet 
remedial action objectives 
(RAOs). 

High: Does not require 
any effort to implement. 

Low: There are no 
associated costs. 

Required for 
consideration by NCP. 

Physical 
Control 

Destratification: 
mixing 

Diffused 
aeration 

Moderate: May reduce 
concentrations of PO4 
and NH4; challenges for 
shallow, highly productive 
lakes. May partially meet 
RAO. 

High: Numerous off-the-
shelf systems available; 
requires power to shore 
site; compressor can be 
noisy. 

Moderate: Numerous 
off-the-shelf systems 
available. Modest O&M 
costs. 

Screened out due to 
effectiveness concerns. 

  Axial flow 
pumps 

Moderate: May reduce 
concentrations of PO4 
and NH4; challenges for 
shallow, highly productive 
lakes. Solar systems 
often ineffectual. May 
partially meet RAO. 

Moderate: Commercial 
units available; requires 
installation on lake 
surface; aesthetic and 
navigational issues. 

Moderate: Off-the-shelf 
systems available. Low 
O&M costs. 

Screened out due to 
effectiveness and 
implementability 
concerns. 

 Oxygenation Speece cone High: Will likely reduce 
PO4 and NH4. Would 
likely meet RAO. 

Moderate: Underwater 
installation; cone could 
be deployed near dam; 
liquid O2 or on-site 
generation on shore. 

High: Unit, installation, 
and O&M costs high.  

Screened out due to 
high cost and moderate 
expected 
implementability. 

  Side stream 
super-saturation 

High: Will likely reduce 
PO4 and NH4.  Would 
likely meet RAO. 

High: Surface 
installation; liquid O2 or 
on-site generation on 
shore; control of flow 
and dissolved oxygen 
(DO) distribution. 

High: Unit, installation, 
and O&M costs high 
(but lower than Speece 
cone). 

Retained. 
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General 
Response 

Action 
Remedial 

Technology Process Option Effectiveness Implementability Cost Screening Comments 

Physical 
Control 
(cont.) 

Oxygenation 
(cont.) 

Line diffuser High: Will likely reduce 
PO4 and NH4. Would 
likely meet RAO. 

High: Surface 
installation; liquid O2 or 
on-site generation on 
shore; control of flow 
and DO distribution. 

High: Unit, installation, 
and O&M costs high 
(but lower than Speece 
cone). 

Retained. 

 Dilution and 
flushing 

Dilution and 
flushing 

High: Will lower nutrient 
levels in lake and export 
contaminants from basin. 
Would likely meet RAO. 

Low: Requires supply of 
large volume of high 
quality water. Exports 
nutrients downstream. 

Moderate: Cost and 
availability of water are 
key factors. 

Screened out due to 
implementability 
issues. 

 Mechanical 
removal 

Pumping and 
filtration 

Moderate: Use of filters 
and sorbents can remove 
particulate and dissolved 
forms of nutrients. 
Application as irrigation 
supply feasible. May 
partially meet RAO. 

Low: Requires very high 
flow rate pumps to 
exchange adequate 
volume of water and 
very large amount of 
filtration media. 

Moderate: Moderate 
power and filter costs to 
treat large volume of 
water. 

Screened out due to 
effectiveness and 
implementability 
issues. 

 Selective 
withdrawal 

Selective 
withdrawal 
(hypolimnetic 
extraction)  

Moderate: Will lower 
nutrient levels in 
Hypolimnion, potentially 
destratify lake, and export 
from basin. May partially 
meet RAO.  

Moderate: Removes 
hypolimnetic water; may 
require make-up water; 
potential application or 
downstream impacts. 

Low: Requires little 
effort, little to no make-
up water if lower lake 
level is acceptable. 

Retained. 

Chemical 
Control 

Flocculation/ 
settling 

Alum High: Alum flocculates 
and removes algae and 
particulate nutrients; 
removes dissolved PO4. 
Not redox sensitive. 
Would likely meet RAO. 

High: Common lake 
restoration technique; 
possible pH, toxic 
effects. 

Moderate: Alum is 
common water 
treatment chemical 
easily applied to lakes. 

Retained. 
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General 
Response 

Action 
Remedial 

Technology Process Option Effectiveness Implementability Cost Screening Comments 

Chemical 
Control 
(cont.) 

Flocculation/ 
settling  
(cont.) 

Ferric salts Moderate:  Iron salts 
flocculate and remove 
algae and particulate 
nutrients; removes 
dissolved PO4. Is highly 
redox sensitive. May 
partially meet RAO. 

High: Can be applied 
similar to alum; possible 
pH, toxic effects. 

High: Iron salts are less 
commonly used in 
water treatment 
applications; generally 
requires lake aeration/ 
oxygenation as well. 

Screened out due to 
effectiveness and likely 
costs issues. 

  Phoslock 
(lanthanum and 
bentonite clay) 

    

Biological 
Control 

Biomanipulation Benthivorous 
fish removal 

Low: Removal of 
benthivorous fish that 
resuspend bottom 
sediments. May partially 
meet RAO. 

Moderate: Requires 
electrofishing, netting or 
other means of removal; 
carp population in lake 
not known. By-catch 
issues. 

Low: Generally labor-
intensive; some 
disposal costs. 

Screened out due to 
uncertainty about 
effectiveness. 

