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EXECUTIVE SUMMARY 
 

This section summarizes the Water Quality Assessment (WQA) prepared by the City of Daly City 
(Daly City) for Lake Merced and the Vista Grande Canal (Canal) related to the proposed Vista 
Grande Drainage Basin Improvement Project (project). The WQA, and associated supplemental 
2011-2012 dry and wet season monitoring, were developed in cooperation with the San Francisco 
Public Utilities Commission (SFPUC) and the San Francisco Bay Regional Water Quality Control 
Board (RWQCB) to document existing hydrologic and water quality conditions and provide 
analysis of potential changes to those existing conditions as a result of project operations, consistent 
with the RWQCB’s applicable regulatory processes. As discussed below and in this WQA, the 
project could result in an overall water quality improvement in lake water quality with proposed 
project operations. Daly City and the SFPUC are in coordination regarding the proposed design and 
operation of the project and management of the Lake under a range of potential Lake Merced water 
surface elevations (WSEs). Daly City, as the state Lead Agency under the California Environmental 
Quality Act (CEQA), and the National Park Service (NPS), as the federal Lead Agency under the 
National Environmental Policy Act (NEPA), will prepare a joint Environmental Impact Report 
(EIR)/Environmental Impact Statement (EIS) for the project that will include an analysis of 
potential impacts to Lake Merced, including water quality. Based in part on this analysis, SFPUC 
will ultimately determine the appropriate WSE for operational purposes.  

Daly City is proposing the project to address storm-related flooding that currently occurs in the 
Vista Grande Drainage Basin (Basin). The project would also provide the green infrastructure 
benefit of capturing existing Basin stormwater and authorized non-stormwater runoff that is 
currently conveyed to the Pacific Ocean, and beneficially using it to augment water levels in Lake 
Merced, which have declined compared to historic levels. The project would alleviate flooding 
potential and protect the existing ocean outlet from ongoing coastal erosion. Further, the project 
would reconnect a significant portion of the historic Lake Merced Watershed to the Lake, since the 
Vista Grande storm drain system drains the northwestern portion of Daly City and an 
unincorporated portion of San Mateo County – areas originally within the Lake Merced watershed. 

The WQA includes an overview of the project purpose and need (Chapter 1), a summary of the 
project description with a focus on project operations (Chapter 2), the regulatory setting for both the 
project and for the project water quality assessment (Chapter 3), documentation of existing 
conditions in the Lake (Chapter 4) and in the Canal (Chapter 5) (including a summary of data 
collected specifically in support of this assessment), and detailed results and discussion of modeling 
conducted to assess the relevant potential project-related changes to existing conditions in Lake 
Merced (Chapter 6). 
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S.1 Watershed Background 
Urban and historic agricultural development for more than a century has significantly reduced 
Lake Merced’s original watershed and, as a result, the vast majority of surface runoff has been 
diverted away from the Lake as compared to historic hydrologic conditions. Most Basin surface 
runoff is currently diverted directly to the Pacific Ocean via the Vista Grande Canal and Tunnel. 
The existing Tunnel, with a capacity of 170 cubic feet per second (cfs), does not have adequate 
hydraulic capacity to convey peak Canal storm flows (500 cfs capacity). Flows in excess of the 
capacity of the Canal and the Tunnel have resulted in flooding in nearby low-lying residential areas 
and in overflows across John Muir Drive into Lake Merced, causing property damage, bank 
erosion, traffic nuisances, and public safety issues. The project would address local storm-related 
flooding issues by increasing the capacity of the Tunnel and would also provide regional 
watershed benefits by re-establishing the historic surface water connection between the Vista 
Grande Drainage Basin (Basin) and the Lake and managing water levels in Lake Merced.  

S.2 Proposed Project Description 
With implementation of the project, a portion of stormwater and authorized non-stormwater flows 
in the Canal would be diverted to the Lake. These flows would pass through a debris screening 
device and enter a diversion structure, which would enable all or only portions of the Canal flow to 
be directed through a proposed constructed treatment wetland and then to the Lake, be routed 
directly to the Lake from the Canal, or be allowed to continue through the Canal and Tunnel to the 
ocean outlet. A constructed treatment wetland would be developed along John Muir Drive to treat 
low-volume stormwater flows, year-round authorized non-storm flows, and recirculated water 
from the Lake in order to reduce levels of sediment, suspended solids, metals, microbiological 
constituents (bacteria and other organisms), and nutrients prior to release to Lake Merced. The 
relative contribution of water conveyed to the Lake through the constructed treatment wetland, as 
compared to direct diversions, would vary, but is expected to be approximately 45 to 60 percent 
once the Lake reaches the target mean WSE and flows from the Canal are diverted to maintain 
the selected WSE. As described further in the report, Daly City and SFPUC will develop diversion 
criteria and other operational protocols to determine when flows will be diverted so as to maximize 
beneficial reuse while attaining and maintaining water quality and the selected WSE.  

S.3 Regulatory Setting 
In collaboration with SFPUC and RWQCB staff, Daly City developed the “Proposed Regulatory 
Process for the Vista Grande Drainage Basin Improvement Project, Lake Merced Alternative” and 
submitted it to the RWQCB staff, and staff concurred (March 12 and May 9, 2013 letters, 
respectively). The intent of the Regulatory Process letter was to identify the steps and elements 
involved in moving the project forward in coordination with RWQCB requirements. Key elements 
are summarized below. 

• Existing and proposed diversions of flows from the Vista Grande Canal to Lake Merced are 
covered under the existing Phase 1 Municipal Separate Stormwater System (MS4) National 
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Pollutant Discharge Elimination System (NPDES) permit, called the Municipal Regional 
Stormwater Permit (MRP), RWQCB Order No. R2-2009-0074. No additional NPDES 
permits are needed for operation of the project. 

• Lake Merced currently does not meet the generally applicable Basin Plan Water Quality 
Objectives (WQOs) for dissolved oxygen (DO) and pH because the Basin Plan does not 
acknowledge the potential effects of diurnal and/or seasonal stratification in a lake 
environment nor of the effects of natural conditions, such as eutrophication, on ambient DO 
and pH. The DO and pH WQOs are also assumed to apply throughout the water column, at 
all locations within the Lake, and at all times, diurnally and seasonally. As a result, the U.S. 
Environmental Protection Agency (USEPA) in 2003 included Lake Merced on the Clean 
Water Act Section 303(d) list of impaired waterbodies for these constituents, notwithstanding 
the RWQCB’s and State Water Board’s recommendation not to include those listings.  

• Daly City and SFPUC have agreed to develop a Lake Management Plan (LMP) as part of 
the project approach for maintenance and improvement of the existing and future water 
quality of Lake Merced. 

• The RWQCB is pursuing a Basin Plan amendment to incorporate site-specific 
implementation provisions for the DO and pH WQOs to address Lake Merced’s unique 
conditions.  

• Once the LMP becomes effective and the Basin Plan site-specific DO and pH 
implementation provisions are fully approved and effective, the RWQCB could proceed 
with recommending to USEPA the de-listing of Lake Merced for DO and pH. 

S.4 Monitoring Program Summary 
Separate dry and wet season monitoring programs were developed in collaboration with RWQCB 
staff and implemented in 2011 and 2012. The monitoring program included collection of detailed 
seasonal, spatial (including at various depths), and temporal (hourly) DO and pH data to establish the 
baseline water quality of the proposed receiving waters (South Lake) relative to the 303(d) listings. 
Additionally, the monitoring data quantified dry and wet season Canal flows and established the 
baseline water quality within the Canal coincident with baseline water quality in the Lake. The intent 
of the water quality monitoring conducted within the Canal was to confirm that concentrations of key 
water quality constituents were generally in the ranges expected for urban stormwater and 
non-stormwater runoff and that diversions pursuant to the project were unlikely to have discernible 
impacts on the water quality or beneficial uses of the Lake. The findings and conclusions of the 
WQA were based on the water quality data collected during the dry and wet season of 2011-2012 as 
well as routine water quality data collected by the SFPUC in Lake Merced since 1997.  

S.5 Water Quality Effects of Increasing Lake Depth 
The project could result in an overall water quality improvement for key lake water quality 
constituents with proposed project operations. The analysis of the potential changes to existing Lake 
Merced water quality conditions resulting from project operations is based largely on best available 
spreadsheet-based modeling of the effects of increasing the mean depth of Lake Merced through use 
of stormflows and base flows from the Canal. The WQA considered how project operations may 
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influence pH and DO levels in Lake Merced as well as other variables and constituents (e.g., algae, 
nutrients, water clarity) that control them. Future stratification and eutrophication conditions from 
project operations as well as potential changes to fish habitat were also assessed. Additionally, the 
numerous processes and variables within a Lake that can affect water quality, such as thermal and 
chemical stratification and nutrient dynamics, were assessed in the context of the proposed project 
against the baseline water quality data. These processes were analyzed and assessed to more fully 
understand the implications of the project on the overall ecology and health of the Lake.  

Canal water quality generally had characteristics typical of urban stormwater and authorized non-
stormwater flows for a broad range of constituents (such as nutrients, metals, and bacteria). 
Concentrations of these constituents were generally in the ranges expected for urban stormwater 
and non-stormwater runoff and Canal water is unlikely to have discernible water quality effects on 
the Lake, especially when considering the relative contribution of storm flows as compared to 
overall lake volume, the use of treatment wetlands, and the proposed operating model designed to 
ensure the protection of water quality. As part of the determination of potential water quality effects 
to Lake Merced, the consideration of Canal water quality results were considered within the context 
of proposed physical and operational project elements, as well as regulatory controls to urban runoff 
water quality, and hydrologic elements, such as the relative volume of Canal flows as compared to 
Lake volume. Hydrologic monitoring demonstrated that typical storm events in the Basin generate a 
volume equivalent to a fraction of 1 percent of the total Lake storage volume. The design 
hydrograph (i.e., peak storm event) for the project is a 25-year recurrence interval, 4-hour event 
generating a maximum peak flow of 1,070 cfs. Assuming 100 percent diversion of the design storm 
flow, the maximum volume of contribution from the Canal to Lake Merced during a single storm 
event would be approximately 190 acre-feet, representing a maximum of approximately 3 percent 
of the total volume of Lake Merced (5,625 acre-feet). Stormwater discharges may cause short-term 
increases in bacterial, metals, and nutrients concentrations in the receiving waters in the immediate 
vicinity of the diversion outlet but concentrations would likely rapidly equilibrate with the 
background levels in the Lake within several days following a diversion event. Further, the 
constructed treatment wetland is expected to reduce bacteria, metals, and nutrients concentrations in 
base flows and low-volume stormwater flows through settling, natural die-off, adsorption, solar 
irradiation, oxidation, competition, and predation such that it is unlikely that Lake concentrations 
would increase to a significant degree and result in substantial water quality effects. 

The overall effect of the project, with the controls to ensure the protection of water quality in 
Lake Merced, would be an improvement in water quality that would be progressive with 
increases in depth. Model analyses were conducted to estimate the water quality changes that 
could occur from increasing Lake WSEs at the range of proposed depth increases using Canal 
water. The model analyses focused on two key variables that affect Lake health: mixing depth 
and nutrient availability. As the Lake depth increases, less frequent mixing of stratified layers in 
the deeper Lake would result in relatively less nutrients stirred up from the bottom and 
consequently less algae growth and eutrophication. The modeled range of depth increases 
produced estimated chlorophyll a reductions of up to 23 percent.  

Nutrient effects were then modeled to assess how inputs of nutrients in storm and base flows 
could affect algal growth in Lake Merced for the filling period (when the lake level is increasing 
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to the target WSE) and for the steady state period (when smaller annual contributions are made to 
maintain the target WSE range). Depending on the details of the design and operation of the 
treatment wetland, the proposed flows would likely result in minor increases or decreases in key 
nutrient concentrations in the Lake. The net effects on algal concentrations during the filling 
period would be an estimated increase of about 5 percent to an estimated decrease of up to 
9 percent in the Lake chlorophyll concentration. For context, an increase in Lake algae of 
32 percent is about that which would be analytically detectable from background conditions. 
After the Lake reaches the target WSE at the end of the filling period, it is likely there would be a 
decrease in algae of 6 to 10 percent, and a corresponding reduction in pH could occur. Thus, once 
the steady state WSE is reached, in conjunction with the treatment wetland, reduced annual 
average algal concentrations would be expected. Additionally, it is possible that the Lake 
eutrophication conditions would further improve over time as the reduced annual average algal 
concentrations result in reduced algal related organic matter loading to the sediments, reduced 
oxygen depletion in the bottom waters, and reduced internal loading of nutrients. However, some 
periods of anoxia would remain. Thus, the maximum increase in depth would not be a cure for 
the bottom water low DO episodes relating to naturally occurring seasonal stratification. 

In addition to the water quality improvement resulting from lake level increases and use of the 
stormwater treatment wetland, the project includes intake and recirculation of lake water during 
dry weather periods to maintain the treatment wetlands. The intake of lake water from areas of 
concentrated surface algae would allow for direct removal of algae and associated substantial 
decreases in chlorophyll. The project also includes controlled overflows of lake water to the Vista 
Grande Tunnel, using a siphon to allow higher TDS and higher salinity bottom water to be 
displaced, increasing the benefit of flushing water out of the lake. 

The fishery-related ecosystem of Lake Merced can be summarized as a moderately enriched Lake 
that supports self-sustaining populations of native and non-native fish species. The results of the 
assessment of potential changes in the temperature, DO, and pH profiles of the Lake were 
reviewed in light of known habitat requirements of the Lake Merced fish species. Temperature, 
DO, and pH profiles are not expected to change significantly with increased water surface 
elevations. Therefore, no significant changes to habitat conditions relating to water quality are 
anticipated for warmwater or coldwater fish. 

In summary, the project would capture and beneficially reuse existing Basin stormwater and 
authorized non-stormwater runoff to augment water levels in Lake Merced, which have declined 
compared to historic levels, without adversely affecting the beneficial uses Lake Merced is 
designated to support. The proposed project would also alleviate local flooding potential and protect 
the existing ocean outlet from ongoing coastal erosion. Further, the project would reconnect a 
significant portion of the historic Lake Merced Watershed to the Lake. Capturing and beneficially 
reusing Canal flows could result in an overall water quality improvement in lake water quality 
with proposed project operations and treatment wetlands. The improvement in water quality 
would likely be progressive with increases in depth and, following the filling period and in 
conjunction with the treatment wetlands, reduced annual average algal concentrations would be 
expected which in turn would improve Lake eutrophication conditions. 
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CHAPTER 1 
Introduction 

This report constitutes the Water Quality Assessment (WQA) for Lake Merced and the Vista 
Grande Canal (Canal) that the City of Daly City (Daly City) prepared in part to establish baseline 
water quality conditions for the proposed Vista Grande Drainage Basin Improvement Project 
(project). This report also provides a prospective assessment of the potential project effects on 
Lake Merced water quality within the San Francisco Bay Regional Water Quality Control 
Board’s (RWQCB) regulatory processes. The findings and conclusions of the WQA are based on 
water quality data acquired by others over the past several years as well as water quality data 
obtained by Daly City during the dry and wet seasons of 2011-2012. The data collection approach 
was agreed upon by the RWQCB as part of the System Understanding and Assessment Strategy 
(Appendix A) for the project, and is consistent with the Final 2011 Dry Season Monitoring Plan 
and Final 2011-2012 Wet Season Monitoring Plan (Appendix B). 

The System Understanding and Assessment Strategy served as the basis for the “Proposed 
Regulatory Process for the Vista Grande Drainage Basin Improvement Project, Merced 
Alternative” (Regulatory Process letter) developed by Daly City for the project (March 12, 2013 
letter), with concurrence from the RWQCB staff (May 9, 2013 letter). As outlined in Chapter 3, 
Regulatory Setting, the information provided in this WQA will be used to inform the California 
Environmental Quality Act (CEQA) and National Environmental Policy Act (NEPA) processes, 
and regulatory compliance, as applicable. 

The water quality sampling program and assessment was prepared as a collaboration between 
ESA, Jacobs Associates, EOA, Inc., and Dr. Alex Horne (see Chapter 8, List of Preparers), with 
input from Daly City, the San Francisco Public Utilities Commission (SFPUC), and RWQCB 
staff. 

Chapter 1 provides an overview of the project, including the need for the project, and summarizes 
the water quality assessment conducted in support of the project. 
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1.1 Project Need and Overview 
Daly City is proposing the project to address storm-related flooding that currently occurs in the 
Vista Grande Drainage Basin (Basin). The project would also provide the green infrastructure 
benefit of capturing existing Basin stormwater and authorized non-stormwater runoff that is 
currently conveyed to the Pacific Ocean, and beneficially using it to augment water levels in 
Lake Merced, which have declined compared to historic levels. The project would alleviate flooding 
potential and protect the existing ocean outlet from ongoing coastal erosion. Further, the project 
would reconnect a significant portion of the historic Lake Merced Watershed to the Lake, since 
the Vista Grande storm drain system drains the northwestern portion of Daly City and an 
unincorporated portion of San Mateo County – areas originally within the Lake Merced watershed. 

Lake Merced is made up of four individual but connected lakes (East, North, South, and Impound 
Lakes) and is owned by the City and County of San Francisco (San Francisco). The SFPUC 
maintains the Lake as a non-potable emergency water supply for San Francisco and is a 
responsible agency for this project. The Canal and the Vista Grande Tunnel (Tunnel) were built in 
the 1890s to direct stormwater away from urban development to an outlet at the Pacific Ocean, 
below what is now Fort Funston, which is part of the National Park Service’s (NPS) Golden Gate 
National Recreation Area (GGNRA). The existing Canal and Tunnel do not have adequate 
hydraulic capacity to convey peak storm flows, which periodically cause flooding in adjacent 
low-lying residential areas and overtopping along John Muir Drive. A portion of the western end 
of the Tunnel, once enclosed within the cliffs at Fort Funston, has become exposed due to the 
ongoing erosion of the cliff face and has been capped with a concrete outlet structure.  

The project would involve partial replacement of the existing Canal, replacement of the existing 
Tunnel, and replacement of the existing ocean outlet structure. The location of these existing 
components is shown in Figure 1-1. Additionally, operational components of the project would 
include management of water elevations in Lake Merced by routing some screened wet-weather 
storm flows from the Canal to Lake Merced, and year-round authorized non-storm flows to the 
constructed treatment wetland which would subsequently discharge flows to Lake Merced. The 
project also includes a Lake Management Plan that would include adaptable best management 
practices.  

The proposed project has been developed in cooperation with the SFPUC and the RWQCB, 
which regulates water quality in the region. Daly City and SFPUC are in coordination regarding 
the proposed design and operation of the proposed project and management of the Lake under a 
range of potential Lake Merced water surface elevations (WSEs). Daly City, as the Lead Agency 
under CEQA, and the NPS, as the Lead Agency under NEPA, will prepare a joint Environmental 
Impact Report (EIR)/Environmental Impact Statement (EIS) for the project that will include an 
analysis of potential impacts to Lake Merced, including water quality. The project is described 
further in Chapter 2, Project Description Overview. 
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1. Introduction 
 

1.2 Document Background and Organization 
The WQA was conducted to document existing conditions in Lake Merced and to provide an 
analysis of potential changes to existing water quality conditions as a result of project operations. 
This WQA provides an overview of historical monitoring data collected by the SFPUC, as well as 
additional monitoring and sampling data collected at South Lake and the Canal as part of the 
assessment effort by Daly City.  

This Water Quality Assessment includes: 

• Chapter 1, Introduction – This chapter provides an overview of the project, and 
summarizes the water quality assessment conducted for the project. 

• Chapter 2, Project Description Overview – This chapter summarizes the proposed 
project, primarily focusing on project operation and potential scenarios for conveyance of 
stormwater from the Canal to Lake Merced. 

• Chapter 3, Regulatory Setting – This chapter summarizes the San Francisco Bay 
Regional Water Quality Control Board Basin Plan beneficial uses for Lake Merced, water 
quality objectives, Clean Water Act Section 303(d) impairment listing of the Lake, and 
stormwater regulation under the Municipal Regional Stormwater Permit and under the 
State Water Board Phase II General Stormwater Permit. 

• Chapter 4, Lake Merced Existing Conditions – This chapter summarizes the climate and 
precipitation, hydrology, existing water quality, processes affecting Lake water quality, and 
existing biological resources.  

• Chapter 5, Vista Grande Canal Existing Conditions – This chapter summarizes the 
hydrology, water quality, and processes affecting Canal water quality. 

• Chapter 6, Water Quality Assessment – Lake Level and Water Quality Modeling 
Results – This chapter describes the results of modeling conducted to assess the potential 
project-related changes to existing conditions; in particular on Lake Merced dissolved 
oxygen (DO), pH, and lake processes such as stratification and phytoplankton growth 
primarily associated with those constituents.  

• Chapter 7, References – This chapter lists the reference sources cited throughout this report. 

• Chapter 8, List of Preparers – This chapter lists the contributors to this report. 
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CHAPTER 2 
Project Description Overview 

This chapter includes an overview of the components that would be constructed and operated 
under the proposed project. Because the focus of this report is on existing Lake Merced water 
quality and expected water quality conditions under project operations, the proposed project 
facilities are briefly described in this chapter, followed by a description of potential operational 
strategies for input of stormwater and authorized non-storm flows into Lake Merced, including 
the range of operational Lake levels, stormwater input operating conditions, and rate of input into 
the Lake that could occur under the project. 

The Basin (the watershed that drains into the Canal), is located in Daly City and in unincorporated 
Broadmoor Village in northwestern San Mateo County. The watershed is currently drained through 
the Canal and Tunnel, which are located in San Francisco, adjacent to John Muir Drive and the 
southwestern shoreline of Lake Merced. The tunnel outlet is located at the Pacific Ocean at Fort 
Funston.  

The existing Canal is a 3,600-foot-long, man-made brick-lined trapezoidal channel with a flow 
capacity of approximately 500 cubic feet per second (cfs). The Project would replace the 
upstream portion of the Canal with a collection box, box culvert, debris screening device, and 
diversion structure. A constructed treatment wetland would be developed in an area between John 
Muir Drive and the southern edge of the Canal to handle low flows (dry and wet) year-round. 
From the diversion structure, a box culvert would be developed under John Muir Drive and a 
screened outlet structure constructed at the edge of Impound Lake. 

The project would consist of the following structural components (existing location shown in 
Figure 2-1):  

• Improvements within the Vista Grande Basin storm drain system upstream of the Vista 
Grande Canal; 

• Partial replacement of the existing Vista Grande Canal to incorporate a gross solid 
screening device, a constructed treatment wetland, and diversion and discharge structures 
to route some stormwater (and authorized non-storm water) flows from the Vista Grande 
Canal to Lake Merced and to allow lake water to be used for summer treatment wetland 
maintenance; 

• Modification of the existing lake overflow structure to include an adjustable weir and 
siphon that allows water from the lake to flow into the Canal and Tunnel;  

Vista Grande Drainage Basin Improvement Project 2-1 ESA / 207036.01 
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2. Project Description Overview 
 

• Modification of the existing effluent gravity pipeline so that it may be used year round to 
convey treated effluent from the nearby North San Mateo County Sanitation District 
Wastewater Treatment Plant (WWTP) to the existing outlet and diffuser by gravity, and 
abandoning the force main pipeline; 

• Replacement of the existing Vista Grande Tunnel to expand its hydraulic capacity and 
extend its operating lifetime and replacement of the Lake Merced Portal to the tunnel; and 

• Replacement of the existing ocean outlet structure and a portion of the existing submarine 
outfall pipeline that crosses the beach at Fort Funston. 

These components and locations are shown in Figures 2-2a and 2-2b. 

Operational components of the project, further described below, would include management of 
WSEs in Lake Merced and a Lake Management Plan that would address in an adaptive manner 
best management practices for the control of water quality and includes a long-term monitoring 
plan that would address the types of water quality effects described in Chapter 6, Water Quality 
Assessment – Lake Level and Water Quality Modeling Results.1 Additionally, the Lake 
Management Plan includes details of upstream improvements in the basin and additional actions, 
the implementation of which may be triggered during post-project monitoring.  

2.1 Project Operation and Lake Level Management 
Overview 

Stormwater and authorized non-stormwater flows would flow by gravity through a box culvert 
located below the proposed constructed treatment wetland for a distance of approximately 
1,500 feet. Here the flow would enter a diversion structure where it could be pumped to the 
treatment wetland, or either directed to Lake Merced or allowed to continue through the canal and 
tunnel to the ocean outlet. Variable control would be available at the diversion structure gates so 
that all or only portions of the flow may be directed in either direction. 

The collection box, box culvert, gross solids screening device, and diversion structure would be 
sized to accommodate peak flows generated by the 4-hour, 25-year design storm, which is 
approximately 1070 cfs. The box culvert under John Muir Drive would also be designed to 
accommodate the full capacity of 1070 cfs; however, since a portion of the total flow could be 
directed through the canal and tunnel, only approximately 570 cfs capacity is needed to 
accommodate peak flows generated by the design storm. The segment of the canal between the 
diversion structure and the tunnel portal would remain unimproved, with a capacity of 
approximately 500 cfs. The improved tunnel would be designed with a capacity of at least 500 cfs. 

1  The Draft Lake Merced Management Plan is being developed as a separate report and will be provided to the 
RWQCB for input prior to incorporation of the plan into the project description and EIR/EIS. 
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2. Project Description Overview 
 

After passing through the solids screening device, year-round low flow stormwater and 
authorized non-storm flows would be pumped at rates of up to approximately 400 gallons per 
minute (gpm) to the start of one of the surface treatment wetland cells. Water would flow by 
gravity to the terminus of the constructed treatment wetland, where it would typically drop into a 
box culvert below and continue to flow into Lake Merced. Treated water would also have the 
capability of dropping into the diversion structure and continuing through the Canal and Tunnel 
in order to bypass Lake Merced if requested by the SFPUC, such as during maintenance of the 
constructed treatment wetland or other related components. 

The gross solids screening device would be emptied of collected debris approximately twice per 
year, once after the initial storm flow of the wet season and once at the end of the wet season. 
Post-project monitoring would determine whether more frequent cleaning would be required. 
Vacuum trucks would access the device via a new 15-foot-wide access road on the western side 
of John Muir Drive. It is anticipated that as much as 100 cubic yards of debris could be removed 
at each cleaning. 

In order to maintain lake levels within target WSEs and to ensure protection of water quality 
within Lake Merced, the proposed operating model includes provisions for routing stormwater to 
Lake Merced. The initial storm event of the winter season and other storm events with long 
antecedent dry periods would flow through the Canal to the Tunnel and then to the ocean outlet. 
Stormwater would be routed to Lake Merced dependent on stormwater flow rate, Lake Merced 
WSE, and other diversion criteria, including rainfall frequency, predicted rainfall duration and 
magnitude, canal flow rates, and other factors. More detailed diversion criteria would be 
developed further during design of the diversion facilities, and further refined following the first 
wet season of operation. However, the principal diversion routing options are:  

1. Summer and Winter Low-Flow Routing, Lake Merced below target WSE. Screened 
dry weather flows (authorized non-stormwater) and low-volume stormwater flows would 
be routed through the constructed treatment wetland, after which the treated water would 
drain into the Lake Merced Outlet to Impound Lake. These flows would help to maintain 
overall lake level and sustain the proposed treatment wetland throughout the year. There 
would be no flow through the tunnel or beach discharge. 

2. Summer and Winter Low-Flow Routing, Lake Merced at target WSE. Screened dry 
weather flows (authorized non-stormwater) and low stormwater flows would be routed 
through the constructed treatment wetland after which the treated water would drain into 
the Lake Merced Outlet to Impound Lake. These flows would help to maintain overall lake 
level and sustain the proposed treatment wetland throughout the year. Inflows into 
Impound Lake would increase the WSE above the Lake Merced Overflow elevation, 
resulting in outflows from South Lake to the Tunnel via the Lake Merced Overflow. 
Overflows would be conveyed via the Tunnel to the ocean outlet. 

3. Winter Storm Routing, Lake Merced below target WSE. Screened initial stormwater 
flows would be routed through the canal and discharged via the Tunnel and ocean outlet. 
After initial storm event, if screened storm flows meet diversion criteria, flows exceeding 
the capacity of the constructed treatment wetland would be routed directly to Impound 
Lake, and there may be no flow through the tunnel or beach discharge.  

Vista Grande Drainage Basin Improvement Project 2-6 ESA / 207036.01 
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4. Winter Storm Routing, Lake Merced at target WSE. Screened initial stormwater flows 
would be routed through the canal and discharged via the Tunnel and ocean outlet. After 
initial storm event, if screened storm flows meet diversion criteria, flows exceeding the 
capacity of the constructed treatment wetland would be routed directly to Impound Lake. 
Inflows into Impound Lake would increase the WSE above the Lake Merced Overflow 
weir elevation, resulting in outflows from South Lake to the Tunnel and ocean outlet via 
the Lake Merced Overflow.  

5. Winter Storm Exceeding 25-year, 4-hour criteria, Lake Merced at target WSE. 
Screened initial stormwater flows would be routed through the canal and discharged via the 
Tunnel and ocean outlet. After initial storm event, if screened storm flows meet diversion 
criteria, flows exceeding the capacity of the constructed treatment wetland would be routed 
directly to Impound Lake. In addition, if storm water flows from the Vista Grande watershed 
exceed the combined capacity of Lake Merced and the Vista Grande Canal and Tunnel, canal 
flows could overtop the canal and flow across John Muir Drive to Lake Merced. Flows would 
cross the existing hardscape areas between John Muir Drive and South Lake and discharge 
into Lake Merced via existing riprap Canal overflow discharge structures along the shoreline 
(Figure 2-2a). Inflows into either Impound Lake or South Lake would result in overflows 
back to the tunnel as capacity is available and would be discharged via the ocean outlet. This 
option would temporarily raise lake levels above the target WSE, providing short-term 
storage during major storm events to reduce flooding in the Basin.  

2.2 Proposed Constructed Treatment Wetland and 
Lake Outlet 

The project would divert some stormwater and authorized non-stormwater flows to Lake Merced to 
aid the SFPUC in managing Lake Merced water levels. The water level of Lake Merced has 
fluctuated historically from Elevation (El.) 13 feet (San Francisco City Datum)2 in the 1940s 
(City Datum is 11.37 feet higher than the North American Vertical Datum 1988) to a low of 
El. -3.2 feet in 1993. Since then, the WSE of Lake Merced has risen due to increases in average 
rainfall and water additions by the SFPUC (SFPUC, 2011b). From 2006 to 2010, the WSE ranged 
from El. 4.8 feet to El. 6.9 feet with an average of approximately El. 5.8 feet (City Datum). 
SFPUC has identified a goal of improving water levels in the lake to serve beneficial uses and 
provide a reliable emergency water supply for firefighting or sanitation purposes, and subject to a 
boil water order, if no other sources of water are available (SFPUC, 2011a). As discussed in 
Chapter 1, Introduction, the Memorandum of Understanding (MOU) developed between 
Daly City and SFPUC includes consideration of a range of WSE scenarios for Lake Merced 
between 5.5 and 9.5 feet City Datum. The range of potential WSE scenarios considered initially 
for the purposes of analysis includes mean WSEs of 6.5 to 8.5 feet, with a maximum high WSE 
of 9.5 feet. However, the actual proposed operational WSE range would be determined by the 

2  Elevations in San Francisco are commonly referenced to three vertical datums, including the North American 
Vertical Datum of 1988 (NAVD 88), the National Geodetic Vertical Datum of 1929 (NGVD 29), and the 
San Francisco City Datum (City Datum). NAVD 88 was established in 1991 and is the most up-to-date and 
accurate datum. NGVD 29 was used by surveyors and engineers for most of the 20th century and is 2.76 feet lower 
than NAVD 88. The San Francisco City Datum was set at 6.7 feet above the former high water mark and is 
11.38 feet higher than NAVD 88 and 8.62 feet higher than NGVD 29. Lake Merced elevations have commonly 
been referenced to the City Datum. 
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SFPUC, following completion of the CEQA/NEPA review process. The EIR/EIS will evaluate the 
complete range of potential operational WSEs. 

A constructed treatment wetland would be developed along John Muir Drive to treat year-round 
low flows from the watershed in order to reduce sediment, suspended solids, metals, 
microbiological constituents (bacteria and other organisms), and nutrients. Low volume 
stormwater flows, authorized non-storm flows, and recirculated lake water would be treated prior 
to release to Lake Merced. The wetland would consist of two cells (A and B), with areas totaling 
approximately 2.75 acres. The project would include the highest level of treatment possible 
within the acreage available for development of treatment wetlands. A portion of Wetland Cell A 
would overlie the box culvert. Wetland Cell B would be located between the existing Canal and 
John Muir Drive. The wetland would treat year-round low flows from the watershed (also 
referred to as base flows), which can consist of authorized non-stormwater flows such as 
residential irrigation runoff. Low flows would drain to the wetland pump station from the flow 
diversion structure via a 12-inch drain where two motorized pumps would pump water to one of 
the wetland cells. Water would then flow by gravity through the wetland at a rate of 
approximately 1.4 cfs. The wetland cells would be planted with emergent reeds such as cattails or 
bulrush that would provide water quality improvement by intercepting and settling out suspended 
particulates and providing attachment surfaces for beneficial bacteria. After passing through the 
wetland, the treated water would flow by gravity through the diversion structure to the Lake 
Merced Outlet. During periods of very low or no flow, a recirculating pump would draw water 
from Lake Merced and replenish the wetland. Water would be withdrawn from targeted locations 
within the Lake through a section of pipe installed within the lake. Stormwater and authorized 
non-stormwater flows exceeding the treatment wetland capacity (1.4 cfs) would pass through a 
solids screening device and then, depending on operational protocols, would either be routed to 
Lake Merced or be allowed to continue through the Canal and Tunnel to the ocean outlet. 

Flows that are directed into Lake Merced would be conveyed via a box culvert constructed under 
John Muir Drive to an outlet at the northwestern portion of the Impound Lake shoreline. The water 
would flow through the submerged outlet structure into Impound Lake, which is hydrologically 
connected to South Lake. The specific location of the outlet structure will be determined based on 
further engineering and environmental review. If alternative outlet locations are developed as part 
of the project, such as in South Lake, these alternatives will be assessed in detail in the EIR/EIS. For 
the purpose of the Chapter 6 analysis, it was assumed based on discussions with Daly City during 
design of the monitoring plans that the outlet structure would be located in South Lake. 

Chapter 6 focuses on three potential operational annual normal mean WSE scenarios: 6.5, 7.5, and 
8.5 feet, as defined in the MOU between Daly City and the SFPUC. As described in Section 4.2, 
Lake Merced Hydrology, the annual mean WSE has been approximately 6 feet City Datum in recent 
years. Accordingly, the operational WSEs considered in this assessment represent an increase over 
the recent annual mean by 0.5, 1.5, and 2.5 feet. After winter rains taper off, about 1.5 feet of water is 
lost each year, primarily due to evaporation. Thus, for each scenario there is a corresponding target 
normal minimum WSE. The term normal is used to refer to normal and wet year conditions. Under 
dry year and multiple dry year conditions, it is assumed that the WSE of Lake Merced would fall 
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below the target normal range. During a storm event, the Lake’s WSE may rise above the target 
maximum WSE, as the flow of stormwater being diverted into the Lake exceeds the capacity of the 
overflow outlet, thus providing short-term water storage for flood events (see Figure 2-3). 

 
  Vista Grande Drainage Basin Improvement Project – 207036.01  
SOURCE: ESA and Jacobs Associates Figure 2-3 

Preliminary Lake Level Operational Scenarios 
 

2.3 Stormwater Diversion Scenarios 
Table 2-1 presents baseline sources of inflow and outflow to Lake Merced during dry (1976), wet 
(1965), and average (1953 to 2008, exclusive) years. As shown, inflow from stormwater and 
precipitation and outflow from evaporation and transpiration vary across the years. Thus, for this 
preliminary analysis, inflow and outflow from groundwater are assumed to be constant at 69 acre-
feet and 171 acre-feet, respectively. This information was used to produce the estimates of Lake 
filling scenarios below. 

TABLE 2-1 
LAKE MERCED SOURCES OF INFLOW AND OUTFLOW 

Year Type 

Inflow (acre-feet) Outflow (acre-feet) 

Balance Stormwater Precipitation Groundwater Groundwater Evaporation Transpiration 

Dry (1976) 45 238 69 -171 -755 -134 -708 

Wet (1965) 1,183 514 69 -171 -562 -128 905 

Average  
(1953 – 2008) 218 499 69 -171 -635 -135 -155 

SOURCE: ESA  

 

Table 2-2 presents the estimated maximum volume of Lake Merced (all four Lakes) under the three 
operational scenarios. The maximum Lake volume is projected to range from 6,074 acre-feet under 
a target maximum WSE of 7.5 feet to 6,685 acre-feet under a target maximum WSE of 9.5 feet. The 
maximum change in Lake volume under each scenario was conservatively calculated by comparing 
projected Lake volumes under each operational scenario to the average baseline annual low water 
surface elevation. Lake volume could increase by as much as 1,265 acre-feet under a target 
maximum WSE of 9.5 feet when compared to the average annual low WSE of 5.3 feet. 
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TABLE 2-2 
LAKE VOLUMES UNDER OPERATIONAL SCENARIOS WITH 

MAXIMUM CHANGE IN VOLUME 

Water Surface Elevation 
(feet, City Datum) 

Volume 
(acre-feet) 

Maximum Change in Volume 
(acre-feet) 

Average Annual Low (5.3)a 5,420 N/A 

7.5 6,074 655 

8.5 6,378 958 

9.5 6,685 1,265 
 
NOTE: 
a Based on SFPUC WSE data from 2006 to 2011. The average annual low water surface elevation was chosen as the 

baseline in order to provide the maximum change in volume for use in the water quality analysis. 

SOURCE: ESA, 2012 
 

To estimate the potential contribution of stormwater flows diverted to Lake Merced, five diversion 
thresholds were analyzed. The diversion thresholds are structured such that all flows over a certain 
flow threshold would be diverted into Lake Merced. The thresholds are: > 0 cfs (i.e., all flows 
would be diverted to the Lake), > 35 cfs (i.e., flows greater than 35 cfs would be diverted to the 
Lake), > 75 cfs, > 150 cfs, and > 1070 cfs. The maximum predicted runoff reaching the Canal is 
approximately 1070 cfs,3 so this threshold would not divert any stormwater to Lake Merced. These 
diversion thresholds have been developed to analyze a range of potential diversions. Specific 
operational criteria for stormwater diversions would be developed as part of the Lake Management 
Plan that would be included as part of the project and is subject to the completion of CEQA/NEPA 
environmental review and permitting processes (as described above). 

The amount of time required to fill Lake Merced to the target WSEs included in this assessment 
is dependent upon the diversion thresholds. The lower non-zero diversion thresholds (i.e., > 35 
and > 75 cfs) require multiple seasons to reach target WSE, during which time a large volume of 
water is lost to evaporation and transpiration (see Table 2-1, above). Accordingly, the base flows 
running through the constructed treatment wetland constitute a greater percentage of the Lake 
Merced contributions than does stormwater compared to the > 0 cfs threshold. Due to evaporation 
and transpiration, the highest diversion thresholds (i.e., > 150 and > 1070 cfs) would never 
achieve the target WSE included in this assessment. 

Figure 2-4 illustrates the annual average contribution patterns under the five diversion thresholds 
for the 9.5-foot maximum WSE operational target. Because Figure 2-4 is based on the average 
year, it does not account for annual variability (see Table 2-1). The 9.5-foot target maximum 
WSE could be reached in a minimum of approximately 1.5 years under the > 0 cfs diversion 
threshold, 3.5 years under the > 35 cfs threshold, and 8.5 years under the > 75 cfs threshold. As 
described above and shown in the chart, the 9.5-foot target maximum WSE would not be 
achieved under the > 150 cfs and > 1070 cfs diversion thresholds. The Lake filling scenarios for 
the 7.5- and 8.5-foot target maximum WSEs are provided in Appendix C. 

3 Maximum predicted runoff based on a design storm event with a 4-hour duration and a 25-year recurrence interval. 

Vista Grande Drainage Basin Improvement Project 2-10 ESA / 207036.01 
Water Quality Assessment December 2015 

                                                      



2. Project Description Overview 
 

 
  Vista Grande Drainage Basin Improvement Project – 207036.01 
SOURCE: ESA Figure 2-4 

Lake Filling Scenarios, 9.5-Foot Target  
Maximum Water Surface Elevation 

 

The time to reach target elevation and required filling period contributions under the different 
diversion thresholds are summarized in Table 2-3. The inflows shown in Figure 2-4 are based on 
the average water year (1953 to 2008 data) and provide a comparative estimate only. Under the 
average year assumptions, the > 150 cfs and > 1070 cfs diversion thresholds would not provide an 
adequate volume of water to offset the Lake outflows and meet the target WSE. Therefore, these 
two thresholds are not considered viable and are excluded from subsequent evaluation. As shown 
in Table 2-3, as the filling period is extended, the base flow contribution via the constructed 
treatment wetland to Lake level management is increased in relation to the contribution of 
stormwater, which would not pass through the treatment wetland. Chapter 6 uses the > 35 cfs 
threshold for modeling estimated effects to Lake water quality from the project (see Table 6-4); 
however, the > 75 cfs threshold may result in a greater proportion of treated base flows entering 
the Lake compared to untreated stormwater, but would take longer to fill the Lake to target WSE. 

Once the Lake is raised to the target WSE, smaller annual contributions of flow from the Canal 
would be required to maintain the Lake within the target WSE range. Table 2-4 lists the total 
annual volume of water contributions required from the Canal via the constructed treatment wetland 
and directly from the Canal to maintain the desired target WSE. Because the surface area of the 
Lake changes only slightly in the 6.5 to 8.5 foot WSE range, the maintenance contributions would 
be approximately the same for all operational scenarios (6.5, 7.5, and 8.5 foot target annual normal 
mean WSE). Contributions from the treatment wetland and the Canal, ranging from 403 acre-feet 
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per year (> 75 cfs threshold) to 474 acre-feet per year (> 0 cfs threshold), in addition to smaller 
contributions from precipitation and groundwater inflow, would maintain the Lake level. The 
relative contribution conveyed through the constructed treatment wetland varies according to the 
stormwater diversion threshold, but is substantial (45 to 60 percent). 

TABLE 2-3 
FILLING PERIOD CONTRIBUTIONS 

Flow Diversion 
Thresholda 

(cfs) 

Time to Reach 
Target 

Elevation 
(months)b 

Total Filling Period Contributions 
(acre-feet) 

Annual Filling Period Contributions 
(acre-feet/year) 

Canal via 
Wetland 

Direct from 
Canal Total 

Canal via 
Wetlandc 

Direct from 
Canal Total 

7.5-foot maximum water surface elevation 
> 0 6 146 529 675 146 529 675 

> 35 17 404 629 1,033 285 444 729 
> 75 31 725 611 1,336 281 236 517 

8.5-foot maximum water surface elevation 
> 0 17 404 1,033 1,437 285 729 1,014 

> 35 30 699 1,017 1,716 280 407 687 
> 75 67 1,554 1,225 2,779 278 219 497 

9.5-foot maximum water surface elevation 
> 0 19 422 1,128 1,550 267 712 979 

> 35 42 949 1,362 2,311 271 389 660 
> 75 102 2,332 1,828 4,160 274 215 489 

 
NOTES: 
a All flows greater than the flow diversion threshold would be diverted into Lake Merced. 
b Filling period based on average water year. 
c The annualized contribution of the wetland varies slightly due to summer/winter variance in Vista Grande Canal base flows. 
 
SOURCE: ESA 
 

 
TABLE 2-4 

ANNUAL MAINTENANCE CONTRIBUTIONS REQUIRED  
FOR ALL TARGET WATER SURFACE ELEVATIONS 

Flow Diversion 
Threshold (cfs) 

Maintenance Contributions (acre-feet/year)a 

Wetland Canal 
Wetland + 

Canal 
Precipitation and 

Groundwater Inflow 
Grand 
Total 

> 0 216 259 474 87 561 

> 35 230 211 441 120 561 

> 75 244 159 403 158 561 
 
NOTES: 
a Based on average water year. 
 
SOURCE: ESA 
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CHAPTER 3 
Regulatory Setting 

This section describes the beneficial uses that Lake Merced is designated to support, the key 
water quality objectives applicable to those uses, the history of the U.S. Environmental Protection 
Agency (USEPA) placing the Lake on the Clean Water Act Section 303(d) list as being impaired 
for elevated pH and low DO, and the similar but separate regulation of stormwater from the Daly 
City Vista Grande Watershed versus the SFPUC Lake Merced Watershed. Additionally, this 
section briefly summarizes the regulatory process that has been developed by Daly City, the 
SFPUC, and the RWQCB to address those 303(d) listings. 

3.1 Beneficial Uses 
The San Francisco Bay RWQCB Water Quality Control Plan (Basin Plan) designates Lake 
Merced as supporting the following beneficial uses:  

• Cold Freshwater Habitat (COLD) 
• Warm Freshwater Habitat (WARM) 
• Fish Spawning (SPWN) 
• Wildlife Habitat (WILD) 
• Body-contact Recreation (REC1) 
• Noncontact Water Recreation (REC2) 
• Municipal And Domestic Supply (MUN) 

Of the above designated uses, the uses that are most directly sensitive to the degree of 
eutrophication and stratification and associated pH and particularly DO levels within Lake 
Merced are those related to habitat quality for aquatic organisms; specifically, COLD, WARM, 
SPWN, and WILD. It should be noted that under stratified conditions, the respective uses may 
exist to differing degrees depending on the relative temperature, DO, and pH in the separated 
upper and lower portions of the Lake. REC1 and REC2 uses could also be affected to the extent 
that if algal growths were to increase to nuisance proportions it could interfere with recreational 
activities or adversely affect the aesthetic quality of Lake Merced. While the Basin Plan lists 
REC-1 (including full body-contact recreation) as a beneficial use of Lake Merced, swimming 
and wading in the Lake are not allowed by San Francisco since the Lake is also designated as a 
potential MUN source. As described in Chapter 1, SFPUC maintains Lake Merced as a 
non-potable emergency water supply for San Francisco to be used for firefighting or sanitation 
purposes, and subject to a boil water order, if no other sources of water are available (SFPUC, 
2011a). Given these restrictions, this assessment of potential effects from addition of stormwater 
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from the Canal to Lake Merced on the REC-1 beneficial use includes consideration of actual 
recreational uses of the Lake under baseline conditions.  

3.2 Water Quality Objectives 
The Basin Plan contains narrative and numeric water quality objectives (WQOs) that apply to 
most waters in the region and are intended, in part, to ensure that beneficial uses are protected. 
The current WQOs for biostimulatory substances (i.e., nutrients), DO, and pH are cited below 
from the Basin Plan; however, the RWQCB has confirmed that future regulatory modifications to 
the implementation plans for the DO and pH WQOs for Lake Merced are expected. While it is 
recognized that other WQOs exist for additional water quality constituents (pathogens, metals, 
etc.), the objectives presented below are those most relevant for review of overall Lake health. 

Biostimulatory Substances. Waters shall not contain biostimulatory substances in concentrations 
that promote aquatic growths to the extent that such growths cause nuisance or adversely affect 
beneficial uses. Changes in chlorophyll a and associated phytoplankton communities follow 
complex dynamics that are sometimes associated with a discharge of biostimulatory substances. 
Irregular and extreme levels of chlorophyll a or phytoplankton blooms may indicate exceedance 
of this objective and require investigation. 

Dissolved Oxygen. For nontidal waters, the following objectives shall apply: 

Waters designated as: 

Cold water habitat (COLD) 7.0 milligrams per liter (mg/L) minimum 
Warm water habitat (WARM) 5.0 mg/L minimum 

The median DO concentration for any three consecutive months shall not be less than 80 percent 
of the DO content at saturation. 

DO is a general index of the state of the health of receiving waters. Although minimum 
concentrations of 5 mg/L and 7 mg/L are frequently used as objectives to protect fish life, higher 
concentrations are generally desirable to protect sensitive aquatic forms. In areas unaffected by 
waste discharges, a level of about 85 percent of oxygen saturation exists. A three-month median 
objective of 80 percent of oxygen saturation allows for some degradation from this level, but still 
requires a consistently high oxygen content in the receiving water. 

pH. The pH shall not be depressed below 6.5 nor raised above 8.5. This encompasses the pH 
range usually found in waters within the basin. Controllable water quality factors shall not cause 
changes greater than 0.5 units in normal ambient pH levels. (RWQCB, 2010) 

Note that, as discussed in Section 3.4, the Basin Plan does not generally contain implementation 
provision language about how these WQO, particularly DO and pH, should be applied in different 
types of waterbodies (e.g., shallow versus deep waters). 
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3.3 Section 303(d) Listing 
Under Section 303(d) of the Clean Water Act, states are required to develop a list of impaired 
waters, defined as water bodies that do not meet state water quality standards, every two years. 
Water quality standards include designated beneficial uses and WQOs (40 CFR 131.3(i)).  

On November 28, 2001, during the 2002 303(d) listing process, Lake Merced was included on the 
RWQCB’s “Preliminary List of Waterbodies and Pollutants” for “Low Dissolved 
Oxygen/Organic Enrichment.” This was in Table 5 in the Board item approving transmittal of the 
2002 303(d) list to the State Water Board. The accompanying staff report (p. 35) stated that:  

Regional Board staff recommends that DO and pH be monitored systematically by a public 
agency such as the SFWD, the San Francisco Public Utilities Commission, or other 
stakeholder. This monitoring should be conducted at the same sites as the SFWD program 
plus additional sites within the different portions of the lake, and more frequently than 
before, continuously where resources allow, to assess whether the lake is truly impaired 
due to lack of DO or elevated pH. In the next listing cycle the Regional Board will re-
evaluate DO and pH information, including the 1997-2000 data, and either accept or reject 
an impairment determination for DO and pH. 

On February 28, 2003 the State Water Resources Control Board (SWRCB) transmitted the State’s 
2002 303(d) list to USEPA. The SWRCB included Lake Merced on the “Monitoring List” for 
“Low Dissolved Oxygen.” This did not require development of a Total Maximum Daily Load 
(TMDL). Waters were placed on the Monitoring List where “minimal, contradictory or anecdotal 
information suggests standards are not met but the available data or information is inadequate to 
draw a conclusion.”  

On June 5, 2003 the USEPA partially approved and partially disapproved California’s 2002 
Section 303(d) list. USEPA added Lake Merced to the 303(d) list under Category 5 (TMDL 
required) for DO and pH. As its rationale the USEPA stated in part that:  

The San Francisco Bay Basin Plan includes numeric standards for dissolved oxygen and 
pH that are applicable to this water (San Francisco Bay RWQCB, 1995, p. 3-3). EPA's 
analysis of available data in the State's record found that 46-83% of available samples 
exceed the existing numeric water quality standards for DO and pH in Lake Merced, 
depending upon the monitoring station (n=14). The State has not provided a sound 
rationale for concluding that the water quality standards for pH and DO are not exceeded. 
The stated rationale that the available data may not be representative is unpersuasive. 

Data were collected at several locations over a recent multi-year time frame. The rationale 
that samples taken at depth should not be considered and that analysis only of surface 
samples demonstrates attainment is also unpersuasive because the Basin Plan includes no 
provisions indicating that these standards are to be applied only at the surface. EPA 
concludes that absent Basin Plan language to the contrary, these standards apply at all 
water depths. Based on these considerations, EPA has determined that this water should be 
identified for inclusion on the list for pH and DO.  
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EPA is establishing a low priority for this listing based on the considerations that no 
specific beneficial use impairments have been associated with DO and pH problems in 
the Lake, and that additional monitoring is warranted to verify these listings prior to 
developing TMDLs. (emphasis added) 

Lake Merced remains on the final California 2008-2010 Section 303(d) list (as approved by 
USEPA October 11, 2011) as impaired for DO and pH caused by unknown sources. The list 
indicates that a TMDL is to be completed by 2019. This is the most recent 303(d) list and is not 
scheduled for updating for Region 2 until the 2016 Integrated Report is prepared. 

The SWRCB on September 30, 2004 adopted a Water Quality Control Policy for Developing 
California’s Clean Water Act Section 303(d) List (Resolution No. 2004-0063). This policy 
provides the currently applicable guidance (that was not in place at the time of the original Lake 
Merced listing) on criteria to use for adding and removing waterbodies from the 303(d) list 
including using a weight-of-evidence based approach.  

Subsequently, the SWRCB on June 16, 2005 adopted the “Water Quality Control Policy for 
Addressing Impaired Waters: Regulatory Structure and Options” (Resolution No. 2005-0050). 
This policy provides alternatives to TMDLs for addressing 303(d) listings. This policy also 
provides a rationale for considering complex and variable parameters in environments where 
there is low DO due to "natural conditions" (e.g., sediment/benthic oxygen demand, limited 
flushing, diurnal fluctuation, seasonal stratification, etc.). The policy (p. 3, item B) states that:  

If the failure to attain standards is due to the fact that the applicable standards are not 
appropriate to natural conditions, an appropriate regulatory response is to correct the 
standards.  

3.4 Approach to Lake Merced 303(d) Listing and 
RWQCB Concurrence 

In collaboration with SFPUC and RWQCB staff, Daly City developed the “Proposed Regulatory 
Process for the Vista Grande Drainage Basin Improvement Project, Lake Merced Alternative” 
and submitted it by letter dated March 12, 2013 to the RWQCB staff for their concurrence. The 
RWQCB staff provided their concurrence by letter to Daly City dated May 9, 2013. The intent of 
the Regulatory Process Letter (see Appendix A) was to identify the steps and elements involved 
in moving the project forward in coordination with RWQCB requirements.  

As noted above, Lake Merced currently does not meet WQOs for DO and pH as defined in the 
Basin Plan due to naturally occurring seasonal stratification and the Lake is on the 303(d) list for 
these constituents. The Regulatory Process Letter outlined the two-part regulatory approach for 
addressing the 303(d) listing. The first part is the development and implementation of a Lake 
Management Plan and the second part is a Basin Plan amendment to incorporate site-specific 
implementation provisions for the DO and pH objectives, as discussed further below. The unique 
conditions of Lake Merced that necessitate site-specific DO and pH implementation provisions 
include that it is polymictic, a terminal lake, subject to marine coastal influences, and has both an 
artificially maintained cold water fishery and a self-sustaining warm water fishery.  
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As part of an approach for maintenance and improvement of the water quality of Lake Merced as 
part of the proposed project, Daly City and SFPUC have agreed to develop a Lake Management 
Plan. The Lake Management Plan would define the applicable best management practices 
(BMPs) that would be implemented to achieve defined goals and objectives for lake water quality 
management. The plan would also include an operational plan for the proposed Vista Grande 
diversions, a water quality monitoring plan, evaluation of available BMPs, and an implementation 
and adaptive management plan. The Lake Management Plan would be developed in consultation 
with the RWQCB and, if approved by Daly City and the SFPUC, would be implemented pursuant 
to a legally binding operational agreement between Daly City and the SFPUC. 

However, the existing water quality objectives for DO and pH may continue to not always be met 
throughout the water column, even with implementation of the BMPs defined as part of the Lake 
Management Plan. This is because the current provisions in the Basin Plan4 do not acknowledge the 
potential effects of diurnal and/or seasonal stratification nor of the effects of natural conditions, such 
as eutrophication, on ambient DO and pH. Consequently, the RWQCB is pursuing the development 
of site-specific implementation provisions to address the Lake’s unique conditions relating to 
seasonal stratification. This approach (described in Section 3.3, above) is supported by the 
SWRCB’s TMDL Guidance and the Water Quality Control Policy for Addressing Impaired Waters: 
Regulatory Structure and Options (Resolution No. 2005-0050). This policy established that 
RWQCBs can formally recognize regulatory or non-regulatory actions of other entities as 
appropriate implementation programs that result in the attainment of standards.  

Accordingly, and consistent with regulatory guidance, the RWQCB is considering an amendment 
to the Basin Plan to incorporate new site-specific implementation provisions for the existing DO 
and pH WQO to be developed to address the unique conditions of Lake Merced. The State’s 
Impaired Waters Policy also recognizes that water quality standards may be inappropriately 
applied, making attainment impossible. In such cases, the policy identifies that revision of the 
standards may be the best or only way to address the impairment.  

Daly City, SFPUC, and RWQCB have come to consensus that although implementation of the 
Lake Management Plan is expected to improve water quality, it would not independently resolve 
the impairment that regulatorily exists under existing conditions. As a result, following 
collaboration with Daly City and SFPUC, RWQCB staff agreed that the Basin Plan amendment 
would involve adopting site-specific objective implementation provisions for Lake Merced 
specifying how the existing DO and pH numerical objectives would be implemented and 
evaluated for compliance purposes. Once the Lake Management Plan becomes effective via the 
operational agreement and the site-specific DO and pH implementation provisions are adopted 
via a Basin Plan amendment, which would then be approved by the SWRCB, the Office of 
Administrative Law, and the USEPA, the RWQCB could proceed with recommending to USEPA 
the de-listing of Lake Merced or other regulatory approaches while the implementation provisions 
are approved and take effect. 

4  i.e. the assumption that the DO and pH water quality objectives apply throughout the water column, at all locations 
and at all times. 
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3.5 Municipal Stormwater Regulation 
The proposed project would reconnect a portion of the historic Lake Merced Watershed that is 
now part of the Vista Grande watershed in Daly City to allow selected stormwater runoff and 
authorized non-stormwater runoff to flow to the Lake instead of solely to the Pacific Ocean. 
Stormwater runoff and authorized non-stormwater flows currently entering the Lake are limited 
to those from the immediately surrounding San Francisco Lake Merced Watershed. Stormwater 
flows from Daly City and from San Francisco are regulated under two separate NPDES permits 
as described below. 

3.5.1 Daly City Stormwater Regulation 
Stormwater runoff and authorized non-stormwater flows (conditionally exempt discharges) from 
Daly City and the other San Mateo County cities have been regulated under Phase 1 Municipal 
Separate Stormwater System (MS4) NPDES permits since 1993. These MS4 permits, including 
the current Municipal Regional Stormwater Permit (MRP) Order No. R2-2009-0074, have 
contained increasingly prescriptive requirements, typically in the form of BMPs. The permits 
require that the cities implement BMPs to the standard defined as the Maximum Extent 
Practicable (MEP) to minimize the extent of pollutants in stormwater and authorized non-
stormwater flows. Annual reports are required to be submitted by co-permittees, documenting 
compliance with applicable elements of the MRP. Daly City has an effective stormwater 
management program that fully implements the requirements of the MRP.  

The MRP contains extensive monitoring requirements focused primarily on TMDL-based 
Pollutants of Concern within targeted watersheds and receiving waterbodies, and MRP Provision 
C.1 specifies how compliance may be demonstrated with receiving water limitations. Provision C.1 
states that if exceedances of WQOs persist in receiving waters, MRP Permittees are to “submit a 
report to the Water Board that describes the BMPs that are currently being implemented, and the 
current level of implementation, and additional BMPs that will be implemented, and/or an 
increased level of implementation, to prevent or reduce the discharge of pollutants that are 
causing or contributing to the exceedance of water quality standards or objectives.” 

RWQCB staff indicated that the proposed diversions of stormwater from the Canal to Lake 
Merced are covered under the existing MRP. Daly City understands that no additional NPDES 
permits are needed for operation of the proposed project. 

3.5.2 San Francisco Stormwater Regulation  
Stormwater inlets on the streets surrounding the Lake collect stormwater runoff, and route it to 
the Lake through dedicated drainage pipes (Figure 4-2). Runoff also reaches the Lake by surface 
sheet flow, mostly on the slopes between the surrounding streets and the Lake. Additional 
watershed related information is provided in the comprehensive Lake Merced Watershed Report 
(SFPUC, 2011a). Although San Francisco’s population is greater than 100,000, the threshold for 
Phase I MS4 permit coverage, San Francisco was exempt from Phase I stormwater regulations 
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because most of San Francisco is served by a combined storm sewer system. San Francisco, 
therefore, must comply with Phase II of the regulations, which became effective March 2003 for 
jurisdictions in urbanized areas with populations of less than 100,000. Those portions of San 
Francisco not served by the combined storm sewer system, including the Lake Merced Watershed 
(described below in Section 4.2.1), are covered by the SWRCB Phase II Small MS4 General 
Permit that became effective July 1, 2013 (Order No. 2013-0001 DWQ). This permit replaced the 
first SWRCB Phase II General Permit adopted in April 2003. Stormwater management, 
monitoring, and reporting requirements under the Phase II permit are extensive and similar to 
those under the Phase I MRP. The SFPUC Wastewater Enterprise manages stormwater activities 
under the Phase II permit. 
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CHAPTER 4 
Lake Merced Existing Conditions 

Lake Merced is the largest freshwater lake in San Francisco. It is located in the southwestern 
corner of San Francisco, bounded by Skyline Boulevard, Lake Merced Boulevard, and John Muir 
Drive, and is approximately 0.25 mile east of the Pacific Ocean. The Lake was historically a 
coastal lagoon that was intermittently connected to the ocean via a channel that ran through the 
current location of the San Francisco Zoo. This connection was permanently closed in 1895 with 
the construction of Skyline Boulevard and the Great Highway (SFPUC, 2011a). Lake Merced 
supports limited contact recreational activities including boating and fishing as well as other 
non-contact uses such as pedestrian use of perimeter paved paths, and trails managed by the 
San Francisco Recreation and Park Department. The SFPUC also maintains Lake Merced as a 
non-potable emergency water supply to be used for firefighting or sanitation purposes if no other 
sources of water are available (SFPUC, 2011a). In the event of a major disaster (i.e., catastrophic 
earthquake), Lake Merced water could be pumped into San Francisco’s drinking water 
distribution system to maintain firefighting, basic sanitary (e.g., toilet flushing), and other 
critical needs. In the event of such an emergency, residents would be directed to boil tap water 
before consuming it. Because of this potential for emergency water supply use, full body 
contact recreation (e.g., swimming, wading) is not allowed in the Lake (SFPUC Resolution 
No. 10,435).  

The following sections describe the existing conditions related to water quality in Lake Merced, 
including climate and precipitation, hydrology, water quality, processes that affect lake water 
quality, and existing biological resources of the Lake. 

4.1 Climate and Precipitation 
The climate in the Lake Merced area is generally mild, with an annual average temperature 
of 13 degrees Celsius (°C; 55.4 degrees Fahrenheit [°F]). January is generally the coolest 
month with an average temperature of 10.5 °C (50.9 °F), while September is the warmest 
month with average temperature of 15.5 °C (59.9 °F). Average annual precipitation is 
approximately 20 inches, with a majority of the rain occurring in the winter months. Seasonal 
average temperature and precipitation data for the period 1948 to 2012 are presented in 
Table 4-1. 
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TABLE 4-1 
AVERAGE REGIONAL TEMPERATURE AND PRECIPITATION 

Season 
Average 

Temperature (°F) 
Average 

Precipitation (inches) 

Winter (Dec – Feb)  51.5 11.31 
Spring (Mar – May) 54.1 4.43 
Summer (Jun – Aug) 58.1 0.25 
Fall (Sept – Nov) 58.0 3.90 
Annual 55.4 19.99 

SOURCE: Western Regional Climate Center, Period of Record General Climate Summary for 
San Francisco Richmond (Station 047767) for years 1948-2012. 

 

4.2 Lake Merced Hydrology 
Lake Merced is a naturally occurring lake located adjacent to the Pacific Ocean in the southwestern 
corner of San Francisco. The Lake is within the San Francisco Coast Watershed, which extends 
from western San Francisco to the southern end of San Mateo County. The Westside Groundwater 
Basin underlies most of western San Francisco and extends from the western portion of 
San Francisco south to the eastern portion of San Mateo County (California Department of Water 
Resources, 2006). The following sections describe the local Lake Merced Watershed, the Lake, and 
historic and existing Lake water level elevations. 

4.2.1 Lake Merced Watershed 
Urban development has significantly reduced Lake Merced’s original estimated watershed size of 
6,320 acres (approximately 10 square miles) to its current size of approximately 650 acres (SFPUC, 
2011a; Kennedy/Jenks, 2012a). Historically, Lake Merced received flows from a number of local 
surface drainages and creeks, and had an outlet to the Pacific Ocean in the vicinity of what is now 
the San Francisco Zoo, to the northwest of the Lake. As urban development advanced in the area, 
surface runoff to the Lake was diverted away from the Lake. Consequently, the southern portion of 
the original watershed (Daly City), including what is now the Vista Grande Drainage Basin, and the 
eastern portion of the original watershed (San Francisco) were diverted from flowing into the Lake 
(Figure 4-1; Oakland Museum, 2013). The Lake Merced Watershed is now directly adjacent to the 
Vista Grande Drainage Basin, which now diverts historic flows south of the Lake directly to the 
Pacific Ocean via the Canal and Tunnel. Currently, surface flows from within the Basin only enter 
the Lake during extreme storm events when Canal capacity is exceeded and flood flows cross John 
Muir Drive into Lake Merced.  

The current watershed consists of approximately 626 acres bounded by the adjacent roadways that 
include Lake Merced Boulevard, Skyline Boulevard, and John Muir Drive. The Lake itself makes 
up approximately 43 percent of the watershed area (272 acres). The rest of the watershed is 
composed of upland areas. Harding Park and Jack Fleming Golf Course account for about 175 acres 
of the upland watershed; roads and neighborhoods account for approximately 31 acres; and the 
remainder is primarily undeveloped open space vegetated with wetland and upland species 
including coastal and willow scrub, grassland, herbaceous, and bulrush marsh communities located 
between the Lake and the surrounding roadways (Figure 4-2) (SFPUC, 2011a). 

Vista Grande Drainage Basin Improvement Project 4-2 ESA / 207036.01 
Water Quality Assessment December 2015 



SOURCE:  Oakland Museum, 2013
Vista Grande Drainage Basin Improvement Project. 207036.01

Figure 4-1
Lake Merced Current and Historic Watershed
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Much of the runoff from the original watershed is now diverted into the San Francisco combined 
storm sewer system, resulting in reduced natural drainage and recharge to the Lake. This runoff 
diversion makes it difficult to define the limits of the contributing drainage areas that make up the 
Lake Merced Watershed because it is not clear exactly how many of the inlets located within the 
Lake’s natural drainage basin are now part of the San Francisco’s combined storm sewer system, 
and because the areas served by these inlets are difficult to accurately delineate (SFPUC, 2011a). 
Development of the Lake’s current watershed increased impervious surfaces, which tends to 
increase surface water runoff from land areas rather than promote infiltration into the ground. A 
significant portion of stormwater that falls on the areas immediately surrounding the Lake drains 
directly into the Lake. Stormwater inlets on the streets surrounding the Lake collect stormwater 
runoff, and route it to the Lake through dedicated drainage pipes (SFPUC, 2011a). Additionally, 
several catch basins draining into the Lake are located primarily along the southern portion near 
Impound Lake, and the majority of the stormwater drains located along the western shore of Lake 
Merced (Figure 4-2) empty directly to the Lake (Kennedy/Jenks, 2012a; SFPUC, 2011a). Overflow 
from the Canal during extreme storm events has historically been discharged into the Lake 
(described below). The proposed Project would re-establish this historic surface water connection 
between Daly City (Vista Grande Drainage Basin) and Lake Merced within the watershed. 

4.2.2 Lake Merced 
Originally not a lake at all, Lake Merced historically had a larger shoreline and was characterized as 
a coastal lagoon that periodically connected directly to the ocean via a channel that ran through 
what is currently the San Francisco Zoo. The outlet was permanently closed in 1895 in order to 
expand Skyline Boulevard and the Great Highway and allow the Spring Valley Water Company to 
convert the lagoon to a reservoir. The existing shape of Lake Merced is typical of a former river-
estuary channel, with a rounded rectangular basin, fairly steep sides and a long, narrow trench close 
to the northeast shore, though it is no longer connected to the ocean. The permanent closing of the 
outlet to form Lake Merced substantially altered the hydrology of the lake which also precipitated a 
shift in lake water quality. Freshwater gradually replaced the saltier ocean water (SFPUC, 2011a). 
Dissolved salts, such as carbonates and sulfates from basin inflows and sodium and chloride from 
sea spray, entering the lake were retained (rather than flushed out via the hydrologic connection to 
the ocean) and also concentrated over time as a result of annual evaporation. Such a hydrologic shift 
has likely resulted in the entire lake becoming increasingly alkaline, as compared to historic 
conditions, with a higher baseline pH (discussed further in Section 4.3). 

North and South Lakes are hydrologically connected via a conduit, although this connectivity is 
limited (SFPUC, 2011a). North and East Lakes are hydrologically connected via a narrow 
channel under a pedestrian bridge. Impound Lake was formed with the construction of a sewer 
line across the southern tip of South Lake which restricted the hydrologic connection so that flow 
between South and Impound Lakes occurs only when WSE is above 4.3 feet City Datum. South 
Lake, which has a surface area of approximately 175 acres, is the largest of the lakes, and 
contains more than two-thirds of the total volume of all four lakes. Following in order of size, 
North Lake is approximately 58 acres, East Lake is approximately 26 acres, and Impound Lake, 
the smallest and southernmost lake, is approximately 13 acres. Water depth varies between the 
four lakes, with Impound Lake being the shallowest with depths ranging from 2 to 10 feet, and an  
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\average depth of roughly 5.5 to 6 feet. North and East Lakes range in depth from 3 to 20 feet, 
with an average depth of 10 to 11 feet. South Lake depths range from 3 to 21 feet, with average 
depths of roughly 13 to 15 feet (SFPUC, 2011a). 

Lake Merced is currently replenished primarily by direct precipitation, limited runoff from 
immediately adjacent areas, periodic overflows of the Canal, and shallow groundwater inflow 
(Figure 4-3). The only physical outlet from Lake Merced is from South Lake via a 30-inch-
diameter overflow conduit at a WSE of approximately13 feet City Datum that connects to the 
Tunnel immediately downstream of the Canal. Currently, the largest source of outflow is 
evaporation, followed by transpiration, and groundwater infiltration. 
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Lake Merced Sources of Inflow and Outflow 
 

The total combined surface area of all four lakes has historically ranged from 190 to 319 acres, 
depending on water level, with a corresponding total volume that ranged from 1,800 to 7,780 acre-
feet. In recent years, with an annual mean WSE of 6 feet City Datum, the Lake is estimated to have 
a total area of 296 acres and a total volume of 5,625 acre-feet.  

Water levels in Lake Merced fluctuate seasonally and across different time periods. Prior to 1935 
(before the completion of the Hetch Hetchy water system), the Lake was used for municipal water 
supply. Lake WSEs typically ranged from -10 to 0 feet City Datum, but increased to over 13 feet 
City Datum by the late 1930s and early 1940s after water deliveries from the Hetch Hetchy water 
system began (Kennedy/Jenks, 2012b). However, WSEs began to decline again in the 1940s. 
During the 1940s to late 1950s, WSEs varied between 8 and 13 feet City Datum. Between the late 
1950s and early 1980s, lake levels experienced a long-term declining trend, with WSEs ranging 
between 4 and 10 feet City Datum. The reasons for the overall decline in lake levels between the 
1940s and 1980s are reported to be drought, increased municipal groundwater pumping in the 
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Westside Groundwater Basin, and diversion of stormwater runoff due to increased urbanization and 
development of the watershed.  

During the late 1980s and early 1990s, Lake Merced WSEs declined to well below historical 
averages. The lowest WSE observed was about -3.2 feet City Datum in 1993 following the major 
drought of the late 1980s and early 1990s. Since that time, the WSEs have steadily risen as a 
result of above-average precipitation, SFPUC water additions to the Lake between 2002 and 
2005, reduced irrigation pumping at the Lake Merced-area golf courses as a result of recycled 
water deliveries, and reduced municipal groundwater pumping as a result of the In-Lieu Recharge 
Demonstration Study5 (see Figure 4-4 for 1926 to 2011 water levels). Since 2006, lake levels 
have consistently remained between about 5 and 7 feet City Datum. In 2009, the WSE ranged 
from approximately 4.9 to 6.9 feet City Datum (Kennedy/Jenks, 2012b). As of December 2011, 
the WSE was approximately 6.8 feet City Datum, though in April 2011, the Lake had reached 
7.4 feet City Datum, its maximum WSE in 2011 (SFPUC, 2011).  

4.3 Lake Merced Water Quality 

4.3.1 Previous Lake Merced Water Quality Monitoring 
The water quality assessment for Lake Merced includes a review of data on historic and baseline 
water quality conditions, which were gathered from several existing water quality data sources 
and reports. The largest and most robust historic data set reviewed was compiled by SFPUC as 
part of routine monitoring in Lake Merced. The SFPUC data is collected over a wide spatial area; 
monitors a broad range of water quality parameters at multiple depths throughout the year, and 
includes over 10 years of consistent monitoring. For these reasons, the SFPUC data is the focus of 
the following section. 

The SFPUC has in the past and continues to monitor a broad range of water quality parameters at 
various depths within Lake Merced on a quarterly basis. Monitoring is conducted at four 
locations identified as North, Northeast, South-Pistol Range, and South-Pump Station, as shown 
on Figure 4-5 (Kennedy/Jenks, 2010). Water sampling is conducted between three and eight 
times per year but is typically conducted quarterly. For the majority of the parameters tested, 
samples at each location are collected at various depths, starting at the lake surface, and 
decreasing at 5-foot intervals to the lake bottom. 

5  From October 2002 through April 2007, the SFPUC and three Partner Agencies (Daly City; California Water Service 
Company [Cal Water]; and the City of San Bruno) participated in the In-Lieu Recharge Demonstration Study in the 
South Westside Groundwater Basin to study the effects of the groundwater recharge component of a conjunctive use 
program. During the Demonstration Study, the Partner Agencies received approximately 20,000 acre-feet of 
supplemental surface water from the SFPUC “in-lieu” of their normal groundwater pumping. The purpose of the study 
was to determine if providing supplemental water to the Partner Agencies would result in increased groundwater 
availability for pumping in dry years and for emergency supply when the SFPUC regional water supply may be 
reduced. The 20,000 acre-feet of groundwater savings accrued under the Demonstration Study was credited to an 
SFPUC Storage Account. However, this water would not be withdrawn unless the SFPUC approves the Groundwater 
Storage and Recovery Project, the SFPUC and the Partner Agencies approve the associated Operating Agreement, and 
the Groundwater Storage and Recovery Project wells are constructed to enable use of the water in storage 
(Kennedy/Jenks, 2012a). 
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Figure 4-4
Historical Measured Lake Merced

Water Surface Elevation (1926 to 2011)

SOURCE: ESA, 2013
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Figure 4-5
SFPUC Lake Merced Water Quality Monitoring Locations
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Kennedy/Jenks Water Quality Assessment 
In 2010, Kennedy/Jenks Consultants evaluated SFPUC water quality data collected from 1997 to 
2009 (Kennedy/Jenks, 2010, included in Appendix D) to determine if Lake Merced’s “health” 
had improved, remained constant, or degraded over time. Based on a review of the data, water 
quality parameters that represent lake conditions can be grouped as: 

• DO, a measure of the amount of dissolved oxygen in water, which is an indicator of fish 
habitat and healthy biological processes; 

• Secchi depth, which is a measurement of lake clarity, and can be affected by algae 
production and suspended solids; 

• Algae, as well as total available nitrogen, and nitrogen-to-phosphorous ratio (N:P), which 
are indicators of algal production and nutrients, both of which affect long-term lake health; 
and 

• Total coliform and Escherichia coli (E. coli), both of which are indicators of pathogenic 
microorganisms and fecal contamination. 

The 2010 Kennedy/Jenks evaluation concluded that the water quality of Lake Merced remained 
relatively constant from 1997 to 2009, and that the lake clarity (Secchi depth) improved slightly. 
During the 1997 to 2009 sampling period, no substantial changes in average algal biomass levels 
occurred, although there were periodic increases in concentration due to algal blooms.  

DO levels measured between 1997 and 2009 remained above the warm water habitat objective of 
5 mg/L and the cold water habitat objective of 7 mg/L for the majority of the data set, although 
episodes of DO lower than 5 mg/L occurred (Figure 4-6) (Kennedy/Jenks, 2010). It was 
determined that DO levels were affected by the naturally occurring periods of weak stratification.6 
While long-term anoxia in the hypolimnion was not observed, episodes of DO lower than 5 mg/L 
occurred periodically during the summer and late fall in the deeper portions of the Lake. DO 
measured at the surface down to 5 feet depth always exceeded 5 mg/L. An increasing trend in DO 
was found for the 13-year data set, although the trend is not statistically significant. Additionally, 
the data indicate that significant additions of nutrients due to low DO and internal nutrient cycling 
(discussed further under “Processes affecting Lake Water Quality”) do not occur.  

Lake Merced is an alkaline lake (discussed further in Section 4.3.2) with a pH range of 
approximately 7.5 to 9.3. The average pH across all depths sampled over the same 13-year period 
was 8.1, within the range of Basin Plan WQOs of 6.5 to 8.5 and near the level of 8.3 which would 
result from equilibrium with carbon dioxide in the atmosphere. The pH levels appear to be the 
result of photosynthesis from algal activity, combined with the elevated alkalinity within the Lake 
due to it being a terminal lake, with no regularly occurring outflow since it lost connection to the  

6  Lake stratification is the separation of a lake into three layers: the top of the lake, referred to as the epilimnion; the 
middle of the lake, referred to as the metalimnion; and the bottom layer of the lake, referred to as the hypolimnion. 
The amount of lake stratification can vary over the day as well as seasonally, depending on a number of factors 
(discussed further under “Processes affecting Lake Water Quality”). 

Vista Grande Drainage Basin Improvement Project 4-10 ESA / 207036.01 
Water Quality Assessment December 2015 

                                                      



Surface
D

is
so

lv
ed

 O
xy

ge
n 

(m
g/

L)

0

2

4

6

8

10

12

Lake Merced South - Pump Station: Dissolved Oxygen

5 Feet

D
is

so
lv

ed
 O

xy
ge

n 
(m

g/
L)

0

2

4

6

8

10

12

10 Feet

D
is

so
lv

ed
 O

xy
ge

n 
(m

g/
L)

0

2

4

6

8

10

12

15 Feet

D
is

so
lv

ed
 O

xy
ge

n 
(m

g/
L)

0

2

4

6

8

10

12

All Depths

Winter Spring Summer Fall

D
is

so
lv

ed
 O

xy
ge

n 
(m

g/
L)

0

2

4

6

8

10

12

N = 12 N = 15 N = 14 N = 17

N = 12 N = 15 N = 14 N = 17

N = 12 N = 15 N = 14 N = 17

N = 12 N = 15 N = 14 N = 17

N = 63 N = 65 N = 46 N = 60

SOURCE:  Kennedy/Jenks Consultants, 2010; 
                   ESA, 2013

Vista Grande Drainage Basin Improvement Project. 207036.01
Figure 4-6

Lake Merced South - Pump Station: Dissolved Oxygen 1997 to 2009



4. Lake Merced Existing Conditions 
 

Pacific Ocean in the late 1900s. Overall, a statistically significant decreasing trend in pH was 
found for the 13-year data set, indicating an improvement in water quality (Figure 4-7) 
(Kennedy/Jenks, 2010). 

SFPUC calculated various summary statistics (median, minimum, maximum, standard deviation, 
and coefficient of variance) for the water quality data collected between 1997 and 2009 (SFPUC, 
2010). Table 4-2 provides a data summary for key nutrient- and algal-related parameters, as well 
as temperature, DO, and pH.7 The key nutrient- and algal-related parameters demonstrate that 
Lake Merced is strongly nitrogen-limited and has been since at least 2000. Algae blooms 
typically occur in the fall, and bioavailable nitrogen typically peaks in the winter or spring. 

TABLE 4-2 
DATA SUMMARY OF KEY NUTRIENT AND ALGAL RELATED PARAMETERS  

(SOUTH LAKE PUMP STATION) 

Parameter Units 

1997-2009 
Number of 
Sampling 

Dates Median Min. Max. 
Standard 
Deviation 

Coefficient 
of Variance 

Temperature ºC 16.3 9.8 21.8 3.10 0.20 59 

Dissolved oxygen (DO) mg/L 7.8 ND 12.2 2.8 0.39 58 

pH - 8.1 6.8 8.8 0.3 0.04 59 

Ammonium (NH4+) mg/L 0.04 ND 0.65 0.07 1.22 57 

Nitrate (NO3-) mg/L ND ND 0.62 0.09 2.80 59 

Orthophosphate mg/L 0.05 ND 0.23 0.05 0.86 59 

Total Kjeldahl nitrogen (TKN) mg/L 2.38 ND 28.2 3.67 1.00 55 

Total Phosphorus mg/L 0.15 ND 0.40 0.06 0.41 58 

Chlorophyll µg/L 23 5 100 15 0.58 53 

Secchi depth feet 1.8 1.0 3.0 0.5 0.27 59 
 
NOTES: 
 ND – Non-detect 
 
SOURCE: SFPUC, 2010 
 

 

4.3.2 Lake Merced 2011-2012 Monitoring 
Review of existing water quality data and reports for Lake Merced (Section 4.3.1) and the Canal 
(Section 5.2.1), identified additional information needed to prepare a thorough assessment of 
potential water quality effects from proposed diversions from the Canal to Lake Merced. The 
quarterly monitoring data collected by SFPUC in Lake Merced provided broad scale baseline 
water quality conditions, but did not provide the more detailed seasonal, spatial (depth), and  

7  Appendix A contains a more detailed graphical summary of results over this 1997 to 2009 time period from the 
South Lake (Pump Station) SFPUC monitoring location, including temperature, DO, pH, ammonia, nitrate, and 
total phosphorus. 
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temporal (hourly) DO and pH data necessary to establish the baseline water quality of the 
potential receiving waters (South Lake), particularly relative to the USEPA 303(d) listing.  

In response to the need for additional data to document the seasonal, spatial and temporal 
variations in DO and pH in South Lake and overall potential “source” water quality within the 
Canal, a monitoring program was designed and implemented for the 2011 and 2012 dry and wet 
season periods. Development of the monitoring program incorporated input from and review by 
SFPUC and RWQCB staff. The sections below provide an overview of the water quality 
sampling methodology, results, and analysis, as defined by the monitoring program. 

Methods for 2011-2012 Lake Merced Monitoring 
Dry season and wet season water quality monitoring plans were developed for South Lake and 
the Canal to establish baseline water quality characteristics within the Lake for DO and pH and 
for overall water quality within the Canal. The dry and wet season plans (Final 2011 Dry Season 
Water Quality Monitoring Plan – Vista Grande Drainage Basin Improvement Project, September 
16, 2011; Final 2011-2012 Wet Season Water Quality Monitoring Plan – Vista Grande Drainage 
Basin Improvement Project, November 17, 2011, Appendix B) included NPDES-compliant 
sampling and analytical methodologies and detection limits. Monitored constituents included 
those typically present in urban stormwater and non-stormwater runoff (nutrients, metals, and 
bacteria). 

Water quality monitoring data collection was conducted in 2011 and 2012 to characterize water 
quality during seasonal dry and wet annual periods. Dry season water quality monitoring was 
conducted between August 15 and October 31, 2011 and wet season monitoring was conducted 
from November 20, 2011 to May 31, 2012. Monitoring was conducted concurrently in the Canal 
and South Lake using consistent analytical methods to assess a similar set of water quality 
parameters. 

For both dry and wet season monitoring, four monitoring locations were identified within Lake 
Merced based on review of historic data (Kennedy/Jenks Consultants, 2010) and the potential 
discharge location (as of Fall 2011) of the stormwater from the proposed constructed treatment 
wetland into the southern portion of South Lake. (As described in Chapter 2, Project Description 
Overview, the proposed discharge location is now at the central western shoreline of Impound 
Lake). Additionally, one monitoring location was identified within the Canal for concurrent 
monitoring.  

Continuously recording (hourly) water quality data loggers were installed at the four Lake 
Merced locations to record pH, DO, specific conductance, and temperature. The data loggers 
were deployed in August 2011 and removed in January 2013. The loggers recorded water quality 
at multiple depths between the surface and Lake bottom. One continuously recording (hourly) 
water quality logger was also installed at the monitoring location within the Canal to monitor the 
same parameters. 

Vista Grande Drainage Basin Improvement Project 4-14 ESA / 207036.01 
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As shown in -, the monitoring and data logging stations included: 

• Station LM-1: located approximately midway across the SFPUC’s sewer transport 
structure separating South Lake and Impound Lake (data logger at 1.5 foot depth).  

• Station LM-2: located at a public access floating dock between LM-1 and LM-3 (data 
loggers near surface and approximately 8 feet).  

• Station LM-3: located approximately 1,000 feet northwest of the SFPUC’s sewer transport 
structure separating South Lake and Impound Lake and adjacent to the existing riprap 
Canal overflow discharge structure (data loggers near surface and approximately 15 feet).  

• Station LM-4: located at a point that has been used by the SFPUC for monitoring water 
quality in the South Lake since 1997 (allowing comparison of the 2011 dry and wet season 
monitoring data to the larger historic record) and has been determined to be representative 
of the overall water quality of South Lake (Kennedy/Jenks Consultants, 2010). (Routine 
surface grab sampling and data loggers at near surface, 10, 15, and 20 feet). 

• VGC-1: located within the Canal for hydrologic monitoring and water quality sampling. 
This location was selected to avoid inclusion of monitoring data that includes backwatering 
or velocity changes that may occur at some constricted points along the Canal. 

During the 2011 dry season, grab samples were collected twice monthly at the Lake surface at the 
LM-4 monitoring station and delivered to a California-certified analytical laboratory for analysis of 
the water quality constituents (see Appendix B). Additional details regarding the analytic methods 
used, frequency of sampling conducted, and other aspects of the monitoring study are presented in 
the 2011 Dry Season Water Quality Monitoring Plan (Appendix B). Dry season samples were 
collected on August 17, September 1, September 15, September 30, October 13, and October 27, 
2011. During the wet season, collection of grab samples at LM-4 was synchronized with collection 
of water quality samples from the Canal. Samples were collected within 24 hours of rainfall that 
generated sufficient storm flow for successful sampling within the Canal (discussed further in 
Section 5.2.2).  

Subsequent samples were also collected from LM-4 approximately 24 hours after the cessation of a 
precipitation/runoff event for analysis of microbiological constituents to characterize and assess 
changes in bacterial concentrations in Lake Merced following contribution of storm flows from the 
San Francisco portion of the watershed that contributes runoff to the Lake. Additionally, samples 
were collected during dry weather interludes. These grab samples were delivered to a California-
certified laboratory for analysis of a suite of water quality constituents (listed in Appendix B). Wet 
season storm samples were collected on January 20, January 23, February 29, and March 14, 2012. 
Wet season non-storm samples were collected on January 13, February 6, and February 17, 2012. 

Results of 2011-2012 Dry and Wet Season Monitoring 
Appendix B includes detailed results of the dry and wet season monitoring conducted as part of 
the proposed project (including the results of Canal water quality monitoring). The following 
sections discuss the monitoring results for temperature, DO, and pH, which are the focus of the 
Chapter 6 analysis. The sections below also discuss monitoring results for other constituents as  
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they relate to DO and pH, and the interrelated lake processes discussed in Section 4.4. Results 
presented below include a summary discussion of analyses and interpretation of lake processes 
presented by Dr. Horne (2012a) as part of his modeled analysis of water quality effects to Lake 
Merced from the diversion of Canal flows (presented in its entirety in Appendix E). Section 4.3.3 
and Appendix B include additional discussion and summary plots for results of the full 
monitoring period through January 2013.  

Temperature 
Temperature data collected from August 2011 to January 2013 indicate that from approximately 
mid-October through mid-April, the Lake is well mixed with a relatively uniform temperature 
profile throughout the water column. Water temperatures during that period range from about 
10 °C to 18 °C. From late spring through early fall; however, rising air temperatures and solar 
radiation initiate stratification when the surface layers of the Lake are warmed by the sun. In June 
and July, surface water temperatures regularly exceed 20 °C while hypolimnion temperatures are 
often above 18 °C. 

Dissolved Oxygen 
During the initial period of continuous monitoring (August 20 to October 14, 2011), DO near the 
bottom of the water column was above the 5 mg/L criterion for only about 5 percent of the 
period, due to seasonal stratification broken up by intermittent weak mixing events. Functional 
anoxia (less than 2 mg/L DO) for several weeks is required in the bottom waters before the 
sediments release substantial amounts of ammonia and phosphate. In Lake Merced, functional 
anoxia occurred in 2011 at near-shore station LM-3 for 34 percent of the time (19 non-continuous 
days with the longest continuous period being only 4 to 5 days) (Table 4-3). Thus, for about 
66 percent of the time, some oxygen was present, albeit between 2 and 5 mg/L. Figure 4-9 shows 
these fluctuations in DO content. Based on the small changes in ammonia and total-P in the same 
seasons, the short and intermittent period of functional anoxia does not appear long enough to 
substantially increase sediment nutrient flux. 

TABLE 4-3 
WATER QUALITY AND DEPTH RELATIONSHIPS IN SOUTH LAKE 

Time period 

Percentage (%) of 
time DO > 5 mg/L 

below 15 feet 

Percentage (%) of 
time DO < 2 mg/L 

below 15 feet Comment 

Aug-Oct 2011 
(WSE 6.8 ft) 5% (2 days)a 34% (19 days)a DO usually below 5 mg/L standard 

but functional anoxia less common 

June-Aug. 1997-2003  
(WSE 0 to 3.8 ft) 38 50 Apparent increaseb in duration of 

functional anoxia.  

Sept-Nov. 2004-2010 
(WSE 4 to 7 ft) 50 80 Increase in lower DO. 

 
NOTES: 
a Not continuous.  
b Duration of functional anoxia between the two periods (1997 to 2009) and the 2011 data do not correspond exactly since different time 

periods are averaged and there are many more measurements in 2011.  
 
SOURCE: 2011 data from the LM-3 probe; 1997 through 2009 data from SFPUC, 2009.  
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Figure 4-9
Dissolved Oxygen in South Lake, August - October 2011

SOURCE: ESA, 2013
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Figure 2-8 
Dissolved Oxygen in South Lake, August - October 2011 
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As described in Section 4.3.1, periodic measurements of water quality by SFPUC are available 
for the last 12 years and provide context here for the DO conditions described above. Readings of 
DO were taken in most years between 1997 and 2010, but normally only once per year for the 
critical summer-fall period, and not always in the same month. There was a series of years with 
relatively low water levels (1997 to 2003; WSE 0 to 3.8 ft.) and a similar period of higher water 
levels (2004 to 2010; WSE 4 to 7 ft.). Increased depth did reduce DO in deep water (Table 4-3). 
The effect was most pronounced in autumn. The bottom DO in September-October 1997 to 2003 
was greater than 5 mg/L for 50 percent of the time, but only for 20 percent of the time from 2004 
to 2010. However, no negative effects on algae or water clarity occurred when the incidences of 
low DO in deep water increased. In fact, any potential adverse effect due to lower DO in the deep 
water seemed to have been more than balanced by beneficial effects of deeper water since water 
clarity increased and nitrate, pH, and turbidity declined (Kennedy/Jenks, 2010).  

pH 
Lake Merced has a widely fluctuating and elevated pH range, particularly in the portion of the 
water column near the lake surface. As shown in Figure 4-10, the removal of acidic carbon 
dioxide on summer afternoons by algal photosynthesis frequently raises the pH of surface water 
layers above 8.5, typically occurring for about 6 hours, corresponding to peak sunlight periods, 
and ranging from about 1 to 24 hours in duration. Importantly, the Lake’s range of pH 
(approximately 7.5 to 9.3) is always on the alkaline side and never reaches neutrality (pH 7). 
Since carbonic acid is produced following decomposition in the sediments, lower pH than that 
measured in Lake Merced is typically found in deep water at most lakes.  

The higher pH values in Lake Merced are not typical for a system such as Lake Merced, given the 
sandy (acidic) nature of the Lake’s drainage soils which should produce a more acid runoff water. 
Rain is acidic (pH equilibrium 5.7) and should not be easily neutralized passing though sandy 
soil. Due to its expected acidic drainage and by comparison with similar lakes, more acidic water 
would be expected in Lake Merced. Lower surface pH (approximately 8) did occur at night on 
most days but only occurred during the day during the one chemical holomixis (top-to-bottom 
mixing) event recorded for the initial 2011 monitoring period (October 17 and 18). High pH 
occurs on almost every day in summer and fall and was similar between 1970 and 2010 
(San Francisco Water Department as cited in Matuk and Salcedo, 2000; SFPUC, 2009). Although 
high pH occurrences are common in eutrophic lakes in the later morning and early afternoon, the 
frequency, duration, and temporal patterns of high pH found in Lake Merced are not consistent 
with the Lake’s eutrophic state and algal abundance (chlorophyll an approximately 28 
micrograms per liter [µg/L]). Typically, higher pH values would be expected in the day and lower 
pH values would be expected at night or on cloudy days (Straskraba, 1986). 

The best explanation for the observed cycle of the highest pH occurring in the day and lowest at 
night is algal photosynthesis (described in detail in Horne, 2012b, included as Appendix E). The 
cycles of high pH in Lake Merced are due to algal photosynthesis in the day and respiration by 
algae, zooplankton, and fish at night, on top of a high background pH due to the naturally high 
concentration of salts like carbonates or alkaline salts. 
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Figure 4-10
pH in South Lake, August - October 2011

SOURCE: ESA, 2013
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4.3.3 Extended Monitoring Results 
Subsequent to the initial 2011 continuous monitoring and analysis of Lake Merced water quality 
conditions described in Section 4.3.2, above, additional monitoring data were collected as part of 
the 2011-2012 program through January 2013. These data provide a multi-year insight into seasonal 
variability and stratification conditions that occur within Lake Merced. Also, as part of the extended 
monitoring, additional continuous water quality sondes were added at station LM-4 to monitor 
water quality at more and lower discrete depths as LM-4 was determined to be the most 
representative of overall lake conditions. The results of the extended water quality monitoring are 
consistent with the initial 2011 trends described in Section 4.3.2. Figures 4-11 through 4-13 
summarize the extended monitoring results for temperature, DO, and pH, respectively and include a 
summary of continuous time series monitoring data for DO (Figure 4-12b) and pH (Figure 4-13b), 
collected at a range of depths at location LM-4. The continuous time series results demonstrate 
trends and fluctuations of DO and pH observed over the course of one full year at four discrete 
monitoring depths within the Lake. Also summarized are continuous time series results for DO 
(Figure 4-12c) and pH (Figure 4-13c), where the results for the surface and 10-foot depths 
averaged and then the 15- and 20-foot depths averaged for comparison to demonstrate the naturally 
occurring seasonal DO and pH fluctuations within the epilimnion and hypolimnion. Figures 4-14 
through 4-16 summarize the trend of natural fluctuation in temperature, DO, and pH levels, 
respectively, over a 48-hour period. Such fluctuations occur as a result of diurnal variability in algal 
photosynthesis and solar warming (discussed in Section 4.4, below). 

4.4 Conditions Affecting Lake Water Quality 
Section 4.3, above, describes the existing water quality conditions of Lake Merced. There are 
numerous processes and variables within the Lake that can affect water quality, particularly the 
extent and duration of seasonal stratification. These processes are described here as part of the 
setting for the analysis presented in Chapter 6 which describes the implications of the project on 
the ecology and health of the Lake. 

As discussed in Section 4.2, Lake Merced Hydrology, the WSE of the Lake is lower than it has 
been in the past, primarily due to the loss of inflow from the historic watershed and groundwater 
extraction. The existing water quality conditions in Lake Merced for DO and pH are due in part to 
its current depth. Deep (greater than 300 feet) and very shallow (less than 3 feet) lakes rarely show 
any depletion of oxygen in the bottom waters. Lakes with depths between the two extremes are 
affected by the balance between wind mixing (which can stir oxygen down from the surface) and 
biological oxygen demand (BOD) from the decay of algae and other organic matter in the deep 
water and sediments. A second critical limnological factor affecting DO and pH is extended lake 
stratification that typically occurs between spring and fall. At this time, most of the mixing energy 
in the water is confined to the surface water layer and the deeper, cooler bottom water is relatively 
undisturbed. The critical depth at which extended stratification would occur is about 30 to 35 feet in 
the Bay Area climate. However, this depth is not within the range of lake depths possible for Lake 
Merced (Horne, 2012a). 
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Lake Merced Station 4 Temperatures
August 2012 - January 2013
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Figure 4-11
Extended Monitoring Results for Temperature



Lake Merced Station 4 Dissolved Oxygen
August 2012 - January 2013
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Figure 4-12a
Extended Monitoring Results for DO
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Figure 4-12b
DO Summary by Depth (LM4)



SOURCE:  ESA
Vista Grande Drainage Basin Improvement Project. 207036.01

Figure 4-12c
Upper and Lower Waters Average DO Summary



Lake Merced Station 4 pH
August 2012 - January 2013
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Figure 4-13a
Extended Monitoring Results for pH
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Figure 4-13b
pH Summary by Depth (LM4)
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Figure 4-13c
Upper and Lower Water Average pH Summary





















































Figure 4-14
48-Hour Temperature Fluctuations

SOURCE: ESA, 2013
Vista Grande Drainage Basin Improvement Project. 207036.01
































































Figure 4-15
48-hour Dissolved Oxygen Fluctuations

SOURCE: ESA, 2013
Vista Grande Drainage Basin Improvement Project. 207036.01

































Figure 4-16
48-hour pH Fluctuations

SOURCE: ESA, 2013
Vista Grande Drainage Basin Improvement Project. 207036.01



4. Lake Merced Existing Conditions 
 

The following sections outline these processes and provide a brief assessment of the current and 
historical trends for Lake Merced with respect to these processes.  