  Competition Low: Macrophytes and 
periphyton can compete 
with algae for nutrients. 
Existing survey indicates 
modest nutrient in 
biomass. May partially 
meet RAO. 

Moderate: Low light 
levels and fluctuating 
water level can limit 
plant community; 
Nymphaea in place 
indicate possible 
extension. 

Low: Hand planting can 
be labor-intensive, but 
once established, 
natural ecosystem 
functions at no cost. 

Screened out due to 
uncertainty about 
effectiveness. 

  Vegetation 
harvesting 

Low:  Existing survey 
indicates modest nutrient 
in biomass. May partially 
meet RAO. 

Moderate: Requires 
hand or mechanical 
harvesting; can be 
disruptive to sediments 
and negatively alter lake 
ecology. 

Moderate: Harvesting 
can be labor and/or 
machine intensive; will 
probably require 2-3 
harvesting events 
annually 

Screened out due to 
uncertainty about 
effectiveness. 
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General 
Response 

Action 
Remedial 

Technology Process Option Effectiveness Implementability Cost 
Screening 
Comments 

No Action Not applicable Not applicable Low: Does not meet 
remedial action objectives 
(RAOs). 

High: Does not require 
any effort to implement 

Low: There are no 
associated costs. 

Required for 
consideration by 
NCP. 

Physical 
Control 

Destratification: 
mixing 

Diffused aeration Moderate: May reduce 
concentrations of PO4 
and NH4; induce light 
limitations; challenges for 
shallow, highly productive 
lakes. May partially meet 
RAO. 

High: Numerous off-the-
shelf systems available; 
requires power to shore 
site; compressor can be 
noisy. 

Moderate: Numerous 
off-the-shelf systems 
available. Modest O&M 
costs. 

Retained. 

  Axial flow pumps Moderate:  May reduce 
concentrations of PO4 
and NH4; induce light 
limitations; challenges for 
shallow, highly productive 
lakes. Solar systems 
often ineffectual. May 
partially meet RAO. 

Moderate: Commercial 
units available; requires 
installation on lake 
surface; aesthetic and 
navigational issues. 

Moderate: Off-the-shelf 
systems available. Low 
O&M costs. 

Screened out due 
to effectiveness and 
implementability 
concerns. 

 Hypolimnetic 
oxygenation 

Speece cone High: Will likely reduce 
PO4 and NH4 and limit 
algal growth. Would likely 
meet RAO. 

Moderate: Underwater 
installation; cone could 
be deployed near dam; 
liquid O2 or on-site 
generation on shore. 

High: Unit, installation, 
and O&M costs high.  

Screened out due 
to high cost and 
moderate expected 
implementability. 

  Side stream 
super-saturation 

High: Will likely reduce 
PO4 and NH4 and limit 
algal growth. Would likely 
meet RAO. 

High: Surface 
installation; liquid O2 or 
on-site generation on 
shore; control of flow 
and dissolved oxygen 
(DO) distribution. 

High: Unit, installation, 
and O&M costs high 
(but lower than Speece 
cone). 

Retained. 
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General 
Response 

Action 
Remedial 

Technology Process Option Effectiveness Implementability Cost 
Screening 
Comments 

Physical 
Control  
(cont.) 

Hypolimnetic 
oxygenation 
(cont.) 

Line diffuser High: Will likely reduce 
PO4 and NH4 and limit 
algal growth. Would likely 
meet RAO. 

High: Surface 
installation; liquid O2 or 
on-site generation on 
shore; control of flow 
and DO distribution. 

High: Unit, installation, 
and O&M costs high 
(but lower than Speece 
cone). 

Screened out due 
to effectiveness 
concerns. 

 Dilution and 
flushing 

Dilution and 
flushing 

High: Will lower 
chlorophyll and nutrient 
levels in lake and export 
contaminants from basin. 
Would likely meet RAO. 

Low: Requires supply of 
large volume of high 
quality water. Exports 
nutrients downstream. 

Moderate: Cost and 
availability of water are 
key factors. 

Screened out due 
to implementability 
issues. 

 Mechanical 
removal 

Pumping and 
filtration 

Moderate: Use of filters 
and sorbents can remove 
algae, and particulate and 
dissolved forms of 
nutrients. May partially 
meet RAO. 

Low: Requires very high 
flow rate pumps and 
very large amount of 
filtration media. 

Moderate: High power 
and filter costs to treat 
large volume of water. 

Screened out due 
to effectiveness and 
implementability 
issues. 

 Selective 
withdrawal 

Selective 
withdrawal 

Moderate: Will lower 
nutrient levels in 
hypolimnion and 
subsequently reduce 
algal growth. May 
partially meet RAO.  

Moderate: Removes 
small volume of 
hypolimnetic water; may 
require make-up water; 
potential downstream 
impacts. 

Low: Requires little 
effort, little to no make-
up water if lower lake 
level is acceptable. 

Screened out due 
to effectiveness 
concerns. 

Chemical 
Control 

Flocculation/ 
settling 

Alum High: Alum flocculates 
and removes algae and 
particulate nutrients; 
removes dissolved PO4 
and limits algal growth. 
Not redox sensitive. 
Would likely meet RAO. 

High: Common lake 
restoration technique; 
possible pH, toxic 
effects. 

Moderate: Alum is 
common water 
treatment chemical 
easily applied to lakes. 

Retained. 
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General 
Response 

Action 
Remedial 

Technology Process Option Effectiveness Implementability Cost 
Screening 
Comments 

Chemical 
Control  
(cont.) 

Flocculation/ 
settling 
(cont.) 

Ferric salts Moderate: Iron salts 
flocculate and remove 
algae and particulate 
nutrients; removes 
dissolved PO4 and limits 
algal growth. Is highly 
redox sensitive. May 
partially meet RAO. 

High: Can be applied 
similar to alum; possible 
pH, toxic effects. 

High: Iron salts are less 
commonly used in 
water treatment 
applications; generally 
requires lake 
aeration/oxygenation as 
well. 

Screened out due 
to effectiveness and 
likely costs issues. 

 Algaecides Copper sulfate/ 
chelate 

High: Copper is effective 
algaecide; may require 
frequent treatment. 
Would likely meet RAO. 

High: Easily applied, 
although accumulates in 
bottom sediments; can 
exert toxic effects; 
permit issues. 

Moderate: Permit, 
pesticide applicator 
considerations; material 
cost has increased  

Screened out due 
to potential for 
copper 
accumulation in 
bottom sediments 
and possible non-
target effects. 

  Organic 
algaecides 

High: Number of organic 
compounds effective as 
algaecides; may require 
frequent treatment. 
Would likely meet RAO. 

High: Easily applied, 
although accumulates in 
bottom sediments; can 
exert toxic effects; 
permit issues. 

Moderate: Permit, 
pesticide applicator 
considerations; 
significant material cost 

Screened out due 
to potential for 
algaecide 
accumulation in 
bottom sediments 
and possible non-
target effects. 

  Oxidizing 
algaecides 

High: Peroxides and 
other oxidants effective 
against blue-green algae; 
some specificity; no 
residual. May require 
frequent treatment. 
Would likely meet RAO. 

High: Easily applied; no 
residual; permit issues. 

Moderate: Permit, 
pesticide applicator 
considerations; 
significant material 
cost.  

Retained. 
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General 
Response 

Action 
Remedial 

Technology Process Option Effectiveness Implementability Cost 
Screening 
Comments 

Biological 
Control 

Biomanipulation Benthivorous fish 
removal 

Low: Removal of 
benthivorous fish that 
resuspend bottom 
sediments and promote 
algal growth. May 
partially meet RAO 

Moderate: Requires 
electrofishing, netting, or 
other means of removal; 
carp population in lake 
not known. By-catch 
issues. 

Low: Generally labor-
intensive; some 
disposal costs. 

Screened out due 
to uncertainty about 
effectiveness. 

  Competition Low: Macrophytes and 
periphyton can compete 
with algae for nutrients. 
Existing survey indicates 
modest nutrient in 
biomass. May partially 
meet RAO. 

Moderate: Low light 
levels and fluctuating 
water level can limit 
plant community; 
Nymphaea in place 
indicate possible 
extension. 

Low: Hand planting can 
be labor-intensive, but 
natural ecosystem 
functions at no cost. 

Screened out due 
to uncertainty about 
effectiveness. 

  Enhanced 
grazing 

Moderate: High 
abundance of threadfin 
shad limit zooplankton 
populations and grazing 
of algae.  

Moderate: Stocking with 
piscivores can reduce 
high shad population 
and increase 
zooplankton grazing of 
algae. May not be 
effective for colonial 
blue-greens. 

Low: Some periodic 
stocking costs, but 
natural, low-input way 
to manage algae. 

Retained. 
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General 
Response 

Action 
Remedial 

Technology Process Option Effectiveness Implementability Cost 
Screening 
Comments 

No Action Not applicable Not applicable Low: Does not meet 
remedial action objectives 
(RAOs). 

High: Does not require 
any effort to implement 

Low: There are no 
associated costs. 

Required for 
consideration by 
NCP. 

Physical 
Control 

Destratification: 
mixing 

Diffused aeration Moderate: May reduce 
sediment PO4 and NH4 
release; challenges for 
shallow, highly productive 
lakes. May partially meet 
RAO. 

High: Numerous off-the-
shelf systems available; 
requires power to shore 
site; compressor can be 
noisy. 

Moderate: Numerous 
off-the-shelf systems 
available. Modest 
O&M costs. 

Retained. 

  Axial flow pumps Moderate: May reduce 
sediment PO4 and NH4 
release; challenges for 
shallow, highly productive 
lakes. Solar systems 
often ineffectual. May 
partially meet RAO. 

Moderate: Commercial 
units available; requires 
installation on lake 
surface; aesthetic and 
navigational issues. 

Moderate: Off-the-
shelf systems 
available. Low O&M 
costs. 

Screened out due to 
effectiveness and 
implementability 
concerns. 

 Oxygenation Speece cone High: Will likely reduce 
sediment PO4 and NH4 
release and limit algal 
growth. Would likely meet 
RAO. 

Moderate: Underwater 
installation; cone could 
be deployed near dam; 
liquid O2 or on-site 
generation on shore. 

High: Unit, installation, 
and O&M costs high.  

Screened out due to 
high cost and 
moderate expected 
effectiveness and 
implementability. 

  Side stream 
super-saturation 

High: Will likely reduce 
sediment PO4 and NH4 
release and limit algal 
growth. Would likely meet 
RAO. 

High: Surface 
installation; liquid O2 or 
on-site generation on 
shore; control of flow 
and dissolved oxygen 
(DO) distribution. 