4.4.1 Thermal and Chemical Stratification 
A much deeper lake than Lake Merced would be thermally stratified from spring to fall 
(monomictic). Even if there were oxygen depletion in the deep water, the consequent release of 
nutrients from sediments would not reach the surface until the fall overturn when the available 
light is beginning to limit algal growth. South Lake currently has a maximum depth of 
approximately 24 feet, and is neither shallow enough to mix enough oxygen into bottom waters 
nor deep enough for nutrients to remain below the level of algal growth. Either deep, sustained 
thermal stratification or very shallow lake levels would result in less nutrient flux from sediments 
to surface water and in less eutrophication (fewer algae, more DO in deep water, and lower pH in 
the surface water). 

More important to water quality than thermal stratification is chemical stratification, especially 
for DO. Chemical stratification is much less well understood than thermal stratification because it 
is a dynamic chemical-physical process while thermal stratification is primarily a physical 
process. In many lakes, thermal and chemical stratification occur together, but while thermal 
stratification is intermittent, chemical stratification is more persistent. The difference occurs 
because the rate of downward mixing of oxygen is less than the rate of oxygen demand of the 
sediments and deep water. Recent continuous recording probes in Lake Merced demonstrated 
weak thermal stratification but much stronger oxygen stratification. 

Thermal stratification is the separation of water layers within a lake system, wherein warm, less 
dense surface waters (epilimnion) float over a deeper layer of cooler, denser waters (hypolimnion). 
Chemical stratification, shown by gradients of chemicals like oxygen and nutrients, often results 
after thermal stratification. Thermal stratification develops as surface water temperatures rise during 
spring and a vertical temperature gradient, or thermocline, develops. Bottom waters are then 
separated from the surface waters, due to the differences in water temperature and thus density. A 
lake may undergo periods of temporary weak stratification or may experience strong seasonal 
stratification that lasts from spring to late fall. The degree of variability is dependent on lake 
morphology and environmental conditions. Interpretations of historic (typically quarterly) 
monitoring data have generally suggested that Lake Merced tends to undergo weak intermittent 
thermal stratification (EDAW, 2004). More recent data collected using continuous (every one hour) 
recording probes in 2011-2012 confirm that stratification occurs and persists from mid-spring 
through late fall and that thermal mixing can occur every 9 to 11 days, depending on seasonal 
climatic and wind mixing conditions (see Appendices C-1 and C-4). 

Thermal stratification has important water quality implications because of its influence on DO 
levels, nutrient dynamics, and habitat quality for fish and other aquatic organisms. In eutrophic 
lakes with large algal populations, stratification can have significant effects on pH and DO levels 
in the separated surface and bottom waters. As indicated by Secchi disk readings, sufficient 
sunlight for algal growth only penetrates about 4.6 feet (approximately 2.3 times Secchi depth) in 
South Lake. Algal photosynthesis is therefore primarily limited to this shallow photic zone. In a 
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water column that is mixing, algae growth is limited by the amount of sunlight available to 
phytoplankton cells. The availability of sunlight (irradiance) is a function of the ratio between the 
euphotic depth (zeu) and the depth of mixing (zmix). If zeu equals zmix (i.e., zeu/zmix = 1), then the 
cells are constantly illuminated and photosynthesis is continuous and maximized during the 
daylight period. In Lake Merced, the photic zone is a fraction of the mixed epilimnion zone with 
a zeu/zmix ratio of about 1:2. The ratio indicates that the algae present in the Lake are most growth 
limited by access to light and not nutrients, since half of the algae spend the daylight hours mixed 
down into the darker deeper water with limited available light for growth. 

During photosynthesis, algae take in carbon dioxide from the water to produce organic (carbon-
based) matter, and in the process produce and release oxygen. During intense photosynthesis, the 
imbalance between instantaneous uptake of carbon dioxide and its resupply from the air or the 
dissolved carbonate pool causes the pH to rise. There are sufficient algae levels in Lake Merced 
(chlorophyll a is approximately 26 to 30 µg/L) to produce intense photosynthesis in surface 
waters. This is why the surface waters in the Lake show both elevated pH and DO levels 
compared to deeper water. The effect is most pronounced on calm, sunny days when the upper 
few feet of the Lake become unusually warm and stable. Under more normal conditions, 
afternoon winds stir the upper waters, resulting in elevated pH through much of the epilimnion.  

Conversely, in the cooler, denser bottom waters (hypolimnion), separated from the warmer, less 
dense and mixed surface waters, pH and DO levels are lower. No photosynthesis occurs below the 
photic zone; therefore, there is no photosynthesis-driven increase in pH. The waters below 10 to 
15 feet in depth remain partially or totally isolated from the surface and from potential reaeration 
via diffusion and wind mixing. Algal respiration depletes the available oxygen and produces carbon 
dioxide, reducing pH in deep waters. Possibly more important relative to contributing to low DO 
conditions is the oxygen demand from the decay of organic matter in the bottom sediments. These 
factors can combine to reduce bottom DO levels to near zero for periods of time until the 
stratification breaks down and the Lake mixes again.  

For Lake Merced, data collected from August to October in 2011 show that complete mixing of 
the water column (top to bottom) occurred on average every 9 to 11 days8 (see Figure 4-9). 
Dr. Horne confirmed the representativeness of this mixing frequency range based on additional 
2012 data (Appendix E). The rate of mixing in summer-fall 2011 was usually insufficient to carry 
enough oxygen down to offset the BOD of the sediments created by organic matter decay. 
Complete holomixis (top-to-bottom mixing) probably occurred only once in summer-fall 2011 
(see Figure 4-9). The result was an extended period of low DO in the deeper waters.  

The following sections describe variables that may influence the degree and extent of stratification 
in Lake Merced. 

8 Data collection began in August 2011 and continued through January 2013. 
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Temperature and Season 
Lake Merced has an atypical temperature regime for its latitude. During warm periods from 
spring through fall, rising air temperature and solar radiation initiates stratification by warming 
the surface layers of a lake. In many U.S. lakes located away from cool ocean water, stratification 
occurs easily since summer air temperatures typically reach 27 to 32 °C (80 to 90 °F). However, 
in general, San Francisco is characterized by much cooler air temperatures, with summer 
temperatures ranging from an average low of 11 °C (52 °F) to an average high of 22 °C (71 °F) in 
the summer. In addition, the coastal marine layer tends to persist throughout much of the day, 
reducing incoming solar radiation.  

These cool weather patterns tend to minimize the warming of Lake Merced and reduce the 
potential for long-term stratification. Average yearly surface temperatures are approximately 16 
°C (61 °F) (SFPUC, 2009). However, during periods of warmer weather, which tend to occur in 
the late summer and early fall, the Lake may undergo short-term warming. For example, in South 
Lake, average surface temperatures during the winter months are approximately 12 °C (54 °F), 
while average surface temperatures in the summer are 19. 4 °C (67 °F). During these warm 
periods, higher surface temperatures can contribute to weak, temporary thermal stratification 
within the Lake (EDAW, 2004; SFPUC 2009; ESA 2011-2012 monitoring data). However, given 
the high rate of decomposition of algae and other accumulated organic matter at the bottom of the 
Lake, chemical stratification may persist for longer than classical thermal stratification. 

Wind 
Wind provides one of the main mixing forces that can disrupt stratification patterns in a lake. A 
lake consists of layers or slabs of water, each of which is slightly different in temperature and 
thus density. Light breezes do not have sufficient energy to lift tons of water in slabs at a deeper 
depth, so only strong winds have much effect. The wind pushes the surface slab horizontally 
around the lake. The motion of this upper layer creates a shear force between the uppermost water 
layer and the layer below, causing friction and a small amount of vertical mixing. When the wind 
is strong, surface waves occur and create several forces that increase vertical mixing. Waves 
cause vertical oscillations of water that are transmitted down through the slabs to the lake bed. 
Wave height and vertical water oscillations depend mostly on wind strength. However, the 
transmission of motion from surface waves (wave height) decreases logarithmically with depth 
depending on wavelength (long-wavelength waves stir deeper). In turn, wavelength depends on 
fetch, the distance over which the wind blows. Because Lake Merced is small, even strong winds 
create small wavelengths that do not cause deep mixing. Indeed, data collected in 2011 showed 
that complete mixing only occurred on average every 9 to 11 days, depending on the site in the 
Lake. 

In fairly shallow and cool lakes like Lake Merced, the water column may seem to be well mixed 
as shown by temperature (EDAW, 2004; ESA 2011 data), but still shows chemical stratification 
with low DO and pH at the bottom and higher DO and pH at the surface. This is because although 
the lake is mixing, the rate of mixing and transport of chemicals from surface to bottom is too 
slow to overcome the rate of biological reactions like photosynthesis and respiration described 
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above. There are not enough windy days to keep Lake Merced chemically mixed even though top 
and bottom temperatures are fairly similar.  

Depth 
The depth of a lake influences the degree of interaction between the surface and bottom layers. In 
shallow lakes, wind mixing is usually strong enough to mix a lake from top to bottom and prevent 
stratification. Deeper lakes tend to exhibit stronger patterns of stratification because there is less 
interaction between the surface and bottom. With depths ranging from 2 to 24 feet, Lake Merced 
is classified as a shallow lake. Therefore, wind induced mixing within the water column usually 
prevents development of strong, persistent thermal stratification. However, there is sufficient 
depth in the deeper waters to allow persistent chemical (DO) stratification, given the eutrophic 
nature of the Lake and the high rates of algal growth and sediment organic matter decomposition. 

Water Clarity 
The clarity of lake water is perhaps the most important and visible water quality parameter to the 
public. Water clarity can be measured by noting the depth to which a white disc (Secchi disc) can 
be seen. Secchi depths range from a few inches in very eutrophic lakes with algae scums to over 
100 feet in very clear blue lakes like Lake Tahoe. In Lake Merced, there appear to be two 
mechanisms that decrease light penetration into the water: suspended inorganic sediments and 
algae. Light absorption by water is reduced by algae (chlorophyll) and is related in the model 
used for the water quality analysis (described in Chapter 6) to water clarity (described in detail in 
Appendix E). Water clarity due to sediment is also considered in the model used for the water 
quality analysis. Based upon these measures, Lake Merced has limited water clarity (2 feet) but 
has seen a recent small increase in water clarity potentially due to improvements in the adjacent 
San Francisco watershed sediment control measures. The change could also be due to the 
additional few feet of water added (decreased mixing) or increases in shoreline submerged 
vegetation (reduces wave-generated sediment suspension). 

The photic zone or layer where the light intensity is suitable for photosynthesis can be defined as 
that greater than 1 percent of incident light. By convention, the zone below 1 percent of incident 
surface light is deemed too dark for photosynthesis (Horne and Goldman, 1994) and is called the 
aphotic zone. The photic zone depth is not known for Lake Merced but can be approximated as 
2.3 times the Secchi depth (2 feet) and is thus 4.6 feet. Algae would grow well in the upper 3 to 
6 feet of water in the Lake. However, almost 80 percent of the Lake water column of 24 feet is 
below the photic zone and is too dark for algae growth. The Lake mixes fully every 9 to 11 days 
and probably down to about half way (10 to 13 feet) every windy afternoon. Thus, the algae 
would spend much of the daylight hours in the dark with reduced efficiency of growth. This is 
likely the reason that there are not more algae in Lake Merced. If the Lake did not mix in this 
manner or was shallow enough for mixing only in the photic zone, chlorophyll levels would 
likely be higher.  

Vista Grande Drainage Basin Improvement Project 4-35 ESA / 207036.01 
Water Quality Assessment December 2015 



4. Lake Merced Existing Conditions 
 

4.4.2 Nutrient Enrichment 
Nutrient dynamics are important to water quality, as high concentrations of nutrients can lead to 
eutrophication. The degree of algal growth is usually restricted by the amount of the most limiting 
nutrient, which in aquatic systems is usually nitrogen or phosphorus. The limiting nutrient in some 
systems can be determined by looking at the ratio of nitrogen to phosphorus. However, in eutrophic 
systems when concentrations of both these nutrients are high, algal biomass may become so large 
that available light for photosynthesis becomes the limiting factor (Pepper et al., 2006).  

There have been several water quality reviews and assessments conducted for Lake Merced over 
the past 10 years. (See Appendix F, Inventory of Documents Related to Lake Merced and Vista 
Grande Watershed Water Quality. See also Section 4.3, Lake Merced Water Quality.) In general, 
nutrient concentrations within Lake Merced are in the range of eutrophic systems, as evidenced 
by Secchi depths that average less than 2 feet. Over the time period of 1997 to 2009, the average 
total phosphorus (TP) concentration was 149 µg/L, the average orthophosphate concentration was 
61 µg/L, the average ammonia concentration was 5 µg/L, the average nitrate concentration was 
31 µg/L, and total Kjeldahl nitrogen (TKN) was 3670 µg/L (SFPUC, 2009). As shown in 
Table 4-4, nutrient concentrations in South Lake are indicative of a eutrophic lake, based on 
trophic state indices and models. 

TABLE 4-4 
COMPARISON OF SOUTH LAKE NUTRIENT CONCENTRATIONS TO TROPHIC STATE INDICATORS 

Water Quality 
Variable 

Average 
Measurement 

in South Lakea 

Trophic State Boundary Level Predicted Trophic 
State for 

South Lake Cooke et al. Horne 

Total Phosphorus (TP)  149 (µg/L) 
>28 (µg/L) Mesotrophic 

>100 (µg/L) Hyper-eutrophic 
> 32 (µg/L) 
Eutrophic Strongly Eutrophic 

Total Inorganic 
Nitrogen (TIN) (nitrate 
+ ammonium) 

81 (µg/L) Not Considered > 110 (µg/L) 
Eutrophic Eutrophic 

Secchi depth 1.8 feet 
< 2 m (6.6 ft) Eutrophic 

< 1 m (3.3 ft) Hyper-eutrophic 
< 2.6 m (8.5 ft) 

Eutrophic Strongly Eutrophic 

Chlorophyll a  26 (µg/L) 
> 9 (µg/L) Eutrophic 

> 25 (µg/L) Hyper-eutrophic 
> 7.9 (µg/L) 
Eutrophic Strongly Eutrophic 

 
NOTE: 
a Average from 1997 to 2009 
 
SOURCE: SFPUC, 2010; Cooke et al. 2011; Horne, 1996 
 

 

Conclusions regarding nutrient limitation within the Lake have varied over time, depending on 
report authors, and on the methodology used for making the determination. In 2004, EDAW 
analyzed nutrient levels at Lake Merced and found that based on the total nitrogen (TN) to TP ratio 
it appeared that Lake Merced may have been phosphorus-limited. However, when the nitrogen to 
phosphorus ratio was analyzed based on the bioavailable inorganic nutrients (nitrate, ammonia, and 
orthophosphate), instead of TKN (which includes the minimally biologically available organic 
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nitrogen fraction that tends to dominate in the Lake), along with nitrate and TP, EDAW determined 
that the Lake would appear to be co-limited by nitrogen and phosphorous (EDAW, 2004).  

In 2007, RMC performed an analysis of nutrient levels at Lake Merced and, using the 
bioavailable forms of nitrogen and phosphorus (NH3-N + NO3-N:Ortho P), found the Lake to be 
strongly nitrogen-limited (RMC, 2007). Kennedy/Jenks Consultants (2010), using TN (TKN + 
nitrate) and 100 percent of TP to calculate the nitrogen to phosphorus ratio, estimated that the 
Lake has been nitrogen-limited since 2005. Since Lake Merced has high levels of organic 
nitrogen, it is more appropriate to analyze the bioavailable nitrogen to bioavailable phosphorus 
ratio. This is because algae can uptake the inorganic forms of nitrogen more easily. Bioavailable 
nitrogen is the sum of nitrate and ammonia, which is referred to as total inorganic nitrogen (TIN). 
Bioavailable phosphorus has been estimated at approximately 80 percent of total phosphorus. 
Using the TIN: 0.8 TP ratio as the limiting nutrient indicator, RMC concluded that the Lake was 
strongly nitrogen-limited and had been since 2000 (RMC, 2007).  

The debate over whether nitrogen and/or phosphorus may be the more limiting nutrient is 
somewhat academic given that the rate of supply of nutrients present has been more than 
sufficient to render the Lake eutrophic (Table 4-4) and to support relatively high concentrations 
of algae year-round in Lake Merced. Although over a dozen algal species have been identified in 
Lake Merced, the four most prominent are Oscillatoria, Anabaena, Melosira, and Mougotia. 
Oscillatoria and Anabaena are cyanobacteria (blue-green algae) that have the unique advantage 
of being able to control their buoyancy and thus their position in the water column, optimizing 
exposure to sunlight and available nutrients. Anabaena has the additional ability to fix nitrogen 
(N+), giving it a distinct advantage should inorganic forms of nitrogen (NO3 - and NH4 +) 
become limited. Melosira is a diatom, while Mougotia is a green algae. Oscillatoria is the 
dominant phytoplankton species in both North and South Lakes with Oscillatoria plankton counts 
two to three orders of magnitude greater than the other species (Merritt Smith Consulting, 2001). 

All of the prominent algae species are characteristic of eutrophic waters. The various trophic 
status indicators also indicate the presence of eutrophic conditions in Lake Merced. Although 
both Oscillatoria and Anabaena contain gas vacuoles which allow them to regulate depth in the 
water column by raising or lowering cell density (Merritt Smith Consulting, 2001), only 
Anabaena is large enough for this to play a potentially important role in Lake Merced. The 
regulation of sinking and rising is controlled by the gas vacuoles, but more so by the colony size.  

The small single filaments of Oscillatoria are easily stirred lower in the water column depth by the 
wind-driven mixing and rise only slowly in calm periods. Thus, this genus is ideally suited for the 
weakly stratified conditions of Lake Merced, provided that the supply of nutrients is adequate. 
Oscillatoria is common in similar cool-water, nutrient-rich shallow lakes in many places in the 
world.  

External Nutrient Sources 
Potential external sources of nutrient inputs to Lake Merced include watershed sources from the 
portion of the Lake Merced watershed located within San Francisco discharged to the Lake via 
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stormwater runoff and authorized non-stormwater sources, groundwater infiltration, atmospheric 
deposition, and algal biological nitrogen fixation.  

Areas within the watershed that are potential non-point sources of nutrients to Lake Merced include 
Harding Park Golf Course, adjacent roadways, surrounding open space areas, and occasional peak 
wet weather overflows from the Canal. In the past, Harding Park Golf Course used a complete 
fertilizer (containing nitrogen, phosphorus, and potassium) at an application rate of 6 pounds (lbs) 
of nitrogen per 1000 square feet (ft2) (260 lb/acre). This rate of nitrogen application is likely to have 
contributed to the lake’s nitrogen store in the past as others have surmised (see below). In addition, 
soil nitrogen buildup can last for many years, despite the loss of soluble nitrogen to groundwater. 
Phosphorus is no longer applied to golf course turf areas and up to 95 percent of stormwater from 
the golf course now drains to a basin under the driving range (EDAW, 2004; SFPUC, 2011a). 
However, it is possible that past runoff could have contributed to buildup of nutrients in lake 
sediments (EDAW, 2004). Certain areas of groundwater within the Westside basin have high levels 
of nitrate that may infiltrate into Lake Merced (SFPUC, 2011a; EDAW, 2004).  

Internal Nutrient Sources 
Internal sources of nutrients in Lake Merced include sediments and decomposition of deposited 
organic matter. Bottom sediments in lakes can be a large reservoir for nutrient storage. Under 
aerobic conditions, an oxidized surface layer forms on the sediment acting to retain nutrients. 
However, under anoxic conditions created during periods of stratification or low mixing rates, 
nutrients may be released from sediments into the water column, contributing to eutrophication. 
The degree of nutrient release is dependent upon lake conditions. Warmer water promotes more 
internal loading of nutrients, and longer periods of anoxia contribute more than short ones. 

Nutrient Removal 
Nitrogen in aquatic systems may exist in several forms: dissolved nitrogen gas (N2), organic 
nitrogen incorporated into organic matter, ionized (NH4+) and un-dissociated ammonia (NH4OH), 
dissolved ammonia gas (NH3), nitrite ion (NO2-), and nitrate ion (NO3-). Under aerobic 
conditions, bacteria mediate the oxidation of ammonia to nitrate (with an intermediate step as 
nitrite) in a process called nitrification. In the nitrification reaction, 1.0 gram (g) of ammonia 
consumes 4.57 g of oxygen. In the absence of oxygen, bacteria mediate the reduction of nitrate to 
nitrogen gas in the process of denitrification (Merritt Smith Consulting, 2001). Since 
denitrification is a microbial mediated process, it slows at cold temperatures.  

Denitrification is a process where additional ammonia and/or nitrate added to the lake would be 
removed from the system to the atmosphere and therefore not be available to support additional 
algal (or other aquatic plant) growth. However, under most lake conditions, nitrate is present in 
very low concentrations near the anoxic sediments so that denitrification rates are very low. 
Artificial lake mixing can increase movement of nitrate from the free water to the sediment zone 
and increase denitrification. Phosphorus is typically adsorbed onto particulates (sediments) and 
may therefore be removed via sedimentation of the associated particulate in addition to uptake by 

Vista Grande Drainage Basin Improvement Project 4-38 ESA / 207036.01 
Water Quality Assessment December 2015 



4. Lake Merced Existing Conditions 
 

aquatic plants. However, upon decay of the plants or organic particles, phosphate is once again 
released to the water.  

Nutrient removal processes, such as denitrification or organic matter losses to deep (biologically 
unavailable) sediments, are difficult to quantify. The nutrient related analyses in this WQA 
(Chapter 6) conservatively assume that nutrient inputs into the Lake remain bioavailable. 

4.5 Relationship between Water Mixing, Nutrients and 
Algae 

The average annual nutrient concentrations in Lake Merced (Table 4-4) are similar to many urban 
waters in the semi-arid West. Biologically available nitrogen is scarce (mean TIN = 81 µg/L) and 
biologically available phosphorus is plentiful (mean TP = 149 µg/L). Nitrate and ammonia are 
readily used by algae but organic nitrogen (most of TN here) is refractory (hard to biologically 
break down) and therefore mostly unavailable for algae growth. In contrast, about 80 percent of 
total phosphorus can be easily converted to biologically available phosphate within hours by the 
common alkaline phosphatase enzymes present in algae and sometimes in the free water. The 
enzyme cleaves the phosphate-carbon bond. Organic nitrogen can also be converted to ammonia 
but there is no abundant equivalent enzyme to break the carbon-amine bond of nitrogen. The 
mineralization of most organic nitrogen to bioavailable TIN takes months or years and is far too 
slow to supply algae blooms that grow in a few days or weeks. Given the very low amounts of 
bioavailable nitrogen present, limitation of algal growth by TIN is possible. Algal concentrations, 
as evidenced by chlorophyll a levels, are generally not present in densities that would limit 
growth by self-shading, although during deep mixing events, growth may be light-limited because 
some algae would be too deep for sunlight to reach. 

Thus, the available evidence indicates that the shortage of bioavailable nitrogen (TIN) most likely 
limits algal growth in Lake Merced unless there are so many algae and/or sediments present that 
light is the growth limiting factor. At the end of the spring bloom of algae, nutrients are depleted 
and the only sizable new source is via mixing from the sediments to the surface water. During the 
spring-fall period, data from the in-situ probes can be used to estimate top-to-bottom mixing 
(holomixis) in the Lake. A value of mixing every 9 to 11 days was found (Figure 4-8, 
Appendices C-1 and C-4). Thus, approximately every week and a half, the surface water nutrients 
can be replenished to some extent by deep water nutrients.  

4.6 Biological Resources 
This section describes the history and condition of Lake Merced’s aquatic life biological 
resources relative to the protection of RWQCB Basin Plan beneficial uses, based on the indicator 
water quality objectives of DO, pH, and temperature. This discussion focuses on fisheries 
resources and fisheries habitat since wetland and riparian habitat and special-status bird species 
are likely to be more sensitive to water level changes, rather than potential lake level related 
water quality changes.  
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4.6.1 Existing Fisheries Resources and Habitat 

Fisheries Resources 
Throughout its history, including the establishment of a recreational fishery, Lake Merced has 
undergone a number of changes in fish species composition due to changes in surrounding land 
use and vigorous management of its fisheries resources (EDAW, 2004). As described previously, 
Lake Merced was once a coastal lagoon connected to the Pacific Ocean and likely supported 
native fish with wide salinity tolerances, including possibly the now endangered tidewater goby 
(Eucyclogobius newberryi). Although the total number of species known to have occurred in 
Lake Merced at one time or another varies somewhat among the authors of prior assessments, 
EDAW (2004) summarized confirmed species observations from sporadic sampling efforts over 
the period of 1939 through 1989 (Table 4-5). Of these, only seven were observed by Maristics in 
2004 (Maristics, 2007). 

TABLE 4-5 
CONFIRMED FISH SPECIES OCCURRENCES IN LAKE MERCED 

Common Name Scientific Name Native? Present in 2004? 

Rainbow trout  Oncorhynchus mykiss x x 
Kokanee  Oncorhynchus nerka x  
Brook trout  Salvelinus fontinalis   
Brown trout  Salmo trutta   
Sacramento sucker  Catostomus occidenotalis x  
Hitch  Lavinoia exilicauda x  
Sacramento blackfish  Orthodono microlepidotus x x 
Hardhead  Mylopharodono conoocephalus x  
Tule perch  Hysterocarpus traskii x x 
Prickly sculpin Cottus asper x x 
Threespine stickleback  Gasterosteus aculeatus x  
Largemouth bass  Micropterus salmoides  x 
Green sunfish  Lepomis cyanoellus   
Bluegill  Lepomis macrochirus   
Channel catfish  Ictalurus punoctatus   
White catfish  Ameiurus catus  x 
Brown bullhead  Ameiurus noebulosus   
Black bullhead  Ameiurus melas   
Goldfish  Carassius auratus   
Common carp  Cyprinous carpio  x 

 
SOURCE: EDAW, 2004; Maristics, Inc., 2007. 
 

 

Based on the results of 2004 seining surveys, the Lake Merced fish assemblage is currently 
dominated by largemouth bass, Sacramento blackfish, and rainbow trout, while tule perch, 
common carp, and smaller native species such as sculpins are also present (Maristics, 2007). 
Many of the native species in Lake Merced are also present as a result of human-mediated 
introductions. Since much of the interest in Lake Merced is in recreational fishing, this analysis 
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focuses on specific species. Maristics (2007) conducted creel surveys (i.e., angler polling) and 
determined that four species represented over 95 percent of the fish specifically targeted by 
anglers at Lake Merced. These are, in order of most frequently targeted by anglers, rainbow trout 
(48.3 percent targeted), largemouth bass (20.7 percent), common carp (19.5 percent), and channel 
catfish (6.9 percent). These species were therefore selected to be considered in this analysis. 
However, as described below, the habitat requirements among these species are quite different 
and the fish assemblage in Lake Merced would not occur naturally, only existing here due to 
decades of intensive management for recreational fishing. This presents a unique challenge 
regarding the application of WQOs for the protection of beneficial uses relating to a fisheries 
community whose species composition would not occur naturally.  

Rainbow Trout 
Based on creel surveys conducted at Lake Merced in 2004 and 2005, rainbow trout are the 
species most frequently targeted by local anglers (Maristics, 2007). Rainbow trout are native to 
California, but not to Lake Merced. They are essentially a freshwater stream-dwelling species 
requiring flowing water over gravel substrates for successful spawning. Although some rainbow 
trout populations occur naturally in lakes, such systems that have a self-sustaining population 
provide a range of habitat types to support the requirements of the full species life-cycle. Adults 
migrate into tributary streams with suitable riffle habitat to spawn, and juveniles may 
subsequently migrate downstream to the lake to grow and mature following emergence and early 
life-stage rearing in stream habitat. Since Lake Merced has no tributaries with suitable 
reproductive habitat for trout, the existing population is not self-sustaining and is maintained 
entirely through a relatively extensive California Department of Fish and Wildlife (CDFW, 
formerly California Department of Fish and Game) stocking program. Because habitat supporting 
the migratory, spawning, and early life-stage requirements of rainbow trout is entirely absent in 
Lake Merced, the only life-cycle stage Lake Merced supports is the juvenile and adult rearing life 
stage. Therefore, the following discussion focuses on the relevant habitat requirements and 
tolerance ranges for rearing juvenile and adult rainbow trout within the context of existing 
conditions in Lake Merced related to key water quality parameters. 

Lake habitat quality for rainbow trout is primarily driven by temperature, DO, and food 
availability.  

Lakes and reservoirs in California are typically temperature stratified during the summer and fall 
seasons, with surface waters that are too warm for trout. Deeper waters are colder but often have 
depleted levels of DO that are insufficient to support trout. Suitable habitat for trout in lakes and 
reservoirs during the summer and fall season is typically limited to a thin zone at intermediate 
depths that is sufficiently cool for trout but is not too depleted in DO. In typical California 
rainbow trout habitat, water temperature varies over the course of a day and seasonally, following 
changes in air temperature and solar radiation. Fluctuating diurnal water temperatures can aid in 
survivability of salmonids (Busby et al., 1996). Rainbow trout may utilize habitat with potentially 
stressful DO levels for short periods as a refuge from high temperature areas, such as deep pools 
that are thermally stratified or areas with cold groundwater upwellings characterized by a low DO 
concentration (Moyle, 2002). 
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Temperature 
Temperature affects the metabolic rate (including growth) and the ability of rainbow trout to extract 
oxygen from water (Barnhart, 1986). Younger fish, such as those selected for the Lake Merced 
stocking program, are better able to survive higher temperatures than older fish (Molony, 2001). 
Rainbow trout in lakes select waters with temperatures between 7 °C (45 °F) and 18 °C (64 °F) and 
generally avoid temperatures greater than 18 °C, although higher growth rates may occur at higher 
temperatures if food is abundant as rainbow trout metabolic rate increases with temperature 
(Raleigh et al., 1984). Rainbow trout can tolerate warmer temperatures for short periods of time or 
if food is sufficiently abundant to meet the higher metabolic rates. In laboratory studies, growth has 
been shown to cease at 23 °C (7 °F) for fish fed full rations, and the upper incipient lethal 
temperature for rainbow trout is about 25 °C (77 °F) (EDAW, 2004). A daily average temperature 
of 20 °C or lower is typically used to describe suitable thermal conditions for rainbow trout in 
California. This temperature represents a level below which reasonable growth of rainbow trout 
may be expected. Therefore, rainbow trout thermal tolerance ranges may be characterized by 
average daily temperatures less than 20 °C (68 °F) and daily maximum temperatures (hourly) less 
than 24 °C.  

Temperature data collected in Lake Merced from August 2011 to January 2013 indicate that 
minimum winter water temperatures are approximately 8.5 °C (47 °F) (measured in bottom waters) 
while peak summer temperatures may reach up to about 22 °C (72 °F) in waters near the surface 
(Figure 4-11). The seasonal average surface temperature in the summer (described in Section 4.4.1) 
is 19.4 °C (67 °F). Additionally, temperatures less than 20 °C generally persist within the mid- and 
lower-depth water column below 10- to 15-foot depths (Figure 4-11 and Appendix D). As discussed 
in Section 4.4, Conditions Affecting Lake Water Quality, Lake Merced is too shallow to develop 
more than weak intermittent temperature stratification. Under current conditions, the lake repeatedly 
stratifies during the period of approximately April through October, but these stratifications only 
last for an average of about 9 to 11 days before the water column mixes top to bottom and water 
temperatures are temporarily equalized. Maximum water temperatures during these periods of weak 
stratification typically range from about 18 °C (64 °F) in the hypolimnion to 22 °C (72 °F) in the 
epilmnion. During the remainder of the year, temperature conditions are relatively homogenous 
throughout the water column (median temperature about 16 °C as shown in Table 4-2). Thus, Lake 
Merced water temperatures are generally suitable for rainbow trout juvenile and adult rearing during 
most of the year throughout the water column, but summer maximum temperatures may at times 
create temporarily reduced growth conditions for the species in the epilimnion.  

Dissolved Oxygen 
The DO requirements of fish vary with species, age, prior acclimation, temperature, water velocity, 
activity level, and concentration of substances in the water. As temperature increases, the DO 
saturation level in the water decreases, while the DO requirement for the fish increases. As a result, 
an increase in temperature resulting in a decrease in DO can be detrimental to the fish. Rainbow 
trout are adapted to streams where DO is near saturation in surface waters and optimal summer 
rearing conditions are characterized as having DO concentrations of 7 mg/l or higher (Raleigh et al. 
1984; Barnhart, 1986; Moyle, 2002). DO concentrations under 7 mg/l but above 5 mg/l are 
considered to be within the tolerance range for rearing rainbow trout (Molony, 2001) and 
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concentrations under 5 mg/l are typically considered stressful with metabolic rate, swimming 
performance, and growth impaired, reducing overall survival (Barnhart, 1986; Bjornn and Reiser, 
1991). The incipient lethal level of DO for adult and juvenile rainbow trout is about 3 mg/L or less, 
depending on environmental conditions, particularly temperature (Raleigh et al., 1984).  

Continuous (hourly) DO monitoring data collected from August 2011 to January 2013 
(Figure 4-12a) indicate that from November through March when cooler air temperatures prevail 
and the Lake is continually well mixed from top to bottom, DO levels in Lake Merced average 
above 7 mg/L and are considered suitable for rainbow trout. During periods of stratification 
(approximately April through October), however, DO levels in the hypolimnion periodically fall 
below 5 mg/L. During these periods, rainbow trout likely avoid the hypolimnion as much as 
possible, even though water temperatures are more suitable at the greater depths when the Lake is 
stratified. However, as described above, rainbow trout can utilize habitat with potentially stressful 
(<5 mg/l) DO levels for temporary periods as a refuge from high temperature areas. For example, 
Molony (2001) reports the distribution of adult rainbow trout to be restricted to areas where DO 
concentrations are above 2.5 mg/l. Additionally, fluctuating diurnal water temperatures during 
periods of stratification (Figure 4-14) likely aid in the overall habitat suitability, allowing rainbow 
trout to move between water depths with higher DO concentrations and lower temperatures over 
the course of the daily cycle. 

pH 
Precise pH tolerance and optimal ranges are not well documented for rainbow trout, but most 
trout populations can probably tolerate a pH range of 5.5 to 9.0 (Raleigh et al., 1984), while a 
range of 6.5 to 8.5 is considered to promote maximum productivity (RBI, 2004). Studies have 
shown that pH values of between 9.0 and 10.0 can result in partial mortality for rainbow trout 
(RBI, 2004). Based on continuous monitoring data collected from August 2011 to January 2013, 
Lake Merced is an alkaline lake with a pH range of approximately 7.5 to 9.3 (Figure 4-13a). The 
lake’s surface pH level frequently peaks above 8.5 during sunny afternoons as a result of algal 
photosynthesis. Thus, periodically, Lake Merced surface water habitat is potentially stressful for 
rearing rainbow trout. As described for temperature, above, fluctuating diurnal pH levels (Figure 
4-16) during periods of stratification likely improve the overall habitat suitability at varying 
depths, allowing rainbow trout to move between water depths with more suitable water quality 
over the course of the daily cycle. Additionally, research has shown that the species can 
acclimatize well to pH levels such as those in Lake Merced (Murray and Ziebell, 1984). Murray 
and Ziebell (1984) exposed rainbow trout to both gradual and rapid increases in pH, from an 
initial pH of about 8.0, to determine if they would acclimate to values above 9.0. Their results 
indicate that trout became acclimated to a pH of 9.8 when they were exposed to gradual increases 
over a period of 5 days, while trout exposed to an increase of pH to 9.5 in 6 hours experienced 
marked stress and 50 percent mortality. However, when the pH increase was to only 9.3 in 
6 hours, the trout only exhibited a temporary loss of appetite (Murray and Ziebell, 1984). 

Food Availability 
Rainbow trout are opportunistic feeders. In streams, they feed on drift insects, benthic 
invertebrates (found in the bottom sediments), aquatic insects, snails, and small fish. Early in the 
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season, lake resident fish feed on zooplankton, leeches, and benthic invertebrates, supplemented 
with terrestrial insects when other food is scarce. As they grow larger and reach lengths of about 
30-35 cm (12-14 in), rainbow trout begin to feed on smaller fish. Lake Merced contains several 
appropriate food items for rainbow trout, including mysid shrimp, cladoceran zooplankton, and 
small fish of other species (Maristics, 2007). A 1977 CDFG fish diet study found that trout were 
feeding heavily on polychaete worms, mysid shrimp, and cladocerans (EDAW, 2004). Because 
polychaete worms are benthic invertebrates, their presence in the rainbow trout diet indicates that 
trout were feeding on the bottom of the lake. 

Summary 
Lake Merced does not provide suitable spawning habitat for rainbow trout, and the population is 
maintained through periodic stocking. Temperature, DO, and pH levels are generally suitable to 
rearing juvenile and adult rainbow trout throughout the water column from November through 
March when cooler air temperatures prevail and the lake is continually well mixed from top to 
bottom. During periodic stratification between April through October, varying depths (surface, mid, 
and bottom depths) are characterized as being generally within the water quality tolerance range for 
rearing rainbow trout, with diurnal fluctuations in combination with behavioral adaptations to 
summer rearing conditions likely contributing to overall habitat suitability. CDFW stocks about 
2,000 pounds of trout per month in North Lake at an average size of about a half pound and 8 to 12 
inches (Atkinson, 2012). A few additional fish plants occur throughout the year to coincide with 
community events and to reach CDFW’s distribution goals (Atkinson, 2012). South Lake has a 
much smaller distribution allotment and is only stocked once or twice per year, usually in the 
spring, with similarly sized fish (Atkinson, 2012). Although no detailed water quality suitability 
studies are conducted in association with the stocking program, CDFW’s routine pre-stocking 
suitability checks include water temperature and volume, as well as visual inspection of water 
condition, floating algal concentrations, aquatic plant growth, presence/absence of chemical sheen 
on lake surface, septic mud exposed on shore (smell), and dead or dying fish or wildlife (Atkinson, 
2012). CDFW staff have not documented any need to cancel or relocate a load of fish for Lake 
Merced due to water quality issues in the past few years (Atkinson, 2012). Rainbow trout in Lake 
Merced are apparently quickly caught by anglers and cormorants (Maristics, 2007) and their 
populations likely fluctuate widely between stocking events. 

Largemouth Bass 
Largemouth bass are native to the eastern United States where they typically occur in lakes with 
extensive shallow areas and submerged vegetation. The maximum age of largemouth bass is 
15 years. Growth and maturity are dependent on temperature and productivity, but in cooler 
waters maturity may occur in 3 to 5 years. In their native habitat, the normal growth rate of adult 
fish is typically around 1 pound per year (Stuber et al., 1982). 

Optimal conditions in lakes include extensive areas (25 percent of surface area or more) that are 
less than 18 feet deep to support extensive emergent vegetation, and approximately 40 to 
60 percent of surface area with depths greater than 18 feet to provide optimal overwintering 
habitat in northern latitudes (Stuber et al., 1982). South Lake is currently approximately 23 feet 
deep (see Section 4.2, Lake Merced Hydrology) and therefore provides suitable overwintering 
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conditions for bass. However, due to the steepness of the banks, shallow areas supporting 
emergent vegetation are relatively sparse. 

Adult bass are most abundant in areas with vegetation and other forms of cover such as tree 
trunks, brush, or large boulders. Conditions are optimal for adults when 40 to 60 percent of the 
littoral area has some form of cover, but levels of cover over 60 percent may reduce prey 
availability (Stuber et al., 1982). For fry, optimal conditions include 45 to 80 percent cover in the 
littoral area. Excessive cover also constitutes poor spawning and rearing habitat. In Lake Merced, 
cover in the littoral zone is limited. Where present, cover consists of thick stands of tules (Scirpus 
sp.) with nearly 100 percent coverage. Only the edge of the tule stands provides good cover 
conditions for adults, while some less dense areas may provide good cover for fry (EDAW, 
2004). Estimates of useable cover in the littoral area of Lake Merced in 2004 ranged from about 
5 percent for adults to about 10 percent for fry (EDAW, 2004). 

Temperature 
Optimal temperature for growth of adult and juvenile bass ranges from 24to 30 °C (75 to 86 °F) 
and very little growth occurs below 15 °C (59 °F) (Stuber et al., 1982). Optimal temperature for 
successful spawning and incubation is 20to 21 °C (68 to 70 °F) with a suitability range of 13 to 
26 °C (55 to 79 °F) (Stuber et al., 1982). Optimal temperatures for fry growth are 27 to 30 °C 
(81 to 86 °F), with little growth occurring below 15 °C (59 °F) (Stuber et al., 1982). As described 
above, water temperatures in Lake Merced range from a minimum of approximately 8.5 °C 
(47 °F) during the winter to peak summer temperatures of up to about 22 °C (72 °F). Thus, Lake 
Merced provides conditions that, while not optimal, are within the tolerance range for largemouth 
bass during much of the year.  

Dissolved Oxygen 
Growth of largemouth bass is reduced at DO levels of less than 8 mg/L and a substantial 
reduction occurs below 4 mg/L (Stuber et al., 1982). Distress may be evident at 5 mg/L and levels 
below 1 mg/L are considered lethal (Stuber et al., 1982). As described above, DO levels in Lake 
Merced from November through March average well above 7 mg/L throughout the water column 
and are considered suitable for largemouth bass during those times. During periods of 
stratification, however, DO levels in the hypolimnion periodically fall below 5 mg/L. Largemouth 
bass likely avoid the hypolimnion as much as possible during stratification, and are expected to 
remain closer to the surface where both DO and temperature are more suitable for the species. 

pH 
Largemouth bass require a pH between 5.0 and 10.0 for successful reproduction, and optimal levels 
are in the range from 6.5 to 8.5 (Stuber et al., 1982). Based on continuous monitoring data collected 
from August 2011 to January 2013, pH levels in Lake Merced range from approximately 7.5 to 
9.3 with frequent peaks in surface waters above 8.5 during sunny afternoons. Therefore, Lake 
Merced pH levels are generally suitable, but occasionally outside the optimal range, for largemouth 
bass.  
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Food Availability 
Adult bass are solitary hunters and may establish temporary feeding territories. Adults and 
juveniles prefer shallow water near beds of aquatic plants where they hunt by day with a peak of 
activity at dusk. Soon after hatching, the larvae feed on rotifers and zooplankton. As they grow 
they change prey to aquatic insects and other fish, including their own species. Adults prefer 
other fish but will eat tadpoles, frogs, crayfish, and just about anything that fits in their mouth. An 
incidental effect of bass in small lakes bass can be a reduction in the abundance of native 
minnows (Moyle, 2002). This reduces minnow predation on zooplankton such as Daphnia, which 
in turn increases feeding by Daphnia on phytoplankton and may therefore result in lower 
phytoplankton abundance and increased water clarity (Maristics, 2007). 

Common Carp 
The common carp is a native species of Asia, but is currently found in all 48 contiguous states 
(Edwards and Twomey, 1982). Carp have little value as forage fish because their young stages 
are typically well hidden. They do have recreational value as sport and food fish, with some Lake 
Merced anglers specifically targeting carp (Maristics, 2007). Carp thrive in reservoirs, lakes, 
bayous, estuaries, farm ponds, and sewage lagoons (Edwards and Twomey, 1982). In lacustrine 
habitats, adults are usually found in association with abundant vegetation. Waters with a diversity 
of both shallow and deep areas represent optimal habitat (Edwards and Twomey, 1982). 

Carp generally spawn in spring, but, in warmer, southern climates, spawning can occur from 
March to June, and, in cooler, northern climates, from May to June (Edwards and Twomey, 
1982). Adults congregate and deposit their adhesive eggs on aquatic or submerged terrestrial 
vegetation or any other object the eggs can adhere to. Spawning over areas of dense vegetation 
would increase reproductive success. A self-sustaining population of carp spawns within the 
dense tule stands in Lake Merced in the spring (Maristics, 2004). 

Temperature 
High carp productivity is strongly correlated with warm, midsummer water temperatures, with a 
range of 20 to 28 °C (68 to 82 °F) being optimal for growth under laboratory conditions, while 
temperatures below 13 °C (55°F) and above 30 °C (86 °F) cause growth rates to decrease 
(Edwards and Twomey, 1982). The upper lethal temperature for adults is about 34 °C (93 °F) 
(Edwards and Twomey, 1982). As described above, water temperatures in Lake Merced range 
from a minimum of approximately 8.5 °C (47 °F) during the winter to peak summer temperatures 
of up to about 22 °C (72 °F). The temperature preference range of carp is somewhat lower than 
that of largemouth bass, but Lake Merced water temperatures are nevertheless at the lower end of 
that range, providing conditions for the species outside the optimal range during the winter.  

Dissolved Oxygen 
Adult common carp are very tolerant of low DO levels, a condition common in warm, eutrophic 
waters. Adults may feed in the oxygen-depleted hypolimnion (less than 2 mg/L DO) and can gulp 
surface air when DO is below 0.5 mg/L (Edwards and Twomey, 1982). The lower lethal oxygen 
level for juveniles is less than 1.0 mg/L (at temperatures below 20 °C), and growth rates are 
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maximized at DO levels above 6 mg/L (Edwards and Twomey, 1982). DO levels in Lake Merced 
are generally adequate for carp, even during periods of stratification.  

pH 
Carp are common in reservoirs having a pH in the 8.5 to 8.7 range (Edwards and Twomey, 1982). 
A pH level of 10.5 or higher is lethal to the species, while a pH values less than 5.0 are reportedly 
harmful to the species (Edwards and Twomey, 1982). The elevated pH levels in Lake Merced are 
considered suitable for common carp. 

Food Availability 
Adult carp are opportunistic feeders which are able to utilize any available food source (Edwards 
and Twomey, 1982). Fry initially feed on zooplankton, but feed on phytoplankton when 
zooplankton density is low. As the young fish grow, they feed on littoral fauna and later on 
bottom fauna, taking in worms and larvae of aquatic insects as well as vegetable food, such as 
seeds, algae, and detritus (Edwards and Twomey, 1982). 

Channel Catfish 
Channel catfish are native to the Mississippi River basin and their greatest abundance is in the 
unleveed floodplains of the Mississippi and Missouri River drainages (McMahon et al., 1982.) 
They have been widely introduced in other areas in the United States and have established 
populations in most Pacific coast drainages.  

Optimal lake habitat is characterized by large surface area, warm temperatures, high productivity, 
low to moderate turbidity, and abundant cover (McMahon et al., 1982). Survival and growth 
appear to be higher in large reservoirs (greater than 500 acres) than smaller reservoirs. Lake 
Merced, at approximately 300 acres surface area, would be considered a smaller lake. Littoral 
areas (less than 15 feet deep) composing at least 20 percent of the Lake surface, and with at least 
40 percent suitable cover, are considered to provide adequate area for spawning, fry and juvenile 
rearing, and feeding habitat for channel catfish (McMahon et al., 1982). Spawning occurs in late 
spring and early summer when temperature reaches about 21 °C (70 °F), but is greatly inhibited if 
suitable nesting cover is unavailable (McMahon et al., 1982). 

Temperature 
Channel catfish prefer warmer temperatures. The optimal temperature range for growth is 26 to 
29 °C (79 to 84 °F) for adults, 28 to 30 °C (82 to 86 °F) for juveniles, and 29 to 30 °C (84 to 
86 °F) for fry (McMahon et al., 1982). Growth is poor at temperatures below 21 °C (70 °F) and 
ceases at temperatures below 18 °C (64 °F) (McMahon et al., 1982). As described above, water 
temperatures in Lake Merced range from a minimum of approximately 8.5 °C (47 °F) during the 
winter to peak summer temperatures of up to about 22 °C (72 °F). Therefore, Lake Merced 
provides suboptimal temperature conditions for channel catfish during most of the year. 