High: Unit, installation, 
and O&M costs high 
(but lower than Speece 
cone). 

Retained. 
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General 
Response 

Action 
Remedial 

Technology Process Option Effectiveness Implementability Cost 
Screening 
Comments 

Physical 
Control 
(cont.) 

Oxygenation 
(cont.) 

Line diffuser High: Will likely reduce 
sediment PO4 and NH4 
release and limit algal 
growth. Shallow depth 
may limit O2 transfer. 
Would likely meet RAO. 

High: Surface 
installation; liquid O2 or 
on-site generation on 
shore; control of flow 
and DO distribution. 

High: Unit, installation, 
and O&M costs high 
(but lower than Speece 
cone). 

Screened out due to 
effectiveness 
concerns. 

 Dredging Dredging High: Removes nutrients 
retained in bottom 
sediments; increases 
water depth. Would likely 
meet RAO. 

Moderate: Highly 
disruptive to lake, likely 
negative impacts on 
water quality and local 
community. 

High: Substantial 
dredging and disposal 
costs; highest cost of 
all technologies. 

Screened out due to 
cost. 

Chemical 
Control 

Phosphorus 
inactivation 

Alum High: Alum forms 
reactive barrier inhibiting 
PO4 release from 
sediments. Not redox 
sensitive. Would likely 
meet RAO. 

High: Common lake 
restoration technique; 
added as a liquid; 
possible pH, potential 
toxic effects in waters 
with low alkalinity. 

Moderate: Alum is 
common water 
treatment chemical 
easily applied to lakes. 

Retained. 

  Ferric salts Moderate: Iron salts form 
reactive barrier inhibiting 
PO4 release from 
sediments. Is highly redox 
sensitive. May partially 
meet RAO. 

High: Can be applied 
similar to alum; possible 
pH, toxic effects in 
waters with low 
alkalinity. 

High: Iron salts are 
less commonly used in 
water treatment 
applications; generally 
requires lake aeration/ 
oxygenation as well. 

Screened out due to 
effectiveness and 
likely costs issues. 

  Phoslock Moderate: La3+-
exchanged bentonite; 
forms insoluble LaPO4(s). 
Would likely meet RAO. 

High: Applied as powder 
or slurry; introduces 
some La into water 
through exchange with 
Ca2+ and Mg2+. 

High: Material costs 
are 10x or more higher 
per kg of phosphorus 
removed relative to 
alum 

Screened out due to 
cost. 
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Table 58.  Summary of Remedial Technologies and Capacity for Addressing RAOs 
Lake San Marcos 

   Are RAOs Addressed? 

  Water Sediment General 
Response 

Action 
Remedial 

Technology Process Option DO Nutrients 
Algae/ 
Clarity 

Nutrient 
Release 

Physical  Oxygenation Side stream super-
saturation 

X X X X 

  Line diffuser X X X X 

 Dredging Dredging    X 

Chemical  Flocculation/settling Alum/Phoslock  X X  

 P inactivation Alum/Phoslock  X X X 

 Algaecides Oxidant algaecides   X  

Biological  Biomanipulation Enhanced grazing   X  
 

RAOs = Remedial action objectives 
DO = Dissolved oxygen 
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Category Criteria General Description Factors to Consider 

Threshold 
Criteria 

Overall Protection of 
Human Health and the 
Environment 

Describes how the alternative, as a whole, 
achieves and maintains protection of 
human health and the environment. 

 Elimination, reduction or control of site risks posed 
through each pathway 

 Unacceptable short-term or cross-media impacts 

 Compliance with ARARs Describes how the alternative complies 
with ARARs, or if a waiver is required and 
how it is justified. 

 Compliance with action-specific, location-specific, and 
chemical-specific ARARs 

 Compliance with other criteria, advisories, and 
guidance 

Balancing 
Criteria 

Long-Term Effectiveness & 
Permanence 

Evaluates the long-term effectiveness of 
alternatives in maintaining protection of 
human health and the environment after 
the response objectives have been met. 

 Magnitude of residual risk  
 Adequacy and reliability of controls 

 Reduction of Toxicity, 
Mobility, and Volume 
Through Treatment 

Evaluates the anticipated performance of 
the specific treatment technologies that an 
alternative may incorporate. 

 Treatment process used and materials treated  
 Amount of hazardous materials destroyed or treated  
 Degree of expected reductions in toxicity, mobility, 

and volume 
 Degree to which treatment is irreversible  
 Type and quantity of residuals remaining after 

treatment 
 Degree to which treatment reduces principal threats 

 Short-Term Effectiveness Examines the effectiveness of alternatives 
in protecting human health and the 
environment during construction and 
implementation of a remedy until the 
response objectives have been achieved. 

 Environmental impacts of remedial action activities  
 Time until remedial action objectives are achieved 
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Category Criteria General Description Factors to Consider 

Balancing 
Criteria 
(cont.) 

Implementability Evaluates the technical and administrative 
feasibility of alternatives and the 
availability of services, equipment, and 
skilled manpower. 

 Ability to construct and operate the technology  
 Reliability of the technology 
 Ease of undertaking additional remedial actions if 

necessary 
 Ability to monitor effectiveness of remedy  
 Coordination with other agencies 
 Availability of off-site treatment, storage, disposal 

services, and capacity 
 Availability of necessary equipment and specialists  
 Availability of prospective technologies 

 Cost Assesses the capital and operation and 
maintenance (O&M costs of each 
alternative. 