Dissolved Oxygen 
DO levels of 5 mg/L are adequate for growth and survival of channel catfish, but DO levels of at 
least 7 mg/L are optimal (McMahon et al., 1982). DO levels below 3 mg/L retard growth and 
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feeding is reduced at levels below 5 mg/L (McMahon et al., 1982). As described above, DO 
levels in Lake Merced periodically fall below 5 mg/L in the hypolimnion during periods of weak 
stratification. Channel catfish may seek higher DO levels at shallower depths (where water 
temperatures are also more suitable for the species) during stratification, but the species is 
generally tolerant of even the lower DO levels periodically present in Lake Merced.  

pH 
The pH tolerance limits of channel catfish are not well defined, although the range for good 
growth of warmwater fish (6.5 to 9.0) probably applies to the species (McMahon et al., 1982). 
Lake Merced pH levels range from approximately 7.5 to 9.3 and thus generally fall within the 
presumed tolerance range of channel catfish. 

Food Availability 
Adult channel catfish are opportunistic feeders on terrestrial and aquatic insects, detritus and 
plants, crayfish, mollusks, and fish. Fish may form a large part of the diet of large catfish (greater 
than 20 inches in length) (McMahon et al., 1982). Feeding is primarily nocturnal and catfish use 
both vision and chemoreception to locate food.  

4.6.2 Existing Habitat Conditions 
As described above, Lake Merced supports a wide range of native and non-native fish species. In 
general, native species such as rainbow trout are considered coldwater fish while the non-native 
species such as largemouth bass are warmwater species. Similarly, many species require 
relatively high DO concentrations while others are capable of utilizing very low-DO 
environments. Thus, the fish assemblage in Lake Merced would not occur naturally anywhere in 
the world and is only present here due to decades of intensive management for recreational 
fishing. When comparing the habitat requirements and tolerance ranges of the present fishery to 
existing physical and water quality conditions within the Lake, it is evident that the Lake provides 
suitable conditions that are within the water quality tolerance range for many species, but does 
not provide optimal conditions for any of the primary recreational target species (Section 4.6.1, 
above). Existing water quality conditions are described in detail in Section 4.3, Lake Merced 
Water Quality, and form the basis for the following qualitative analysis of existing fishery habitat 
suitability within the context of the differing requirements of the primary recreational target 
species with regard to water temperature, DO, and pH. 

Temperature 
Temperature data collected from August 2011 to January 2013 indicate that from approximately 
mid-October through mid-April, the Lake is well mixed with a relatively uniform temperature 
profile throughout the water column. Water temperatures during that period range from about 9 °C 
to 18 °C. However, from late spring through early fall, rising air temperatures and solar radiation 
initiate stratification when the surface layers of the Lake are warmed by the sun. In June and July, 
surface water temperatures regularly exceed 20 °C while hypolimnion temperatures are often above 
18 °C. Wind-driven mixing of the water column periodically disturbs this stratification. Data 
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collected from August to November in 2011 show that complete mixing of the epilimnion and 
hypolimnion occurred on average every 9 to 11 days during the fall. 

Water temperatures between October and April are well within the temperature preference range 
of coldwater species such as rainbow trout. The conditions during summer months are within the 
tolerance range for rainbow trout, especially with the diurnal variation described in Section 4.6.1 
(however, growth rates at times of elevated temperatures would depend on food availability). 
Average water temperatures in Lake Merced are at the lower end of the preference range of 
warmwater species such as largemouth bass and channel catfish. Although these species are able 
to maintain self-sustaining populations under existing conditions, reproductive success and 
growth are likely limited by cool water temperatures in Lake Merced. Rainbow trout can tolerate 
such a temperature range. 

Dissolved Oxygen 
Continuous (hourly) DO monitoring data collected from August 2011 to January 2013 indicate that 
from November through March, when cooler air temperatures prevail and the lake is continually 
well mixed from top to bottom, DO levels average well above 7 mg/L. These levels are adequate for 
the range of cold and warmwater fish species present in Lake Merced, including rainbow trout. 
However, starting in April and continuing through October when stratification occurs, DO levels in 
the hypolimnion periodically fall below 5 mg/L. During this period, rainbow trout and largemouth 
bass likely avoid the hypolimnion. Channel catfish and common carp, on the other hand, may 
continue to utilize the hypolimnion during these periods due to their tolerance for lower DO levels, 
but growth and productivity of these species are likely periodically reduced at DO levels below 
5 mg/l.  

pH 
Under baseline conditions, Lake Merced has an elevated pH range, particularly in surface waters 
where sunlight fuels algal growth. The pH level frequently peaks above 8.5 during sunny 
afternoons as a result of algal photosynthesis; however, the actual pH value reached is 
significantly influenced by the background pH level, which is dependent upon the alkalinity or 
abundance of alkaline minerals in the water. As described above, a pH range of 6.5 to 8.5 is 
considered optimal for most freshwater fish species, and levels above 9.0 are considered stressful. 
However, the majority of elevated pH (i.e. greater than 8.5) levels occur in the upper layer of the 
water column, and fish are able to move into more favorable pH levels in the mid- to lower 
depths, depending on DO and temperature conditions and species-specific tolerance ranges. More 
importantly, fish are able to acclimate to many environmental variables, including pH, that may 
be considered at the upper or lower tolerance range limits.  

A review of the hourly pH data collected at Lake Merced from August 2011 to January 2013 
indicates (a) that pH increases to levels above 9.0 are infrequent and gradual, and (b) that pH 
levels do not generally increase above the 9.3 level to which rainbow trout can acclimate fairly 
rapidly. Although similar analyses are not available for the other three primary angler-target 
species in the Lake (largemouth bass, common carp, channel catfish), these species are generally 
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more tolerant of water quality perturbations than rainbow trout, and it appears reasonable to 
assume that these species can similarly acclimate to occasional gradual pH increases in Lake 
Merced, as evidenced by their ability to maintain self-sustaining populations in the Lake. 
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CHAPTER 5 
Vista Grande Canal Existing Conditions 

5.1 Vista Grande Canal Hydrology 

5.1.1 Vista Grande Watershed 
The existing Vista Grande stormwater drainage system comprises stormwater sewers, box culverts, 
manholes, catch basins, and flow equalizations facilities, with approximately 30 miles of pipe, 
ranging in size from 6 to 72 inches diameter, plus some box culverts, all of which currently are 
maintained by the Street Division of the Daly City Public Works Department (RMC, 2006). This 
system collects storm and authorized non-storm flow (flow) from a 2.5-square-mile area in Daly 
City and unincorporated San Mateo County (Basin) and conveys those flows via several 
underground culverts to the Canal. The Basin is bordered by San Francisco to the north, the 
Colma Creek watershed to the south and east, and Thornton State Beach and the Pacific Ocean on 
the west. The Basin drains to the Pacific Ocean via the Canal and Tunnel (described in 
Section 5.1.2, below). The urban portion of the Basin (i.e., not including those portions within 
golf courses) is divided into three sub-basins (Figure 5-1), each of which contribute flow to the 
Canal headworks (Figure 5-2) at the intersection of John Muir Drive and Lake Merced Boulevard. 
The sub-basins that contribute flow to the Canal are summarized as follows: 

• Sub-Basin #1 has a 118-acre drainage area and flow is conveyed to the Canal headworks 
via a 24-inch culvert.  

• Sub-Basin #2 has a 397-acre drainage area and flow is conveyed to the Canal headworks 
via a 60-inch culvert.  

• Sub-Basin #3 is the largest of the sub-basins with a 1,175-acre drainage area and flow is 
conveyed to the Canal headworks via a 7-foot by 6-foot box culvert. 

Like the larger Lake Merced Watershed, the Basin has also experienced substantial urban 
development. The Basin is a densely developed urban community surrounded by hills on the east, 
west, and south (RMC, 2006). The primary land uses are residential, commercial, and recreational 
with a high percentage of impervious surfaces, such as roads, roofs, and parking lots. The watershed 
contains portions of two large golf courses and completely encompasses a third. The major 
hydrologic features associated with the watershed area include the Vista Grande stormwater drain 
system, the Canal and Tunnel, and Lake Merced. Residential land uses cover nearly half 
(45 percent) of the land area within the watershed, and right-of-way areas consisting primarily of 
streets and sidewalks make up approximately 27 percent. An additional 7 percent of the watershed 
consists of institutional land uses (schools and other facilities) and 6 percent consists of commercial 
uses. Just 0.3 percent of the watershed is covered by industrial uses (Sanchez, 2012). The California 
Office of Environmental Health Hazard Assessment (OEHHA) estimates that rainfall on these land  

Vista Grande Drainage Basin Improvement Project 5-1 ESA / 207036.01 
Water Quality Assessment December 2015 






  
 











SOURCE:  ESA
Vista Grande Drainage Basin Improvement Project. 207036.01

Figure 5-1
Vista Grande Drainage Basin and Sub-Basins






  
 











Figure 5-2
Vista Grande Canal Headworks
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 use types typically runs off at rates as high as 70 to 90 percent (OEHHA, 2010). In addition to 
these land uses, the basin includes approximately 9 percent recreational land, 4 percent vacant 
land, 0.4 percent agriculture, and 2 percent other land uses (Sanchez, 2012). These land uses 
typically result in lower rates of runoff than the developed uses described above; however, they 
do include some impervious surfaces. 

5.1.2 Vista Grande Canal and Tunnel 
The Canal collects storm and authorized non-storm flows from the Basin and discharges them to the 
Tunnel. The existing Canal lies parallel to the southwest shores of Lake Merced and adjacent to John 
Muir Drive in San Francisco. The Canal is a 3,600-foot-long brick-lined trapezoidal channel 
structure. As the Canal tapers downstream, its dimensions vary. It is 11 feet deep by 11 feet wide 
with a flow capacity of 900 cubic feet per second (cfs) in some places and 7 feet deep by 4 feet wide 
with a flow capacity of 500 cfs in other places (RMC, 2006). There is additional capacity provided as 
a result of earth banks that have built up over the top of the engineered Canal as well as containment 
berms (John Muir Drive bank) and natural steep slopes (Olympic Club bank) adjacent to the Canal.  

At the terminus of the Canal is the mouth of the Tunnel, the primary outlet for stormwater from the 
Basin, constructed in 1897. The Tunnel is a 3,000-foot-long, 7-foot-tall by 4-foot-wide, egg-shaped 
gravity conduit with an average cross-sectional area of 22.25 ft2 (RMC, 2006). Flows exiting the 
tunnel discharge to the beach below Fort Funston through an ocean outlet structure. The Tunnel has 
a non-surcharged capacity of 170 cfs, which is not adequate to convey peak Canal storm flows, 
periodically resulting in flooding in low-lying residential areas and along John Muir Drive. Wet 
weather flows in excess of the capacity of the Canal and the Tunnel have resulted in local flooding 
and overflows across John Muir Drive into Lake Merced, causing property damage, bank erosion, 
traffic nuisances, and public safety issues (RMC, 2006).  

5.2 Vista Grande Water Quality 

5.2.1 Conditions Affecting Stormwater Quality 
Daly City is the largest city in San Mateo County. The Vista Grande Basin within Daly City has 
been highly urbanized for many years and contains the various urban land uses as described in 
Section 5.5.1. The type and concentration of substances in urban stormwater can vary 
considerably, both during the course of a storm event and from event to event at any given area 
(based on the intensity of rainfall), as well as from site to site within a given urban area (based on 
land use characteristics) (USEPA, 1993). 

Stormwater runoff and authorized non-stormwater flows (conditionally exempt discharges) from 
Daly City and the other San Mateo County Cities have been regulated under Municipal Separate 
Stormwater System (MS4) NPDES permits since 1999. These MS4 permits, including the current 
MRP, have contained increasingly prescriptive requirements, typically in the form of BMPs, for the 
cities to implement actions to minimize the extent of pollutants in stormwater to the Maximum 
Extent Practicable (MEP). Daly City has an effective stormwater management program that fully 
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implements the requirements of the MRP. For example, street sweeping is conducted weekly, 
removing potential pollutant particulates from land based sources, vehicular based sources, 
atmospheric deposition, and other sources that would otherwise accumulate during dry weather 
periods and be conveyed later into stormwater drains and waterbodies.  

5.2.2 Previous Vista Grande Canal Water Quality Monitoring 
For this WQA, existing data from and reports on the Canal were reviewed to determine baseline 
hydrologic and water quality conditions for the Canal during base flow and storm events. These data 
sources included technical memoranda prepared for a previous SFPUC proposal for a constructed 
treatment wetland along John Muir Drive (RMC, 2007), an initiative to raise Lake Merced water 
levels (EDAW, 2004), and the feasibility of diversions of Canal water to Lake Merced (CH2MHill 
and Duffey, 2001) as well as previously unpublished SFPUC data. The hydrologic and water quality 
data for the Canal are limited and sporadic in nature, with sampling results presented for various 
locations, differing constituents and physical parameters, and generally only limited time periods 
(short focused studies with differing goals and objectives). The previous Daly City collected data are 
reported to be from the Canal just west of Lake Merced Boulevard (CH2MHill and Duffey, 2001). 
The SFPUC data were collected in the Canal just south of Lake Merced at the mouth of the tunnel. 
Water quality data were also collected from a stormwater drain in the Daly City WWTP parking lot 
and from a stormwater drain collecting surface runoff from the Olympic Club. Also, water quality 
data presented for the Canal are not linked to flow in the majority of available studies, making it 
problematic to determine if reported values correspond to base flow or storm flow. While these 
monitoring data demonstrate ranges for temperature, DO, and pH typical for urban runoff, they are of 
limited use for establishing baseline Canal water quality conditions for the reasons presented above. 

5.2.3 Vista Grande Canal 2011-2012 Monitoring  
As discussed above, very limited and disparate historic data exist regarding Canal base flow and 
storm flow water quality (see Section 5.2.1). Therefore, Dry Season and Wet Season Water 
Quality Monitoring Plans were developed, with input from SFPUC and RWQCB staff for both 
the Canal and South Lake (Appendix B) to support the assessment of potential water quality 
effects to Lake Merced from diversions of water from the Canal. This section includes an 
overview of the water quality and hydrologic sampling rationale and methodology employed by 
the monitoring program. Also summarized and presented in detail in Appendix B are the results 
of the 2011-2012 monitoring program. The data collected from the Canal during the 2011-2012 
monitoring period provide the most comprehensive available assessment of the quality of 
stormwater that could be diverted to Lake Merced. 

Methods 
The primary goal of the monitoring program was to provide hydrologic and water quality data to 
characterize baseline conditions in the Canal, including storm event flows and seasonally variable 
base flow conditions (typically base flow is lower during winter months than summer months due 
to reduced irrigation return flow). Water quality and hydrologic data collection was conducted in 
2011 and 2012 to characterize water quality and quantify flows during seasonal dry and wet 
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periods. Additionally, the monitoring program was designed to provide data to support 
development of the conceptual design of the proposed constructed treatment wetland based on the 
winter and summer base flow and stormwater quality in the Canal.  

Dry season monitoring was conducted between approximately August 15 and October 31, 2011 
and wet season monitoring between approximately November 20, 2011 and May 31, 2012. 
Monitoring was conducted in the Canal and Lake during the same time period using a consistent 
methodology and assessing a consistent set of water quality parameters to develop a comparable 
data set for comparison to potential project conditions, as discussed in Chapter 6.  

Flow and water quality monitoring in the Canal took place at station VGC-1 (see Figure 4-5), which 
is located in the Canal, adjacent to the parking lot at the south end of South Lake. Based on field 
reconnaissance, VGC-1 was selected to avoid areas of backwatering or velocity changes that may 
occur at some constricted points along the Canal. Station VGC-1 is a straight section of canal that is 
7 feet deep by 4 feet wide (Figure 5-3) with a flow capacity of 500 cfs. It has developed earth banks 
that have built up over the top of the engineered canal as well as containment berms (John Muir 
Drive bank) and natural steep slopes (Olympic Club bank). Flow (base flow and storm flow) was 
monitored through use of an ISCO Area-Velocity continuously recording data logger (Figure 5-4). 
During the dry season, temperature, DO, and pH were measured using a hand-held water quality 
meter and grab samples were collected for laboratory analysis of specific constituents two times per 
month at station VGC-1. Dry season sampling events occurred on August 17, September 1, 
September 15, September 30, October 13, and October 27, 2011. 

During the wet season, temperature, DO and pH were measured using a hand-held water quality 
meter during base flow conditions. During storm events where Canal flow was equal or greater 
than 5 cfs,9 a multi-probe water quality sonde with logging capability was used to continuously 
record temperature, DO, and pH at 15-minute intervals (Figure 5-4). During precipitation events, 
samples were collected using an ISCO automatic water sampler. Flow-interval (volumetric paced) 
sampling was used to enable calculation of the Event Mean Concentration (EMC, described in 
detail below). After completion of each sampling, field staff created a composite event sample 
and samples were delivered to a commercial laboratory for analysis of the specific constituents 
listed in Table 1 of the 2011-2012 Wet Season Water Quality Monitoring Plan (Appendix B). 
Wet season storm sampling events took place on January 19, January 23, February 28, March 13, 
March 14, and March 16, 2012. In addition, four base flow samples were collected during the wet 
season to characterize the quality of water that would be diverted to Lake Merced through the 
proposed constructed treatment wetland discussed in Chapter 2, Project Description Overview. 
Wet season base flow sampling occurred on October 4, 201110 and January 13, January 24, 
February 6, and February 17, 2012.  

9 Flows less than 5 cfs were not of sufficient depth to submerse the sonde multiprobe array for water quality 
monitoring. 

10 Note that although the October 4, 2011 base flow sampling event took place during the dry season window 
(August 15 to October 31), it was included as a wet season sampling event because it occurred after the first rain 
event of the season on October 3, 2011.  
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Figure 5-3
Vista Grande Canal Cross-Section

SOURCE: ESA, 2013
Vista Grande Drainage Basin Improvement Project. 207036.01
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Figure 5-4
Vista Grande Canal Stormwater Quality
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The following discussion provides details regarding the monitoring instrumentation installation and 
the methodology for the water quality and hydrologic sampling and analysis during storm events. 

Storm Event Sampling 
The timing and magnitude of storm events is hard to predict, and the impervious surfaces that 
characterize the Vista Grande watershed results in runoff events that produce brief and rapid peak 
flows. Therefore, to accurately establish the concentrations of constituents contained in storm 
flow, it is necessary to sample at multiple times during a runoff event. It can be difficult for staff 
to respond quickly enough to successfully capture stormwater samples in a representative manner 
for water quality characterization. For these reasons, automated sampling equipment was used to 
sample flow from the Basin. 

Automated sampling represents a more reliable methodology (less potential error) than manual 
sample collection. Generally, commercially available automated samplers contain similar 
components, such as programmable operation, water level recorder, sample collection pump, and 
sample bottles. Equipment was required for this study to monitor flow at the sample point and to 
determine the sample frequency for flow-weighted samples in order to determine the EMC11 of 
various constituents for storm events (flow-weighted mean concentration). To collect flow-weighted 
samples, an ISCO 6100 series autosampler was used in conjunction with an ISCO 2100 series Area-
Velocity flow meter and flow module. Canal flow was monitored and recorded into the system 
memory in 15-minute intervals during base flow periods. When specified minimum flow thresholds 
(discussed below) were exceeded, the Canal flow was monitored continuously to automatically 
calculate the flow-weighted sample interval during each storm event.  

While few guidelines are available for developing automated stormwater sampling methodologies, 
a number of key standardized sampling strategy components have been assessed in peer reviewed 
literature that minimize potential sampling error (Harmel et al., 2003). Common sampling strategy 
components described in the literature and applicable for automated sampling of Canal storm flow 
include: setting low minimum flow thresholds, using flow-interval sampling, and using composite 
sampling to limit the number of samples required for accurate stormwater quality characterization. 
Consideration and incorporation of these components is needed to achieve a balance between 
accurate characterization of stormwater quality (and pollutant loads) and various limitations (such 
as budget, equipment, and site-specific considerations).  

Sampling Strategy 
The sampling strategy components typical to automated sampler operation, such as setting a 
minimum flow threshold, determining sample interval, and selecting discrete or composite 
samples, affect the timing, frequency, and number of samples collected (Harmel et al., 2003). All 
of these variables can affect data quality as well as sampling and analysis costs. It is therefore 
critical that sample component interactions be considered as part of developing a methodology 
that would satisfy overall project goals. The methodology employed for stormwater quality 

11  Event Mean Concentration represents an arithmetic mean of individual sample concentrations collected on equal 
discharge intervals. 
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characterization for the 2011-2012 monitoring program was appropriate for characterization of a 
small watershed (relatively homogenous watershed with a limited number of sub-watershed 
contributions). Additionally, hydrologic assessment of the project site and associated watershed 
determined that water quality could be adequately sampled at a single intake point in the Canal 
because storm flow is likely well mixed along the extent of the homogenous Canal structure. 

To meet monitoring goals, the wet season monitoring plan specified a maximum of six storm events 
be sampled to determine representative water quality characterization of wet season storm flows. 
Additionally, analysis of each storm event was based on composite sample representativeness to 
determine whether sampling met minimum acceptable storm capture parameters (number of 
aliquots collected and percent storm capture). Samples that did not meet these criteria were not sent 
to the laboratory for analysis. Percent storm capture is the percentage of the total event flow that 
passes the sampling station during which sample collection occurred (i.e. the portion of the runoff 
represented by the composite sample) (Caltrans, 2003). Percent storm capture is calculated by 
dividing the flow volume that passed the sampling station during sample collection by the total flow 
that passed the sample station during a discrete storm event. The minimum acceptable number of 
sample aliquots and the minimum acceptable percent storm capture for representative storm flow 
sampling can be based on the total event precipitation (Caltrans, 2003). Table 5-1 provides 
guidelines for selecting the number of sample aliquots required for a forecast storm event to ensure 
adequate representativeness of a flow-weighted composite sample. Generally a higher number of 
aliquots develops a more representative composite sample. 

TABLE 5-1 
STORM MONITORING EVENT REPRESENTATIVENESS REQUIREMENTS 

Total Event Precipitation 
(in) 

Minimum  
No. of Aliquots 

Percent Capture 
Requirement 

0-0.25 6 85 

0.25-0.5 8 80 

0.5-1 10 80 

>1 12 75 
 
SOURCE: Caltrans, 2003 
 

 

Minimum Flow Threshold 
Development of an automated stormwater sampling methodology requires selection of a 
minimum flow depth threshold at which automated sampling is initiated and terminated. When 
flow and depth exceed the minimum threshold levels, sampling initiates and continues until the 
flow recedes below this level. The minimum flow threshold and event duration directly affect the 
number of samples collected during a storm event. A high minimum flow depth threshold reduces 
the number of samples collected and can increase the difference between the measured and true 
pollutant load. A low minimum flow depth threshold increases the number of samples collected, 
but may result in sampler capacity being exceeded. Harmel et al. (2003) found that substantial 
error is introduced as minimum flow depth thresholds are increased. For the 2011-2012 
monitoring program, the minimum flow threshold was set as close to wet season base flow as 
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possible, but was limited by the minimum sampler operating depth of 6 inches. The minimum 
flow threshold for the 2011-2012 wet season monitoring was set at 5 cfs following 
experimentation with lower minimum flow thresholds. Minimum flow thresholds below 5 cfs 
caused periodic pump malfunction. To avoid exceeding the sampler capacity, a flow-interval 
pacing model was developed to maximize the number of samples collected during a storm event 
up to the maximum number of potential autosampler aliquots. 

Flow Interval Sampling 
Once the flow exceeds the minimum flow threshold, a sample interval must be selected for 
capturing a representative proportion of the storm hydrograph. Sample intervals may be time-
based (such as every 5 minutes) or volume-based (such as every 50,000 cubic feet). Typically, 
samples are collected on a constant time- or volume-based interval. Based on review by Harmel 
et al. (2003), flow-interval sampling generally represents storm loads to a higher degree of 
accuracy because flow-interval sampling results in a greater proportion of samples being 
collected at higher flow rates. Additionally, individual flow-interval samples can be composited 
to produce a flow-weighted EMC. For the greatest degree of accuracy, small flow interval 
samples are needed to increase the number of samples collected. Statistical sampling theory 
indicates that a higher number of samples results in a better estimate of population characteristics.  

To sample the entire suite of constituents identified in the monitoring plan for storm event water 
quality characterization, a minimum event composite sample volume of approximately 17 liters 
was required. Therefore, flow-paced sample collection was designed, on an event-by-event basis, 
to maximize the number of sample aliquots collected to ensure that a sufficient volume of 
samples was available to analyze the full suite of selected water quality constituents. To set 
appropriate flow pacing for sample collection specific to a given storm event and to maximize the 
number of samples collected without exceeding autosampler capacity, Brown and Caldwell 
(2011) developed an Excel-based model for calculation of flow-weighted sample collection. This 
sampler pacing model allowed autosampling of any given storm event during the 2011-2012 wet 
season to be based on an appropriate flow-interval that captured a representative portion of the 
hydrograph above the minimum depth flow threshold and also maximized the number of samples 
(total sample volume) without exceeding the autosampler capacity.  

In order to set appropriate flow-based sample intervals for a given storm event, weather was 
tracked using the National Oceanic and Atmospheric Administration (NOAA) National Weather 
Service website. When precipitation was predicted for the watershed, the storm duration and the 
predicted Quantitative Precipitation Forecasts (QPF) for Daly City were utilized in the sampler 
pacing model to calculate an appropriate flow-based sampler pacing value approximately 
24 hours prior to the predicted precipitation start time. This flow-based pacing value was then 
entered into the autosampler setup program remotely via a telemetry link. 

Composite Sample Collection 
Storm sampling can be collected and assessed through use of discrete (one sample per bottle) or 
composite (collection of more than one sample per bottle) samples. Discrete sampling allows for 
characterization of pollutant distribution within a single storm event. However, composite sampling 
allows for longer duration and larger magnitude events to be sampled. Also, when based on flow-
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interval sampling, composite samples can be used to reliably determine EMC (the concentration 
from the composite sample is the EMC) and the EMC can be multiplied by the corresponding 
runoff volume to approximate the storm load of a given constituent (Harmel et al. 2003).  

The autosampler sequentially collects 500 ml sample aliquots into 24 1 L sample bottles, filling 
one bottle (2 aliquots per bottle) before starting the next. A composite storm sample methodology 
was used to determine the EMC for each sampled storm event, and to ensure that long-duration 
(multiple day) or large (more than 1 inch) storm events could be adequately sampled. To 
determine how to composite the collected aliquots towards accurate calculation of an EMC, the 
storm event hydrograph and sample collection times were reviewed in the field via download of 
flow data from the ISCO Area-Velocity meter and autosampler to a laptop. This allowed sample 
aliquots to be accurately grouped and composited for a discrete storm event. At the completion of 
sampling for each storm event, ESA field staff created a composite event sample by consolidating 
all or a portion of the sampled aliquots into one large container. This large container was then 
used to fill constituent sample bottles. Water quality samples were collected from the autosampler 
for delivery to a commercial lab for analysis within 24 hours of a precipitation event. 

Storm Event Sampling Results 
Wet season water quality monitoring was conducted for the 2011-2012 wet season from 
November 1, 2011 through to May 31, 2012. During this time, water quality was characterized 
simultaneously in Lake Merced and the Canal for a total of six discrete storm events (Table 5-2 
and Appendix B). In addition to complete characterization of the six storm events, the first storm 
event of the wet season, occurring on October 3, 2011, was sampled by hand for general 
characterization of water quality. 

Hydrologic monitoring during the 2011-2012 wet season revealed that, in general, storm events 
within the Basin tend to result in flashy runoff patterns in the Canal. Flow monitoring over the 
sampling season recorded that runoff events generally lasted 3 to 17 hours (with an average of 
9 hours), and that peak runoff was reached after approximately 2.5 hours, on average. As a result, 
the contribution of runoff from the Canal to Lake Merced would be expected to be very flashy.  

Storm event sampling summaries are provided below and water quality results for these events are 
presented in Appendix B. 

• First Storm Event: The first storm event of the 2011-2012 monitoring period that resulted 
in flows exceeding 5 cfs in the Canal occurred on October 3, 2011 (during the dry season 
monitoring period). This storm event generated a peak flow of approximately 30 cfs with 
flows exceeding base flow levels for a duration of approximately 8 hours. Because the 
storm event occurred early in the season before wet season monitoring instrumentation was 
set up, periodic grab samples were collected manually for analysis. Two grab samples were 
obtained from the Canal in total. The first grab sample was collected during the rising limb 
of the event hydrograph and was analyzed for the full suite of water quality constituents 
described for the Lake (see Table 4-2 and Appendix B). A subsequent water quality sample 
was collected on October 4, 2011, during base flow conditions following the storm event. 
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TABLE 5-2 
STORM MONITORING SUMMARY 

 
Storm Event Date (2012) 

1/19 1/22 2/29 3/13 3/14 3/16 

Total Event Precipitation (in) 0.11 0.55 0.36 0.38 1.02 1.09 

Antecedent Dry Period (Days) 19 <1 13 11 <1 <1 

Peak Flow (cfs) 18 257 184 33 115 193 

No. of Aliquots Collected 48 48 36 24 71 48 

Storm Event Volume (acre-feet) 3.2 37.9 17.3 21.6 79.7 42.7 

Storm Event Capture Volume (acre-feet) 2.8 16.0 16.7 18.8 54.4 38.8 

Percent of Hydrograph Sampleda 87 42b 96 87 68 91 

Storm Volume as % of LM Storagec 0.06 0.67 0.31 0.38 1.42 0.76 
 
NOTES: 
a Based on calculation of the volume of the event hydrograph sampled as a percentage of the entire event hydrograph volume above 

base flow conditions. However, base flow somewhat arbitrarily determined for each storm event due to base flow conditions being under 
continuous fluctuation. Additionally, not all storms resulted in a return to pre-storm base flow levels following a sample even. In these 
cases, percent capture derived from base flow during pre-storm condition to the point of lowest flow following sample completion before 
the subsequent storm event and rising limb of next event hydrograph. 

b Although total event capture did not meet requirements for storm event monitoring representativeness (percent capture), sample 
collection successfully captured representative flow-paced samples from base flow to peak flow (and partially beyond) on the event 
hydrograph. The EMC calculated for this event is therefore likely higher (more conservative) than the actual EMC, but is conservatively 
representative for purposes of characterizing the seasonal mean for various pollutant loads. 

c Based on Lake volume of 5,625 acre-feet (as described in Chapter 4). 
 

 

The following summarizes individual wet season storm event conditions: 

• January 19, 2012: This storm event generated a peak flow of 18 cfs with storm flow 
exceeding base flow over a 9-hour period. The storm event was preceded by a dry interval 
of 19 days since the previous storm event. Forty-eight flow-paced aliquots were collected 
representing an event capture of 87 percent of the event hydrograph (Figure 5-5).  

• January 22, 2012: This storm event generated a peak flow of 257 cfs with storm flow 
exceeding base flow over an 1- hour period. The storm event was preceded by a dry interval 
of less than 1 day since the previous storm event. During this storm event, 48 flow-paced 
aliquots were collected but the total precipitation volume and rainfall rate exceeded 
predictions for the storm and the autosampler had insufficient capacity to capture the entire 
storm hydrograph based on the flow-pacing utilized for the event. However, the collected 
aliquots successfully captured the entire rising limb of the event hydrograph up to peak flow 
and a proportion beyond the peak flow on the falling limb of the hydrograph (Figure 5-6). 
Therefore, although only 42 percent of the total event hydrograph was sampled by volume, 
the results of water quality analysis were still utilized to estimate a conservative EMC by 
assuming the characteristic of the rising limb were similar to those for the falling limb of the 
event hydrograph in terms of water quality (see Table 5-2). 

• February 29, 2012: This storm event generated a peak flow of 184 cfs with storm flow 
exceeding base flow over a 15-hour period. It was preceded by a dry interval of 13 days 
since the previous storm event. During this event, 36 flow-paced aliquots were collected 
representing an event capture of 96 percent of the event hydrograph (Figure 5-7). 
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Figure 5-5
January 19, 2012 Storm Hydrograph

SOURCE: ESA, 2013
Vista Grande Drainage Basin Improvement Project. 207036.01



























































 















Figure 5-6
January 22, 2012 Storm Hydrograph

SOURCE: ESA, 2013
Vista Grande Drainage Basin Improvement Project. 207036.01






















































 




























Figure 5-7
February 29, 2012 Storm Hydrograph

SOURCE: ESA, 2013
Vista Grande Drainage Basin Improvement Project. 207036.01
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• March 13, 2012: This storm event generated a peak flow of 33 cfs with storm flow 
exceeding base flow over a 15-hour period. It was preceded by a dry interval of 11 days 
since the previous storm event. During this event, 24 flow-paced aliquots were collected 
representing an event capture of 87 percent of the event hydrograph (Figure 5-8). 

• March 14, 2012: This storm event generated a peak flow of 115 cfs with storm flow 
exceeding base flow over a 22-hour period. It was preceded by a dry interval of less than 1 
day since the previous storm event. During this event, 7112 flow-paced aliquots were 
collected representing an event capture of 69 percent of the event hydrograph (Figure 5-9). 

• March 16, 2012: This storm event generated a peak flow of 193 cfs with storm flow 
exceeding base flow over a 48-hour period. It was preceded by a dry interval of less than 1 
day since the previous storm event. The total precipitation volume and rainfall rate 
exceeded predictions for the storm and the autosampler had insufficient capacity to capture 
the entire storm hydrograph based on the flow pacing utilized for the event. Additionally, 
the storm event generated multiple large runoff peaks above base flow. However, the 
collected aliquots successfully captured the majority of the largest peak flow event during 
this multi-peak storm event. Samples were collected on the rising limb of the highest peak 
storm flow event up to peak flow and a proportion beyond the peak flow on the falling limb 
of the hydrograph (Figure 5-10). Therefore, although only about 45 percent of the entire 
storm event was captured for conditions above base flow, 91 percent of the event 
hydrograph for the main storm event peak runoff was sampled by volume (see Table 5-2). 

Water Quality Results 
The intent of the water quality monitoring within the Canal was to determine whether Canal 
water quality generally had characteristics typical of urban stormwater and authorized non-
stormwater flows for a broad range of constituents (such as nutrients, metals, and bacteria). 
Documenting the Canal water quality in this manner enabled accurate characterization of baseline 
water quality conditions for specific water quality constituents. Also, in terms of temperature, 
DO, and pH, the basis of the 303(d) listing for Lake Merced (described in Chapter 3 in detail) the 
general approach for water quality monitoring and assessment was to determine if the Canal 
stormwater and base flow water quality meets or exceeds the existing water quality of Lake 
Merced.  

Tables 5-3 and 5-4 present summaries of the dry and wet season water quality data that was 
collected for the Canal during the 2011-2012 monitoring season. Detailed results of Canal water 
quality monitoring are included in Appendix B. The following sections discuss the monitoring 
results for temperature, DO, and pH (summarized in Table 5-3), the focus of the Chapter 6 
analysis. Also presented below is a discussion of the water quality results for the broader suite of 
constituents presented in Table 5-4. 

12  The long duration of the storm allowed staff to reset the autosampler during the storm event and sample collection 
continued beyond the 48 aliquot sample capacity of the autosampler. However, resetting the autosampler during the 
storm event meant that a portion of the peak flow was not sampled as part of the composite storm sample. 
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Figure 5-8
March 13, 2012 Storm Hydrograph

SOURCE: ESA, 2013
Vista Grande Drainage Basin Improvement Project. 207036.01



























































 















Figure 5-9
March 14, 2012 Storm Hydrograph

SOURCE: ESA, 2013
Vista Grande Drainage Basin Improvement Project. 207036.01







































































 



















Figure 5-10
March 16, 2012 Storm Hydrograph

SOURCE: ESA, 2013
Vista Grande Drainage Basin Improvement Project. 207036.01



5. Vista Grande Canal Existing Conditions 
 

TABLE 5-3 
VISTA GRANDE CANAL WATER QUALITY DATA SUMMARY 

Parameter 

Dry Season Base Flow Wet Season Base Flow Wet Season Storm Flow 

Mean Min Max Mean Min Max Mean Mina Max 

Temp (ºC) 17.73 15.6 20.4 14.48 12.2 17.2 13.79 11.09 17.42 

DO (mg/L) 12.89 12.07 16.6 11.70 8.41 16.2 10.15 5.83 11.23 

pH 8.8 8.7 8.8 8.12 7.3 9.3 7.63 7.1 8.1 
 
NOTES: 
a Periodically, the stilling well containing the water quality sonde became clogged with fine sediment, causing malfunction. Data 

associated with such events typically expressed extreme values with rapid transitions between high and low readings. Such events were 
recorded in field notes and associated data was subsequently flagged and removed from data summaries. 

 
SOURCE: ESA 
 

 

Dissolved Oxygen and pH Water Quality Results 
Overall, the water quality of storm flows in the Canal was similar to that of Lake Merced during 
the corresponding period in terms of temperature, DO, and pH. Base flows ranged more widely, 
but are not characterized in detail as part of this assessment as base flow would pass through a 
constructed treatment wetland before entering Lake Merced. The pH values above 8 and DO 
values above about 12 mg/L in the base flows are probably a reflection of photosynthesis by 
benthic (bottom growing) algae that would be exposed to full sunlight conditions within the 
Canal. 

For storm flows exceeding 5 cfs (the minimum flow required to submerge the water quality sonde 
probes) temperatures and pH levels were generally similar to those in Lake Merced, as would be 
expected during the colder wet season period. DO levels were generally equal to or higher than 
those in Lake Merced, as would be expected during the colder wet season and as a result of the 
turbulent mixing of storm flows in the Canal. Additionally, it is expected that DO and pH levels 
in Canal stormflows would rapidly equilibrate with the background levels in the Lake depending 
in large part on weather conditions during and immediately following a given storm event. 

Other Water Quality Constituent Results 

Approach and Context for Water Quality Results 
The concentrations of nutrients, selected metals, and bacteria in Canal base flow and stormwater 
observed in the 2011-2012 wet season monitoring are summarized in Table 5-4 and discussed 
below. The intent of this monitoring was to confirm that concentrations of these constituents were 
generally in the ranges expected for urban stormwater and non-stormwater runoff and that the 
Canal water was unlikely to have discernible impacts on the Lake. As part of the determination of 
potential water quality effects to Lake Merced, the consideration of water quality results for a 
range of constituents must be considered within the context of proposed physical and operational 
Project elements as well as regulatory controls to urban runoff water quality and hydrologic 
elements, such as the relative volume of Canal flows as compared to Lake volume. 
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TABLE 5-4 
VISTA GRANDE CANAL 2011-2012 MONITORING DATA SUMMARY 

Constituent or Physical Property Unit 

Dry Season Base Flowa Wet Season Base Flowb Wet Season Storm Flowc 

Min. Max. Median Min. Max. Median Min. Max. Median 

Nutrients                     
Total phosphorous [P] mg/L 0.15 0.4 0.2 0.16 0.77 0.255 0.12 0.62 0.17 

Orthophosphate as P  mg/L ND (<0.1)d,f 0.27d.f 0.079d,f 0.089f 0.42 0.125f ND (<0.1)d 0.27 0.12e 

Nitrate as N mg/L 3.1 4.7 4.15 2.6 4.9 3.6 0.21 1.1 0.31e 

Total Kjeldahl Nitrogen (TKN) mg/L 0.61 1.5 0.875 0.63 2.8 1.65 0.41 4.3 0.70 

Ammonia as N mg/L 0.05d 0.32d 0.078d ND (<0.05)d 0.19 0.117d ND (<0.05)d 1.1 0.15d 

Oxygen Demand 
 

         
Chemical Oxygen Demand (COD) mg/L 17 33 22 10 36 18.5 9.9 57 12d,f 

Biochemical Oxygen Demand (BOD) mg/L ND (<4)d 4d 4d ND (<4)d 4.3 4d ND (<4)d 29 4d,e 

Metals (Total) 
 

         
Copper (Cu) μg/L 4.3 6 5.55 4.9 9.6 6.3 12 59 17.5e 

Nickel (Ni) μg/L 4.1 6.6 4.8 5.2 8 7.05 3 12 3.6e 

Metals (Dissolved) 
 

         
Copper (Cu) μg/L ND (<0.5)d 5d 3.35d 3.7 8.4 4.35 ND (<0.5)d 32 7.7d 

Nickel (Ni) μg/L ND (<0.5)d 5.8d 4d 4.8 7.5 5.65 ND (<0.5)d 6.1 1.45d 

Physical Parameters 
 

         
Total Suspended solids (TSS) mg/L 2.2e 34e 3.5e 2.4e 19.2e 3.5e 4.2 119 21.8e 

Bacteria/Organisms 
 

         
Total Coliform cfu/100 mL 5,100 140,000 14,900 100d 3,100,000 12,200d 10000 520000 70,000 

Fecal Coliform cfu/100 mL 120 5,700 980 10d 19,000 120d 2000 8000 4,900 

E. coli cfu/100 mL 1,000 20,000 3,750 100d 10,000 600d 10000 200000 10,000d 

Enterococcus cfu/100 mL 45 6,300 540 10d 16,000 350d 4000 42000 14,500 

MS-2 (Bacteriophage, Male Specific) pfu/mL ND(<1)d 322d 6.5d ND(<1)d 184 20 4 52 25 
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TABLE 5-4 (Continued) 
VISTA GRANDE CANAL 2011-2012 MONITORING DATA SUMMARY 

Constituent or Physical Property Unit 

Dry Season Base Flowa Wet Season Base Flowb Wet Season Storm Flowc 

Min. Max. Median Min. Max. Median Min. Max. Median 

Bacteria/Organisms (cont.) 
 

         
Giardia cysts/L ND (<0.1)d 3.58d 0.23d ND (<0.13)d 1.2 0.13 ND (<0.12)d 0.12 0.12 

Cryptosporidium spp. oocysts/L 0.1d 0.23d 0.14d ND (<0.1)d 0.13 0.125d ND (<0.13)d 0.12 0.12 

Bacteroidales - General  
 

Present Present - Present Present - Present Present - 

Bacteroidales - Human  ND Present - Present Present - ND Present - 
 
NOTES: 
a
 Dry season samples were taken on August 17, September 1, September 15, September 30, October 13, and October 27, 2011. b
 Wet season base flow samples were taken October 4, 2011 and January 13, January 24, February 6, and February 17, 2012. Note that although the October 4, 2011 base flow sampling event took place during the 

dry season window (August 15 to October 31), it was included as a wet season sampling event because it occurred after the first storm event of the season on October 3, 2011. c
 Wet season storm samples were taken on January 19, January 23, February 28, March 13, March 14, and March 16, 2012. d One or more samples in the group was Non-Detect e One or more samples in group have a dilution factor that is greater than DF=1 f One or more samples in this group is J-flagged 

 
SOURCE: ESA 
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As discussed in the Project Description in Chapter 2 and in Chapter 6, the intent of the proposed 
project is that both dry season and wet season Canal base flows would be diverted to the 
constructed treatment wetland before being conveyed to the Lake. Therefore the measured Canal 
concentrations are not indicative of the base flow concentrations and loadings that would be 
conveyed to the Lake. Stormwater flows would be conveyed through a 5 mm screening device 
prior to diversion to the Lake. The screening process would remove trash and constituents 
associated with larger particles in the stormwater.  

The Canal base flows result from a combination of sources within the urbanized Vista Grande 
watershed. These non-stormwater sources are identified in and are regulated under Provision C.15 
of the MRP as Exempted and Conditionally Exempted Non-Stormwater Discharges (see also 
Chapter 3). Sources include irrigation runoff, car washing, foundation drains, and planned and 
unplanned potable water system discharges. The MRP specifies required BMPs and monitoring 
and reporting requirements for these various discharges. The MRP requires that pollutant 
concentrations in these various discharges be controlled via implementation of applicable BMPs 
to the Maximum Extent Practicable (MEP). Daly City has an effective stormwater and non-
stormwater management program in compliance with the MRP.  

While the base flow concentrations of certain constituents in the Canal may at times be higher 
than background concentrations in the Lake, the overall volume of annual base flow is relatively 
low. Thus, the concentrations of the individual constituents are less important than the degree of 
treatment that would be provided by the constructed treatment wetland and the resultant loadings 
(i.e., volume times concentration) to the Lake after treatment. To assess the effect (Chapter 6), the 
treated base flow concentrations and the stormwater volume and constituent loadings to the Lake 
need to be compared to the Lake background concentrations and total Lake volume that these 
flows would be mixed with. As shown in Table 5-2, flows from the storm events monitored in 
2012 each represented less than 1 percent of the Lake volume (5,625 acre-feet). Average base 
flow volume is estimated at 0.5 acre-feet per day and on a cumulative annual basis represents 
0.01 to 0.02 percent of the Lake volume. 

Nutrients and TSS 
The most important constituent of potential concern monitored in the Canal was TIN, the sum of 
nitrate and ammonia concentrations. Nitrogen (TIN) is the limiting nutrient in the Lake relative to 
algal growth, based on review of available information and this analysis. Phosphate is present at 
levels well above those likely to limit algal growth. While individual and median TIN 
concentrations are summarized below, it is important to note that the assessment of TIN impacts 
on algal concentrations (Chapter 6) is based on annual average TIN concentrations. This is due in 
part to the fact that the majority of Canal TIN inputs would occur during the winter, which 
includes low light and temperature months that result in low algal growth rate whereas the peak 
algal growth period does not occur until the late spring, summer, and early fall months. 
Therefore, it is the accumulated mass of TIN retained within the Lake that controls algal growth, 
not the input from an individual stormwater diversion event.  
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The median dry season base flow TIN concentration was 4.3 mg/L TIN (nitrate, 4.2 mg/L, 
ammonia, 0.08 mg/L). The median wet season base flow TIN concentration was 3.8 mg/L. 
(nitrate, 3.6 mg/L; ammonia, 0.2 mg/L). Nonetheless, the concentration of nutrients in winter is 
very variable with periods of higher nutrient concentrations occurring when rains follow a few 
weeks of dry winter conditions. The median storm flow TIN concentration was considerably 
lower than the dry and wet season base flow TIN values at approximately 0.5 mg/L (nitrate 
0.31 mg/L, ammonia 0.15 mg/L). Rain contains an estimated 0.2 mg/L TIN, diluting the base 
flow TIN. Potential sources of nitrogen within the watershed include atmospheric deposition, 
fertilizer in residential irrigation runoff, and illicit animal waste.  

Lake Merced is already characterized as a eutrophic lake based on long-term algae (chlorophyll a) 
concentrations in the 23 to 26 ug/L range (Tables 4-3 and 4-4, Section 4.4.2). This analysis 
considered whether the additional TIN contained in the Canal water would cause excessive algal 
growth and whether associated impacts on DO and pH would adversely impact Lake beneficial 
uses. The water quality modeling assessment performed by Dr. Alex Horne (as reported in 
Chapter 6) indicated that over the range of Lake elevations under consideration, and with the 
inclusion of a constructed treatment wetland, that the changes in algal concentrations would be 
minimal. The changes would not be discernible to the human eye and would take many years of 
monitoring to detect. Algal concentrations could either slightly increase or decrease depending on 
the design and operation of the constructed treatment wetland. No adverse effects on beneficial 
uses (i.e., fisheries) were projected based on the additions of Canal water, the increases in Lake 
elevations, and the associated minor changes in extent of stratification and frequency of mixing 
events. 

Total suspended solids (TSS) rose from median values of 3.5 mg/L in base flows in both summer 
and winter to 22 mg/L during storm flows (Table 5-4). Most of the constituents monitored tend to 
be associated with particulates (TSS). As the length of the antecedent dry period before a storm 
increases, it is expected that the amount of particulates and levels of associated constituents 
would also increase. However, the existing BMPs (such as street sweeping) reduce the amount of 
particulate accumulation in this stormwater and therefore, reduce the potential for conveyance 
into the stormwater system and, in this instance, into the Canal. It is expected that TSS would be 
removed via settling in the constructed treatment wetland, with larger particulates removed by the 
debris screening system.  

Biochemical and Chemical Oxygen Demand  
The concentration of potential oxygen demanding substances in the Canal and Lake was 
measured as biochemical oxygen demand (BOD) and chemical oxygen demand (COD). BOD 
measures the oxygen demand of readily oxidizable organic matter and ammonia in a water 
sample over a five day period. The detection limit for the BOD test is 4 mg/L. COD is calculated 
through an oxidation test method that also measures the oxygen demand from reduced chemical 
substances such as sulfides.  