 Capital costs 
 Operating and maintenance costs 
 Order of magnitude cost estimates 
 Performance period: 30 years 

Modifying 
Criteria 

State Acceptance Assesses the state’s or support agency’s 
preferences among or concerns about the 
alternatives. 

 To be sought from the RWQCB 

 Community Acceptance Assesses the community’s preferences 
among or concerns about the alternatives. 

 To be sought through community involvement, 
particularly during public review  

 



 

 

 

 
 

Table 60.  Detailed Analysis of Watershed Remedial Alternatives 
Page 1 of 2 

 

Note: Narrative evaluations are scored to represent how well each of the remediation technologies meets each of the criteria elements, with a categorical rank of “excellent” receiving the 
highest score (4), followed by a rank of “good” receiving a score of 3, a rank of “fair” receiving a score of 2, a rank of “poor” receiving a score of 1, and “none” receiving the lowest 
score (0). Cost criterion is also scored on a categorical basis, with a score of “very high” receiving the lowest score (0), followed by a rank of “high” receiving a score of 1, a rank of 
“fair” receiving a score of 2, a rank of “low” receiving a score of 3, and a rank of “none/very low” receiving the highest score (4). 
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 Remedial Alternative 

Criterion W1: No Action 
W2: 

Pollution Controls 
W3: 

Agricultural BMPs 
W4: 

Stream Restoration 

Overall Protection of Human Health and the Environment Poor Excellent Excellent Excellent 

Compliance with ARARs Poor Excellent Good Excellent 

Long-Term Effectiveness and Permanence     

Reduction in magnitude of residual risks None Good Good Excellent 

Adequacy and reliability of controls None Good Good Excellent 

Reduction of Toxicity, Mobility, or Volume Through Treatment     

Amount of hazardous material destroyed or treated None Fair Fair Good 

Reduction in toxicity, mobility, or volume None Fair Fair Good 

Irreversibility of the treatment None Poor Poor Fair 

Type and quantity of treatment residual None Fair Fair Good 

Statutory preference for treatment as a principal element None Good Good Excellent 

Short-Term Effectiveness     

Protection of community during remedial actions None Good Good Good 

Protection of workers during remedial actions None Good Excellent Good 

Environmental impacts Poor Excellent Excellent Good 

Time until remedial response objectives are achieved Poor Excellent Excellent Good 

Implementability     

Technical feasibility Excellent Excellent Excellent Excellent 

Administrative feasibility None Good Good Good 

Availability of services and materials Excellent Good Excellent Excellent 

Cost None Very High Fair High 
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Note: Narrative evaluations are scored to represent how well each of the remediation technologies meets each of the criteria elements, with a categorical rank of “excellent” receiving the 
highest score (4), followed by a rank of “good” receiving a score of 3, a rank of “fair” receiving a score of 2, a rank of “poor” receiving a score of 1, and “none” receiving the lowest 
score (0). Cost criterion is also scored on a categorical basis, with a score of “very high” receiving the lowest score (0), followed by a rank of “high” receiving a score of 1, a rank of 
“fair” receiving a score of 2, a rank of “low” receiving a score of 3, and a rank of “none/very low” receiving the highest score (4). 
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 Remedial Alternative 

Criterion W1: No Action 
W2: 

Pollution Controls 
W3: 

Agricultural BMPs 
W4: 

Stream Restoration 

State Acceptance Poor Excellent Excellent Good 

Community Acceptance Poor Good Good Excellent 

Score 18 55 58 62 

Conclusion Discard Discard Retain Retain 
 

Note: Narrative evaluations are scored to represent how well each of the remediation technologies meets each of the criteria elements, with a categorical rank of “excellent” receiving the 
highest score (4), followed by a rank of “good” receiving a score of 3, a rank of “fair” receiving a score of 2, a rank of “poor” receiving a score of 1, and “none” receiving the lowest 
score (0). Cost criterion is also scored on a categorical basis, with a score of “very high” receiving the lowest score (0), followed by a rank of “high” receiving a score of 1, a rank of 
“fair” receiving a score of 2, a rank of “low” receiving a score of 3, and a rank of “none/very low” receiving the highest score (4).  
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Note: Narrative evaluations are scored to represent how well each of the remediation technologies meets each of the criteria elements, with a categorical rank of “excellent” receiving the highest 
score (4), followed by a rank of “good” receiving a score of 3, a rank of “fair” receiving a score of 2, a rank of “poor” receiving a score of 1, and “none” receiving the lowest score (0). Cost 
criterion is also scored on a categorical basis, with a score of “very high” receiving the lowest score (0), followed by a rank of “high” receiving a score of 1, a rank of “fair” receiving a score of 
2, a rank of “low” receiving a score of 3, and a rank of “none/very low” receiving the highest score (4).  
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  Remedial Alternative 

Criterion L1: No Action 

L2: 
Destratification/

Mixing  
(Diffused 
Aeration) 

L3:  
Oxygenation 
(Side-stream 

Supersaturation) 

L4: 
Flocculation/ 

Settling/ 
Phosphorus 
Inactivation 

(Alum) 

L5: 
Biomanipulation 

(Enhanced 
Grazing) 

L6:  
Selective 

Withdrawal 

Overall Protection of Human Health and the 
Environment 

None Good Good Good Good Good 

Compliance with ARARs None Good Good Good Fair Good 

Long-Term Effectiveness and Permanence       

Reduction in magnitude of residual risks None Good Good Good Poor Good 

Adequacy and reliability of controls None Good Good Good Fair Good 

Reduction of Toxicity, Mobility, or Volume Through Treatment     

Amount of hazardous material 
destroyed or treated 

None Good Good Good None Good 

Reduction in toxicity, mobility, or volume None Good Good Good Fair Good 

Irreversibility of the treatment Poor Good Good Excellent Poor Good 

Type and quantity of treatment residual Poor Good Good Fair Poor Good 

Statutory preference for treatment as a 
principal element 

None Good Good Good Good Fair 

Short-Term Effectiveness       

Protection of community during 
remedial actions 

None Good Good Good Good Good 

Protection of workers during  
remedial actions 

Excellent Good Good Good Excellent Good 
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Note: Narrative evaluations are scored to represent how well each of the remediation technologies meets each of the criteria elements, with a categorical rank of “excellent” receiving the highest 
score (4), followed by a rank of “good” receiving a score of 3, a rank of “fair” receiving a score of 2, a rank of “poor” receiving a score of 1, and “none” receiving the lowest score (0). Cost 
criterion is also scored on a categorical basis, with a score of “very high” receiving the lowest score (0), followed by a rank of “high” receiving a score of 1, a rank of “fair” receiving a score of 
2, a rank of “low” receiving a score of 3, and a rank of “none/very low” receiving the highest score (4).  
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  Remedial Alternative 

Criterion L1: No Action 

L2: 
Destratification/

Mixing  
(Diffused 
Aeration) 

L3:  
Oxygenation 
(Side-stream 

Supersaturation) 

L4: 
Flocculation/ 

Settling/ 
Phosphorus 
Inactivation 

(Alum) 

L5: 
Biomanipulation 

(Enhanced 
Grazing) 

L6:  
Selective 

Withdrawal 

Short-Term Effectiveness (cont.)       

Environmental impacts Poor Good Good Good Good Good 

Time until remedial response objectives 
are achieved 

Poor Good Good Excellent Fair Good 

Implementability       

Technical feasibility Excellent Excellent Good Good Fair Excellent 

Administrative feasibility None Good Good Good Fair Excellent 

Availability of services and materials Excellent Excellent Good Excellent Good Excellent 

Cost None Low Very high Low Low Low 

State Acceptance None Excellent Good Excellent Excellent Good 

Community Acceptance None Excellent Good Excellent Excellent Good 

Score 20 65 57 64 45 59 

Conclusion Discard Retain Discard Retain Discard Retain 
 

Note: Narrative evaluations are scored to represent how well each of the remediation technologies meets each of the criteria elements, with a categorical rank of “excellent” receiving the highest 
score (4), followed by a rank of “good” receiving a score of 3, a rank of “fair” receiving a score of 2, a rank of “poor” receiving a score of 1, and “none” receiving the lowest score (0). Cost 
criterion is also scored on a categorical basis, with a score of “very high” receiving the lowest score (0), followed by a rank of “high” receiving a score of 1, a rank of “fair” receiving a score 
of 2, a rank of “low” receiving a score of 3, and a rank of “none/very low” receiving the highest score (4).    
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Table 62a.  Predicted Removal Efficiency by Nutrient and Watershed Alternative  

 Removal Efficiency (%) 

  
LID 

Approaches 
Pollution 
Controls 

Agricultural 
Controls 

Stream 
Restoration 

Total nitrogen 35 10 50 40 

Total phosphorus 40 20 50 40 

Total suspended solids 70 25 50 40 
 

Sources: CASQA, 2003; Tetra Tech, 2013; WERF, 2015; Clary et al., 2011; Simpson and Weammert, 2009   
 

Table 63b.  Percent of Land Use Receiving Watershed Alternative 

 % of Watershed Load Reductions Applied To 

Watershed Land Use LID  
Pollution 
Controls 

Agricultural 
Controls 

Stream 
Restoration 

Water — — — — 

Agriculture — — 100 — 

Field Crop — — 100 — 

Orchard Vineyard — — 100 — 

Nursery Greenhouse — — 100 — 

Golf — — 100 — 

Park/Open Space, Irrigated — — 50 — 

Park/Open Space, Nonirrigated — — — — 

Vacant/Undeveloped — — — — 

Barren — — — — 

Low Density Developed, Pervious, Irrigated 25 — — — 

Low Density Developed, Pervious, Nonirrigated 25 — — — 

Low Density Developed Impervious 25 50 — — 

Medium Density Developed, Pervious, Irrigated 25 — — — 

Medium Density Developed, Pervious, Nonirrigated 25 — — — 

Medium Density Developed Impervious 25 50 — — 

High Density Developed, Pervious, Irrigated 25 — — — 

High Density Developed, Pervious, Nonirrigated 25 — — — 

High Density Developed Impervious 25 50 — — 

Rural Residential, Pervious, Irrigated — — — — 

Rural Residential, Pervious, Nonirrigated — — — — 

Rural Residential Impervious — — — — 

Institutional/Office Impervious 25 50 — — 

Commercial Impervious 25 50 — — 

Industrial Impervious 25 50 — — 

Road Impervious — 75 — — 

Freeway Impervious — 50 — — 
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Table 63.  Predicted Load Reductions to Lake San Marcos from San Marcos Creek in 
Various Control Scenarios 