To the extent it may be present above background levels, BOD in urban runoff can be derived 
from naturally occurring organic matter such as leaves, grass clipping, and animal waste. The 
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majority of BOD sampling results both from the Canal and the Lake during all sampling periods 
were close to or below the 4 mg/L test detection limit. Exceptions occurred during two storm 
flow sampling events following long antecedent dry periods when BOD values rose to 29 mg/L 
and 10 mg/L(measured on January 20 and 29, 2012, respectively). TSS and volatile suspended 
solids (VSS) concentrations were also higher, indicating the more decomposable organic matter 
had been conveyed into the stormwater system and the Canal during those storm events.  

COD values were generally higher than corresponding BOD values. During the dry weather period, 
COD ranged from 17 to 33 mg/L in Canal base flows as compared to 25 to 34 mg/L in Lake 
Merced during the corresponding sampling period (Appendix B). During the wet weather period, 
the range of COD was similar; 12 to 36 mg/L for Canal base flows (Appendix B, page B-63) and 
<10 to 57 mg/L in Lake Merced (Appendix B, page B-64) on the corresponding sampling dates, 
potentially representing oxidation of the higher algal biomass present. Higher COD concentrations 
were also seen in Canal stormflows (as for BOD) during the January 20 and 29, 2012 storm events 
(99 and 57 mg/L, respectively) as compared to Lake Merced on the corresponding sampling dates 
(15 and <10 mg/L, respectively).  

Overall, BOD and COD levels were relatively low and at consistent levels in the Canal and in 
Lake Merced during both wet and dry season periods. Neither BOD nor COD concentrations 
were at levels in the Canal water that would cause discernible decreases in lake water DO 
concentrations. Canal water would generally be introduced near the surface of the Lake where the 
highest, sometimes supersaturated DO conditions exist.  

Bacteria and Other Microorganisms 
As discussed previously, Lake Merced is managed for both recreation and emergency water 
supply, to be used for sanitary and firefighting purposes, and subject to a boil water order. To 
protect this latter use, full body contact recreation is not allowed in the Lake. Full body contact 
recreation such as swimming with head immersion, is the primary pathway whereby humans can 
be significantly exposed to pathogenic waterborne organisms. Bacteriological water quality 
objectives were developed based on and intended to protect this full body contact beneficial use. 
However, because full body contact recreation is not allowed, boating and fishing are the primary 
uses that could result in incidental exposure to and ingestion of small amounts of Lake water.  

The bacterial organisms Total Coliform, Fecal Coliform, E. coli, and Enterococcus are analyzed 
as indicators of the presence of pathogens, but they are not pathogens themselves. Of these, 
E. coli is the organism most widely recommended by USEPA for evaluating the microbiological 
condition of fresh waterbodies. These organisms naturally die off at rates depending on 
temperature, sunlight (UV) exposure, and predation. They are often associated with particles and 
therefore subject to removal from the water column by settling. The concentration of organisms 
in Canal water introduced into the nearshore area of the Lake would also naturally diminish over 
a short period of time, as discussed below, due to mixing with and transport out into the main 
water mass of the Lake.  
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In addition to the indicator organism monitoring, sampling was also conducted for the pathogenic 
protozoans Giardia and Cryptosporidium. These protozoans can be transmitted via infected 
human sources, but more commonly by animal sources. Neither organism was detected in any of 
the Lake samples. Cryptosporidium was detected only once in the Canal (October 13, 2011) and 
at a level equal to the detection limit (0.1 oocysts/L). Giardia was detected during 3 out of 11 
Canal sampling events. The highest concentration of 3.58 cysts/L was observed from a dry season 
event on September 15, 2011. The other two detectable results of 1.2 and 0.23 oocysts/L occurred 
during wet season base flow sampling on October 4, 2011 and January 13, 2012, respectively.  

To further evaluate the likelihood of fecal contamination impacting the Lake and the Canal, 
analyses were conducted for General Bacteroidales and for Human Bacteroidales. This is a 
genetic assay test that indicates the presence or absence of fecal related genetic material. The 
General Bacteroidales test indicates the presence of fecal contamination from any source, and the 
Human Bacteroidales test indicates the presence of fecal contamination from human activities. 
This latter test is not specific for only human markers and also detects the presence of fecal 
material from domesticated animals that share some of the same markers with humans. In this 
type of urban environment, the results of the Human Bacteroidales test is likely detecting dog 
fecal matter at least in part. Daly City has a very effective Sanitary Sewer System Management 
Program so it is unlikely that raw wastewater is a contributing source.  

General Bacteroidales were detected in all 15 of the Canal samples and in all 15 of the Lake 
samples (stations LM-2 and LM-4). Human Bacteroidales were detected in 10 of the 15 Canal 
samples but in only 1 of the 15 Lake samples (on August 17, 2011 at LM-4). The results indicate 
that there appears to be widespread contribution to and presence of fecal related material both in 
the Lake and in the Canal. The potential human component was more limited and could be due at 
least in part to domestic animals (e.g., dogs) and other wildlife in and around the lake.  

Overall, the bacterial and related results indicate that water quality conditions in the Canal are 
similar to what would be expected in stormwater and authorized non-stormwater flows from a 
highly urbanized area. The potential impacts from introducing Canal flows into the Lake are 
considered minimal, given that base flows would be treated through the constructed treatment 
wetland prior to being introduced into the Lake, that the flows would be introduced near-shore in 
the Lake, where there is limited potential for full body contact exposure, and that the various 
microbiological organisms are subject to natural die-off, mixing, and dispersion throughout the 
Lake that is expected to reduce levels to background conditions within 48 to 72 hours after 
cessation of stormwater diversions.  

Prior to the monitoring conducted for the 2011 and 2012 dry and wet seasons, Daly City and 
SFPUC established a collaborative effort referred to as the Lake Merced Pilot Stormwater 
Enhancement Project (EOA, 2011) in support of assessing the feasibility of diverting stormwater 
runoff from the Canal to the Lake, with respect to various water quality constituents, including 
bacteriological water quality. Daly City and SFPUC conducted a pilot Canal stormwater 
diversion project to the Lake during the wet seasons 2003-2004 through 2008-2009 (EOA, 2011). 
The primary objective of the study was to determine whether the diversion of stormwater 
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increased concentrations of bacterial indicators of human fecal contamination in South Lake, 
potentially indicating increased human health risk during water contact recreation activities 
(boating, fishing) in and adjacent to the lake.  

The stormwater runoff was treated by a Continuous Deflection System (CDS) and a riparian 
buffer along the southwestern shoreline of South Lake before conveyance to the lake. 
Bacteriological water quality monitoring data were collected for treated Canal stormwater and at 
six near-shore and one background station in the Lake for 17 rainstorm events, with pilot 
diversions ranging in scale from about 0.1 to 5.4 million gallons per storm event. In general, 
concentrations of E. coli and Enterococcus were typically reduced by approximately 99 percent 
(as measured near-shore and at the Lake background station) 48 to 72 hours after cessation of 
stormwater diversions, as compared to the bacterial concentrations in the CDS treated Canal 
stormwater. For additional details on this pilot stormwater diversion water quality study as well 
as water quality results, see Appendix B. 

Metals 
In the 1990s and early 2000s, wastewater and stormwater management programs placed a 
significant emphasis on identifying and controlling potential sources of metals to the 
environment. These programs have been effective in controlling metals sources, particularly 
copper, to the maximum extent practicable. Copper is the only metal still recognized as a 
pollutant of concern by the MRP. The copper controls identified in MRP Provision C.13 have 
been fully implemented for many years by Daly City. The primary remaining source of copper is 
from vehicle brake pads and legislation has been adopted requiring a progressive reduction in the 
amount of copper in brake pads.  

Other metals, such as nickel and zinc, are generally present at low levels in urban stormwater. It 
is the dissolved fraction of metals that exert the most toxicity and are the most bioavailable. 
However, in the presence of organic matter (e.g., ligands) and inorganic constituents such as 
hardness, the dissolved fraction of most metals, including nickel and particularly zinc, is rapidly 
converted into less toxic metal complexes. The California Toxics Rule and Basin Plan WQOs are 
expressed as dissolved metals and as a function of ambient hardness. The WQOs also have both 
short-term exposure (acute) and long-term exposure (chronic) components. For stormwater, 
which is generally of a short-term and intermittent nature, typically the acute WQOs are used 
when evaluating the potential for water quality impacts.  

Assuming a conservative ambient Lake hardness of 200 mg/L (as CaCO3), the acute WQOs for 
lead, copper, nickel, and zinc are 197, 27, 843, and 216 ug/L, respectively. The maximum 
observed dissolved concentrations in the Canal for these four constituents were 1.6, 32, 12, and 
120 ug/L, respectively. The second highest observed Canal dissolved copper concentration was 
15 ug/L with other values of as low as <0.5 ug/L. Metals concentrations are almost universally 
low and available BMPs are already being implemented to maintain these levels and, in the case 
of copper, further reduce them over time (as brake pad reformulation occurs). 
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As summarized above, metals concentrations would be expected to be low and, along with other 
constituents discussed above, would be further reduced in Canal water through treatment in the 
constructed treatment wetland. Aquatic life beneficial uses currently appear fully protected in the 
Lake and it is unlikely that the low levels of metals in Canal water would have adverse impacts 
on beneficial uses. Further, as described for bacteria and other microorganisms above, the 
Lake Merced Pilot Stormwater Enhancement Project (see Appendix B for additional details), also 
monitored total metals concentrations in the CDS treated Canal water and in the Lake following 
diversion events (EOA, 2011). In general, concentrations of total copper that were elevated in the 
Canal stormwater during diversion events as compared to concentrations in the Lake did not 
result in copper concentrations in the Lake above background levels (generally non-detect) 
measured 48 to 72 hours following cessation of a diversion event. 
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CHAPTER 6 
Water Quality Assessment – Lake Level and 
Water Quality Modeling Results 

This chapter evaluates the possible effects of increasing the mean depth of Lake Merced by 
approximately 0.5 to 3 feet from the current typical mean annual depth of 6.0 feet (i.e., WSE of 
6.5 to 9.5 feet) by the addition of base flow and stormwater from the Canal. Specifically, this 
section evaluates how project operations may influence future stratification and eutrophication 
conditions in Lake Merced. In particular, this evaluation focuses on the effects of depth and TIN 
levels on the two key indicators of Lake “health,” algal concentration (chlorophyll a) and Lake 
clarity (Secchi depth) and the primary factors (e.g., stratification, mixing frequency, TIN levels, 
extent of constructed wetland treatment) that control them.  

There are likely to be two variables that affect Lake Merced health that were estimated using two 
simple spreadsheet models and assumptions, combined with a quantitative mass balance 
approach. The first model was based on mixing depth and assessed the effects on chlorophyll a 
and Secchi depth due to changes in sediment stirring from mixing, and the resultant release of 
nutrients from the sediments to the water column. The second model assessed the effects of Canal 
base flow and stormwater on the Lake at various proposed depths, with and without Canal 
nutrients reduced by use of a basic versus an advanced constructed treatment wetland. 

This chapter also provides an assessment of potential effects of increased Lake depths on 
temperature in the upper mixed layer of the Lake to evaluate the potential for impacts on aquatic 
life beneficial uses (i.e. fisheries). 

6.1 Mixing Model Assessment of Lake Elevation 
Impacts on Chlorophyll and Secchi Depth 

6.1.1 Mixing Depth Model Description 
A simple lake model based on mixing depth and the chlorophyll-water transparency relationship 
was used to estimate the water quality changes that could occur at the range of proposed depth 
increases. Sediment stirring was used as a proxy for changes in the flux of nutrients to the water. 
The changes in nutrients were then modeled to show likely effects on chlorophyll a (algae) and 
water transparency (Secchi depth) that would likely occur at the proposed mean and maximum 
depths. The results were calibrated against the current Lake conditions and were expressed in 
terms of potential algae blooms and water clarity. 
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The mixing model used is based on both theoretical energy-mixing distribution with depth and 
estimates of the wave length and amplitude in Lake Merced. The continuously recording sonde 
data from 2011 and 2012 allow this model to build on the predictions from previous ones such as 
that of Michael Deas (Watercourse Engineering, Davis, CA) used in the EDAW report (2004). 
That model for Lake Merced was based on the changes of the slope of the thermocline at various 
wind speeds (Wedderburn or Reynolds’s numbers, described on page 8 of EDAW, 2004). Models 
based on the Reynolds’s number use the ratio of wind-powered mixing to the resistance to mixing 
as determined by the density difference between the warm, less dense upper water layer and the 
cooler, denser lower layer.  

The model used for this assessment was based on the propagation of mixing energy down each 
surface wave to the sediments (Horne and Goldman, 1994). This model replaces the wind and 
density differences with empirical data measured or assumed for the Lake; in particular wave 
length and wave height during windy periods. In large lakes waves vary from place to place but in 
small lakes such as Lake Merced, these two variables are similar over the 175 acres of surface 
water. Fully accurate estimates of wave height and length are difficult to measure but an 
approximate maximum wave height of 30 centimeters (cm) and a wave length of 3 meters (m) 
were estimated from visual observations at the Lake in 2012.  

The oscillation of the water molecules on the surface produces similar, if decreasing, temperature 
inversions all down the water column. Fewer temperature inversions occur as the water gets 
deeper and the mixing energy is lost to friction. Temperature inversions cause mixing because 
they are unstable; cooler denser water is lifted above the surrounding lighter warm water, but due 
to gravity is then pulled down past its equilibrium depth. If this occurs near the lake bottom, a 
parcel of sinking water would affect the sediments at an angle, then bounce up carrying with it 
sediments and nutrients that otherwise would be locked into the mud. The energy propagation 
with depth method is more direct and more useful for the purposes of estimating sediment 
nutrient fluxes in lakes with modest depths like Lake Merced than the previous model used 
(EDAW, 2004). 

The water parcel oscillations decrease approximately as the log of the wave length. Thus a 30 cm 
surface wave would be 3 cm at 3 m (9.8 ft) (i.e., one wavelength) and 0.3 cm at 6 m (19.7 ft) and 
3 mm at the bottom of Lake Merced if it was 9 m (29.5 ft) deep. Thus, even during peak wind 
conditions, oscillations and mixing energy in the deeper areas of Lake Merced are weak relative 
to that of the surface waters. 

There are two kinds of general water motion: waves and currents. Waves are the dominant mixing 
force due to their vertical component. Currents are the main method of moving water, but have 
only a small vertical component because almost all of the wind’s energy goes into horizontal 
motion pushing large volumes of the upper water layers around the lake. The Lake can be thought 
of as a series of separate slabs of water, each a meter or so thick and with a slightly different 
temperature and density. This Lagrangian Slab concept can be verified experimentally and is 
useful in determining how mixing energy comes from currents flowing around the Lake. The 
surface water slab moves quickest and some of its motion is transferred to the next deepest layer.  
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However, because the Earth is rotating quite rapidly, the Coriolis Force causes the horizontal 
motion of the lower slab to move to the right at approximately 45 degrees (at equilibrium, which 
is only reached in large lakes and the oceans). The next slab moves at another 45 degrees and so 
on down to the bottom in an Ekman Spiral. Thus water moving with the wind at the surface is 
eventually balanced by other deeper slabs moving in the opposite direction. The friction between 
each rotating slab does provide a small amount of vertical mixing but this is very small in the 
deeper slabs due to frictional losses as the huge layers of water slide over each other. 

Waves of various kinds provide vertical mixing motion directly and indirectly. The most 
important is the downward propagation of surface wave energy discussed above. The second is 
thermocline waves, or seiches, but these are unimportant in Lake Merced because it is not always 
stratified and the estimated wave lengths in Lake Merced are not long enough to mix deep water. 
Even with long waves, most seiches’ energy is lost as friction when the wave rides over the 
sediments in shallow edge water. Langmuir Spirals are a combination of the energies of both 
waves and currents and also mix the lake water. They can be seen as parallel stripes of foam or 
detritus on stormy days and are oriented in the same direction as the wind. In Lake Merced, as all 
other waters, the energy of Langmuir Spirals is confined to the upper few meters of water and 
would have no effect on the bottom. A similar, more efficient wave energy is that of breaking 
waves on windy days, when parcels of water are ripped from the top of the wave and hurled to the 
trough of the wave. Again, almost all of this energy is lost on the surface.  

The results were calibrated against the current lake conditions using the 2011 detailed 
temperature sonde data from three depths and were expressed in terms of potential algae blooms 
(chlorophyll a concentration) and water clarity (Secchi depth).  

6.1.2 Mixing Model Results 
The effects of increasing the depth of South Lake on lake mixing are shown in Table 6-1. The 
present mixing frequency of 11 days was determined empirically from the output of the 
continuously recording temperature sondes deployed in 2011. As the Lake depth increased, the 
mixing frequency decreased because it takes more energy to stir more water. The result in the 
important variable of mixing is a decrease in the top-to-bottom water column mixing frequency 
from every 11 days (current situation) to up to 25.5 days (+3.5 feet). The decrease in frequency for 
the four modeled conditions was not linear because the loss in mixing energy with depth is almost 
logarithmic. 

Based on the summer-fall continuously recording probes deployed in 2011 and some assumptions 
about wave amplitude and wavelength, the additional water would likely make a noticeable 
difference in the stratification period. The assumptions for Lake Merced were a typical maximum 
wave height of 30 cm and a wave length of 3 m. The increase in depth reduces wave-driven 
swirling on the bottom mud that propagates down from the surface. Bottom stirring would almost 
halve from 0.1 to 0.04 cm (Table 6-2). 
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TABLE 6-1 
MODELED EFFECT OF INCREASING THE DEPTH ON THE FREQUENCY OF MIXING IN SOUTH LAKE 

 
Present 

Scenario A 
mean 

Scenario B 
mean 

Scenario C 
mean 

Scenario C 
maximum 

Depth increase (ft) 0 0.5 1.5 2.5 3.5 

WSE (City Datum, ft.) 6.0 6.5 7.5 8.5 9.5 

Water depth (ft) 24 24.5 25.5 26.5 27.5 

Depth increase (%) 0 2.1 6.3 10.4 14.6 

Mixing frequency (days) 11 12.5 15.0 19.7 25.5 

Mixing regime Polymictic Polymictic Polymictic Polymictic Moderately 
polymictic 

 
NOTE: Scenarios A, B, C, and C maximum refer to mean WSE scenarios of 6.5, 7.5, 8.5, and 9.5 feet respectively. 
 
SOURCE: Horne, 2012a 
 

 

TABLE 6-2 
ESTIMATED CHANGES IN BOTTOM WATER WAVE-INDUCED STIRRING  

WITH ADDITIONAL DEPTH FOR LAKE MERCED 

Elevation/Scenario measured 
Water depth  

(ft) 
Wave amplitude at depth  

(cm) 

Surface 0 30 

Bottom, Existinga 24 0.102 

Bottom, Scenario A mean (+0.5 ft) 24.5 0.090 

Bottom, Scenario B mean (+1.5 ft) 25.5 0.075 

Bottom, Scenario C mean (+2.5 ft) 26.5 0.057 

Bottom, Scenario C max (+ 3.5 ft) 27.5 0.044 

Calibrationb 18.8 0.36 
 
NOTES: 
a Depth at WSE 6.0 feet City Datum 
b Model calibration methods are described in Appendix E. 
 
SOURCE: Horne, 2012a 
 

 

Some further support for the concept that increasing depth may improve conditions in Lake Merced 
can be found in the recent Kennedy/Jenks report (2010). This report indicates that a recent increase 
in water depth (+1.5 ft; 2000 to 2005) resulted in a slight increase in water clarity as measured by 
Secchi depth. Although the increase was only 8 inches, this is nonetheless an approximately 
40 percent improvement over the current water clarity. The recent increased water transparency was 
not clearly related to nutrients or algae, since these did not change markedly. Nitrate decreased and 
phosphate increased, with no information given for ammonia. The transparency increase was likely 
due to less suspended sediment because turbidity declined (Kennedy/Jenks, 2010). A plausible 
explanation is that deeper water allows slowly sinking sediments to fall below the wind-mixed zone 
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and thus cease to contribute to reduced lake water clarity. Another possible reason is that the new 
higher water level results in a shoreline less prone to wind-induced soil erosion. 

Effects of Reduced Mixing on Nutrients and Algal Biomass 
In order to estimate the effects of mixing and nutrients on algal growth, the concentration of 
nutrients in the Lake during the nutrient-limited period is needed. A summary of the concentration 
of nutrients in the waters of Lake Merced in the dry season are shown in Table 6-3. As shown, 
nitrogen is relatively low (mean TIN = 93 µg/L) compared to phosphorus (mean TP = 120 to 
200 µg/L). 

TABLE 6-3 
WATER QUALITY DATA FOR LAKE MERCED DURING THE DRY SEASON 

Nutrienta 

Concentration (µg/L) 

Comments Mean Max. Min. 

Nitrate 43 70 19 Very lowb 

Ammonia 50 140 < 50 Lowb 

TIN 93 210 69 Lowb 

TKN (organic-N) 875 1,500 610 Moderateb 

TN (TKN + nitrate) 
(approximate) 910 1,600 630 Moderateb 

Phosphate 35 120 21 Highb 

TP  120 670 210 Highb 

0.8 TP 96 536 168  

TP (2000 to 2003) 200 - - Highb 

Ratios of TIN:0.8TP for Lake Merced and Comparison Values 

Lake/Scenario Ratio of TIN:0.8TP Comments 

Lake Merced 1:7.8 Strong N-limitation 

Balanced growth  approximately 10:1 No limitation 

Lake Superior, Great Lakes approximately 40:1 Strong P-limitation 
 
NOTES: 
a Unless otherwise noted, data are from 2011 
b Nutrient level compared to what would be expected for an urban water body 
 
SOURCE: 2011 data (complete citation); Kennedy/Jenks, 2010; Casteel et al., 2005 
 

 

For Lake Merced, the model assumes that the less frequent mixing in the deeper lake scenarios 
would result in relatively less nutrients stirred up from the bottom and consequently less algae 
growth and eutrophication. The number of days between mixing events indicates the frequency at 
which nutrients released from anoxic sediments during temporary stratified conditions are 
circulated up to the illuminated waters and become available to algae. Thus, the mixing frequency 
approximates to the eutrophication potential. 
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The decrease in light attenuation in water is non-linear so in more eutrophic lakes the human 
observer on the shore has difficulty in seeing an increase in water clarity even when chlorophyll 
declines substantially (Figure 6-1). Once a certain threshold is reached however, relatively small 
changes in the amount of algae produce observable benefits to the shoreline observer. The lake 
water is at least potentially nutrient-limited, with nitrate being the limiting nutrient, at least in 
terms of biologically available nutrients. The effects of decreased nutrients caused by lower 
sediment mixing due to higher water levels should have an effect on eutrophication, algae, and 
water clarity. The changes in nutrients caused by simple changes in mixing are assumed to have a 
linear relationship. The relationship of nutrients to algae, however, would not be one to one 
(nitrogen released all going to algal growth) since there is considerable inefficiency in converting 
nutrients in the water to algal biomass. 

 
  Vista Grande Drainage Basin Improvement Project ■ 207036.01 
SOURCE: ESA; Horne, 2012a Figure 6-1 

Relationship of Algae as Chlorophyll and Water Clarity as  
Secchi Depth for Lake Merced at Proposed Depth Increases 
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The estimates of algae (chlorophyll a) and water clarity (Secchi depth) modeled from the changes 
in mixing were calculated in a simple Excel spread sheet model and summarized in Tables 6-4 
and 6-5. The basic assumptions for Lake Merced were  

• The decrease in sediment stirring by the propagated surface water wave at each greater 
depth is directly proportional to the amount of nutrient released 

• The amount of nutrient released is related to the amount of algae produced according to the 
empirically deduced factor: 1 µg/L chlorophyll a produced by 7.3 µg/L TIN (from observed 
decline of TIN in spring and concomitant increase in chlorophyll a) 

• Chlorophyll and water clarity related in a curvilinear fashion as found in most other 
non-muddy, eutrophic lakes 

TABLE 6-4 
ESTIMATES OF EFFECTS OF INCREASED DEPTHS ON CHLOROPHYLL FOR LAKE MERCED 

Elevation/Scenario 
Water depth 

(ft)a 

Polymictic 
Index  

(2011 = 100) 

Estimated TIN in 
mixed water 

column (µg/L) 

TIN 
decrease 

(µg/L) 

Estimated chl 
a at surface 

(µg/L) 

Chl a 
decrease 

(µg/L) 

Surface 0  90 0 30  

Bottom, Present 24 100 90 0 30 0 

Bottom, Scenario A 
mean (+0.5 ft) 24.5 88 79 11 28.5 1.5 

Bottom, Scenario B 
mean (+1.5 ft) 25.5 73 66 24 26.7 3.3 

Bottom, Scenario C 
mean (+2.5 ft) 26.5 56 50 40 24.5 5.5 

Bottom, Scenario C 
max (+ 3.5 ft) 27.5 43 39 51 23.0 7.0 

 
NOTE: The mean Secchi depth for Lake Merced in 2009 was approximately 2 feet and corresponded to a dry season algal chlorophyll a 

value of 30 µg/L (2000 to 2003 data). This is similar to the long-term data set [chlorophyll a 27 µg/L and Secchi depth 1.8 ft (1997 to 
2008)]. The TIN in summer is 90 µg/L. 

 
SOURCE: Horne, 2012a 
 

 

TABLE 6-5 
ESTIMATES OF EFFECTS OF INCREASED DEPTHS ON WATER CLARITY FOR LAKE MERCED 

Elevation/Scenario 
Estimated chl a at 

surface (µg/L) 
Estimated Secchi 

depth (ft) Eutrophication estimates 

Surface 30 2 Eutrophic, no visible changes 

Bottom, Existing 30 2 Eutrophic, no visible changes 

Bottom, Scenario A mean 
(+0.5 ft) 28.5 2 Eutrophic, no visible changes 

Bottom, Scenario B mean 
(+1.5 ft) 26.7 2 Eutrophic, no visible changes 

Bottom, Scenario C mean 
(+2.5 ft) 24.6 2 to 2.3 Eutrophic, possible slight increase in 

water clarity 

Bottom, Scenario C max 
(+3.5 ft) 23.0 2 to 2.3 Eutrophic, possible slight increase in 

water clarity 

Vista Grande Drainage Basin Improvement Project 6-7 ESA / 207036.01 
Water Quality Assessment December 2015 



6. Water Quality Assessment – Lake Level and Water Quality Modeling Results 
 

For Lake Merced, the empirical data shows the average summer chlorophyll a was 30 µg/L 
(2000 to 2003; Casteel et al., 2005) and 27 µg/L (range 4.7 to 100; Kennedy/Jenks, 2010). The 
two values of 27 and 30 µg/L are virtually the same and within the natural variation. For this 
analysis, 30 µg/L was used rather than 27 µg/L since it is slightly more conservative from the 
viewpoint of predicting future algal concentrations.  

For the 2.5 feet WSE increase, an estimated decrease of 40 µg/L is TIN is predicted with a 
resulting decrease in algal chlorophyll a of 4.5 µg/L (Table 6-4). The decrease in chlorophyll a is 
based on measured changes in chlorophyll in Lake Merced with measured changes in TIN. This is 
described further in the Increase in Algae Due to Stormwater Inflow section below.  

The various depth increases produced estimated chlorophyll a reductions of up to 7 µg/L (about 
23 percent). A maximum decrease of 23 percent in algae would result in only a small decrease in 
BOD in the sediments since not all algae sink as complete cells. Thus, the maximum increase in 
depth would not be a cure for the bottom water low DO episodes. 

In terms of water clarity, no effect can be expected even though chlorophyll is estimated to drop 
with increased depth. There is no water clarity improvement in proportion to lower chlorophyll 
levels at these concentrations since the curve of chlorophyll with clarity is flat at this algae 
concentration (Figure 6-1). Because of the shape of the chlorophyll/water clarity relationship, no 
discernible change in water clarity occurs over the chlorophyll a range of about 16 to 38 µg/L. It 
is unlikely that anyone could see such a small change and clarity (as determined by Secchi depth 
measurement) of 2 to 2.3 feet are indicative of less desirable water quality.  

6.1.3 Mixing Model Summary and Conclusions 
A simple lake model based on mixing depth and the chlorophyll-water transparency relationship 
was used to estimate the water quality changes that could occur at the range of proposed depth 
increases. Increased thermal stratification due to increased depth is expected to produce an overall 
improvement in water quality that would be progressive with increases in depth. The effects of 
increasing the depth of South Lake on lake mixing are shown in Table 6-1. As the Lake depth 
increases, the mixing frequency decreases, resulting in a decrease in the top-to-bottom water 
column mixing frequency from every 11 days (current situation) to up to 25.5 days (+3.5 feet). The 
less frequent mixing in the deeper Lake would result in relatively less nutrients stirred up from 
the bottom and consequently less algae growth and eutrophication. With less frequent mixing, the 
modeled range of depth increases produced estimated chlorophyll a reductions of up to 7 µg/L 
(about 23 percent; Figure 6-1 and Table 6-4). A maximum decrease of 23 percent in algae would 
result in a small decrease in algae-related BOD in the sediments, and while some long-term 
reduction in oxygen depletion in the bottom waters is therefore likely, periods of anoxia would 
remain during stratified conditions. There would be no likely visible change in water clarity with 
a predicted Secchi depth increase of only 2 to 2.3 feet because of the flat shape of the 
chlorophyll/water clarity relationship at these levels (Figure 6-1). 
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6.2 Methodology to Assess Canal Base Flow and 
Stormwater Effects on Lake Merced 

A spreadsheet model was used to assess the effects of Canal base flow and stormwater diversions 
to the Lake at various proposed depths and with and without nutrients reduced by use of two 
types of constructed treatment wetland. The model assumptions are: 

• Inflowing Canal water nutrients are completely mixed with over-winter Lake nutrients. 

• The early spring concentration of the limiting nutrients (TIN) controls the maximum 
summer-fall chlorophyll concentration. 

• One µg/L of chlorophyll would result from 7.3 µg/L of TIN based on an empirical 
relationship made using Lake Merced data. 

• The effect of the increased TIN additions from Canal diversions would show over the five 
algae blooms that normally occur in Lake Merced. 

• The resultant Canal diversion TIN increases are combined with the reductions in TIN 
expected from the water depth increases. 

• TIN removal from a basic wetland design assumed a conceptual design with one or more 
ponds with reeds around and with a random assortment of unplanted vegetation. 

• TIN removal from an advanced wetland design assumed a conceptual design with 4 to 5 
cells to minimize short-circuiting and planted with specific kinds of vegetation.  

• The constructed treatment wetland would reduce N-inflows during the summer (a 
conservative assumption with no acknowledgement of reductions that could occur in winter 
if wetland water residence time is extended). 

6.2.1 Model Description 
The detailed calculations to predict the effects of various volumes of stormwater needed to 
increase lake levels +0.5 to +3.5 feet were made using a spread sheet model and are summarized 
in Table 6-8. To estimate the preliminary potential effects, the change in nutrient concentrations 
and resulting change in algae concentrations were analyzed for the filling period when the lake 
level is raised to the target WSE, and for the steady state period when smaller annual 
contributions are made to maintain the target WSE range. 

6.2.2 Effects of Increased Nutrient Loading from Canal Base 
Flow and Stormwater on Algal Biomass 

At present, Lake Merced is a terminal lake with no direct outflow to the sea. An indirect outflow 
exists as described above at the overflow to the Canal situated at an elevation of 13 feet City Datum. 
Thus, any water entering the Lake would either dilute or concentrate nutrients in the water 
depending on its nutrient concentration, unless the WSE exceeds 13 feet City Datum, as it has not 
done since 1942 (SFPUC, 2011b). Since the Lake currently receives no inflow from surface runoff 
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in the dry season, and an unknown but very small amount of inflow from groundwater (see 
Figure 4-2), the amount of nutrients already present in the Lake in late winter and early spring 
would determine the amount of algae that would grow between March and November.  

The project would result in water flows from the Canal to the Lake during summer (base flows) 
and winter (base and storm flows) to increase its depth. Nutrients in base and storm flows from 
the Vista Grande Canal have the potential to slightly affect the level of eutrophication in Lake 
Merced. On average, stormwater in winter 2012 contained moderate amounts of nutrients 
(Table 6-6). Median TP was 270 µg/L. TIN, the sum of nitrate as nitrogen (420 µg/L) and 
ammonia as nitrogen (190 µg/L), was 610 µg/L. Comparatively, Canal base flow in winter 2012 
had a similar median TP of 255 µg/L, but a higher median TIN of 3,700 µg/L. In comparison, 
Lake Merced water at this time had a TP concentration of 150 µg/L but a much lower 
concentration of TIN (90 µg/L) than the incoming stormwater. This is not surprising, since Lake 
Merced is strongly TIN-deficient and TP-rich, relative to many U.S. waters located in cooler, 
wetter climates. The potential effects are based on the assumption that the majority of TIN added 
during stormwater diversion events remains in the water column and is available in a suitable 
form for direct algae uptake and growth during the seasonal peak growth period. As described in 
Section 4.4.2, this is a simplifying and conservative assumption, given that there are multiple 
nitrogen removal processes occurring concurrently within the Lake, in the bottom sediments, and 
along the shoreline, including denitrification and uptake by aquatic plants.  

TABLE 6-6 
KEY NUTRIENT LEVELS IN THE VISTA GRANDE CANAL 

Constituent 

ESA 2011-2012 Monitoring Data 
Kennedy/Jenks 

Consultants, 2009a 

EDAW, 
2004b 

Base Flow Initial 
Storm 
Flow 

Storm 
Base 
Flow Storm Min Max Median Min Max Median 

Ammonia - as N  
(mg-N/L) 0.05 0.19 0.117 0.07 0.09 1.1 0.19 1.7 0.7 0.7 

Nitrate  
(mg-N/L) 2.6 4.9 3.6 3.56 0.21 1.1 0.42 4.23 

(mg/L) 
3.77 

(mg/L) 2.3 

Total Nitrogen (TN) 
(mg-N/L) -- -- -- -- -- -- -- -- 

1.89 – 
34.8 

(mg/L) 
6.7 

Total Kjeldahl (TKN) 
Nitrogen (mg/L) 0.63 2.8 1.65 8 0.41 4.3 1.11 -- -- -- 

Total Phosphorus 
(TP) (mg-P/L) 0.16 0.77 0.255 1.6 0.12 0.62 0.27 -- 0.547 

(mg/L) 1.0 

 
NOTES: 
a Kennedy/Jenks Consultants. 2009. San Francisco Water System Improvement Project: Lake Merced Water Levels Restoration 

(CUW30101) Draft 100% Conceptual Engineering Report, Prepared for San Francisco Public Utilities Commission, January 2009. [some 
of the data from CH2M Hill, 2004. Vista Grande Canal Lake Merced Pilot Storm Water Treatment Project, Technical Memorandum 3, 
Table 2) 

b EDAW. 2004. Lake Merced: Initiative to Raise And Maintain Lake Level and Improve Water Quality: Task 4 Technical Memorandum, 
Prepared for the San Francisco Public Utilities Commission, September 2004. [used data from SFPUC 2000-2003 monitoring] 

 
SOURCES: ESA; Kennedy/Jenks Consultants, 2009; EDAW, 2004. 
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Under certain conditions for the proposed project, here defined as the initial storm flow event for 
the wet season, the concentrations of both TP and TIN in the stormwater could increase to 
12 (TP) and 22 (TIN) times the concentrations in the Lake water (Appendix B). This flow is 
important because it contains higher nutrient concentrations than subsequent storm flows. Even 
though the volume of stormwater from individual storm events is relatively small compared with 
that of the Lake at the time of winter storms (typically less than one percent of lake volume), the 
potential input from the initial storm flow, if diverted to the Lake, could disproportionately 
increase nutrient concentrations in the Lake, leading to increased algal growth later in the year, 
assuming as noted above that all the added TIN remains present and bioavailable.  

Algae can use either nitrate or ammonia, so TIN is a convenient summary of the eutrophication 
effects of added stormwater. In any event, ammonia arriving at the Lake would probably be 
rapidly oxidized to nitrate before uptake since winter algal growth is limited by the weak sunlight. 
Particulate matter would sink to the bottom in the Lake and not necessarily affect free water 
concentrations, especially under the fully oxidized winter conditions. 

Over winter, the nutrients in Lake Merced build up due to releases from the sediments, 
groundwater, and any surface water inflows, as well as from direct precipitation and dust settling 
on the lake surface. As winter turns to spring, the nutrient concentrations begin to fall as algae 
grow and use them up (Table 6-7). In particular, TIN reached 120 µg/L on January 23, 2012 then 
fell to 40 µg/L by March 13. Using this empirical data from late fall to spring 2012, a maximum 
decline of about 80 µg/L of TIN (120 minus 40 µg/L of nitrate + ammonia) occurred. Since 
nitrogen is the potential limiting nutrient for algal growth, it is likely that the 80 µg/L of TIN 
taken up became incorporated into phytoplankton during the “spring” blooms of algae.13 In 
addition, although algal growth is low in winter due to low light, there is sufficient illumination 
for some growth and algae can take up some nutrients and store them for later use. 

TABLE 6-7 
CHANGES IN NUTRIENTS IN THE LAKE AND IN STORMWATER MEASURED  

OVER WINTER IN LAKE MERCED IN 2012 

Nutrient (µg/L as N or P) Jan 20 Jan 23 Feb 29 Mar 13 

Lake     
TP 150 140 110 100 
Nitrate-N 20 70 20 10 
Ammonia-N 50 50 50 30 
TIN 70 120 70 40 

Stormwater     
TP 620 170 360 180 
Nitrate-N 1,100 210 260 580 
Ammonia-N 1,100 50 210 170 
TIN 2,200 260 470 350 

 
SOURCE: Horne, 2012a 
 

13 The terms spring, summer, and fall phytoplankton blooms were coined by temperate zone limnologists, and in 
lower latitudes, the spring bloom is often a late-winter growth. 
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The average increase in chlorophyll from wet (winter) to dry (summer) season over the years is 
11 µg/L (30 minus 19 µg/L, Kennedy/Jenks Consultants, 2010) and the average uptake of TIN in 
early spring was described in the previous paragraph to be 80 µg/L. Thus, 1 µg/L chlorophyll a is 
grown by the decrease of 7.3 µg/L TIN (80/11). This value can be used to predict the amount of 
algae that would grow given a known amount of TIN added in stormwater. The 1 to 7.3 relationship 
is not a directly causal relationship since it was empirically derived and accounts for direct uptake 
of TIN for algal growth but also the losses of algae by sinking to the bottom, grazing of algae by 
zooplankton at the time, and any parasitism that may have occurred possibly due to chytrid fungal 
attacks. 

6.2.3 Nutrient Loading Model Results 

Filling Period 
To assess how inputs of nutrients in storm and base flows could affect algal growth, nutrient 
effects during the winter (5-month) and summer (7-month) periods were analyzed individually 
and then combined to assess the annual average change in algae concentration. Tables 6-8, 6-9, 
and 6-10 provide a summary of the estimated net effects of increases in water depth, storm 
nutrient inflows (TIN = 610 µg/L) and year-round base nutrient flows (TIN = 3,700 µg/L) to 
Lake Merced under three different filling schedules, and with and without two types of proposed 
constructed treatment wetland. The design of the proposed wetland is in progress; therefore, this 
analysis considers two possible constructed treatment wetland types to show a range of potential 
water quality predictions post treatment; one that provides some treatment and settling and 
follows a simple design approach that is self-regulating (basic) and one that provides more 
substantial water quality treatment through a greater degree of design with multiple cells planted 
in a manner to facilitate specific constituent removal (advanced).14 The filling times presented 
assume that storm flows below 35 cfs would continue to be diverted to the Pacific Ocean. The 
impacts of alternative diversion flow thresholds are discussed in Chapter 2 (Project Description). 
In general, the higher the diversion threshold selected, the longer time it would take to fill the 
Lake to the desired water surface elevation and reach a steady state elevation condition. 

Table 6-8 summarizes the potential change in winter TIN, Table 6-9 summarizes the potential 
change in summer TIN, and Table 6-10 summarizes the net change combining summer and 
winter TIN and net effects on algal concentrations. All potential changes in chlorophyll values are 
based on the current mean annual concentration of 30 µg/L. 

Without the Proposed Constructed Treatment Wetland. Potential effects on algal growth 
were analyzed without the proposed constructed treatment wetland for comparative purposes. 
Without the constructed treatment wetland, the net result is that at all rates of filling, there would 
be an estimated increase of 8.1 to 11 µg/L (mean 9.7 µg/l) of chlorophyll a in summer in the Lake 
to give mean summer values of 38 to 41 µg/L compared with the current mean of 30 µg/L. The  

14 Appendix G includes general concepts and examples related to basic and advanced wetland types. 
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TABLE 6-8 
ESTIMATED NET EFFECTS ON WINTER TIN DURING FILLING PERIOD 

Max 
WSE 
(ft) 

Flow 
Diversion 
Threshold 

(cfs) 

Average 
Filling 
Time 

(Months) 

Winter Nitrate or TIN (µg/L) 

In 
Base 
Flow 

In 
Storm 
Flow 

Current 
in Lake 
Winter 

After 
Storms 

inc Base + 
Storm 
Flows 

Winter 
Increase 

Depth 
Reduction 

Effect 

Net 
Winter 

Increase 

No wetland 
7.5 > 35 17 3700 610 90 175 85 -24 61 
8.5 > 35 30 3700 610 90 185 95 -40 55 
9.5 > 35 42 3700 610 90 182 92 -51 41 

Basic wetland 
7.5 > 35 17 1000 610 90 125 35 -24 11 
8.5 > 35 30 1000 610 90 138 48 -40 8 
9.5 > 35 42 1000 610 90 136 46 -51 -5 

Advanced wetland 
7.5 > 35 17 500 610 90 116 26 -24 2 
8.5 > 35 30 500 610 90 129 39 -40 -1 
9.5 > 35 42 500 610 90 128 38 -51 -13 

 
SOURCE: Horne, 2012c 
 

 

TABLE 6-9 
ESTIMATED EFFECTS OF STORMWATER NUTRIENT INFLOWS TO LAKE MERCED 
WITH WINTER 2011-2012 NUTRIENT CONCENTRATIONS DURING FILLING PERIOD 

Max 
WSE 
(ft) 

Volume of 
water added 

(L x 106) 

TIN 
added  

(µg x 109 ) 

TIN present before 
storm 

(µg x 109 ) 

Final TIN at end of 
wet season 
(µg x 109 ) 

TIN 
increase 

(µg/L) 

Estimated chl a 
change 
(µg/L) 

+ 0.5 99.9 46 234 104 13.7 1.9 
+ 1.5 300 138 234 128 38.3 5.2 
+ 2.5 500 230 234 150 59.7 8.2 
+3.5 700 322 234 169 78.5 10.7 

 
SOURCE: Horne, 2012a 
 

 

TABLE 6-10 
ESTIMATED NET EFFECTS ON SUMMER TIN, COMBINED SUMMER AND WINTER TIN,  

AND ALGAL CONCENTRATIONS DURING FILLING PERIOD 

Max 
WSE 
(ft) 

SUMMER: Nitrate or TIN (µg N/L) 

Summer 
and Winter 

(µg N/L) 
Algae 

(µg Chl/L) 

Increase in 
Base Flow 

Depth 
Reduction 

Effect 

Usable 
Over 

Summer 
Baseline 

Mean 
Usable 
For 5 

Blooms 
Net 

Increase 
Net 

Effect 
Conc. 

in Lake 
Change 

(%) 

No wetland  
7.5 96 n/a 96 19 80 11.0 41 37 
8.5 95 n/a 95 19 74 10.1 40.1 34 
9.5 92 n/a 92 18 59 8.1 38.1 27 
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TABLE 6-10 (Continued) 
ESTIMATED NET EFFECTS ON SUMMER TIN, COMBINED SUMMER AND WINTER TIN,  

AND ALGAL CONCENTRATIONS DURING FILLING PERIOD 

Max 
WSE 
(ft) 

SUMMER: Nitrate or TIN (µg N/L) 

Summer 
and Winter 

(µg N/L) 
Algae 

(µg Chl/L) 

Increase in 
Base Flow 

Depth 
Reduction 

Effect 

Usable 
Over 

Summer 
Baseline 

Mean 
Usable 
For 5 

Blooms 
Net 

Increase 
Net 

Effect 
Conc. 

in Lake 
Change 

(%) 

Basic wetland  
7.5 25 -24 1 0 11 1.5 31.5 5 
8.5 25 -40 -15 -3 -4 -0.5 29.5 -2 
9.5 24 -51 -27 -5 -10 -1.4 28.6 -5 

Advanced wetland  
7.5 12 -24 -12 -2 0 -0.1 29.9 0 
8.5 12 -40 -28 -6 -7 -0.9 29.9 -3 
9.5 12 -51 -39 -8 -21 -2.8 27.2 -9 

 
NOTE: No depth reduction allowance was made for the no-wetland option in summer since the out-flowing water would be warm and thus 

not sink to the bottom as would cool wetland outflow. 
 
SOURCE: Horne, 2012c 
 

average of 32 percent increase in algae is about that which would be analytically detectable from 
background over a few years. Smaller increases or declines would be obscured by natural 
seasonal and other variations.  

The chlorophyll increase would likely have an effect on the bottom DO concentrations – probably 
by making periods of low DO longer than at present. However, the change of about 10 µg/L in 
chlorophyll would not be noticeable to the public in terms of water clarity since all changes fall 
on the flat section of the Secchi depth-chlorophyll a curve where any lake visually appears about 
the same shade of green once chlorophyll levels are above about 15 µg/L (see Figure 6-2). Edge 
blooms of blue-green algae, which float and thus concentrate at the surface, could be more visible 
to the public. However, this edge scum is at times already present in the Lake and so the 
difference would be subtle since the wind direction and speed on the day of observation is the 
dominant force in the size of the edge scums. Figure 6-3 presents the net TIN changes for the 
scenario that does not include a proposed constructed treatment wetland. Figure 6-4 presents the 
net effect on Lake chlorophyll a concentrations during the filling period for the scenario that does 
not include a proposed constructed treatment wetland. 

With the Proposed Constructed Treatment Wetland. With operation of either of the proposed 
constructed treatment wetland conceptual designs, the proposed flows would likely result in minor 
increases or decreases in the chlorophyll concentration of the Lake. The main purpose of the 
wetland would be to reduce nitrate in the stormwater and especially in the summer base flow, 
which contains elevated concentrations of nitrate relative to those present in the Lake in summer, 
although the base flow volumes are considerably lower than storm flows (again depending on the 
diversion threshold flow selected). Depending on the details of the design and operation of the  
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Potential Effects on Chlorophyll A and Secchi Depth 
 

wetland, the changes would range from an estimated increase of about 1.5 µg/L (5 percent 
increase) to an estimated decrease of up to 2.8 µg/L (9 percent decline) in the Lake chlorophyll 
concentration (Figure 6-2). The kind of plants in the wetland, air temperature, and the actual area 
of the treatment wetland (i.e., excluding berms) would influence the actual drop or slight rise in 
algae. Again, this small change would not be noticeable to the public and as a statistically 
significant trend would also be difficult to detect. Figure 6-3 presents the net TIN changes during 
the filling period under the basic and advanced wetland treatment scenarios. Figure 6-4 presents the 
net effect on Lake chlorophyll a concentrations during the filling period under the basic and 
advanced wetland treatment scenarios. 

Steady State 
After the Lake reaches the target WSE at the end of the filling period, smaller annual 
contributions from the Canal would be required to raise the Lake to the maximum WSE each 
year. As shown in Table 6-11, without the proposed treatment wetland, it is estimated that the 
steady state would undergo an increase of about 6 µg/L algal chlorophyll (19 percent increase). 
With the treatment wetland, under all conditions, there could be a slight decrease in algae of 
1.8 to 3.0 µg/L (6 to 10 percent decrease). Final in-Lake concentrations of algal chlorophyll could 
be approximately 27 to 35.9 µg/L, depending on the wetland design. Figure 6-5 presents the net 
effect on Lake chlorophyll a concentrations during the steady state period under the basic and  
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TABLE 6-11 
ESTIMATED NET EFFECTS ON WINTER, SUMMER, AND YEAR-ROUND TIN  

AND ON ALGAL CONCENTRATION AT STEADY STATE 

TIN (µg N/L) Algae (µg Chl/L) 

Winter 
Inflow 

Winter 
Increase 

Winter 
Depth 

Reduc- 
tion 

Effect 

Winter 
Net 

Increase 

Summer 
Net 

Increase 

Summer 
Depth 

Reduc- 
tion 

Effect 

Summer 
Usable 
Over 
Back-

ground 

Mean  
Sum Over 

Back-
ground 

for 5 
Blooms 

All Year 
Increase 

All Year 
Net 

Increase 

All Year 
Value In 

Lake 

No wetland 
158 68 -40 28 74 0 74 15 43 5.9 35.9 

Basic wetland 
121 31 -40 -9 20 -40 -20 -4 -13 -1.8 28.2 

Advanced wetland 
114 24 -40 -16 9 -40 -31 -6 -22 -3.0 27.0 

 
SOURCE: Horne, 2012c 
 

 

advanced wetland treatment scenarios. It is possible that conditions would further improve over 
time as internal loading due to dead spring bloom algae is reduced, thereby decreasing BOD 
loading to the sediments. As with the filling scenario, no change in water clarity would be 
perceptible to the public for many years. It is possible that the public would perceive some 
decrease in shoreline blue-green algal scums in the late summer and fall. Thus, at steady state 
with either treatment wetland design, less mean annual algae than is currently observable could 
be expected. 

6.2.4 Nutrient Loading Model Summary and Conclusions 
Nutrient effects during the winter (5-month) and summer (7-month) periods were analyzed 
individually and then combined to assess how inputs of nutrients in storm and base flows could 
affect algal growth in Lake Merced, with and without two types of proposed constructed 
treatment wetland under three different filling schedules. In general, the higher the diversion 
threshold selected, the longer time it would take to fill the Lake to the desired water surface 
elevation and reach a steady state elevation condition. 

Algae can use either nitrate or ammonia, so TIN is a convenient summary of the eutrophication 
effects of added stormwater. Without the constructed treatment wetland, the net result is that at all 
rates of filling there would be an estimated increase of TIN of 59 to 80 µg/L (as compared with the 
current baseline of 90 µg/L; Table 6-8) available for algal growth (Table 6-10). Depending on the 
details of the design and operation of the wetland the proposed flows would likely result in minor 
increases or decreases in the TIN concentration in the Lake, with changes ranging from an 
estimated increase of 11 µg/L to an estimated decrease of up to 21 µg/L (Table 6-10) (Figure 6-3). 
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The net effects on algal concentrations from inputs of nutrients in storm and base flows would 
depend largely on the details of the design and operation of the treatment wetland. Without the 
constructed treatment wetland (worst case scenario), the net result is that at all rates of filling, there 
would be an estimated increase of 8.1 to 11 µg/L of chlorophyll a in summer in the Lake to give 
mean summer values of 38 to 41 µg/L (as compared with the current mean of 30 µg/L). The 
average of 32 percent increase in algae is about that which would be analytically detectable from 
background over a few years. The chlorophyll increase would likely have an effect on the bottom 
DO concentrations – probably by making periods of low DO longer than at present. With operation 
of the proposed constructed treatment wetland, the proposed flows would likely result in minor 
increases or decreases in the chlorophyll concentration of the Lake. Depending on the details of the 
design and operation of the wetland, the changes would range from an estimated increase of about 
1.5 µg/L (5 percent increase) to an estimated decrease of up to 2.8 µg/L (9 percent decline) in the 
Lake chlorophyll concentration (Table 6-10) (Figure 6-4). After the Lake reaches the target WSE at 
the end of the filling period, without the proposed treatment wetland, it is estimated that there would 
be an increase of about 6 µg/L in algal chlorophyll (19 percent increase). With the constructed 
treatment wetland, it is estimated that there would be a slight decrease in algal chlorophyll of 1.8 to 
3.0 µg/L (6 to 10 percent decrease) depending on the wetland design (Table 6-11) (Figure 6-5).  

Thus, once the steady state WSE is reached, in conjunction with the treatment wetland, reduced 
annual average algal concentrations would be expected. Additionally, it is possible that the Lake 
eutrophication conditions would further improve over time as the reduced annual average algal 
concentrations result in reduced algal related organic matter loading to the sediments, reduced 
oxygen depletion in the bottom waters, and reduced internal loading of nutrients.  

6.3 Temperature 
This section identifies potential effects of increased Lake depths in Lake Merced on temperature 
in the upper mixed layer of the Lake, to evaluate the potential for impacts on beneficial uses (i.e. 
Lake fisheries). A simple numerical model was developed to provide the comparison, using 
existing water quality data in the Lake to verify the model. 

6.3.1 Temperature Model Description 
The temperature in Lake Merced was modeled using a heat budget approach (Chapra, 1997). The 
model accounts for each major independent source of energy that enters and leaves the Lake 
through its boundaries. Most of the energy transfer occurs at the water surface, although transfers 
also occur at the lake edge and between stratified layers (Fischer et al., 1979). Sources of energy 
include both shortwave solar radiation and longwave atmospheric radiation, as well as external 
stream flows or diversions that enter the Lake. Energy sinks include longwave radiation from the 
lake surface to the atmosphere, evapotranspiration, and both conductive and convective heat 
losses. Energy transfer between the upper mixed layer and the lower layers provides another sink, 
but depends strongly on the sharpness of the thermocline, which varies throughout the year and is 
difficult to accurately model with limited data. Since stratification severely limits the exchange of 
fluid between vertical layers, this term tends to be relatively small compared with surface heat  
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transfers (Fischer et al., 1979). For this reason, and because of the limited amount of vertical 
profile data available, this term was not modeled.  

Each of the above terms was resolved using the methodology described in Chapra (1997). Local 
meteorological data was obtained from a weather station at the nearby North San Mateo County 
Sanitation District WWTP. Atmospheric vertical visibility data collected at Half Moon Bay 
Airport (NOAA, 2013) were used to determine when clouds and/or fog were present over the 
Lake. Seasonal net inflows to the Lake, summarized in Section 4.2, were used to estimate the 
associated heat sources from water entering the Lake.  

Heat transfer to the Lake from solar shortwave radiation was resolved directly from solar 
radiation data from the WWTP. Longwave radiation to and from the Lake is moderated by 
relative humidity of the atmosphere and the presence of clouds. The former were obtained from 
the WWTP and the latter from Half Moon Bay Airport (NOAA, 2013). The remaining loss terms 
are dependent on the Lake temperature (determined at each time step from the model), local wind 
velocity, and relative humidity. The sky visibility data at Half Moon Bay Airport were used to 
determine when fog was present, using the methodology of Johnstone and Dawson (2010). 
Evaporative heat losses were set to zero when fog was present.  

The temperature of the Lake was estimated at half-hourly time steps by summing the contributions 
of each of the above terms using a finite differences method (Chapra, 1997). The model focuses on 
the upper mixed layer, which is varied in depth based on the observed difference in temperature 
between sondes near the surface and at lower elevations. Differences in temperature are indicative 
of thermal stratification, which decreases the depth of the upper mixed layer. The depth was set to 
24 ft and 5 ft for well-mixed and stratified periods, respectively. Winds were also allowed to 
influence the surface layer depth by setting a threshold for overturning (transitioning from stratified 
to well-mixed conditions). When wind speeds averaged over a 6-hour period exceeded 
approximately 5 meters per second, the sonde data indicated that the water column was well-mixed. 
To account for this, the model increases the depth to 24 ft whenever this threshold is achieved. 

Assumptions 
The model assumes constant meteorological conditions across the lake surface. The net change in 
energy (heat) in the Lake is assumed to be distributed evenly throughout the epilimnion (i.e. the 
surface layer is assumed to be well-mixed). When stratification was present, only the upper layer 
was assumed to be mixed, and lower thermal layers were not included in the analysis. Inflows to 
the Lake were assumed to have a temperature of 15 °C (59 °F). However, since hourly inflow 
rates are likely to be small compared to the surface layer volume, this did not have a strong effect 
on the model results. 

Comparison Against 2012 Observations 
In order to test the model against a wide range of meteorological conditions, modeling simulated 
an entire year, from January 1 to December 31, 2012. The Lake was mostly unstratified prior to 
April 20 and after November 10, 2012. During these periods, the surface temperature measured 
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by ESA was generally less than 14 °C (57 °F) and daily temperature fluctuations in the Lake 
rarely exceeded 2 °C. In the interim dry season, the Lake was predominantly stratified, with 
recurrent overturning events briefly returning the water column to well-mixed conditions. As 
discussed above, these generally corresponded to high-wind events measured by SFPUC. Vertical 
sonde profiles in October 2012 indicate that the epilimnion was approximately 5 to 7 feet thick, 
and was separated from the cooler lower layer by a sharp thermocline. Under the dry-season 
stratified conditions, the surface layer had a mean temperature between 14 and 24 °C (57 and 
75.2 °F), and underwent stronger daily temperature fluctuations as high as 3.5 °C. Despite the 
seasonal and day-to-day variability observed by the sondes, the model generally performed well 
in both the stratified and well-mixed periods (Figure 6-6). 

6.3.2 Temperature Model Results of Increased Water Surface 
Elevations 

A half-hourly time series of the Lake surface layer temperature was again simulated for 2012, 
with surface layer depth augmented under the scenarios described above: relative to the base case, 
the model increased the elevation of the surface layer by 0.5 ft, 1.5 ft, and 2.5 ft, respectively. The 
changes in temperature resulting from these scenarios were small. Since the model treated the 
upper layer as well-mixed, the largest effect of increasing the size of the upper layer was the 
dampening of daily temperature fluctuations, since the size of the heat sources and sinks relative 
to the size of the surface layer effectively decreased.  

Figure 6-7 compares temperature exceedance curves for each of the above scenarios. The largest 
difference among scenarios occurred between temperatures of 19 °C and 22 °C (66 °F and 72 °F). 
As an example, for the base case, surface layer temperatures exceeded 20 °C (68 °F) for roughly 
7 percent of 2012 (approximately 600 hours), whereas for an increase in depth of 2.5 feet, surface 
layer temperatures exceeded this amount by 5 percent (approximately 420 hours). For higher 
temperatures (21 to 22 °C), the differences became progressively smaller. 

This observed dampening effect is shown in more detail in Figure 6-8, which tracks the predicted 
temperature change over a 20-day period in June 2012. For both the baseline case and the case 
with a 2.5-foot depth increase, the model prediction follows the low-frequency (several-day 
mean) variability in surface temperature. However, with a 2.5-foot depth increase, the model 
dampened the daily range of temperature by 0 to 0.7 °C, indicating that the additional depth may 
allow the upper mixed layer to partially buffer temperature fluctuations.  

Although a detailed account of turbulence in the upper water column generated by surface winds 
was not included in the model, the increased surface layer elevation (increased lake depth) would 
also likely have the effect of stabilizing the thermocline against wind-mixing events (e.g., Fischer 
et al., 1979). Mixing in lakes is often associated with periods when the surface layer temperature 
approaches the temperature of the lower layers. However, mixing also occurs as a result of the 
oscillating currents generated by wind-waves on the lake surface (see Section 4.4.1). Wind also 
induces mixing by causing the thermocline to tilt, in some cases causing it to upwell to the water 
surface and break at the basin edges. Greater surface layer depths impede both of these types of  
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mixing (e.g., Fischer et al., 1979). In 2012, this would have had the effect of prolonging the 
periods of dry-season thermal stratification. 

6.3.3 Temperature Modeling Summary and Conclusions 
Greater surface layer depths impede mixing in lakes associated with periods when the surface 
layer temperature approaches the temperature of the lower layers and as a result of the oscillating 
currents generated by wind-waves on the lake surface. Against the baseline data collected for 
2012, the increased WSE would have the effect of prolonging the periods of dry-season thermal 
stratification. For each of the WSE increase scenarios modeled (0.5 ft, 1.5 ft, and 2.5 ft), Figure 6-7 
compares temperature exceedance curves. With an increase in WSE of 2.5 ft, there would be a 
reduction in the annual duration of surface layer temperature exceedances of 20 °C (68 °F) and 
the additional depth may allow the upper mixed layer to partially buffer temperature fluctuations. 

6.4 Project Effects on Fisheries 

6.4.1 Analysis Methodology 
This analysis of potential effects of raising the water surface elevation of Lake Merced on 
fisheries resources is based on a review of existing information, including a previous assessment 
of lake water level increases (EDAW, 2004) and a fish community study conducted by Maristics, 
Inc. (2007), as well as the water quality evaluation presented in Sections 4.2 and 4.3 of this 
WQA. The results of the assessment of potential changes in the temperature, DO, and pH profiles 
of the lake were reviewed in light of known habitat requirements of the Lake Merced fish species. 
Since much of the interest in Lake Merced is in recreational fishing, this analysis focuses on the 
potential effects to fish species known to be targeted by Lake Merced anglers from raising the 
water surface elevation of Lake Merced as compared to the existing conditions presented in 
Sections 4.6.1 and 4.6.2. The assessment of the potential effects to fish species is conducted in 
part to support subsequent CEQA/NEPA analysis, and as a result, the focus is on a comparison of 
Project implementation with baseline habitat conditions. 

6.4.2 Expected Project Effects on Fisheries 
For purposes of this fisheries resource assessment, the results of the water quality assessment 
presented in Sections 6.1, 6.2, and 6.3 are briefly summarized, and the implications of these 
results for fisheries resources are discussed below. 

Temperature 
Baseline temperature ranges documented within Lake Merced are within the tolerance limits for 
all species present. Temperature tolerance ranges are mainly exceeded for rainbow trout during 
short-term peak summer periods in surface waters, which are likely behaviorally avoided with 
fish residing at cooler, lower depths. Based on the results of temperature modeling (Section 6.3) 
to compare observed temperatures for 2012 water surface elevations to temperatures expected to 
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occur with the potential WSE increases of 0.5 feet, 1.5 feet, and 2.5 feet, only minor changes in 
the temperature regime of the Lake are expected to occur. The largest difference among scenarios 
occurred between temperatures of 19 °C and 22 °C (66 °F and 72 °F). As an example, for the 
baseline case, surface layer temperatures exceeded 20 °C (68 °F) for roughly 7 percent of the time 
in 2012 (approximately 600 hours), whereas increasing the depth of the Lake by 2.5 feet would 
likely slightly reduce the frequency of surface layer temperatures exceeding 20 °C (68 °F) to 
5 percent of the time (approximately 420 hours). For higher temperatures (21 to 22 °C) however, 
the differences in modeled temperature exceedance under different depth scenarios became 
progressively smaller. Moreover, under the 2.5-foot depth increase, the model dampened the daily 
range of temperature by 0 to 0.7 °C, indicating that the additional depth may allow the upper 
mixed layer to partially buffer temperature fluctuations.  

In summary, the temperature model indicates that increasing the depth of Lake Merced would 
likely slightly decrease the occurrence of surface water temperatures above 19 °C, and could 
marginally reduce temperature fluctuations.  

Although only surface water temperature effects were modeled, potential water temperature-
related effects on fisheries resources would be expected to be minor. A slight reduction in the 
frequency of surface water temperatures at the upper end of the coldwater species’ (e.g., rainbow 
trout) preference range would be expected to result in a negligible improvement in habitat 
suitability for these species, while resulting in a negligible reduction in habitat suitability for 
warmwater species, such as largemouth bass and channel catfish, that are already limited by the 
prevalence of cool water within the Lake. It should be noted, however, that most fish species 
avoid surface layers during most of their life cycle.  

Water temperatures within mid-level depths frequently occupied by species such as trout and bass 
would be expected to remain largely unchanged, and the availability (i.e., volume) of these 
mid-depth temperature conditions would increase, thereby increasing overall habitat availability 
over existing conditions, particularly for rainbow trout. 

Dissolved Oxygen 
Lake depth has an effect on DO content by influencing the frequency and duration of 
stratification. Stratification contributes to low levels of DO in the deeper waters, where algal 
respiration and decaying organic matter remove oxygen, which is not replenished by mixing with 
more oxygen-rich water higher in the water column. Historic measurements show that increased 
depth reduces DO in deep water due to less frequent mixing, so it is expected that operating the 
Lake under any of the WSE scenarios would result in increases in the frequency and duration of 
stratification periods and therefore of excursions below the minimum DO objective in the lower 
portion of the Lake. However, because the WSE would increase, a greater overall Lake volume 
would be provided that is expected to have DO concentrations above 5 mg/L.  

As a result, increasing the Lake levels is expected to result in an overall improvement in aquatic 
life habitat conditions. While the bottom layer of the Lake would likely continue to experience 
periodic reduced DO levels that are unsuitable to rainbow trout and outside the optimal range for 
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more tolerant species such as carp and channel catfish, the volume of water with suitable DO 
concentrations above the low-DO bottom layer would increase over existing conditions, thereby 
effectively increasing the total amount of habitat containing suitable DO levels. 

pH 
As noted above, Lake Merced has relatively high alkalinity with an estimated equilibrium pH of 
about 8.5. Under current conditions, the pH level frequently peaks above 8.5 during sunny 
afternoons as a result of algal photosynthesis. Under the proposed project, once the steady state is 
achieved, there would be a slight decrease of 6 to 10 percent in algal concentrations. However, it 
is expected that upper mixed layer (epilimnion) pH would continue to exceed of 8.5. The lower 
mixed layer (hypolimnion) pH is expected to remain relatively unchanged, with values below 8.5. 
Thus, pH conditions for fisheries resources would remain within the upper portion of the 
tolerance range of freshwater fish. However, the relatively high equilibrium pH levels to which 
resident fish are acclimatized in Lake Merced, as well as the relatively gradual nature of periodic 
pH increases, are expected to maintain the diverse fish assemblage of Lake Merced. 

6.4.3 Conclusions 
The fishery-related ecosystem of Lake Merced can be summarized as a moderately enriched Lake 
that supports self-sustaining populations of native and non-native fish species (Maristics, 2007). 
Temperature, DO, and pH profiles are not expected to change significantly with increased WSEs. 
Although periods of weak stratification may last slightly longer (on the order of a few days at most), 
the range of temperature, DO, and pH conditions is not expected to change significantly. Therefore, 
no significant changes to habitat suitability for warmwater or coldwater fish are anticipated as a 
result of raising WSEs. Overall, increased WSEs would increase the total available habitat with 
suitable temperature and DO levels for the cold and warmwater fish species present. 

6.5 Project Effects of In-lake Treatments 
In addition to the water quality improvement resulting from lake level increases and use of the 
stormwater treatment wetland, the project includes intake and recirculation of lake water during 
dry weather periods to maintain the treatment wetlands. The intake of lake water would be 
directed to areas of concentrated surface algae, allowing for direct removal of algae and 
associated substantial decreases in chlorophyll. The project also includes controlled overflows of 
lake water to the Vista Grande Tunnel, using a siphon to allow higher TDS and higher salinity 
bottom water to be displaced, increasing the benefit of flushing water out of the lake. These 
project components and their effects are further described below. 

6.5.1 Recirculation of Lake Water for Treatment Wetland 
Maintenance and Algae Control 

During periods of very low or no flow, a recirculating pump would draw water from Lake 
Merced to maintain the treatment wetlands. Summer maintenance flows would be adaptively 
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managed to filter algae skimmed directly from the lake surface and pumped to the wetlands. The 
skimmer would have a floating structure with some wind protection that draws water from the 
upper few inches of the lake surface. If the maintenance inflow were withdrawn only from 
Impound Lake, there would not be a high enough concentration of algae treated to beneficially 
influence lake water quality. Thus, the Project proposes to install a piped connection (flexible 
hose) from the natural algae concentration site(s) within South Lake into the constructed 
treatment wetlands. 

The use of treatment wetlands for algae control is becoming of greater interest given recent 
concerns such as toxic algae blooms. The method depends on the natural ability of properly 
constructed wetlands to filter out particles. The largest example is the 760-acre wetland at Lake 
Apopka in Florida, called the Lake Apopka March Flow-Way. The wetland was created by the St. 
Johns River Water Management District to remove particles including phosphorus to meet 
standards downstream of the outflow. The water quality in Lake Apopka has been degraded in 
part by lowering the lake level and farming the drained areas. Agriculture combined with the loss 
of submerged aquatic plants has substantially increased the particles in the lake water and 
increased suspended matter. The Lake Apopka wetland was operated with a hydraulic retention 
time (HRT) between 2 and 7 days at a water depth of 1 to 2 feet but with a re-cycled pumped 
flow. It removed 92 percent of TSS over 7 years (Dunne et al., 2011; St. Johns River Water 
Management District, 2013). An algae-filtering wetland also has recently been proposed for Lake 
Hodges, a 1,200-acre reservoir in San Diego. Almost all properly designed wetlands for which 
there are data show good removal of particles.  

The kinds of blue-green algae that form surface scums on Lake Merced are naturally buoyant due 
to their small air bladders (gas vesicles). The large size of the colonies increases the vertical 
speed of rising for these algae so that they easily form scums during a calm night. This natural 
concentration of blue-green algae can result in concentrations at the surface scums of over 1,000 
times background epilimnion levels. An algae removal system can take advantage of this natural 
vertical concentration and the fact that surface concentration occurs when light winds blow the 
buoyant surface scums into coves or along the shore. However, buoyancy varies with the time of 
day and the health of the algae, so not all the algae will be highly buoyant at any one time. 
Similarly, not all algae will accumulate at the same site. Therefore, at Lake Merced, reduction of 
nuisance blue-green algae in lake surface waters would be most effective if skimming is targeted 
in areas where natural concentration factors of over 1,000 times background epilimnion levels 
occur, such as in coves or along the shore (Appendix E). 

The Visa Grande treatment wetland would have a unit process design that consists of several cells 
with dense stands of cattails in some cells and bulrush in others. There would be no open water 
cells, and hydraulic short-circuiting would be prevented by a flat, sloped bed and dense reeds. 
This design was intended to maximize removal of soluble nutrients like nitrogen and iron, and 
would be suitable for the removal of algae particles with no further modifications. 

The treatment wetland would likely be designed such that the summer minimum flow of 0.1 cfs 
(0.2 acre-feet/day) would be sufficient to ensure that the wetland plants are maintained. 
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Calculations developed for determining the feasibility of utilizing the wetlands as a sustainable 
filter for removal of blue-green algae from the lake surface determined that a 2-day hydraulic 
residence time would be needed. The proposed constructed treatment wetlands would be sized 
such that they could accommodate a maximum flow rate of 1.4 cfs, to achieve this 2-day 
hydraulic residence time. A skimmer would be used to facilitate the uptake of lake water with the 
highest concentrations of algae. The direct removal of concentrated surface algae by skimming 
would effectively achieve substantial decreases in chlorophyll, to the extent that concentrated, 
localized surface scums exist in the lake. It would also have the benefit of being visually obvious 
to the public. 

6.5.2 Controlled Overflow of Lake to Tunnel  
The project would replace a portion of the existing Lake Merced overflow with an adjustable-
height weir that would be used to control the lake level and allow water from Lake Merced to be 
diverted back into the Vista Grande Canal just upstream of the tunnel to flow to the Ocean Outlet. 
Once Lake Merced reaches the target WSE (approximately 3.5 years following project 
implementation), continued operation would result in water levels exceeding the target WSE with 
overflows at the weir being diverted back to the Canal. Further, the project would include flexible 
piping (siphon) that would allow lake water from the hypolimnion to be diverted via the weir 
back to the Canal to improve lake water quality by flushing higher alkalinity water from near the 
lake bottom. 

Overfilling and thereby flushing the Lake with low-alkalinity stormwater could reduce its 
background pH by diluting salts and displacing higher alkalinity water. The elevated pH level in 
Lake Merced is likely due to the historical accumulation of alkaline minerals since it has been a 
terminal lake for decades (i.e., no outflow to other water bodies), as discussed in Chapter 4, Lake 
Merced Existing Conditions. Historically, basin runoff flowed to Lake Merced from a much 
larger natural watershed and Lake Merced was hydrologically connected to the ocean, resulting in 
accumulated salts to be flushed out to the Pacific Ocean. Use of a siphon would partially restore 
some of the natural hydrology to Lake Merced that occurred under historic conditions.  

During winter months, heavier, higher TDS and higher alkalinity water would tend to be in the 
bottom layer when lighter, low-salinity stormwater flows would be conveyed to the lake and tend 
to reside in the top layer (Appendix E). Therefore, using a siphon would allow the higher TDS 
and higher salinity bottom water to be displaced, increasing the benefit of flushing water out of 
the lake. During the winter wet season when Lake levels are high enough that this option would 
be most effectively implemented, the Lake tends to be more fully mixed as a result of wind action 
on surface waters, so there may be reduced benefits from diverting bottom waters during the 
winter as compared to periods of extended stratification in the summer. However, lakes that have 
been mixed as a result of wind action and are characterized by isothermal conditions are often 
chemically stratified because the wind-induced heat transfer rate may not be sufficient to provide 
sufficient energy to disrupt density layers induced by dissolved chemicals. Therefore, there would 
likely be a water quality benefit to operation of a siphon under various mixing regimes since 
bottom water generally contains more nutrients, sunken zooplankton fecal pellets, amorphous 
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particulate matter, as well as more saline water. Operation of the siphon to release 10 percent of 
the lake volume per year (200 af) would likely result in a lower baseline pH, representing a water 
quality improvement, within approximately 10 years. Operation of the siphon, such as the timing, 
frequency, and duration of diversions of lake water from the hypolimnion to the Canal, would be 
implemented as part of the adaptive management framework of the project through the LMP. An 
operational goal would be to operate the siphon to flush out the highest alkalinity water to the 
maximum extent practicable based on available water supply, without compromising 
maintenance of target water surface elevations.  

6.5.3 Summary of In-lake Treatment Measures 
Operation of the in-lake management actions proposed as part of the Project would generally 
further improve water quality within Lake Merced as compared to operation of the project 
without such active in-lake treatment measures through the removal of algae and the flushing of 
the Lake with low-alkalinity stormwater to reduce the elevated background pH by diluting salts 
and displacing higher alkalinity water. 
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List of Preparers 

8.1 Report Preparers 
Environmental Science Associates (ESA) – San Francisco, CA. ESA developed and executed 
wet and dry season monitoring plans to characterize baseline conditions in Lake Merced and the 
Vista Grande Canal after review of available existing water quality data and reports relevant to 
the proposed project to identify data gaps. Using existing data and data collected during the 2011-
2012 wet and dry seasons, ESA evaluated the existing conditions in the Lake and Canal and 
prepared a preliminary analysis of potential effects of the proposed project on water quality in 
Lake Merced with assistance from EOA and Alex Horne Associates. As part of this effort, ESA 
prepared the temperature model used to preliminarily evaluate potential fisheries effects. ESA is 
the primary author of this report. 

Jacobs Associates – San Francisco, CA. Jacobs Associates provided the description of the 
proposed project operation and review of the water quality analysis. 

EOA, Inc. – Oakland, CA. EOA assisted ESA in the development of water quality monitoring 
plans described above, review and interpretation of water quality data, and assessment of 
potential health risks associated with bacteria indicators and pathogens. EOA provided technical 
review of this report. 

Alex Horne Associates (AHA) – El Cerrito, CA. Dr. Horne supplies supporting expertise on the 
preliminary analysis of potential effects of stormwater diversions on Lake Merced’s ecology 
including effects of increasing the water elevation. As part of his contribution to the water quality 
analysis, Dr. Horne created a simple mixing model for Lake Merced to assess the relative effects 
of different water depths on eutrophication. 

City of Daly City, CA. The City of Daly City Department of Water and Wastewater Resources 
provided review of the water quality monitoring plans and findings that informed this report, as 
well as review of the description of Vista Grande Canal baseline and potential post-project 
operating conditions. 

Downey Brand – San Francisco, CA. Downey Brand reviewed this report for its interpretation 
of water quality regulatory context. 
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2012 Draft System Understanding and Assessment Strategy – South Lake Merced Alternative 

Vista Grande Drainage Basin Improvement Project – Water Quality Data Objective Matrix 

Concurrence with Proposed Regulatory Process for Vista Grande Drainage Basin Improvement 
Project, Lake Merced Alternative, San Francisco Bay Regional Water Quality Control 
Board 
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DRAFT SYSTEM UNDERSTANDING AND 
ASSESSMENT STRATEGY 

South Lake Merced Alternative    

Introduction 

The purpose of this document is to provide an understanding of current water quality conditions 

in South Lake Merced, the processes and factors governing water quality in South Lake Merced, 

how the contribution of Vista Grande Stormwater to South Lake Merced might alter existing 

water quality conditions in South Lake Merced, and the actions to be taken to assess the potential 

for alterations to existing water quality conditions. This document also reviews regulatory 

considerations required in undertaking the assessment.  

South Lake Merced Alternative Description 

The City of Daly City (City) is currently considering several conveyance and storage alternatives 

to address stormwater overflows that exceed the existing storm drainage capacity of the Vista 

Grande Canal and Tunnel and result in local flooding. One of the alternatives under consideration 

involves conveying dry weather and stormwater flows from the Vista Grande Canal into South 

Lake Merced. The City and County of San Francisco (CCSF), as well as several local 

nongovernmental groups, have expressed an interest in managing Lake Merced levels between a 

preliminary target level of 5.0 to 9.5 feet San Francisco City Datum (target levels are not yet 

finalized), with some fluctuation due to rainfall patterns. The proposed South Lake Merced 

Alternative would satisfy several objectives by allowing the CCSF to operate Lake Merced within 

desired water levels, helping to reduce local flooding and restoring Lake Merced’s historic 

drainage conditions (Jacobs Associates, 2011).  

The Vista Grande portion of the City’s stormwater collection system drains the northwestern area 

of Daly City and unincorporated portions of San Mateo County. The underground collection 

system conveys the storm flows to the Vista Grande Canal and then into the Vista Grande Tunnel, 

which discharges through the Daly City outfall structure into the Pacific Ocean at the beach 

below Fort Funston. The trapezoidal Vista Grande Canal, adjacent to the west side of John Muir 

Drive, has a capacity of 500 cubic feet per second (cfs) and lies parallel to the southwest shores of 

Lake Merced. At the terminus of the Canal is the mouth of the 3,000-foot long Vista Grande 

Tunnel, which has a capacity of 170 cfs. In wet weather, stormwater drains into the Vista Grande 

Canal, through the Tunnel, and into the Daly City outfall structure. Historically, wet weather 

flows in excess of the capacity of the Canal and the Tunnel have occasionally resulted in local 
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flooding and overflows across John Muir Drive into South Lake Merced, causing property 

damage, bank erosion, traffic nuisances, and public safety issues (RMC, 2006). 

The proposed project would reroute a portion of the dry weather and wet weather flows from the 

Vista Grande Canal into Lake Merced dependent upon flow and antecedent conditions In all 

options, water would be screened using a debris screening system to trap all material > 5 mm in 

diameter. During dry weather and low wet weather flow events, authorized non-stormwater and 

stormwater would be screened for trash and debris and then routed through a constructed 

wetlands natural treatment system before entering South Lake Merced. Specified winter flows 

that exceed the capacity of the wetlands natural treatment system would also be routed to South 

Lake Merced. The remainder of storm water flows would continue to be routed to the Pacific 

Ocean via the Vista Grande Canal and Tunnel (Jacobs Associates, 2011).  

The proposed project would include construction of new facilities including a collection box, a 

gross solids removal device, a 1,400 foot long box culvert to replace part of the existing Vista 

Grande Canal, a semi-automated hydraulic diversion structure, a 700 foot long box culvert under 

John Muir Drive, a screen discharge structure in Impound Lake, a wetlands natural treatment 

system and a screened low-level intake/overflow structure at South Lake (Jacobs Associates, 

2011). 

Lake Merced System Description 

BackgroundBackgroundBackgroundBackground    
Lake Merced is the largest freshwater lake located within the City and County of San Francisco 

(CCSF) and is operated and maintained by the San Francisco Public Utilities Commission 

(SFPUC). Lake Merced is located in the southwestern corner of San Francisco, bounded by 

Skyline Boulevard, Lake Merced Boulevard and John Muir Boulevard, approximately 0.25 miles 

east of the Pacific Ocean. The lake was originally a coastal lagoon that was intermittently 

connected to the ocean via a channel that ran through the current location of the San Francisco 

Zoo. This connection was permanently closed in 1895 with the construction of Skyline Boulevard 

and the Great Highway (SFPUC, 2011). Lake Merced is currently used as a recreational resource 

and non-potable emergency water supply source for the City of San Francisco.  

Watershed and Land UseWatershed and Land UseWatershed and Land UseWatershed and Land Use    
Urban development has significantly reduced Lake Merced’s original estimated watershed size of 

6,320 acres to its current size of approximately 650 acres. The lake itself makes up slightly less 

than 40 percent of this area. The rest of the watershed, approximately 369 acres, is composed of 

upland areas. Harding Park and Jack Fleming Golf Course account for about 183 acres of the 

upland watershed, roads and neighborhoods account for 31 acres, and the remainder (155 acres) is 

primarily undeveloped open space located between the lake and the surrounding roadways. Aside 

from the golf course, upland areas primarily consist of undeveloped open space vegetated with 
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wetland and upland species including coastal and willow scrub, grassland, herbaceous and 

bulrush marsh communities (SFPUC, 2011).  

Climate and PrecipitationClimate and PrecipitationClimate and PrecipitationClimate and Precipitation    
The climate in the Lake Merced area is generally mild, with an annual average temperature of 

55.5 ºF. January is generally the coolest month with an average temperature of 50.9 ºF, while 

September is the warmest month with average temperature of 59.9 ºF. Average annual 

precipitation is 19.98 inches, with a majority of the rain occurring in the winter months. Seasonal 

average temperature and precipitation data for the period 1948 – 2010 are presented in Table 1.  

TABLE 1 
AVERAGE REGIONAL TEMPERATURE AND PRECIPITATION 

Season 
Average 

Temperature (ºF) 
Average 

Precipitation (inches) 

Annual 55.5 19.98 
Winter (Dec – Feb)  51.6 11.38 
Spring (Mar – May) 54.1 4.45 
Summer (Jun – Aug) 58.1 0.25 
Fall (Sept – Nov) 58.0 3.90 

 
SOURCE: National Weather Service Climate Summary for San Francisco Richmond (Station 047767) 

for years 1948-2010. 
 

 

HydrologyHydrologyHydrologyHydrology    
Lake Merced lies in the San Francisco Coast Watershed and the Westside Groundwater Basin, 

and is comprised of four lakes: North, East, South, and Impound lakes. North and South Lakes 

are hydrologically connected via a culvert and North and East Lakes are connected via a narrow 

channel under a pedestrian bridge. Impound lake was formed with the construction of a sewer line 

across the southern tip of South Lake which restricted the hydrologic connection. The total 

combined surface area of all four lakes has historically ranged from 245 to 273 acres, depending 

on water level, and total volume of the lakes is approximately 1 billion gallons. South Lake, with 

a surface area of approximately 175 acres, is the largest of the four lakes and contains more than 

66 percent of the total volume of the lakes (SFPUC, 2011). Water depth varies between the lakes, 

as shown in Table 2: 

TABLE 2 
LAKE DEPTH 

Lake Depth Range (feet) Average Depth (feet) 

Impound 2 – 10 5.5 – 6 
North and East 3 – 20 10 – 11 
South 3 – 21 13 – 15 

 
SOURCE: SFPUC, 2011 
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The main sources of inflow to the lake are precipitation, stormwater runoff and manmade 

additions (Table 3). The only physical outlet from Lake Merced is from South Lake via a 30-inch 

diameter overflow at elevation 12.5 feet that connects to the Vista Grande Tunnel immediately  

TABLE 3 
LAKE MERCED SOURCES OF INFLOW AND OUTFLOW  

Water Source/Sink Percent of Total 

Inflow  

Precipitation 55 
Stormwater 25 
Manmade additions 19 
Groundwater  1 

Outflow  

Evaporation 67 
Transpiration 14 
Groundwater infiltration 14 
Manmade extractions 5 

 
SOURCE: SFPUC, 2011 
 

 

downstream of the tunnel connection to the Vista Grande Canal. Currently, the largest source of 

outflow is evaporation, followed by transpiration, groundwater infiltration and manmade 

extractions. Stormwater from within the Lake Merced watershed is either collected into the San 

Francisco’s combined sewer system or is discharged into Lake Merced via storm drains, 

sheetflow from surrounding uplands or overflow from the adjacent Vista Grande Canal (during 

large storm events). Both Daly City and CCSF are considering options to return stormwater flows 

in the watershed to Lake Merced. In addition to Daly City’s proposed South Lake Merced 

Alternative of the Vista Grande project (described below), CCSF is evaluating longer term 

planning initiatives that would retain stormwater runoff within the watershed by incorporating 

low impact development (LID) techniques and separation of stormwater within future 

redevelopment plans in the watershed. 

Water levels in Lake Merced fluctuate seasonally and across different time periods. Historical 

data show a trend of a decline in lake levels from approximately 13 feet City Datum in the mid 

1930’s to a low of -3.2 feet City Datum in 1993 (SFPUC, 2011; Kennedy/Jenks, 2009). After 

1993, lake levels began to rise due to increases in rainfall and water additions by SFPUC. South 

Lake Merced water surface elevations from 1997-2009 and the dates and volumes of SFPUC 

water added are shown in Figure 1. There was a limited addition of treated stormwater to South 

Lake Merced from 2003 to 2009 as part of the Lake Merced Pilot Stormwater Enhancement 

Project (EOA 2011). The volumes ranged from approximately 100,000 gallons up to 5.4 million 

gallons per event. As of June 2011, the lake level was at 6.9 feet City Datum.  
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South LakeWater Surface Elevations:1997-2009

System Understanding and Assessment Strategy - South Lake Merced Alternative
SOURCE: Kennedy/Jenks, 2010
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Historic and Existing Water QualityHistoric and Existing Water QualityHistoric and Existing Water QualityHistoric and Existing Water Quality    
Monitoring of Lake Merced water quality began in 1997 by the San Francisco Public Utilities 

Commissions (SFPUC) Environmental Services section of the Water Quality Bureau. More 

recently, the Limnology section of the Natural Resources Bureau has continued this monitoring 

on a quarterly basis. The monitoring program is similar to monitoring programs at SFPUC 

drinking source water reservoirs and is conducted by the same department at SFPUC. Sampling 

occurs between 3 and 8 times per year, but is typically conducted quarterly (KJ, 2010). Samples 

are taken at 4 locations: North Lake, East Lake, South Lake near the Pump Station, and South 

Lake near the police Pistol Range. Of the two South Lake locations, the Pump Station location is 

closest to the proposed location for Vista Grande Canal stormwater to be conveyed into South 

Lake.  

For the majority of parameters, samples at each location were taken at various depths, often 

starting at the surface and decreasing at 5-foot intervals until a 15-foot depth with intermittent 

samples collected near the bottom of the Lake. In January 2010, Kennedy/Jenks Consultants 

finalized the Lake Merced Water Quality Data Organization, Review and Analysis (KJ, 2010). 

Based on the review of water quality data gathered from 1997 to 2008 it was determined that the 

“health” of Lake Merced, based on selected indicator parameters, remained relatively constant 

from 1997 to 2008 and that there was a slight improvement in Lake clarity (Secchi depth). Also, 

during the 1997-2008 period, there were no significant changes in algal biomass levels, with the 

exception of periodic increases in concentration due to algae blooms (KJ, 2010).  

SFPUC updated the KJ data analysis to include 2009 lake monitoring results and calculated 

various summary statistics (median, minimum, maximum, standard deviation, and coefficient of 

variance) to evaluate the extent of change between 1997-2009 (SFPUC, 2010). Table 4 provides 

a data summary for key nutrient and algal related parameters.  

Appendix A contains a more detailed graphical summary of results over this 1997-2009 time 

period from the South Lake (Pump Station) SFPUC monitoring location, including temperature, 

dissolved oxygen, pH, ammonia, nitrate, and total phosphorus. Box and whisker plots of the data 

are presented with the results grouped by season (Winter = Jan-Mar, Spring = Apr-Jun, Summer 

= Jul-Sep, Fall = Oct-Dec) and grouped results presented by depth sampled (surface, 5-feet, 10-

feet, 15-feet, and all depths together). The bar within each box represents the median value (half 

of the measurements are greater than this value and half less than this value), the upper side of the 

box represents the value of the upper 75
th
 percentile of the data, the lower side of the box 

represents the value of the lower 25
th
 percentile of the data, the end of the upper whisker 

represents the value of the upper 95
th
 percentile of the data, and the end of the lower whisker 

represents the value of the lower 5
th
 percentile of the data. 
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TABLE 4 
DATA SUMMARY OF KEY NUTRIENT AND ALGAL RELATED PARAMETERS 

(South Lake Pump Station) 

Parameter 

Units 

Averages 1997-2009 
Number 

of 
Sampling

Dates 
1997- 
2008 

1997- 
2009 Change Median Min. Max. 

Standard 
Deviation 

Coefficient 
of 

Variance 

Ammonium 
(NH4+) mg/L 0.06 0.05 0 0.04 ND 0.65 0.07 1.22 57 

Nitrate (NO3-) mg/L 0.03 0.03 0 ND ND 0.62 0.09 2.80 59 

Orthophosphate mg/L 0.06 0.06 0 0.05 ND 0.23 0.05 0.86 59 

Total Kjeldahl 
nitrogen (TKN)1 mg/L 3.76 3.67 -0.09 2.38 ND 28.2 3.67 1.00 55 

Total Phosphorus mg/L 0.14 0.15 0.004 0.15 ND 0.40 0.06 0.41 58 

Chlorophyll ug/L 27 26 -0.4 23 5 100 15 0.58 53 

Secchi depth Feet 1.8 1.8 0 1.8 1.0 3.0 0.5 0.27 59 
 
NOTE: 
1 Samples were not collected on 3/24/09 
 
SOURCE: SFPUC, 2010 
 

 

Processes Affecting Lake Water Quality 

There are numerous processes and variables within a lake that can affect water quality. 

Stratification and nutrient enrichment are two main processes that have the potential to influence 

levels of dissolved oxygen and pH within a lake system. The following section outlines both of 

these processes and provides a brief assessment of the current and historical trends and available 

data for Lake Merced with respect to each process.  

Thermal Thermal Thermal Thermal and Chemical and Chemical and Chemical and Chemical StratificationStratificationStratificationStratification    
Thermal stratification is the separation of water layers within a lake system, wherein warm, less 

dense surface waters (epilimnion) float over deeper, cooler, denser waters (hypolimnion). 

Chemical stratification, shown by gradients of chemicals like oxygen and nutrients, often results 

after thermal stratification. Thermal stratification develops as surface water temperatures rise in 

lakes during spring and a vertical temperature gradient or thermocline develops. Bottom waters 

are then separated from the surface waters, due to the differences in water temperature and thus 

density. Depending on lake morphology and environmental conditions, a lake may undergo 

periods of temporary weak stratification or may experience strong seasonal stratification that lasts 

from spring to late fall. Interpretations of historic data have generally suggested that Lake Merced 

tends to undergo weak intermittent thermal stratification (EDAW, 2004).  

Thermal stratification has important water quality implications because of its influence on 

dissolved oxygen levels, nutrient dynamics and habitat quality for fish and other aquatic 
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organisms within the lake. In eutrophic lakes with large algal populations, stratification can have 

significant effects on pH and DO levels in the separated surface and bottom waters. As indicated 

by Secchi disk readings, sufficient sunlight for algal growth only penetrates about five feet 

(approximately 2.5 times Secchi depth) in South Lake Merced. Algal photosynthesis is therefore 

primarily limited to this shallow photic. In a water column that is mixing, algae growth is limited 

by the amount of sunlight available to phytoplankton cells. The availability of sunlight 

(irradiance) is a function of the ratio between the euphotic depth (zeu) and the depth of mixing 

(zmix). If zeu equals zmix (ie. zeu/zmix = 1) then the cells are constantly illuminated and 

photosynthesis is continuous during and maximized during the daylight period. In Lake Merced, 

the photic zone is a fraction of the mixed, epilimnion zone with a zeu/zmix ratio of about 1:2. In 

terms of water quality, this ratio indicates that the algae present in the lake are most limited by 

access to light and not nutrients since half of them spend the daylight hours mixed down into the 

gloomy deeper water. 

 

During photosynthesis, algae take in carbon dioxide from the water to produce organic (carbon 

based) matter, and in the process produce and release oxygen. During intense photosynthesis the 

imbalance between instantaneous uptake of carbon dioxide and its resupply from the air or the 

dissolved carbonate pool causes the pH to rise. There are sufficient algae in Lake Merced 

(chlorophyll a ~ 26 ug/L) to produce intense photosynthesis in surface waters. This is why the 

surface waters in the lake show both elevated pH and DO levels compared to deeper water. The 

effect is most pronounced on calm, sunny days when the upper few feet of the lake become 

unusually warm and stable. Under more normal conditions, afternoon winds stir the upper waters, 

resulting in elevated pH through much of the epilimnion.  

Conversely, in the cooler denser bottom waters (hypolimnion), separated from the warmer less 

dense and mixed surface waters, pH and DO levels are lower. No photosynthesis occurs below 

the photic zone; therefore, there is no photosynthetically increased pH. The waters below 10-15 

feet remain partially or totally isolated from the surface and the potential for reaeration via 

diffusion and wind mixing. Algal respiration will deplete the available oxygen and produce 

carbon dioxide, reducing pH in deep waters. Possibly more important relative to contributing to 

low DO conditions, is the oxygen demand from the decay of organic matter in the bottom 

sediments. These factors can combine to reduce bottom DO levels to near zero for periods of time 

until the stratification breaks down and the lake mixes again. This appears to be the situation at 

Lake Merced in late summer and fall based on preliminary data from the continuous recording 

probes in 2011. 

The following variables may influence the degree and extent of stratification in Lake Merced: 

Temperature/Season 

Lake Merced has an atypical temperature regime for its latitude. During warm periods from 

the spring through the fall, rising air temperature and solar radiation initiates stratification 

by warming the surface layers of a lake. In many U.S. lakes away from cool ocean water, 

stratification occurs easily since summer air temperatures typically reach 80-90
o
F.  In 

general, San Francisco is characterized by much cooler air temperatures, ranging from 51.6 

ºF in the winter to 58.1 ºF in the summer. In addition, the coastal marine layer tends to 

persist throughout much of the day, reducing incoming solar radiation. These cool weather 
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patterns tend to minimize the warming of Lake Merced. Average yearly surface 

temperatures are approximately 61 ºF (SFPUC, 2009). However, during periods of warmer 

weather, which tend to occur in the late summer and early fall, the lake may undergo short-

term warming. For example, in South Lake average surface temperatures during the winter 

months are approximately 54 ºF, while average surface temperatures in the summer are 67 

ºF. During these warm periods, higher surface temperatures can contribute to weak, 

temporary thermal stratification within the lake (EDAW, 2004; SFPUC 2009). However, 

given the high rate of decomposition of algae at the bottom of the lake, chemical 

stratification may persist for longer than classical thermal stratification. 

Wind 

Wind provides one of the main mixing forces that can disrupt stratification patterns in a 

lake. A lake consists of layers or slabs of water, each of which is slightly different in 

temperature and thus density. Light breezes do not have sufficient energy to lift tons of 

water in slabs at a deeper depth, so only strong winds have much effect. The main energy 

of the wind does not go into mixing the slabs of water together but into pushing the surface 

slab horizontally around the lake. The motion of the upper layer creates a shear force 

between the uppermost water layer and the layer below causing friction and some small 

amount of vertical mixing. When the wind is strong, surface waves occur and create several 

forces that increase vertical mixing. Waves cause vertical oscillations of water that are 

transmitted down through the slabs to the lake bed. Wave height and vertical water 

oscillations depend mostly on wind strength. However, the transmission of motion from 

surface waves (wave height) decreases logarithmically with depth depending on 

wavelength (long wavelength waves stir deeper). In turn, wavelength depends on fetch, the 

distance over which the wind blows. Lake Merced is a small lake so wave lengths are small 

so that even strong winds do not mix very deeply. Analysis of Lake Merced has indicated 

that wind mixing conditions are dominant over solar heating and the lake is prone to 

unstable conditions that can easily be mixed by typical local wind conditions (EDAW, 

2004).   

In fairly shallow and cool lakes like Lake Merced the water column may seem to be well 

mixed as shown by temperature (EDAW, 2004) but still shows chemical stratification with 

low DO and pH at the bottom and higher DO and pH at the surface. This is because 

although the lake is mixing, the rate of mixing and transport of chemicals from surface to 

bottom is too slow to overcome the rate of biological reactions like photosynthesis and 

respiration described above. Put simply, there are not enough windy days to keep Lake 

Merced chemically mixed even though top and bottom temperatures are fairly similar.  

Depth 

The depth of a lake influences the degree of interaction between surface and bottom layers. 