  Predicted Load Reduction (%) 

Scenario 
No. Scenario TSS 

Total 
Phosphorus

Total 
Nitrogen 

3 LID 10.9 6.4 5.7 

4 Pollution Controls 10.2 7.4 3.6 

5 Agriculture BMPs 1.3 4.0 4.4 

6 Centralized BMPs (assumed) 50.0 50.0 50.0 

— Agriculture Controls + LID + Pollution Controls 22.4 17.7 13.7 

7 Agriculture Controls + LID + Pollution Controls + 
Centralized BMPs 

61.2 58.9 56.8 

 

TSS = Total suspended solids 
LID = Low-impact development 
BMP = Best management practice 

 



 

 

 

 
 

Table 64a.  Approximate Order-of-Magnitude Costs for Watershed Screening Technologies 
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 Estimated Cost a ($) 

Item 
W2: 

Pollution Controls b 
W3: 

Agricultural BMPs c 

Planning, permitting, and engineering 100,000 100,000 

Land acquisition 0 0 

Capital equipment/materials/construction 300,000 350,700 

Operation and maintenance (O&M)   

Year 1 1,832,000 7,014 

Years 2 through 30 66,410,000 339,010 

Inspection/reporting/project management   

Year 1 (2 events) 25,000 25,000 

Years 2 through 30 725,000 725,000 

Total (30 years) (2015 dollars) $ 69,392,000 $ 1,546,724 

Retained? No Yes 
 

Sources:  CSN, Undated; SWRCB, 2003; Landphair et al., 2000; Hunt and White, 2001 
a 

Cost rates from comparable San Diego County watershed projects (Tetra Tech, 2013; CASQA, 2003). 
b 

Assumes area of 9,160 acres and O&M costs of $200 per acre per year (/ac/yr) (Year 1) and $250/ac/yr (Years 2 
through 30). 

c 
Assumes area of 23 acres, capital costs of $15,000 per acre, and O&M costs of $300/ac/yr (Year 1) and $500/ac/yr 
(Years 2 through 30). 
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Table 64b.  Approximate Order-of-Magnitude Costs for Stream Restoration Remedy 

   Estimated Cost a ($) 

Literature 
Reference 

Cost  
Unit Cost Rate 

1 
High School

2 
Echo Lane 

3 
Civic Center 

Drive 

4 
Johnston 

Lane 

5 
Inland Rail 

Trail 

6 
Woodward 

Street 

7 
Twin Oaks 

Golf Course

8 
Sycamore 

Drive 

    Creek San Marcos San Marcos San Marcos San Marcos San Marcos Twin Oaks Twin Oaks Twin Oaks 

    Miles long 0.63 0.43 0.39 0.22 0.93 1.00 1.10 0.60 

  Acres 13 22 10 13 6 36 30 12 

U.S. EPA, 1997b $/acre 69,291 900,783 1,524,402 692,910 900,783 415,746 2,494,476 2,078,730 831,492 

U.S. EPA, 1997b $/acre 194,037 2,522,480 4,268,812 1,940,369 2,522,480 1,164,222 6,985,329 5,821,108 2,328,443 

Bair, 2004 $/mile 354,593 223,394 152,475 138,291 78,010 329,771 354,593 390,052 212,756 

Templeton et al., 
2008 

$/mile 1,277,760 804,989 549,437 498,326 281,107 1,188,317 1,277,760 1,405,536 766,656 

NYDEP, 2010 $/mile 1,864,025 1,174,336 801,531 726,970 410,086 1,733,543 1,864,025 2,050,428 1,118,415 

    Average 1,125,196 1,459,331 799,373 838,493 966,320 2,595,237 2,349,171 1,051,552 

Example Selected Areas   799,373 838,493  2,595,237 2,349,171  

Subtotal Example Estimated Cost 6,582,274 

Approximate Cost for Phosphorus 
Inactivation b 

435,000 

Total Estimated Remedy Cost 7,017,274 
 

a
 Estimated costs represent total order-of-magnitude project costs (2015 dollars) based on cited literature references. 

b
 Estimated costs based on Lake restoration remedy costs (see Table 65). 
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Table 64c.  Approximate Order-of-Magnitude Cost Components for  
Stream Restoration Remedy 

Task 
Percentage of 

Total  Cost ($) 

Based on Templeton et al. (2008) percentages    

Project administration 4.0% 261,302 

Property rights acquisition 3.6% 239,149 

Pre-construction engineering 14.3% 938,694 

Construction management 8.3% 544,245 

Construction 52.3% 3,445,270 

Baseline – 1st year monitoring 2.3% 152,417 

2nd – 5th year monitoring 8.2% 537,349 

Past 5th year monitoring 0.3% 21,443 

Maintenance 4.7% 308,183 

Perpetual stewardship 2.0% 134,221 

Total Expenses per Project 100.0% 6,582,274 a 

Based on Bair (2004) percentages     

Planning/design/NEPA/CEQA 31.0% 2,042,661 

Property acquisition 0.0% 0 

Materials 18.3% 1,204,732 

Mobilization 2.3% 152,216 

Equipment 34.4% 2,264,674 

Labor 4.8% 318,669 

Maintenance 2.2% 141,932 

Instream structure maintenance 6.9% 457,390 

Total expenses per project 100.0% 6,582,274 a 

 
a
 See Table 64b 



 