In shallow lakes, wind mixing is usually strong enough to mix a lake from top to bottom 

and prevent stratification. Deeper lakes tend to exhibit stronger patterns of stratification 

because there is less interaction between the surface and bottom. With depths ranging from 

2 to 21 feet, Lake Merced is classified as a shallow lake. Therefore mixing the water 

column usually prevents development of strong, persistent thermal stratification.  There is 

sufficient depth in the deeper waters to allow persistent chemical stratification, given the 

eutrophic nature of the lake and the high rates of algal growth and decomposition. 
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Nutrient EnrichmentNutrient EnrichmentNutrient EnrichmentNutrient Enrichment    
Nutrient dynamics are important to water quality as high concentrations of nutrients can lead to 

eutrophication, which in turn can cause a variety of water quality impacts such as increased algal 

biomass, depletion of dissolved oxygen, fish kills and loss of biodiversity. The degree of algal 

growth is usually restricted by the amount of the most limiting nutrient, which in aquatic systems 

is usually nitrogen or phosphorus. The limiting nutrient in some systems can be determined by 

looking at the ratio of N to P. However, in eutrophic systems when nutrient concentrations are 

high, algal biomass may become so large that available light for photosynthesis becomes the 

limiting factor (Pepper et al., 2006).  

There have been several water quality reviews and assessments conducted for Lake Merced over 

the past 10 years (See Appendix B - Inventory of Documents Related to Lake Merced and Vista 

Grande Watershed Water Quality). In general, nutrient concentrations within Lake Merced are in 

the range of eutrophic systems and Secchi depths average less than 2 feet. Over the time period of 

1997 to 2009, average total phosphorus concentration was 0.149 mg-P/L, the average 

orthophosphate concentration was 0.061 mg-PO4/L, the average ammonia concentration was 

0.05 mg-N/L, the average nitrate concentration was 0.031 mg-NO3/L, and total Kjeldahl nitrogen 

was 3.67 mg/L (SFPUC, 2009). As shown in Table 5, nutrient concentrations in South Lake are 

indicative of a eutrophic lake. 

TABLE 5 
COMPARISON OF SOUTH LAKE NUTRIENT CONCENTRATIONS TO TROPHIC STATE INDICATORS 

Water Quality 
Variable 

Average 
Concentration in 

South Lake (µg/L)
1
 

Trophic state boundary level (µg/L) 
Predicted Trophic 

State for South Lake 

  Cooke & Welch Horne  

Total Phosphorus 149 
>28 Mesotrophic 

>100 Hyper-eutrophic 
> 32 Strongly Eutrophic 

Total Inorganic 
Nitrogen (nitrate + 
ammonium) 

81 Not Considered > 110 Eutrophic Eutrophic 

Secchi depth 
(meters 0.55 m 

< 2 m Eutrophic 

< 1 m Hyper-eutrophic 

< 2.6 m  

Eutrophic 
Strongly Eutrophic 

Chlorophyll a  26 
> 9 Eutrophic 

> 25 Hyper-eutrophic 
> 7.9 Strongly Eutrophic 

NOTE: 
1 Average concentrations (1997-2009); SFPUC, 2010 
 
SOURCE: Cooke & Welch, 2011; Horne, 1996 
 
 

Conclusions regarding nutrient limitation within the lake have varied over time, depending on 

report authors, and on the methodology used for making the determination. In 2004, EDAW 

analyzed nutrient levels at Lake Merced and found that based on the total nitrogen to total 

phosphorus ratio it appeared that Lake Merced may have been phosphorus-limited. However, 
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when the N:P ratio was analyzed based on the bioavailable inorganic nutrients (nitrate, ammonia, 

and orthophosphate), instead of total Kjeldahl nitrogen (TKN includes the minimally biologically 

available organic nitrogen fraction that tends to dominate in the lake), along with nitrate, and total 

phosphorus, EDAW determined that the Lake would appear to be co-limited by nitrogen and 

phosphorous (EDAW, 2004).    

In 2007, RMC did an analysis of nutrient levels at Lake Merced and, using the bioavailable forms 

of nitrogen and phosphorus (NH3-N + NO3-N:Ortho P), found the Lake to be strongly nitrogen-

limited (RMC, 2007). Kennedy/Jenks (2010) using total nitrogen (TKN + nitrate) and 100% of 

total phosphorous to calculate the N:P ratio, estimated that the Lake has been nitrogen-limited 

since 2005. Since Lake Merced has high levels of organic nitrogen, it is more appropriate to 

analyze the bioavailable nitrogen to bioavailable phosphorus ratio. This is because algae can 

uptake the inorganic forms of nitrogen more easily. Bioavailable nitrogen is the sum of nitrate 

and ammonia, which is referred to as total inorganic nitrogen (TIN). Bioavailable phosphorus has 

been estimated at approximately 80% of total phosphorus. Using the TIN:80% of Total P ratio as 

the limiting nutrient indicator, one would conclude that the Lake is currently strongly nitrogen 

limited and has been since 2000 (RMC, 2007).  

The debate over whether nitrogen and/or phosphorus may be the more limiting nutrient is 

somewhat academic given that the rate of supply  of nutrients present has been more than 

sufficient to render the lake eutrophic (Table 5) and support high concentrations of algae year-

round in Lake Merced. Although over a dozen algal species have been identified in Lake Merced, 

the four most prominent algal species are Oscillatoria, Anabaena, Melosira, and Mougotia. 

Oscillatoria and Anabaena are cyanobacteria (blue-gree algae) and have the unique advantage of 

controlling their buoyancy and thus their position in the water column, optimizing exposure to 

sunlight and available nutrients. Anabaena has the additional ability to fix nitrogen (N+), thus 

giving it a distinct advantage should inorganic forms of nitrogen (NO3 - and NH4 +) become 

limited. Melosira is a diatom, while Mougotia is a green algae. By far Oscillatoria is the 

dominant phytoplankton species in both North and South Lakes with Oscillatoria plankton counts 

two to three orders of magnitude greater than the other species (MSC, 2001). 

All of the prominent algae species are characteristic of eutrophic waters. The various trophic 

status indicators also indicate the presence of eutrophic conditions in Lake Merced. The year-

round dominance by Oscillatoria is not fully understood, but is probably a function of several 

factors including a year-round mild coastal climate, steady supply of sufficient nitrogen (nitrate) 

possibly through groundwater contributions (inflows) to the system, limited light transparency 

(partly due to phytoplankton), and internal nutrient cycling possibly due to anoxic conditions in 

bottom waters combined with or followed by frequent mixing to make sediment released 

nutrients available in the upper water column.  Although both Oscillatoria and Anabaena contain 

gas vacuoles which allow them to regulate depth in the water column (MSC, 2001), only 

Anabaena is large enough for this to play an important role in Lake Merced. The regulation of 

sinking and rising is controlled by the gas vacuoles (lowers cell density) but more so by the 

colony size. Because it can rise easily in thermally stratified waters, Anabaena is favored over 

Oscillatoria, for example in most of the warmer East Bay reservoirs. When the water column is 
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frequently mixed, Anabaena’s buoyancy is no longer an advantage. In these circumstances colony 

size becomes a disadvantage if a nutrient is limiting since smaller algae have a more favorable 

surface area to volume ratio. Since uptake of nutrients is a partially a function of cell surface area, 

the smaller species can grow faster in mixed conditions. The small single filaments of 

Oscillatoria are easily stirred lower in the water column depth by the wind driven mixing and rise 

slowly in calm periods. Thus this genus is ideally suited for the weakly stratified conditions of 

Lake Merced, provided that the supply of nutrients is adequate. Oscillatoria is common in similar 

cool water, nutrient-rich shallow lakes in many places in the world. 

The results of the previous studies discussed above indicate that there is a need for continued 

nutrient and related data collection and assessment to understand and track the factors controlling 

the extent of algal growth (eutrophication), stratification, and associated impacts on dissolved 

oxygen and pH conditions in the surface and bottom levels of the Lake. Potential sources of 

N and P in the Lake Merced system are discussed below.  

External Nutrient Sources 

External sources of nutrient inputs to Lake Merced include non-point watershed sources 

discharged via stormwater runoff, groundwater, atmospheric deposition, organic matter 

decomposition and biological nitrogen fixation.  

Areas within the watershed that serve as non-point sources of nutrients to Lake Merced 

include Harding Park Golf Course, adjacent roadways, surrounding open space areas and 

occasional overflows from the Vista Grande Canal. In the past, Harding Park Golf Course 

used a complete fertilizer (containing N, P and K) at an application rate of 6 lbs of N per 

1000 ft
2
. Phosphorus is no longer applied to turf areas and up to 95% of stormwater from 

the golf course now drains to a basin under the driving range (EDAW, 2004; SFPUC, 

2011). However, it is possible that past runoff could have contributed to buildup of 

nutrients in lake sediments (EDAW, 2004). Groundwater within the Westside basin has 

high levels of nitrate that may contribute to Lake Merced (SFPUC, 2011; EDAW, 2004). 

Previous studies suggest that general watershed sources are significant contributors to 

nutrient levels in the lake; however, additional data is needed to assess contribution of 

individual sources (EDAW, 2004).  

Internal Nutrient Sources 

Internal sources of nutrients in Lake Merced include sediments and decomposition of 

organic matter. Bottom sediments in lakes can be a large reservoir for nutrient storage. 

Under aerobic conditions, an oxidized surface layer forms on the sediment acting to retain 

nutrients. However, under anoxic conditions created during periods of stratification or low 

mixing rates, nutrients may be released from sediments into the water column, contributing 

to eutrophication. The degree of nutrient release is dependent upon lake conditions. 

Warmer waters promote more internal loading of nutrients and longer periods of anoxia 

contribute more than short ones. 

Nutrient Removal 

Nitrogen in aquatic systems may exist in several forms: dissolved nitrogen gas (N2), 

organic nitrogen incorporated into organic matter, ionized (NH4 +) and undissociated 
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ammonia (NH4OH), dissolved ammonia gas (NH3), nitrite ion (NO2 -), and nitrate ion 

(NO3 -). Under aerobic conditions, bacteria mediate the oxidation of ammonia to nitrate 

(with an intermediate step as nitrite) in a process called nitrification. In the nitrification 

reaction, 1.0 g of ammonia consumes 4.57 g of oxygen. In the absence of oxygen, bacteria 

mediate the reduction of nitrate to nitrogen gas in the process of denitrification (MSC, 

2001). Since denitrification is a microbial mediated process, it slows at cold temperatures. 

This is a process where additional ammonia and/or nitrate added to the Lake would be 

removed from the system to the atmosphere and therefore not be available to support 

additional algal (or other aquatic plant) growth. However, under most lake conditions, 

nitrate is present in very low concentrations near the anoxic sediments so that 

denitrification rates are very low. Artificial lake mixing can increase moving nitrate from 

the free water to the sediment zone and increase denitrification. Phosphorus is typically 

adsorbed onto particulates (sediments) and may therefore be removed via sedimentation of 

the associated particulate in addition to uptake by aquatic plants. However, on decay of the 

plants or organic particles, phosphate is once again released to the water. 

Lake Merced Beneficial Uses, Water Quality Objectives, 
and Clean Water Act Section 303(d) Impaired 
Waterbodies List 

This section describes the beneficial uses that Lake Merced is designated to support, the key 

water quality objectives applicable to those uses, and the history of the U.S. Environmental 

Protection Agency (EPA) putting the Lake on the Section 303(d) list as being impaired for 

elevated pH and low DO.  

Beneficial UsesBeneficial UsesBeneficial UsesBeneficial Uses    
The San Francisco Bay Regional Water Quality Control Board Basin Plan (Basin Plan) 

designates Lake Merced as supporting the following beneficial uses:  

• Cold Freshwater Habitat (Cold) 

• Warm Freshwater Habitat (Warm) 

• Fish Spawning (Spwn) 

• Wildlife Habitat (Wild) 

• Water Contact Recreation (Rec1) 

• Noncontact Water Recreation (Rec2) 

• Municipal And Domestic Supply (Mun) 

The full Basin Plan definitions of each of these uses are provided below. 

Cold Freshwater Habitat (COLD) 

Uses of water that support cold water ecosystems, including, but not limited to, 

preservation or enhancement of aquatic habitats, vegetation, fish, or wildlife, including 

invertebrates. Cold freshwater habitats generally support trout and may support the 

anadromous salmon and steelhead fisheries as well. Cold water habitats are commonly 

well-oxygenated. Life within these waters is relatively intolerant to environmental stresses. 
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Often, soft waters feed cold water habitats. These waters render fish more susceptible to 

toxic metals, such as copper, because of their lower buffering [or metal chelation] capacity.  

Warm Freshwater Habitat (WARM) 

Uses of water that support warm water ecosystems including, but not limited to, 

preservation or enhancement of aquatic habitats, vegetation, fish, or wildlife, including 

invertebrates. The warm freshwater habitats supporting bass, bluegill, perch, and other 

panfish are generally lakes and reservoirs, although some minor streams will serve this 

purpose where stream flow is sufficient to sustain the fishery. The habitat is also important 

to a variety of nonfish species, such as frogs, crayfish, and insects, which provide food for 

fish and small mammals. This habitat is less sensitive to environmental changes, but more 

diverse than the cold freshwater habitat, and natural fluctuations in temperature, dissolved 

oxygen, pH, and turbidity are usually greater.  

Fish Spawning (SPWN) 

Uses of water that support high quality aquatic habitats suitable for reproduction and early 

development of fish. Dissolved oxygen levels in spawning areas should ideally approach 

saturation levels. Free movement of water is essential to maintain well-oxygenated 

conditions around eggs deposited in sediments. Water temperature, size distribution and 

organic content of sediments, water depth, and current velocity are also important 

determinants of spawning area adequacy. 

Wildlife Habitat (WILD) 

Uses of waters that support wildlife habitats, including, but not limited to, the preservation 

and enhancement of vegetation and prey species used by wildlife, such as waterfowl. The 

two most important types of wildlife habitat are riparian and wetland habitats. These 

habitats can be threatened by development, erosion, and sedimentation, as well as by poor 

water quality. 

Water Contact Recreation (REC1) 

Uses of water for recreational activities involving body contact with water where ingestion 

of water is reasonably possible. These uses include, but are not limited to, swimming, 

wading, water-skiing, skin and scuba diving, surfing, whitewater activities, fishing, and 

uses of natural hot springs. Water contact implies a risk of waterborne disease transmission 

and involves human health; accordingly, criteria required to protect this use are more 

stringent than those for more casual water oriented recreation. Excessive algal growth has 

reduced the value of shoreline recreation areas in some cases, particularly for swimming.  

Where algal growths exist in nuisance proportions, particularly blue-green algae, all 

recreational water uses, including fishing, tend to suffer. One criterion to protect the 

aesthetic quality of waters used for recreation from excessive algal growth is based on 

chlorophyll a [the green pigment in all plants that is the start of the photosynthetic process]. 

Noncontact Water Recreation (REC2) 

Uses of water for recreational activities involving proximity to water, but not normally 

involving contact with water where water ingestion is reasonably possible. These uses 
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include, but are not limited to, picnicking, sunbathing, hiking, beachcombing, camping, 

boating, tide pool and marine life study, hunting, sightseeing, or aesthetic enjoyment in 

conjunction with the above activities. Water quality considerations relevant to noncontact 

water recreation, such as hiking, camping, or boating, and those activities related to tide 

pool or other nature studies require protection of habitats and aesthetic features. In some 

cases, preservation of a natural wilderness condition is justified, particularly when nature 

study is a major dedicated use. One criterion to protect the aesthetic quality of waters used 

for recreation from excessive algal growth is based on chlorophyll a. 

Municipal and Domestic Supply (MUN) (Potential Emergency Use) 

Uses of water for community, military, or individual water supply systems, including, but 

not limited to, drinking water supply. The principal issues involving municipal water 

supply quality are (1) protection of public health; (2) aesthetic acceptability of the water; 

and (3) the economic impacts associated with treatment or quality related damages. 

The health aspects broadly relate to: direct disease transmission, such as the possibility of 

contracting typhoid fever or cholera from contaminated water; toxic effects, such as links 

between nitrate and methemoglobinemia (blue babies); and increased susceptibility to 

disease, such as links between halogenated organic compounds and cancer. 

Aesthetic acceptance varies widely depending on the nature of the supply source to which 

people have become accustomed. However, the parameters of general concern are 

excessive hardness, unpleasant odor or taste, turbidity, and color. In each case, treatment 

can improve acceptability although its cost may not be economically justified when 

alternative water supply sources of suitable quality are available. 

Published water quality objectives give limits for known health related constituents and 

most properties affecting public acceptance. These objectives for drinking water include the 

U.S. Environmental Protection Agency Drinking Water Standards and the California State 

Department of Health Services criteria. 

SFBRWQCB, 2010. 

Of the above designated uses, the uses that are most directly sensitive to the degree of 

eutrophication and stratification and associated pH and particularly DO levels within Lake 

Merced are uses related to habitat quality for aquatic organisms – specifically, COLD, WARM, 

SPWN and WILD. It should be noted that under stratified conditions, the respective uses may 

exist to differing degrees depending on the relative temperature, DO and pH in the separated 

upper and lower portions of the Lake. REC-1 and REC-2 uses could also potentially be affected 

to the extent that algal growths exist in nuisance proportions that interfere with recreational 

activities or that the aesthetic quality of Lake Merced is adversely impacted from excessive algal 

growth. Swimming is prohibited in Lake Merced by CCSF so the potential excessive algal growth 

impacts would only apply to the other REC-1 and REC-2 uses.  

The Lake is designated as a potential MUN source and SFPUC has designated the Lake solely as 

an emergency supply, only used following a catastrophic event, and only under the conditions of 
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a “boil water” order. Given these restrictions, this assessment of potential impacts from addition 

of Vista Grande stormwater to South Lake will be limited to the other beneficial uses.  

Water Quality ObjectivesWater Quality ObjectivesWater Quality ObjectivesWater Quality Objectives    
The Basin Plan contains narrative and numeric water quality objectives (WQO) that apply to most 

waters in the Region and are intended, in part, to ensure that Beneficial Uses are protected. The 

WQO for biostimulatory substances (aka nutrients), DO, and pH are cited below. It is pertinent to 

note that there are efforts underway that may result in adoption of numeric nutrient WQO, but 

that currently only the narrative WQO below applies.  

Biostimulatory Substances 

Waters shall not contain biostimulatory substances in concentrations that promote aquatic 

growths to the extent that such growths cause nuisance or adversely affect beneficial uses. 

Changes in chlorophyll a and associated phytoplankton communities follow complex 

dynamics that are sometimes associated with a discharge of biostimulatory substances. 

Irregular and extreme levels of chlorophyll a or phytoplankton blooms may indicate 

exceedance of this objective and require investigation.  

Dissolved Oxygen  

For nontidal waters, the following objectives shall apply:  

Waters designated as: 

Cold water habitat  7.0 mg/l minimum 

Warm water habitat  5.0 mg/l minimum 

The median dissolved oxygen concentration for any three consecutive months shall not be 

less than 80 percent of the dissolved oxygen content at saturation. 

Dissolved oxygen is a general index of the state of the health of receiving waters. Although 

minimum concentrations of 5 mg/l and 7 mg/l are frequently used as objectives to protect 

fish life, higher concentrations are generally desirable to protect sensitive aquatic forms. In 

areas unaffected by waste discharges, a level of about 85 percent of oxygen saturation 

exists. A three month median objective of 80 percent of oxygen saturation allows for some 

degradation from this level, but still requires a consistently high oxygen content in the 

receiving water. 

pH 

The pH shall not be depressed below 6.5 nor raised above 8.5. This encompasses the pH 

range usually found in waters within the basin. Controllable water quality factors shall not 

cause changes greater than 0.5 units in normal ambient pH levels. 

SFBRWQCB, 2010 
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Section 303(d) ListingSection 303(d) ListingSection 303(d) ListingSection 303(d) Listing    
Under Section 303(d) of the Clean Water Act, states are required to develop a list of impaired 

waters, defined as water bodies that do not meet state water quality standards, every two years. 

Water quality standards include designated Beneficial Uses and Water Quality Objectives (40 

CFR 131.3(i)).  

On November 28, 2001, during the 2002 303(d) listing process, Lake Merced was included on the 

Regional Water Board’s “Preliminary List of Waterbodies and Pollutants” for “Low Dissolved 

Oxygen/Organic Enrichment.” This was in Table 5 in the Board item approving transmittal of the 

2002 303(d) list to the State Water Board. The accompanying staff report (p. 35) stated that:  

“Regional Board staff recommends that DO and pH be monitored systematically by a 

public agency such as the SFWD, the San Francisco Public Utilities Commission, or other 

stakeholder. This monitoring should be conducted at the same sites as the SFWD program 

plus additional sites within the different portions of the lake, and more frequently than 

before, continuously where resources allow, to assess whether the lake is truly impaired 

due to lack of DO or elevated pH. In the next listing cycle the Regional Board will re-

evaluate DO and pH information, including the 1997-2000 data, and either accept or reject 

an impairment determination for DO and pH.” 

On February 28, 2003 the State Water Board (SWB) transmitted the State’s 2002 303(d) list to 

USEPA. The SWB included Lake Merced on the “Monitoring List” (Table 7) for “Low Dissolved 

Oxygen.” This did not require development of a TMDL. Waters were placed on the Monitoring 

List where “minimal, contradictory or anecdotal information suggests standards are not met but 

the available data or information is inadequate to draw a conclusion.”  

On June 5, 2003 the USEPA partially approved and partially disapproved California’s 2002 

Section 303(d) list. USEPA added Lake Merced to the 303(d) list for DO and pH. As their 

rationale they stated in part that:  

“The San Francisco Bay Basin Plan includes numeric standards for dissolved oxygen and 

pH that are applicable to this water (San Francisco Bay RWQCB, 1995, p. 3-3). EPA's 

analysis of available data in the State's record found that 46-83% of available samples 

exceed the existing numeric water quality standards for DO and pH in Lake Merced, 

depending upon the monitoring station (n=14). The State has not provided a sound 

rationale for concluding that the water quality standards for pH and DO are not exceeded. 

The stated rationale that the available data may not be representative is unpersuasive.  

Data were collected at several locations over a recent multi-year time frame. The rationale 

that samples taken at depth should not be considered and that analysis only of surface 

samples demonstrates attainment is also unpersuasive because the Basin Plan includes no 

provisions indicating that these standards are to be applied only at the surface. EPA 

concludes that absent Basin Plan language to the contrary, these standards apply at all 

water depths. Based on these considerations, EPA has determined that this water should be 

identified for inclusion on the list for pH and DO.  
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EPA is establishing a low priority for this listing based on the considerations that no 

specific beneficial use impairments have been associated with DO and pH problems in 

the Lake, and that additional monitoring is warranted to verify these listings prior to 

developing TMDLs.” (emphasis added) 

Lake Merced remains on the final California 2008-2010 Section 303(d) list (as approved by 

USEPA October 11, 2011) as impaired for dissolved oxygen and pH caused by unknown sources. 

A TMDL is shown to be completed by 2019.  

The SWB on adopted September 30, 2004 a Water Quality Control Policy for Developing 

California’s Clean Water Act Section 303(d) List (Resolution No. 2004-0063). This Policy 

provides the currently applicable guidance (that was not in place at the time of the original Lake 

Merced listing) on criteria to use for adding and removing waterbodies from the 303(d) list 

including using a weight-of-evidence based approach.  

Subsequently, the SWB on June 16, 2005 adopted the ”Water Quality Control Policy for 

Addressing Impaired Waters: Regulatory Structure and Options” (Resolution No. 2005-0050).  

This policy provides alternatives to TMDLs for addressing 303(d) listings. As stated on page 6:  

"If a solution to an impairment is being implemented by a regulatory action of another 

state, regional, local, or federal agency, and the Regional Board finds that the solution will 

actually correct the impairment, the Regional Board may certify that the regulatory action 

will correct the impairment and if applicable, implement the assumptions of the TMDL, in 

lieu of adopting a redundant program."  

This policy also provides a rationale for considering complex and variable parameters in 

environments where there is low DO due to "natural conditions" (e.g., sediment/benthic oxygen 

demand, limited flushing, diurnal fluctuation, seasonal stratification, etc.). The policy (p. 3, item 

B) states that:   

"If the failure to attain standards is due to the fact that the applicable standards are not 

appropriate to natural conditions, an appropriate regulatory response is to correct the 

standards"   

Daly City intends to work with Water Board staff and the SFPUC to reassess the existing 303(d) 

listing and to develop potential alternatives to address the current listing based on the above SWB 

policies. A brief synopsis of these two SWB policies prepared by the Central Valley RWQCB is 

presented in Appendix C.   

Lake Management PlanLake Management PlanLake Management PlanLake Management Plan    
Daly City, in cooperation with the SFPUC, intends to develop a Lake Management Plan which 

would include a phased program of measures intended to maintain and where feasible improve 

the water quality of South Lake and Lake Merced in general. As the first step in developing the 

Lake Management Plan, Daly City, in cooperation with the SFPUC, has prepared a preliminary 

list of potential actions intended to help improve water quality in South Lake. The list includes 

watershed source control measures, treatment options, and lake management options which can 
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be used singularly or collectively. This preliminary list has been expanded into the attached 

matrix that identifies the intended benefits of each action, the potential improvement of DO and 

pH levels, application and feasibility considerations, and whether additional evaluation is 

warranted at this time (Appendix D).  

Lake Merced Project Impact Assessment Approach 

This section presents the operational aspects of the proposed project, how project operational 

criteria may influence future stratification and eutrophication conditions and associated pH and 

DO levels in Lake Merced, and a framework (set of problem statements) to guide efforts to assess 

the potential effects of the project on existing conditions in the Lake.  

Project Operational VariablesProject Operational VariablesProject Operational VariablesProject Operational Variables    
The proposed project would reroute dry and wet season flows from the Vista Grande Canal into 

Lake Merced and would consist of several operating options dependent upon flow and antecedent 

conditions. In all options, water would be screened using a debris screening system to trap all 

material > 5 mm in diameter. During dry weather and low wet weather flow events, authorized 

non-stormwater and stormwater would be screened for trash and debris and then routed through a 

constructed wetlands natural treatment system before entering South Lake Merced.  Specified 

winter flows that exceed the capacity of the wetlands natural treatment system would also be 

routed to South Lake Merced. Finally, remaining storm water flows would continue to be routed 

to the Pacific Ocean via the Vista Grande Canal and Tunnel (Jacobs Associates, 2011).  

There are several factors that affect the assessment of potential project impacts on South Lake 

Merced. Available information indicates that the periods of greatest stratification, highest algal 

growth and biomass (blooms) and highest surface water pH values and lowest bottom water DO 

values occur during the summer and fall seasons. These are the periods when there would be the 

least addition of Vista Grande Canal flow to South Lake (only dry weather baseline flow). These 

baseline flows would be routed through the constructed treatment wetlands prior to being 

introduced into the Lake.  

The majority of stormwater flow (and associated loadings) would be introduced during the winter 

wet season months, the period of lowest temperatures and sunlight, lowest algal growth potential, 

and lowest potential for stratification. Methods will need to be developed to evaluate the fate of 

the nutrients introduced during these wet season months and their impact on algal growth 

potential during the summer and fall months.  

The project will have the ability to control the timing and volume of stormwater diverted to the 

ocean. These yet to be developed operational criteria will control the volume and loadings 

introduced to South Lake. Seasonal volume and loading estimates will need to be determined in 

order to evaluate impacts on Lake elevations and resultant potential impacts on the degree of 

stratification, algal growth, pH and DO levels. To meet the preliminarily identified lake level 
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restoration targets, lake levels could change by approximately 2-3 feet seasonally, depending on 

climatic and operational factors (e.g., threshold diversion flow rates, groundwater pumping rates).  

The Vista Grande Canal water is proposed to be introduced at the south end of South Lake. It is 

assumed that the wet season Canal water will blend with the greater volume of South Lake water 

fairly quickly and become indistinguishable from the background South Lake water quality. 

Modeling would need to be conducted if quantifying the extent of this mixing area was 

determined to be to be an issue of concern. Localized impacts from the wetlands treated, low 

volume dry season flows are expected to be minimal. The yet to be determined range of increase 

in lake elevation from the project will inundate areas of existing riparian habitat. Depending on 

the extent and duration of seasonal inundation, this could impact localized DO concentrations 

(due to anaerobic decay of inundated organic matter).  

The yet to be determined range of increase in Lake elevation from the project may also 

potentially affect the timing, duration, and magnitude of stratification that could occur. 

Calculations and/or modeling would need to be conducted (see EDAW 2004) to evaluate the 

effects of variable lake levels on stratification.  

Stratification and NutrientsStratification and NutrientsStratification and NutrientsStratification and Nutrients    
If the proposed project is not implemented, current stratification conditions would likely persist 

into the future. Without additional water input, it is possible that lake levels could decrease to as 

low as -15 feet City Datum, depending on rainfall conditions.  

Under the preliminary target elevation levels of 5.5 to 9.5 feet City Datum, Lake Merced would 

still be considered a shallow lake. Current environmental conditions of cool weather, frequent 

marine layer and predominant winds are not expected to change. Therefore, raising lake levels to 

the maximum target level of 9.5 feet City Datum would not be expected to substantially change 

Lake Merced’s current pattern of weak, intermittent stratification (EDAW, 2004). However, this 

increase may result in slightly longer period of weak stratification that would affect a larger area 

of the lake bed. As a result, nutrient flux from the bottom sediments may increase due to 

potentially longer periods of anoxia in bottom waters. Further analysis of the extent of anoxia in 

bottom waters is needed to evaluate the extent of changes in internal nutrient cycling, 

eutrophication and levels of dissolved oxygen (EDAW, 2004). 

The EDAW (2004) report assessed impacts associated with raising lake levels by 4 to 8 feet 

above the lake level that existed at the time (which were establish by a 2002 survey at a 0.5 feet 

city datum). The lake level is currently around 6.5 feet city datum (Figure 1). As such, 

environmental changes contemplated in the report have already occurred (such as inundation of 

shoreline vegetation, and changes in aquatic habitat). 

The proposed project anticipates Lake elevations being maintained in the range of 5 – 9.5 feet. 

Recent elevations (mid-2011) were in the range of 6.9 feet. Therefore the potential maximum 

elevation increase would be just over 2.5 feet above current (and recent – see Figure 1) 

conditions. 
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If the proposed project is not implemented, future nutrient dynamics within the lake would likely 

be similar to historical trends.  

If the proposed project were to be implemented, it is possible that nutrient input from Vista 

Grande Canal stormwater could raise nutrient levels within the lake and result in increased 

eutrophication and decreased dissolved oxygen. However, if the lake is currently light limited, 

then additional nutrient input may not stimulate additional algal growth. In order to determine the 

possible range of range of nutrient loading and subsequent effects on Beneficial Uses, further 

analysis of nutrient dynamics in the stormwater and Lake Merced is needed.  

Problem StatementsProblem StatementsProblem StatementsProblem Statements    
The project team has developed several narrative (problem) statements intended to help focus the 

direction of the assessment of potential water quality impacts of the proposed project on South 

Lake Merced.  

a. What analyses will be conducted to evaluate the likelihood, and if so extent, to which the 
proposed controlled diversion of stormwater to South Lake Merced may result in 
exceedance of water quality standards?  

b. Are beneficial uses currently impaired by existing DO and pH levels? While Lake Merced 
is listed for DO and pH, there is no documentation of beneficial use impairment. In creating 
the listing, EPA noted that “no specific beneficial use impairments have been associated 
with DO and pH problems in the Lake, and that additional monitoring is warranted to 
verify these listings prior to developing TMDLs (EPA, 2003). 

c. What processes/variables influence DO and pH level in the Lake? (e.g. algal production, 
stratification, lake morphology, lack of flushing, groundwater inputs, and vegetation 
restriction of mixing). 

d. What is the sensitivity of the Lake to additional nutrient inputs? What are the key 
drivers/factors that influence biological responses to nutrient loads?  

e. How will increasing the depth of the Lake affect stratification and other conditions (i.e. 
vegetation inundation) that could affect DO and pH levels.  

f. What monitoring will be necessary to demonstrate that the proposed Lake Management 
Plan measures are successfully maintaining and where feasible improving dissolved oxygen 
and pH levels? 

Monitoring Monitoring Monitoring Monitoring Plans Plans Plans Plans and Assessment and Assessment and Assessment and Assessment StrategyStrategyStrategyStrategy    
Monitoring Plans 

Daly City has initiated the collection of water quality data to support analysis of the proposed 

project. Data has been collected according to the 2011Dry Season Water Quality Monitoring 

Plan, which was finalized with input from SFBRWQCB staff. Additional monitoring will be 

conducted according to the draft 2011-2012 Wet Season Water Quality Monitoring Plan. 
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In addition to water quality monitoring required for project evaluation, further monitoring data 

may be warranted to provide a broader characterization of DO and pH conditions in other 

portions of Lake Merced. This additional data would expand upon data collected to date through 

the SFPUC’s quarterly monitoring program, and would support re-assessment of the 303(d) 

listing for DO and pH. Plans to collect this data would need to be developed by Daly City and 

SFPUC in consultation with Water Board staff.  

Assessment Strategy 

Based on input provided by Water Board staff, Daly City is proposing an assessment strategy 

focused on evaluating the project in light of the current 303(d) listing. The assessment strategy 

consists of the evaluation of the key limnological conditions of South Lake, the potential for 

project-related changes in these existing conditions, and identification and evaluation of other 

watershed and lake management actions that will maintain and where feasible improve water 

resource management in general and DO and pH levels in Lake Merced specifically. These tasks 

are outlined below. Further development of the assessment strategy will be provided by Daly City 

in consultation with the SFPUC and Water Board staff. 

Existing Conditions 

This task will expand on the system understanding provided above, and will form the basis of the 

project evaluation. 

• Description of Lake Merced  

o Lake and Watershed Characteristics 

o Climate and Precipitation 

o Hydrology 

• Historic and Existing Water Quality 

o Analysis of  existing water quality data: 

� SFPUC Quarterly Monitoring Data 

� Vista Grande 2011 Dry Season Monitoring Data 

� Vista Grande 2011-2012 Wet Season Monitoring Data 

• Processes Affecting Lake Water Quality 

o Stratification 

o Nutrient Enrichment 

• Regulatory Setting 

o Beneficial Uses 

o Water Quality Objectives 

o 303(d) Listing 
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Project Evaluation 

• Describe project effects on Lake Merced 

o Description of diversion and lake level scenarios  

o Monthly diversion for each scenario  

o Water balance with project  

o Vista Grande Water Quality  

� Summarize dry and wet season data 

• Flow, temp, DO, pH  

• Key constituent levels  

� Estimate average/median concentration of key constituents  

o Estimate pollutant removal rate of proposed treatment wetland 

• Assess changes in key lake processes: 

o Stratification  

� Develop mixing model to assess changes in lake mixing for various 

depths, including the existing elevation and a range of potential with-

project conditions 

� Address affect of lakes levels on stratification 

� Address chlorophyll levels and secchi depth 

o Nutrient Enrichment, Productivity, and DO and pH  

� Estimate change of key nutrient concentrations in lake water (mass 

balance calculation).  

� Inundation of shoreline vegetation  

� Estimate potential change in DO and pH levels 

� Address change in water clarity (secchi depth) 

• Estimate changes to existing water quality for other constituents: 

o Bacteria  

� Estimate potential change in bacteria levels from 1) stormwater, and 2) 

wetland discharge 

� Estimate dilution and die-off 

o Metals (copper, lead, nickel, zinc)  

� Compare concentrations within stormwater and lake water 

• Fisheries Evaluation 
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o Evaluate potential effects to fish habitat including changes in lake stratification 

and DO levels  

 

Potential Watershed and Lake Management Actions 

• Identify list of potential watershed and lake management actions that would improve DO 

and pH levels in South Lake Merced. 

• Evaluate the feasibility (including cost of implementation and maintenance) and efficacy 

of potential watershed and lake management actions to improve DO and pH conditions in 

South Lake Merced. 

• Develop Lake Management Plan (water quality monitoring program, watershed and lake 

management actions, implementation timeline). 

In addition, Daly City intends to work with Water Board staff and the SFPUC to assess the 

existing 303(d) listing and determine potential alternatives for a future listing cycle. 

_______________________ 
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Water Quality Data Objective Matrix                                                PRELIMINARY DRAFT – SUBJECT TO REVISION 

Vista Grande Drainage Basin Improvement Project                             November 2, 2011 

Problem Statement: 
     

Boundaries of the Study: 
  

How might the contribution of Vista Grande Stormwater to South Lake Merced measurably affect existing water 

quality conditions and beneficial uses? 

   
Spatial – The study will focus on South Lake Merced in the vicinity of the body of water that will be directly influenced by the 

introduction of Vista Grande stormwater. Any potential effects to the remaining areas of Lake Merced (North, East and Impound 

Lakes) are expected to be minimal due to mixing with background South Lake water and limited connectivity between the lakes. 

Temporal – Data collection will occur within the dry and wet seasons to characterize seasonal and varying storm event water 

quality conditions.  

         

DO and pH Assessment 
        

Questions:  Information Needed:  Potential Analytic Approaches: 
 

Data Required:  Data Criteria: 

a. Are beneficial uses currently impaired by existing DO and 

pH levels?  While Lake Merced is listed for DO and pH, 

there is no documentation of beneficial use impairment. 

In creating the listing, EPA noted that “no specific 

beneficial use impairments have been associated with 

DO and pH problems in the Lake, and that additional 

monitoring is warranted to verify these listings prior to 

developing TMDLs” (EPA, 2003). 

 

• Develop more detailed understanding of DO and 

pH levels in South Lake. Expand on quarterly 

monitoring conducted by SFPUC. 

• Assess existing status of beneficial uses that 

could be impaired by existing DO and pH levels 

(including aquatic habitat and recreation).  

• Characterize existing aquatic habitat and life. 

• Determine DO and pH levels in Vista Grande 

stormwater. 

 

• Estimate DO and pH levels in South Lake with 

and without the project. Specifically, assess how 

contributing factors would be affected by the 

project (e.g. algal production, stratification, lake 

morphology, lack of flushing, groundwater 

inputs, and vegetation restricting mixing). 

• Levels of DO, pH and temperature in South Lake. 

• Concentrations of key constituents in Vista 

Grande stormwater and South Lake Merced, 

consisting of: 

Nitrate 

Ammonia 

Total Kjeldahl Nitrogen (TKN) 

Total Phosphorus 

Orthophosphate 

COD 

BOD 

TSS 

VSS 

TDS 

• Concentrations of Chlorophyll a in South Lake 

Merced. 

• Secchi depth in South Lake Merced. 

• Extent and duration of anoxic conditions in 

South Lake Merced. 

• Nutrient flux to Lake Merced from Vista Grande 

Canal. 

• Estimate relative magnitude of nutrient sources 

for South Lake Merced. 

• Review and update aquatic habitat assessment. 

 

• Hourly data to characterize diurnal patterns of DO, pH and 

temperature in South Lake.  

• Include near shore and main water body monitoring, including surface 

to near bottom depth profiles  

• Vista Grande Canal: Sufficient data should be collected to characterize 

flows and nutrient levels of waters proposed for diversion (baseflow 

and storm events). At a minimum, monthly baseflow sampling, and 

sampling of 6 wet season storm events. Data should be collected at 

multiple points in storm event hydrographs to characterize the 

variation of nutrient concentrations over the course of an event. 

• South Lake: Sufficient data should be collected to characterize 

receiving water quality. At a minimum, twice-monthly sampling at 1 

representative location in South Lake during summer/fall period when 

phytoplankton growth is peaking; at least once monthly during the 

winter/spring period when phytoplankton growth is limited. 

• EPA methods and detection limits should be used to measure the 

following constituent levels at or below lowest historic levels: 

o Orthophosphate, nitrate, and ammonia (as N).  Rationale: bio-

available nutrients. 

o TKN and Total Phosphorus. Rationale: Total organic and 

inorganic concentrations. 

o Chemical Oxygen Demand. Rationale: Measure of total oxygen 

demanding substances. Informs assessment of DO. 

o Biochemical Oxygen Demand. Rationale: Measure of bio-

available oxygen demanding substances. Informs assessment of 

DO. 

o Chlorophyll a. Rationale: Indicator of plankton/algal biomass. 

o Secchi depth (lake only). Rationale: As a measure of light 

penetration in water column.  

o Total Suspended Solids (TSS). Rationale: Indicator of solids 

loading. 

o Volatile Suspended Solids (VSS). Rationale: Indicator of organic 

matter in TSS. 

o Total Dissolved Solids (TDS): Rationale: Indicator of mineral 

content. 

   
   

b. What processes/variables influence DO and pH level in 

the Lake? (e.g. algal production, stratification, lake 

morphology, lack of flushing, groundwater inputs, and 

vegetation restriction of mixing). 
 

• Identify the key factors affecting DO and pH 

levels in South Lake Merced. This includes the 

limiting factors of algal growth which affects DO 

and pH levels.  

• Determine existing lake productivity. 

  

 

 
 

 
 

 

c. What is the sensitivity of the Lake to additional nutrient 

inputs? What are the key drivers/factors that influence 

biological responses to nutrient loads? 

1. What are the internal and external sources of 

nutrients in South Lake Merced? 

2. What is the relative nutrient loading to South Lake 

from internal versus external sources? 

3. Is algal production in the Lake limited by nutrients 

or other factors (i.e. light)? 

4. To what concentrations would nutrients have to be 

reduced to become limiting? 

5. How would Vista Grande stormwater discharges 

affect nutrient concentrations in the Lake? 

 

• Determine duration and extent of low DO 

conditions occurring as a result of stratification.  

• Determine nutrient levels in Vista Grande 

Stormwater. This information is needed to 

assess the potential to increase algal growth. 

• Characterize potential nutrient sources to South 

Lake. 
 

• Estimate nutrient limitations in South Lake 

Merced with and without the project. Determine 

the extent to which the project may increase 

available nutrients (i.e. orthophosphate, nitrate, 

ammonia). If the project would significantly 

change levels of bioavailable nutrients, estimate 

expected change in lake productivity, and any 

associated impact to beneficial uses. 

• Evaluate impacts under different lake level 

operational scenarios. 

• Estimate nutrient reduction of proposed 

treatment wetland under different operational 

scenarios. 

  
 

   

d. How will increasing the depth of the Lake affect 

stratification and other conditions (i.e. vegetation 

inundation) that could affect DO and pH levels. 

 
• Identify the key factors affecting lake 

stratification. 

• Identify the magnitude, extent and duration of 

lake stratification. 
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Bacteria/Pathogens 
        

Questions:  Information Needed:  Potential Analytic Approaches:  Data Required:  Data Criteria: 

e. How will discharge of Vista Grande stormwater affect 

indicator bacteria levels in South Lake? 

1. What are existing indicator bacteria levels in South 

Lake? 

2. What are the sources of indicator bacteria in South 

Lake? 

3. What are the temporal bacteria levels within South 

Lake associated with stormwater runoff? 

4. What are indicator bacteria concentrations in Vista 

Grande stormwater? 

 
• Determine indicator bacteria levels in Vista 

Grande Stormwater. 

• Identify existing indicator bacteria levels in 

South Lake. 

• Estimate the relative contribution of fecal 

contamination of background versus human 

sources. 

 
• Estimate indicator bacteria levels in South Lake 

with and without the project through a 

dispersion and die-off assessment. 

• Analyze for human bacteriodales. 

 

• Concentrations of indicator bacteria in Vista 

Grande stormwater and South Lake Merced, 

consisting of: 

Escherichia coli (E. coli) 

Total Coliform 

Fecal Coliform 

Enterococcus 

Male Specific Bacteriophage (MS-2) 

Human Bacteriodales 

• Concentrations of Giardia and Cryptosporidium 

spp. (pathogens) and in Vista Grande 

stormwater and South Lake Merced. 

 

 
• Vista Grande Canal: Sufficient data should be collected to characterize 

indicator bacteria/pathogen levels of waters proposed for diversion 

(baseflow and storm events). At a minimum, twice-monthly baseflow 

sampling (Giardia and Cryptosporidium once per month), and sampling 

of 6 wet season storm events. Data should be collected at multiple 

points in storm event hydrographs to characterize the variation of 

bacteria/pathogen concentrations over the course of an event. 

• South Lake – Dry Season: Sufficient data should be collected to 

characterize receiving water quality. At a minimum, twice-monthly 

sampling at 1 representative location in South Lake. Data should 

provide for the evaluation of project effects that during the dry season 

would be limited to discharges from the proposed treatment wetland. 

• South Lake – Wet Season: For a target of 6 wet season storm events, a 

series of 2 samplings should occur at 1 representative location in South 

Lake, one at the end of the event, and a second within 24 hours. 

Bacteria levels are expected to increase in the lake after storm events 

as the result of runoff, and that these levels then fall back as the result 

of bacteria die-off. This data will allow us to understand the existing 

conditions as they are related to the diversion of storm flows during 

the wet season. 

• Continuation of Pilot Diversions. If feasible during storm events of 

large magnitude and extent, conduct pilot diversion of Vista Grande 

stormwater to South Lake and monitor bacteria levels at near shore 

and offshore to characterize dilution. A series of 2 samplings should 

occur at a minimum of 3 locations in South Lake, one at the end of the 

event, and a second within 24 hours, to characterize bacteria die-off.  

Sampling of Vista Grande stormwater should occur during the 

diversion to characterize indicator bacteria/pathogen levels of the 

water diverted to South Lake. 

       

f. What increased human health risk is associated with 

discharging Vista Grande stormwater to South Lake? 

 
• Characterize the extent of use and exposure 

potential to recreational users (e.g. boaters, 

anglers).  

• Evaluate the incremental human health risk of 

exposure to various pathogenic agents of 

infection and/or disease. 

 
• Conduct a Microbial Risk Assessment to 

evaluate the incremental human health risk 

from exposure to pathogens. 
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Metals         

Questions:  Information Needed:  Potential Analytic Approaches:  Data Required:  Data Criteria: 

g. To what extent will the project increase metals loading to 

or concentration in South Lake? 

 
• Determine levels of metals of concern in Vista 

Grande Stormwater. 

• Identify existing levels of metals of concern in 

South Lake to characterize receiving waters. 

 
• Estimate loadings of metals of concern to South 

Lake with and without the project. 

• Estimate metals reduction of proposed 

treatment wetland. 

 
• Concentrations of potential metals  of concern 

in Vista Grande stormwater and South Lake 

Merced, consisting of: 

Lead (Pb) 

Copper (Cu) 

Nickel (Ni) 

Mercury (Hg) 

Zinc (Zn) 

 

 
• Vista Grande Canal: Sufficient data should be collected to characterize 

levels of metal of concern in waters proposed for diversion (baseflow 

and storm events). At a minimum, twice-monthly baseflow sampling 

during the dry season, and sampling of 6 wet season storm events. 

• South Lake: Sufficient data should be collected to characterize 

receiving water quality. Twice-monthly sampling during the dry season 

and sampling of 6 wet season storm events at 1 representative 

location in South Lake. 

• EPA methods and detection limits should be used to measure the 

following constituent levels at or below lowest historic levels: 

Total and Dissolved Metals  

Rationale: Dissolved metals are more biologically available. 

Consistency with California Toxics Rule objectives. 

Total Mercury  

Rationale: Consistency with California Toxics Rule 

objectives. 

Hardness 

Rationale: The toxicity of metals depends on the hardness 

of the receiving waters. 

  

REFERENCES: 

U.S. Environmental Protection Agency (EPA), letter from Alexis Strauss, EPA Region 9 to Celeste Cantú, State Water Resources Control Board, June 5, 2003. 
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Final 2011 Dry Season Water Quality Monitoring Plan – Vista Grande Drainage 

Basin Improvement Project  

September 16, 2011 

 

1.0 INTRODUCTION 

The City of Daly City has prepared this water quality monitoring plan in support of the Lake Merced 

Alternative of the Vista Grande Drainage Basin Improvement Project (Project). Lake Merced is the 

largest freshwater lake located within the City and County of San Francisco (CCSF) and it is operated and 

maintained by the San Francisco Public Utilities Commission (SFPUC). The northwestern area of Daly City 

and unincorporated portions of San Mateo County drain into the Vista Grande portion of the City’s 

stormwater collection system. The underground collection system conveys the storm flows to the Vista 

Grande Canal and then into the Vista Grande Tunnel, which discharges through the Daly City outfall 

structure into the Pacific Ocean at the beach below Fort Funston. Historically wet weather flows in 

excess of the capacity of the Canal and the Tunnel have occasionally resulted in local flooding and 

overflows across John Muir Drive into Lake Merced, causing property damage, bank erosion, traffic 

nuisances, and public safety issues (RMC, 2006). 