 

 

 
 

Table 65.  Approximate Order-of-Magnitude Costs for Lake Screening Technologies 
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 Estimated Cost a ($) 

Item 

L2: 
Destratification/ 

Mixing  
(Diffused Aeration) b 

L3:  
Oxygenation  
(Side-Stream 

Supersaturation) b 

L4:  
Flocculation/Settling/

Phosphorus 
Inactivation (Alum) c 

L5: 
Biomanipulation 

(Enhanced Grazing) d 
L6:  

Selective Withdrawal b 

Planning, permitting, and engineering 25,000 45,000 45,000 15,000 25,000 

Land acquisition 0 0 0 0 0 

Capital equipment/materials e 55,000 225,000 0 0 20,000 

Construction 15,000 30,000 0 0 20,000 

Operation and maintenance (O&M)      

Year 1 4,000 20,000 15,000 5,000 20,000 

Years 2 through 30 116,000 580,000 435,000 72,500 580,000 

Monitoring, Reporting and Project 
Management f 

     

Years 1 through 3 135,000 135,000 135,000 135,000 135,000 

Years 4 through 30 324,000 324,000 324,000 324,000 324,000 

Total 30-year cost (2015 dollars) $ 674,000 $ 1,359,000 $ 954,000 $ 551,500 $ 1,124,000 

Retained? Yes No Yes No Yes 
 

a 
In 2015 dollars. 

b 
Assumes annual operation (9 months a year). Costs based on Clean Lakes Inc. proposal for aeration system installation (CLI, 2009) and Gerling et al., 2014. 

c 
Assumes annual alum application (capital costs included in O&M).   

d 
Assumes reduced annual stocking in years 2 through 30. 

e 
Assumes a single capital investment for L2 and L3, with a fraction of O&M toward partial replacement costs at 15 years. 

f 
Assumes equivalent fixed monitoring costs for all alternatives:  $45,000/yr (Years 1 through 3); $10,000/yr (Years 4 through 30). 
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Table 66.  Total Available Land Use by Watershed Alternative 

Modeled Land Use Category Area (acres) LID 
Pollution 
Controls 

Agricultural 
BMPs 

Water 20.39    
Agriculture 387.38   X 

Field Crop 265   X 

Orchard/Vineyard 1,188.98   X 

Nursery/Greenhouse 31.63   X 

Golf Course 398.77   X 

Park/Open Space, Irrigated 907.67    
Park/Open Space, Nonirrigated 907.67    
Vacant/Undeveloped 3,274.31    
Barren 95.3    
Low Developed, Pervious, Irrigated 2,692.99 X X  
Low Developed, Pervious, Nonirrigated 1,317.36 X X  
Low Developed, Impervious 839.55 X X  
Medium Developed, Pervious, Irrigated 697.78 X X  
Medium Developed, Pervious, 
Nonirrigated 

258.08 X X  

Medium Developed, Impervious 464.69 X X  
High Developed, Pervious, Irrigated 802.14 X X  
High Developed, Pervious, Nonirrigated 531.43 X X  
High Developed, Impervious 559.86 X X  
Rural Residential, Pervious, Irrigated 977.12    
Rural Residential, Pervious, Nonirrigated 133.24    
Rural Residential, Impervious 604    
Institutional/Office 237.83 X X  
Commercial 151.27 X X  
Industrial 148.1 X X  
Road 366.93  X  
Freeway 92.18  X  

Total (acres) 18,351.65 8,701.08 9,160.19 2,271.76 
 

LID = Low-impact development 
BMP = Best management practice 
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Table 67.  Sediment Phosphorus Concentrations in  
Selected Southern California Lakes 

Mean Phosphorus Fractionation in Sediments (µg/g dw) Lake  
(n = # of sample sites/Lake) NH4Cl-P CDB-P Mobile-P NaOH-P HCl-P 

Big Bear Lake (n = 15) 1 129 130 191 — 

Canyon Lake (n = 5) 59 386 459 890 — 

Lake Elsinore (n = 3) 106 44 150 — — 

Diamond Valley Lake (n = 20) 1 91 92 268 436 
 

Source: BBMWD, 2005; Anderson, unpublished 
µg/g dw = Micrograms of phosphorus per gram of sediment (dry weight)  
NH4Cl-P = Ammonium chloride extractable phosphorus 
CDB-P = Citrate-dithionite-bicarbonate extractable phosphorus 
NaOH-P = Sodium hydroxide extractable phosphorus 
HCl-P = Hydrogen chloride extractable phosphorus 
Mobile P = Sum of ammonium chloride extractable and citrate-dithionite-bicarbonate extractable phosphorus 
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Table 68.  Approximate Order of Magnitude 30-Year Costs for Selected Preferred Alternatives 

Approximate 30-Year Cost (2015 dollars) 

Watershed Preferred Alternatives Lake Preferred Alternatives  

W3: 
Agricultural BMPs 

W4: 
Stream Restoration 

with Phosphorus 
Inactivation (Alum) 

L2: 
Destratification/Mixing 

(Diffused Aeration) 

L4: Flocculation/ 
Settling/Phosphorus 
Inactivation (Alum) 

L6:  
Selective Withdrawal Total 

$ 1,546,724 $ 7,017,274 $ 674,000 $ 954,000 $ 1,124,000 $ 11,315,998 
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