The Lake Merced Alternative (the Project) would route a portion of wet season storm flows from the 

Vista Grande Canal directly to South Lake Merced (South Lake) and a smaller portion of wet season 

storm flows from the Canal through a proposed treatment wetland to South Lake. In addition, dry 

season base flow (or runoff) would be routed through the proposed treatment wetland to South Lake.  

This monitoring plan has been developed based on a review of water quality monitoring data previously 

collected by the SFPUC, the City of Daly City and the City and County of San Francisco (Kennedy Jenks, 

2010). The intent of the proposed monitoring plan is to provide specific water quality information 

needed to inform project design and environmental analysis for CEQA and NEPA
1
 documentation; and to 

facilitate project review by the San Francisco Bay Regional Water Quality Control Board (RWQCB).  To 

that effect, the monitoring data will help quantify dry season flow and establish baseline water quality 

within the Canal and expand on the existing water quality data set for South Lake. The data will be 

collected from the Canal and South Lake at the same time to develop a comparable data set for the 

Project. 

2.0 PROPOSED MONITORING PLAN  

Dry season monitoring of flow and water quality will be conducted in the Canal from approximately 

August 15 to October 31, 2011. Water quality in South Lake will be monitored during the same period to 

assess the baseline conditions of the receiving waters for the project and to inform conceptual design of 

                                                           

1
 California Environmental Quality Act, National Environmental Policy Act 
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the treatment wetlands. For the purpose of this plan, low flows are defined as flows that occur in the 

Vista Grande Canal during the summer and fall (June 1-October 31) and are primarily associated with 

exempted and conditionally exempted non-stormwater discharges (e.g., car washing, lawn watering, 

and landscape irrigation) as described in Provision C.15 of the Municipal Regional Stormwater NPDES 

permit. Typical dry season base flow within the Vista Grande Canal is estimated to average between 0.1 

and 0.4 million gallons per day (mgd) or approximately 0.2 to 0.6 cubic feet per second (cfs). 

Constructed wetlands must have a source of water throughout the year so that the wetland plants and 

other organisms within the wetland ecosystem can be maintained. However, dry season flow data is 

limited and has not yet been accurately quantified and assessed for water quality.  

The objectives of the dry season monitoring are to:  

• Provide flow and water quality data to characterize baseline conditions in the Vista Grande 

Canal during summer months for the Project;  

• Further establish the water quality of the receiving waters (South Lake) to adequately 

characterize baseline receiving water quality and provide for the assessment of the Project’s 

potential for impacts (in particular, from future low flow discharges from the Canal through 

the treated wetlands); and   

• Inform conceptual design of the proposed treatment wetlands based on the water quality in 

the Canal and in South Lake and the summer base flow in the Canal. 

2.1 Monitoring Locations 

The dry season monitoring would involve collecting flow and water quality data from the Canal and 

water quality data from South Lake. Figure 1 shows the proposed monitoring locations (Vista Grande 

Canal Station or VGC-1 in the Canal; and LM-1, LM-2, LM-3, and LM-4 in South Lake; discussed below).  

Canal: Based on field reconnaissance, VGC-1 has been selected to avoid areas of backwatering or 

velocity changes that may occur at some constricted points along the Canal. Due to very low base flow 

(≤0.6 cfs) observed in the Canal during the summer, flow will be monitored through combined use of a 

V-Notch weir of known dimensions with associated pressure transducer (see Figure 2 at the end) to 

monitor extreme low flows up to 0.6 cfs, as well as an ISCO Area-Velocity continuously recording data 

logger, to monitor higher flows exceeding the design capacity of the V-Notch weir (such as from rainfall 

events).  A hand-held water quality meter will be used to measure pH, DO, and temperature and 

samples will be collected for laboratory analysis of specific constituents, as described in Section 2.2 

below. 

South Lake:  The proposed four monitoring locations for South Lake have been identified based on 

review of historic data (Kennedy/Jenks, 2010)
 
and the proposed discharge location of the stormwater 

from the treatment wetlands. Continuously recording (hourly) water quality loggers will be installed at 

these locations to record pH, DO, specific conductance, and temperature. Depending on the location, 

the loggers will record water quality at multiple depths (see Table 1 in Section 2.2).  
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Figure 1 

Proposed Vista Grande Canal and South Lake Monitoring Locations 
 

• Station LM-1 is located close to the proposed discharge point midway across the SFPUC’s sewer 

transport structure separating South Lake Merced and Impound Lake.  

• Station LM-2 is located at a public access floating dock between LM-1 and LM-3 to provide an 

estimate of the receiving water quality in the close vicinity of the proposed stormwater 

discharge.  
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• Station LM-3 is located approximately 1,000 feet northwest of the SFPUC’s sewer transport 

structure separating South Lake and Impound Lake and adjacent to the existing riprap Canal 

overflow discharge structure. The loggers here will be installed, with permission, on a temporary 

marker buoy for the duration of the Project. The water quality data here can serve as backup 

data in case of equipment malfunction, theft, or vandalism at Station LM-1.  

• Station LM-4 is located at a point that has been used by the SFPUC for monitoring water quality 

in the South Lake since 1997 and has been determined to be representative of the overall water 

quality of South Lake (Kennedy/Jenks, 2010).  LM-4 has been selected for collecting samples for 

a more detailed water quality analysis (see Table 2 in Section 2.2), to be consistent with the 

location (e.g., South Lake Merced Pump Station) used for long-term quarterly water quality 

monitoring conducted by the SFPUC.  This will allow comparison of the 2011 dry season 

monitoring data to the larger historic record. Field data and analysis of existing conditions 

suggest that Lake Merced does not experience persistent, seasonal stratification, but rather 

stratifies weakly and intermittently in the summer to late fall of some years (EDAW, 2004) 

(Kennedy/Jenks, 2010), but  is otherwise fairly well mixed given its shallow depth and the 

prevailing winds. . Surface water monitoring (i.e., from 0 to 5-foot depth) is also intended to be 

representative of the receiving water quality in that portion of the water column most likely to 

be influenced by the proposed low flow summer discharges from the proposed treatment 

wetlands.   

2.2 Monitoring Methodology 

The proposed water quality monitoring will be conducted by: 

• Monitoring dry season base flow at VGC-1, and  

• Both directly measuring water quality constituents and collecting samples for laboratory analysis 

at all the locations in the Canal and South Lake as identified in Figure 1.  

Direct measurements will involve measuring pH, DO, conductivity, and temperature, using a standard 

hand-held water quality meter. The samples will be collected using standard accepted field methods and 

delivered to a commercial lab for analysis of water quality constituents summarized in Table 2.  

Tables 1 and 2 shows the monitoring protocol proposed for the dry weather season at all locations. 

Table 2 lists the proposed water quality constituents that will be monitored in at VGG-1 and LM-4. The 

constituents listed are based on a review of prior SFPUC reports and data and the RWQCB comment 

letter dated May 19, 2011. The list includes key constituents that were sampled previously by the 

SFPUC, to ensure consistency with long-term historic records, and/or constituents identified by 

regulatory agencies for environmental and human health protection (e.g., constituents appearing on the 

Section 303(d) list). Table 3 provides the tests and detection limits along with the rationale for each 

constituent that would be tested under this plan. 
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TABLE 1. PROPOSED MONITORING PROTOCOL FOR DRY WEATHER SEASON (DIRECT MEASUREMENT)  

Constituent Location Depth (feet) Frequency of 

Measurements 

Vista Grande Canal* 

Flow VGC-1 - Continuous, hourly 

pH** VGC-1 - Twice a month 

DO** VGC-1 - Twice a month 

Temperature**  VGC-1 - Twice a month 

Conductivity** VGC-1 - Twice a month 

South Lake Merced 

pH, DO, temperature, 

conductivity 
LM-1 

Surface (<5)  Continuous, Hourly 

pH, DO, temperature, 

conductivity 
LM-2 

Surface (<5), near bottom Continuous, Hourly 

pH, DO, temperature, 

conductivity 
LM-3 

Surface (<5), near bottom Continuous, Hourly 

pH, DO, temperature, 

conductivity 
LM-4 

Surface (<5), 10, 15, near bottom Continuous, Hourly 

pH, DO, temperature, 

conductivity 

LM-

1,2,3,4 

Manual depth profiles at one-

foot intervals  

Twice a month 

* Monitoring is proposed to occur at a frequency of twice every month, as conditions allow. However, during summer months, 

flow may be absent in Vista Grande Canal. If sampling cannot be completed due to lack of flow during summer months, the 

sample schedule and methodology will be revised as appropriate. 

** pH, DO, conductivity and temperature will be measured manually twice or thrice during each individual field monitoring 

event (twice per month). 
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TABLE 2. PROPOSED MONITORING PROTOCOL FOR DRY WEATHER SEASON  

(SAMPLING AND LABORATORY ANALYSIS) 

Constituent Location Sampling Frequency 

 Canal South Lake Merced   

Nutrients: Total 

phosphorous [P], 

orthophosphate,  Total 

Kjeldahl Nitrogen (TKN), 

ammonia, nitrate   

VGC-1 

LM-4  

Surface (<5 feet) 

 

Twice a month 

Chemical Oxygen 

Demand 

 

VGC-1 Twice a month 

Biochemical Oxygen 

Demand 
VGC-1 Twice a month 

Metals:  Lead, Copper, 

Mercury, Nickel, Zinc  
VGC-1 Twice a month 

Total suspended solids VGC-1 Twice a month 

Volatile suspended solids VGC-1 Twice a month 

Total dissolved solids VGC-1 Twice a month 

Hardness VGC-1 Twice a month 

Conductivity VGC-1 Twice a month 

TC, FC, EC, Ent., MS-2* VGC-1 Twice a month 

Giardia and 

Cryptosporidium spp** 
VGC-1  Once a month 

Human Bacteroidales** VGC-1  Once a month 

Chlorophyll a - Twice a month 

Secchi Depth - Twice a month 

* TC=Total Coliform, FC=Fecal Coliform, EC=E.Coli, Ent=Enterococcus, MS-2=Male Specific Phage  

**Giardia, Cryptosporidium spp., and Human Bacteroidales will be tested once a month. 
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TABLE 3. LABORATORY METHODS AND RATIONALE FOR PROPOSED CONSTITUENTS FOR MONITORING  

Constituent 
Laboratory Test 

Method 
Detection Limits 

Type /Indicator / Purpose of 

Constituent 

Dissolved oxygen, pH - - 303(d) Impairment evaluation 

Temperature  - - 
Dissolved oxygen percent 

saturation calculation 

Total phosphorous [P] EPA 365.1 0.04 mg/L 

Nutrients (factor in 

eutrophication) 

Orthophosphate and 

Nitrate 
EPA 300.1 0.1 mg/L 

Total Kjeldahl Nitrogen 

(TKN) 
EPA 351.2 0.2 mg/L 

Ammonia EPA 350.1 0.05 mg/L 

Chemical Oxygen 

Demand 
SM 5220D 10 mg/L 

Oxygen demand (factor in 

ambient dissolved oxygen 

concentration) 

 
Biochemical Oxygen 

Demand 
SM 5210B 4 mg/L 

 

Total Metals 
EPA 200.8 

Pb, Cu, Ni (0.1 μg/L) 

Zn (1 μg/L) 

Metals (potential aquatic life 

impacts) 

Mercury EPA 1631 0.005 μg/L 
Bioaccumulation potential (in 

fish tissue) 

Dissolved Metals E200.8 (filtered) 
Pb, Cu, Ni (0.5 μg/L) 

Zn (5 μg/L) 

CTR water quality objectives are 

expressed as the dissolved 

metals fraction 

Total suspended solids 

(TSS) 
SM 2540D 1 mg/L Solids loading indicator 

Volatile suspended 

solids (VSS) 
SM 2540D 4 mg/L Organic matter content  in TSS 

Total dissolved solids 

(TDS) 
SM 2540C 10 mg/L Mineral content 

Hardness 
SM 2340B & 

200.7 
1 mg CaCO3/L 

Calculation of fresh water quality 

objectives 

Total Coliform, Fecal 

Colifom, E. coli* 
SM 9222 1 cfu/100 ml Pathogen Indicators 
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TABLE 3 (cont.). LABORATORY METHODS AND RATIONALE FOR PROPOSED CONSTITUENTS FOR 

MONITORING 

Constituent 
Laboratory Test 

Method 
Detection Limits 

Type /Indicator / Purpose of 

Constituent 

Enterococcus* 
 

EPA 1600 
1 cfu/100 ml 

Pathogen Indicators 
MS-2 EPA 1602 1/100 ml 

Human Bacteroidales* Multiple Markers  1 pfu/vol analyzed 

Giardia and 

Cryptosporidium spp* 
EPA 1623  0.1 cyst of oocyst/L Human pathogens 

Chlorophyll a SM 10200 Part 4 50 μg/L 
Phytoplankton/ algal growth 

indicator 

Secchi Depth - - Lake clarity 

Note: * Detection limits shown are target values. Actual detection limits will depend on amount of sample able to be filtered.   

 

 

 

 

 

 

 

 
 

 

Figure 2 

Example of V-Notch Weir for Flow Monitoring  
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Final 2011-2012 Wet Season Water Quality Monitoring Plan  

Vista Grande Drainage Basin Improvement Project  

November 17, 2011 

 

1.0 INTRODUCTION 

The City of Daly City (Daly City) has prepared this water quality monitoring plan in support of the South 

Lake Merced Alternative of the Vista Grande Drainage Basin Improvement Project (Project). Lake 

Merced is the largest freshwater lake located within the City and County of San Francisco (CCSF) and it is 

operated and maintained by the San Francisco Public Utilities Commission (SFPUC). The northwestern 

area of Daly City and unincorporated portions of San Mateo County drain into the Vista Grande portion 

of Daly City’s stormwater collection system. The underground collection system conveys the storm flows 

to the Vista Grande Canal (Canal) and then into the Vista Grande Tunnel (Tunnel), which discharges 

through the Daly City outfall structure into the Pacific Ocean at the beach below Fort Funston. 

Historically wet weather flows in excess of the capacity of the Canal and the Tunnel have occasionally 

resulted in local flooding and overflows across John Muir Drive into South Lake Merced, causing 

property damage, bank erosion, traffic nuisances, and public safety issues (RMC, 2006). 

The Lake Merced Alternative (the Project) would route a portion of wet season storm flows from the 

Vista Grande Canal directly to South Lake Merced (South Lake) and a smaller portion of dry and wet 

season flows from the Canal through a proposed treatment wetland to South Lake.  

2.0 MONITORING PLAN OBJECTIVES 

The intent of the monitoring plan is to provide specific water quality data needed to support project 

design and environmental analysis for California Environmental Quality Act (CEQA) and National 

Environmental Policy Act (NEPA) documentation and to facilitate project review by the San Francisco 

Bay Regional Water Quality Control Board (RWQCB).  To that effect, the monitoring data will help 

quantify wet season flow and establish baseline water quality within the Canal and expand on the 

existing water quality data set for South Lake. This monitoring plan has been developed based on a 

review of water quality monitoring data previously collected by Daly City and the SFPUC 

(Kennedy/Jenks, 2010).   

The scope of this monitoring plan has been developed based on the System Understanding and 

Assessment Strategy (Attachment A) that has been developed to provide an understanding of current 

water quality conditions in South Lake Merced, the processes and factors governing water quality in 

South Lake Merced, how the contribution of Vista Grande flows to South Lake Merced might alter 

existing water quality conditions in South Lake Merced, and a strategy for assessing impacts to existing 

water quality conditions. Based on the assessment needs identified in the System Understanding and 

Assessment Strategy, specific information needs, analytical approaches, and data criteria have been 
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identified within the Water Quality Data Objectives Matrix (Attachment B). This monitoring plan 

incorporates the analytic strategy and data objectives developed in these attached documents. 

3.0 PROPOSED MONITORING PLAN  

Wet season monitoring of flow and water quality will be conducted in the Canal from approximately 

November 20, 2011 to May 31, 2012. Water quality in South Lake will be monitored during the same 

period to assess the baseline conditions of the receiving waters for the project.  

The objectives of the wet season monitoring are to:  

 Provide flow and water quality data to characterize baseline conditions in the Vista Grande 

Canal during winter months, including storm event flows and base flow (which is typically 

lower than summer base flow due to reduced irrigation return flow); 

 Characterize the baseline water quality of the receiving waters (South Lake) during the 

proposed stormwater diversion period to provide for the assessment of the Project’s potential 

impacts; and   

 Provide data that will support development of the conceptual design of the proposed 

treatment wetlands based on the water quality and the winter base flow in the Canal. 

Additional specific data objectives are identified in the Water Quality Data Objectives Matrix 

(Attachment B). 

3.1 Monitoring Locations 

The wet season monitoring would involve collecting flow and water quality data from the Canal and 

water quality data from South Lake. Figure 1 shows the proposed monitoring locations (Vista Grande 

Canal Station, VGC-1; and South Lake stations, LM-1, LM-2, LM-3, and LM-4; discussed below).  

Canal 

VGC-1 has been selected for hydrologic monitoring and water quality sampling to avoid areas of 

backwatering or velocity changes that may occur at some constricted points along the Canal.  
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Figure 1 

Proposed Vista Grande Canal and South Lake Monitoring Locations 
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South Lake   

The proposed four monitoring locations for South Lake have been identified based on review of historic 

data (Kennedy/Jenks, 2010) and the proposed discharge location of the stormwater. Locations within 

South Lake were selected to provide representative data as follows:  

 Station LM-1 is located close to the proposed discharge point midway across the SFPUC’s sewer 

transport structure separating South Lake Merced and Impound Lake. One multiprobe, 

continuously logging, water quality sonde (pH, DO, temperature, and conductivity) has been 

installed here at a depth of approximately 1.5-feet depth1. 

 Station LM-2 is located at a public access floating dock. Between LM-1 and LM-3, the pH, DO, 

temperature, and conductivity values at LM-2 will provide an estimate on the receiving water 

quality in the close vicinity of the proposed stormwater discharge. Two loggers have been 

installed here at the surface and approximately 8-feet of depth. 

 Station LM-3 is located approximately 1,000 feet northwest of the SFPUC’s sewer transport 

structure separating South Lake and Impound Lake and adjacent to the existing riprap Canal 

overflow discharge structure. Two loggers have been installed here at the surface and 

approximately 15-feet of depth on a temporary marker buoy for the duration of the Project. The 

water quality data (pH, DO, temperature, and conductivity) here can serve as backup data in 

case of equipment malfunction, theft, or vandalism at Station LM-4 and will also capture water 

quality changes that may result if Canal water flows into South Lake as a result of a Canal 

overflow or intentional diversion during a major storm.  

 Station LM-4 is located at a point that has been used by the SFPUC for monitoring water quality 

in South Lake since 1999 and is representative of the overall health and water quality of South 

Lake (Kennedy/Jenks, 2010).  As part of this proposed monitoring plan, LM-4 has been selected 

for collecting samples for a more detailed water quality analysis (see Table 1 in Section 2.2), to 

be consistent with the location (e.g., South Lake Merced Pump Station) used for long-term 

quarterly water quality monitoring conducted by the SFPUC, allowing comparison of the 2011-

2012 wet season monitoring data to the larger historic record. Surface water sampling (i.e., from 

0 to 5-foot depth) would be representative of the receiving water quality in that portion of the 

water column most likely to be influenced by the proposed stormwater discharges from the 

Canal.  In addition, it is noted that the historical data suggests the lake is well mixed during 

winter months due to low air temperatures and wind action2. 

                                                           

1
 Note: max depth at location LM-1 is 2-feet. 

2
 Due to health and safety concerns for open water sampling during storm event, LM-2 (public dock) will be used as 

a back-up location for surface water quality sampling during winter months. As noted in the text, data from 12 

years of monitoring by the SFPUC indicate that Lake Merced is well mixed during winter months and surface water 
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3.2 Monitoring Methodology 

The proposed wet season water quality monitoring will be conducted using the following techniques: 

 Basic water quality constituents (dissolved oxygen, pH, temperature, and conductivity) will be 

recorded continuously throughout the wet season using multi-probe water quality sondes with 

logging capability at all the locations in the Canal and South Lake as identified in Figure 1. The 

sondes are located at depths identified in Table 2. 

 Hydrologic characterization of stormflow within the Canal will utilize a continuously recording 

Area-Velocity meter to capture water depth, velocity, and flow within the Canal in real time. 

 Detailed water quality characterization of stormflow and South Lake receiving waters will be 

conducted through collection of water quality samples for laboratory analysis at VGC-1 and LM-

4 (or LM-2) as identified in Figure 1. Detailed water quality characterization both in the Canal 

and in South Lake would be conducted during and following, precipitation events that result in 

stormflow within the Canal above base flow conditions. 

 Detailed water quality characterization of base flow in the Canal will be conducted through 

collection of water quality samples for laboratory analysis. 

The following sections describe the detailed methodologies being employed for water quality and 

hydrologic characterization of the Canal and South Lake.  

Canal 

Rainfall: In order to correlate Canal flow to precipitation events, rainfall will be monitored at a local rain 

gage (Station AS891) located approximately 2.5 miles northwest of Vista Grande Canal at Ocean Beach 

at an elevation of 33 feet via the MesoWest weather portal online (MesoWest, 2011), administered by 

the University of Utah, Department of Atmospheric Sciences. Raw tipping bucket rainfall data will be 

downloaded for Station AS891 monthly, standardized to Pacific Standard Time, and processed to 

calculate total cumulative rainfall (inches) for the monitoring period; total daily rainfall (inches) for the 

monitoring period; and cumulative hourly rainfall (inches per hour) for each storm event for which 

water quality was characterized by sample collection and laboratory analysis (approximately 6 events). 

Flow: To monitor flow within the Canal, an ISCO 2150 Area-Velocity meter will be installed at the VGC-1 

monitoring station (Figure 1). The ISCO 2150 records continuous measurements  of water depth (foot) 

and water velocity (foot/second). Channel dimensions (from survey data) and channel form (trapezoidal) 

allow the Area-Velocity meter to report real time flow (cfs). The velocity sensor will be mounted onto a 

pre-fabricated stainless steel plate which will be fixed in place on the Canal bottom.  Flow data will be 

                                                                                                                                                                                           

samples at LM-2 would be representative of surface water quality within Lake Merced within the vicinity of the 

proposed discharge. 
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used to generate hydrographs of Canal flows. In addition, hydrographs will be generated to correlate 

water quality data to the timing and volume of storm events sampled.  

Water Quality Monitoring by Direct Measurement: For continuous direct measurement of basic water 

quality constituents of stormflow within the Canal, a multi-probe water quality sonde with logging 

capability will be installed in the Canal within a PVC stilling well, mounted onto the Canal bank (Olympic 

Club side). The sonde will continuously record dissolved oxygen levels, pH, and temperature (15 minute 

interval, synced to Area-Velocity recorder measurements). 

Detailed Stormwater Quality Characterization: The intent of the detailed water quality monitoring 

methodology is to characterize water quality in the Canal (storm flows and base flows proposed for 

diversion).  Table 1 details the water quality constituents proposed for wet season water quality 

characterization of Canal storm and base flows.  

Sampling of the Canal storm flows has two basic objectives. The primary objective is to estimate the 

constituent loading of storm events. A secondary objective is to measure the variation of pollutant 

concentrations within each storm event. To meet the primary objective, an Event Mean Concentration 

(EMC) will be calculated for each storm event and multiplied by the total event flow volume. Due to the 

flashy nature of urban watersheds, the Vista Grande Canal experiences short durations of storm event 

runoff and stormflow receds to baseflow levels rapidly following cessation of precipitation.It is therefore 

problematic to successfully collect grab samples manually.  As a result, samples from the Canal will be 

collected using an ISCO automatic water sampler. To enable calculation of the EMC, flow-interval 

(volumetric paced) sampling will be used. A pre-determined volume of water (approximately 100mL to 

900mL) will be sampled at pre-determined flow rate (e.g. for every 100,000 gallons) that is tracked by 

the area-velocity meter. Each targeted storm event will be evaluated for intensity and duration using 

weather forecasts, and the autosampler will be programmed via a telemetry device. In addition to being 

informed by weather forecasts, programming will be informed by the analysis of previous storm 

hydrographs and the results of prior sampling events. The following sampling parameters will be 

determined prior to each sampling event. 

 Flow threshold trigger: establishes the point at which the auto sampler will begin 

sampling a storm event. The flow threshold may range from 2 to 20 cfs, depending on 

the expected intensity and duration of a flow event. The goal will be to use the lowest 

flow threshold in order to capture the greatest extent of the hydrograph (and therefore 

reduces error in calculating the EMC), without triggering a number of smaller pre-storm 

runoff events that could result in exceeding the bottle capacity before the storm event 

is finished. 

 Sample size:  a smaller sample size allows for more samples to be taken (which reduces 

error in calculating the EMC), however a smaller sample size requires more frequent 

back flushing of the sampling line, which can limit the ability to sample quickly enough 

at the peak of the hydrograph (and introduce error in the EMC calculation). As noted, 

sample sizes are expected to range from 100mL to 900mL. 
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 Flow interval: determines the rate (volumetric or time paced) at which samples will be 

taken. The rate will be adjusted according to the expected intensity and duration, and 

selected sample size. The autosampler will be connected to an ISCO Area-Velocity meter 

and set to collect water quality samples from the Canal at pre-determined flow 

thresholds to allow collection of water quality samples during precipitation events that 

generate Canal storm flow. 

The autosampler will sequentially collect samples in 24 (900mL) bottles, filling one bottle before starting 

the next. At the completion of the sampling, field staff will create a composite event sample by 

consolidating all or a portion of the individual bottles into one large container. This large container will 

then be used to fill constituent sample bottles. Because the sampling will be flow weighted, if the storm 

event is adequately captured by the autosampler this composite sample will provide the EMC for 

individual constituents. Adequate precautions will be required to ensure the contributing volume from 

the 24 individual sample bottles is accurately measured, and that settling of the samples is controlled. 

Water quality samples will be collected from the autosampler for delivery to a commercial lab for 

analysis within 24 hours of a precipitation event.3  

To sample the entire suite of constituents indentified in Table 1, a minimum event composite sample of 

16.65 liters will be required. In the event that an inadequate volume of water is collected by the 

autosampler, the sample for giardia and cryptosporidium will be not be included, reducing the minimum 

event composite sample to 9.08 liters. If less than 9.08 liters is representatively sampled, constituents 

will be prioritized, or the sampling event will be concluded without sending the samples for laboratory 

analysis. 

Using separate sample bottles in the autosampler instead of one large composite sample container will 

facilitate the secondary objective – to measure the variation of pollutant concentrations across the 

storm hydrograph (e.g. pollutant concentrations characterizing the rising versus falling limb of the 

hydrograph) – to be achieved. If an adequate volume of water is remaining in the 24 individual sample 

bottles, then this remaining sample volume will be used to develop 1-3 composite samples of the 

hydrograph. Three potential groupings will be used. The first grouping will consist of two groups, one 

composite group below a flow threshold, and another group above the flow threshold. This will provide 

concentration data based on the flow in the canal and may assist in developing operational diversion 

criteria. The second potential grouping will be to develop 1-3 composite samples relating to the rising 

limb, peak flow, and falling limb of the hydrograph. This will provide concentration data based on the 

sequence of flows. If only 1 sample is taken (for instance of the rising limb), this sample would provide 

some characterization of that segment of the hydrograph as compared to the EMC. The following 

                                                           

3
  Due to the flashy nature of the Vista Grande Basin and Canal, and depending on the timing of precipitation 

event, sample collection and delivery to a commercial lab will need to occur during business hours Monday to 

Friday. This is a constraint for water quality analysis that reflects commercial lab operation hours, sample hold 

times, and staff health and safety considerations. Microbiological constituents will be collected and shipped to 

the lab as expeditiously as possible. 
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constituents (listed in order of priority) would be sampled to characterize variation within the 

hydrograph: 

Constituent Sample Size (L) 

Total Suspended Solids 1 

Orthophosphate & Nitrate as N 0.25 

Total Metals (Pb, Cu, Ni) 0.25 

Total Metals (Zn) 0.25 

Mercury 0.5 

Bacteria 0.5 

 

Base flow samples would be collected to characterize the quality of water that would be diverted to 

South Lake through the proposed treatment wetlands. Six samples would be taken periodically through 

the wet season (approximately 1 per month), subject to adequate base flow volume. Table 1 lists the 

laboratory methods for the proposed water quality constituents that will be monitored at VGC-1 (and at 

LM-4, as detailed below).  

South Lake 

Water Quality Monitoring by Direct Measurement: For continuous direct measurement of basic water 

quality constituents for receiving waters, multi-probe water quality sondes with logging capability will 

be installed at various locations (LM-1 through LM-4 as shown on Figure 1) and at a range of depths 

(Table 2) to characterize basic receiving water quality both spatially and throughout the water column 

(where appropriate). The sondes will record dissolved oxygen levels, pH, conductivity, and temperature 

on an hourly interval, allowing comparative analysis of event based and seasonal water quality trends 

between the Canal stormwater and South Lake receiving water. 

Detailed Receiving Water Quality Characterization: To facilitate comparative analysis and impact 

assessment, water quality sample collection from South Lake will be synchronized with collection of 

water quality samples from the Canal. To the extent possible, samples will be collected within 24 hours 

of a precipitation event (for 6 events) that generates stormflow and autosampler collection within the 

Canal. Water quality samples collected for laboratory analysis will be collected from station LM-44 

(Figure 1) surface waters (< 5 foot depth; rationale for location and depth provided in Section 2.1, 

above). Table 1 details the water quality constituents proposed for wet season water quality 

characterization of South Lake receiving waters. All samples will be collected using standard accepted 

field methods and delivered to a commercial lab for analysis of the water quality constituents 

summarized in Table 1. Additionally, subsequent water quality samples will be collected from LM-4 

approximately 24 hours after the cessation of a precipitation/runoff event for analysis of microbiological 

                                                           

4
 Or alternately LM-2 as discussed in Section 3.1, above. 

B-19



Final 2011-2012 Wet Season Water Quality Monitoring Plan – Vista Grande Project  

9 

constituents (indicator bacteria as detailed in Table 1) to characterize and assess the rate of bacterial 

die-off in Lake Merced following contribution of stormflows as part of a Microbial Risk Assessment (see 

Attachment B for a description of specific data objectives). Table 1 lists the laboratory methods for the 

proposed water quality constituents that will be monitored at LM-4.  

Stormwater Diversion: To facilitate the analysis of indicator bacteria levels, stormwater diversions 

previously conducted by Daly City and the SFPUC (as described in EOA, 2011) may be conducted during 

the 2011-2012 wet season to expand on the analysis of potential project-related impacts on bacteria 

levels in South Lake. The intent of stormwater diversions is to convey a volume of water that more 

closely approximates volumes that would be diverted by the project. The maximum diversion in the pilot 

project was 5.4 million gallons, however most diversion volumes were much smaller (ranging from 0.09 

to 3.3 million gallons). If feasible during storm events of large magnitude and extent, stormwater would 

be diverted through the Continuous Deflection System (CDS) established for the pilot project to screen 

trash and disperse flows into the riparian buffer of South Lake. Indicator bacteria levels at near shore 

and offshore would be monitored to characterize dilution. A series of 2 samplings would occur at a 

minimum of 3 locations in South Lake. Sampling would occur at the end of the event and a second 

sampling would be taken 24 hours following the first sample event to characterize indicator bacteria die-

off.  Sampling of Vista Grande stormwater would occur during the diversion to characterize indicator 

bacteria/pathogen levels of the water diverted to South Lake. 
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TABLE 1. PROPOSED MONITORING PROTOCOL FOR WET WEATHER SEASON  

(SAMPLING AND LABORATORY ANALYSIS) 

Constituent 

Canal Sampling 
Frequency 

 (VGC-1) 

South Lake Merced 
Sampling Frequency  

LM-4 Surface (<5 
feet) 

Units 
Laboratory Test 

Method 
Method 

Detection Limits 
Reporting Limits Sample Size 

Dissolved oxygen (manual) 

A target of 6 storm 
events and 6 base 

flow samples 

A target of 6 storm 
events with 2 

samples per event 

mg/L 

N/A  

(field measurement) 
pH (manual) pH scale 

Temperature (manual) 
Degrees 
Celsius 

Total phosphorous  mg/L EPA 365.1 0.03 mg/L 0.04mg/L (1) 1 Liter 

Orthophosphate mg/L EPA 300.0 0.021 mg/L 0.1 mg/L (1) 250 ml 

Nitrate as N mg/L EPA 300.0 0.019 mg/L 0.1 mg/L Same Container w/ Ortho. 

Total Kjeldahl Nitrogen  mg/L EPA 351.2 0.04 mg/L 0.15 mg/L (1) 1 Liter 

Total Ammonia [as N] mg/L EPA 350.1 0.05 mg/L 0.05 mg/L (1) Liter 

Chemical Oxygen Demand mg/L SM 5220D 10 mg/L 10 mg/L (2) 40 ml 

Biochemical Oxygen Demand mg/L SM 5210B 4 mg/L 4 mg/L (1) 1 Liter 

Total Metals (Pb, Cu, Ni) μg/L EPA 200.8 0.1 μg/L 0.5 μg/L (1) 250 ml  

Total Metals (Zn) μg/L EPA 200.8 1 μg/L 5 μg/L (1) 250 ml  

Total Mercury μg/L EPA 1631 0.0005 μg/L 0.0005 μg/L (1) 500 ml  

Dissolved Metals (Pb, Cu, Ni) μg/L E200.8 (filtered) 0.1 μg/L 0.5 μg/L (1) 250 ml 
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TABLE 1 (cont.). PROPOSED MONITORING PROTOCOL FOR WET WEATHER SEASON  

(SAMPLING AND LABORATORY ANALYSIS) 

Constituent 

Canal Sampling 
Frequency 

 (VGC-1) 

South Lake Merced 
Sampling Frequency  

LM-4 Surface (<5 feet) 

Units 
Laboratory Test 

Method 
Method 

Detection Limits 
Reporting Limits Sample Size 

Dissolved Metals  (Zn) 

A target of 6 storm 
events and 6 base 

flow samples 

A target of 6 storm 
events with 2 samples 

per event 

μg/L E200.8 (filtered) 1 μg/L 5 μg/L (1) 250 ml 

Total suspended solids  μg/L SM 2540D N/A 1 μg/L (1) 1 Liter 

Volatile suspended solids  μg/L SM 2540D N/A 4 μg/L (1) 1 Liter 

Total dissolved solids  μg/L SM 2540C N/A 10 μg/L (1) 500 ml 

Hardness 
mg/L 

CaCO3/L 
SM 2340B & 

200.7 
1 mg/L CaCO3/L 1 mg/L CaCO3/L (1) 250 ml 

Chlorophyll a μg/L SM 10200 Part 4 5 μg/L 5 μg/L (1) 1 Liter 

Total Coliform, Fecal Colifom, 
E. coli* 

cfu/ml SM 9222 1 cfu/100 ml 1 cfu/100 ml (1) 200 ml 

Enterococcus* cfu/ml EPA 1600 1 cfu/100 ml 1 cfu/100 ml (1) 100 ml 

Male Specific Bacteriophage 
(MS-2) 

PFU/100 
ml 

EPA 1602 1/100 ml 1/100 ml (1) 100 ml 

Human Bacteroidales* 
Number of 

Markers 
Multiple 
Markers 

N/A N/A (1) 100 ml 

Giardia spp* 
A target of 6 storm 

events** 

cyst/L EPA 1623 0.1 cyst of cyst/L 0.1 cyst of cyst/L 

(2) 1 Gallon 

Cryptosporidium* oocyst/L EPA 1623 
0.1 cyst of 
oocyst/L 

0.1 cyst of 
oocyst/L 

Secchi Depth n/a Feet 
N/A (field 

measurement) 
N/A N/A N/A 

Notes:  *      Detection limits shown are target values. Actual detection limits will depend on amount of sample able to be filtered.  

**  Due to large sample volume requirements for Giardia and Cryptosporidium (2 gallons) and limitations on volumes collected by the autosampler, sampling of these constituents may be 
forfeited in favor of providing a representative composite sample of the remaining constituents (to estimate event loading) and characterizing the variation of pollutant concentrations 
across the storm hydrograph.
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TABLE 2. PROPOSED MONITORING FOR WET WEATHER SEASON (DIRECT MEASUREMENT) 

Constituent Location Monitoring Depth 
(feet) 

Frequency of Measurements 

pH, DO, temperature, 
conductivity 

VGC-1 Surface* Continuous (Hourly) 

pH, DO, temperature, 
conductivity 

LM-1 Surface** (<5 ft) Continuous (Hourly) 

pH, DO, temperature, 
conductivity 

LM-2 
Surface** (<5 ft), near 

bottom (8 ft) 
Continuous (Hourly) 

pH, DO, temperature, 
conductivity 

LM-3 
Surface** (<5 ft), near 

bottom (15 ft) 
Continuous (Hourly) 

pH, DO, temperature, 
conductivity 

LM-4 
Surface** (<5 ft), 10 ft, 
15 ft, and near bottom 

(20 ft) 
Continuous (Hourly) 

* Continuous water quality monitoring within the Canal is only feasible above a depth of 0.5-feet (stormflow), and as such 
continuous water quality data will be collected for stormflow but not for baseflow. 
**Continuous water quality monitoring between zero and up to 5 feet of depth in the Lake are assumed to be representative of 
surface sampling. 

REFERENCES 

EDAW, Lake Merced: Initiative to Raise and Maintain Lake Level and Improve Water Quality, 

Task 4 Technical Memorandum, Prepared for the San Francisco Public Utilities 

Commission, September 2004. 

EOA, Preliminary Water Quality Screening Results, 2003/04 – 2008/09 Wet Weather Seasons, 

Lake Merced Pilot Stormwater Enhancement Project, Prepared for the North San Mateo 

County Sanitation District, June 2011 

Kennedy/Jenks Consultants (KJ), Lake Merced Water Quality Data Organization, Review and 

Analysis, Prepared for the San Francisco Public Utilities Commission, 25 January 2010. 

RMC, Vista Grande Watershed Study, Prepared for the City of Daly City and City and County 

of San Francisco, 2006. 
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Dry Season Monitoring Water Quality Results

8/17 9/1 9/15 9/30 10/13 10/27 8/17 9/1 9/15 9/30 10/13 10/27

Total phosphorous [P] mg/L 0.04 0.03 0.18 0.15 0.21 0.4 0.29 0.19 0.067 0.12 0.098 0.12 0.13 0.21
Orthophosphate as P  mg/L 0.1 0.021 <0.1 0.06J 0.099 0.27 0.26 0.032J <0.1 0.05J 0.096J <0.1 0.12 <0.1
Nitrate as N03 mg/L 0.45 0.085 14 21 20 17 17 21 <0.45 0.13J 0.31J 0.31J 0.24J <0.45
Nitrate as N mg/L 0.1 0.019 3.1 4.7 4.4 3.8 3.9 4.6 <0.1 0.03J 0.07J 0.07J 0.06J <0.1
Total Kjeldahl Nitrogen (TKN) mg/L 0.15 0.07 1.5 0.91 0.97 0.84 0.61 0.71 1.8 1.1 1.5 1.6 1.6 1.5
Ammonia as N mg/L 0.05 0.05 0.16 0.32 0.05 0.057 0.087 0.069 0.074 0.05 0.05 0.05 0.05 0.14
Chlorophyll a b *  μg/L 5 5 ‐ ‐ ‐ ‐ ‐ ‐ <50 50 ‐ <5 68 32

Chemical Oxygen Demand (COD) mg/L 10 10 33 22 22 20 22 17 26 25 34 32 34 30
Biochemical Oxygen Demand (BOD) mg/L 4 4 <4 <4 <4 <4 <4 <4 <4 <4 <4 <4 4.1 <4

Lead (Pb)  μg/L 0.5 0.1 1.1 0.86 1.5 1.1 0.82 0.57 <0.5 0.11J 0.14J <0.5 <0.5 0.14J

Copper (Cu)  μg/L 0.5 0.1 6 5.1 5.6 4.3 5.5 5.7 <0.5 <0.5 <0.5 <0.5 0.58 0.51
Nickel (Ni)  μg/L 0.5 0.1 4.6 4.1 4.7 4.9 6.6 5.2 <0.5 <0.5 0.37J <0.5 <0.5 3.6
Zinc (Zn)  μg/L 5 1 20 15 16 22 33 22 <5 2.2J 2J <5 <5 <5
Mercury (Hg)  ng/L 0.5 0.3 <0.025 1.7 2 2.4 2.5 2.3 <0.025 <0.5 <0.5 <0.5 <0.5 <0.5

Lead (Pb) *  μg/L 0.5 0.1 ‐ ‐ 0.48J <0.5 0.14J ‐ ‐ <0.5 <0.5 <0.5 <0.5
Copper (Cu) *  μg/L 0.5 0.1 ‐ ‐ 5 <0.5 2.7 4 ‐ ‐ <0.5 5.1 <0.5 <0.5
Nickel (Ni) *  μg/L 0.5 0.1 ‐ ‐ 4.3 <0.5 5.8 3.7 ‐ ‐ 0.16J 5.1 <0.5 <0.5
Zinc (Zn)  μg/L 5 1 ‐ ‐ 11 <5 22 14 ‐ ‐ 5.3 19 <5 <5

Total Suspended solids (TSS) mg/L 1 ‐ 2.7 34 (DF=10) 2.2 6.3 2.9 4.1 12.9 142 (DF=20) 13.4 17.1 92 (DF=20) 6.8 (DF=2)
Volatile Suspended Solids (VSS)* mg/L 4 ‐ ‐ ‐ <4 ‐ <4 <4 ‐ ‐ 12 ‐ 9.2 <4
Total Dissolved Solids (TDS) mg/L 10 ‐ 392 468 546 427 461 408 425 390 442 403 371 380
Hardness mg CaCO3/L 1 ‐ 240 270 (DF=10) 260 240 260 (DF=10) 260 210 210 230 230 220 (DF=10) 250

Total Coliform cfu/100 mL ‐ ‐ 140,000 16,000 15,000 9,000 14,800 5,100 <100 6 16 32 30 13
Fecal Coliform cfu/100 mL ‐ ‐ 5,700 120 3,400 520 1,440 470 30 6 15 26 77 11
E. coli cfu/100 mL ‐ ‐ 20,000 1,000 2,000 6,000 4,600 2,900 <100 6 16 28 24 13
Enterococcus cfu/100 mL ‐ ‐ 6,300 480 480 600 1,770 45 <10 2 7 60 42 19
MS‐2 (Bacteriophage, Male Specific) pfu/mL ‐ ‐ 20 <1 <1 7 322 6 <1 <1 <1 1 <1 3
Cryptosporidium spp. *  oocysts/L ‐ ‐ <0.23 NS <0.14 NS 0.1 NS <0.25 NS <0.14 NS <0.1 NS
Giardia * cysts/L ‐ ‐ <0.23 NS 3.58 NS <0.1 NS <0.25 NS <0.14 NS <0.1 NS
Bacteroidales ‐ General * ‐ ‐ Present NS Present NS Present NS Present NS Present NS Present NS
Bacteroidales ‐ Human * ‐ ‐ Present NS ND NS ND NS Present NS ND NS ND NS
NOTES:
a Reporting Limits (RLs) and Method Detection Limits (MDLs) are based on a Dilution Factor of 1 (DF=1). 
  Reporting Limit (RL) corresponds to the lowest amount of an analyte in a sample that can be quantitatively determined with acceptable precision and accuracy by the laboratory. 
  The Method Detection Limit (MDL) is the minimum concentration of a substance that can be measured and reported with 99% confidence that the analyte concentration is greater than zero.
b Chlorophyll a  is only relevant to Lake Merced (LM); not relevant to VGC.
< Not detected or are present below the reporting limits.
J Analyte detected below Reporting Limit (RL) but above Method Detection Limit (MDL) and therefore the reported concentration is qualified as estimated and not considered quantified.
* There are less than 6 dry season samples for this constituent.
DF= Sample has a dilution factor higher than 1. The sample result must be increased by a factor corresponding to the dilution factor.
ND represents a non‐detect result from laboratory analysis.
NS/‐ represents a constituent for which no sample was collected or a day where no sampling occurred.

Bacteria/ Organisms

Nutrients

Oxygen Demand

Metals (Total)

Metals (Dissolved)

Physical Parameters

 Sample Date (conducted concurrently in VGC and LM)
2011 DRY SEASON WATER QUALITY RESULTS

Constituents Units
Lake Merced

RLa MDL a
Vista Grande Canal
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Vista Grande Canal Wet Season Monitoring Water Quality Results

10/3 10/3 Sub‐SampleE

3:25pm 5:45pm Sample 1 Sample 2 3/15C

Vista Grande Canal

Total phosphorous [P] mg/L 0.04 0.03 ‐ 0.77 0.16 0.34 0.17 1.6 (DF=5) ‐ 0.62 0.17 0.36 0.18 0.12 0.14 NS 0.15 ‐ ‐ ‐
Orthophosphate as P  mg/L 0.1 0.021 ‐ 0.42 0.14 0.089J 0.11 0.56J (DF=10) ‐ 0.27 (DF=2) 0.11 0.13 <0.1 <0.1 0.12 0.12 0.15 ‐ ‐ ‐
Nitrate as N03 mg/L 0.45 0.085 ‐ 22 11 13 20 5.0 (DF=10) ‐ 5.0 (DF=2) 0.91 1.2 2.6 1.3 1.4 1.4 1.1 ‐ ‐ ‐
Nitrate as N mg/L 0.1 0.019 ‐ 4.9 2.6 2.8 4.4 1.1 (DF=10) ‐ 1.1 (DF=2) 0.21 0.26 0.58 0.29 0.32 0.32 0.25 ‐ ‐ ‐
Total Kjeldahl Nitrogen (TKN) mg/L 0.15 0.07 ‐ 1.6 0.63 1.7 2.8 8 ‐ 4.3 0.68 1.5 0.71 0.43 0.41 NS 0.45 ‐ ‐ ‐
Ammonia as N mg/L 0.05 0.05 ‐ 0.17 0.19 <0.05 0.064 0.97 ‐ 1.1 <0.05 0.21 0.17 0.09 0.15 NS 0.10 ‐ ‐ ‐

Chemical Oxygen Demand (COD) mg/L 10 10 ‐ 36 12 25 <10 130 ‐ 99 <10 57 37 9.9J 9.9J NS 12 ‐ ‐ ‐
Biochemical Oxygen Demand (BOD) mg/L 4 4 ‐ 4.3 <4 <4 <4 22 (DF=10) ‐ 29 (DF=5) <4 9.8 4 <4 <4 NS <4 ‐ ‐ ‐

Lead (Pb)  μg/L 0.5 0.1 ‐ 0.86 0.81 2.4 <0.5 70 (DF=20) ‐ 11 (DF=10) 12 24 5.4 7.9 4.8 3 6.2 ‐ ‐ ‐
Copper (Cu)  μg/L 0.5 0.1 ‐ 9.6 5 7.6 4.9 150 (DF=20) ‐ 59 (DF=10) 20 35 24 15 14 14 12 ‐ ‐ ‐
Nickel (Ni)  μg/L 0.5 0.1 ‐ 8 6.5 7.6 5.2 37 (DF=20) ‐ 12 (DF=10) 4.8 7.1 3.6 3.1 3 3.6 3.3 ‐ ‐ ‐
Zinc (Zn)  μg/L 5 1 ‐ 100 27 34 24 960 (DF=20) ‐ 250 (DF=10) 110 220 100 86 63 67 72 ‐ ‐ ‐
Mercury (Hg)  ng/L 0.5 0.3 ‐ 19 5.1 2.6 1.9 <0.5 ‐ 8.5 15 9.6 6.8 7.3 5.2 NS 8.3 ‐ ‐ ‐

Lead (Pb) *  μg/L 0.5 0.1 ‐ 0.39J <0.5 <0.5 <0.5 1.6 ‐ 0.85 <0.5 <0.5 0.46J 0.28J 1.3 0.74 0.54 ‐ ‐ ‐
Copper (Cu)  μg/L 0.5 0.1 ‐ 8.4 4 4.7 3.7 15 ‐ 32 5.3 <0.5 15 6.9 8.5 9.5 5.6 ‐ ‐ ‐
Nickel (Ni)  μg/L 0.5 0.1 ‐ 7.5 5.8 5.5 4.8 12 ‐ 6.1 0.96 <0.5 1.8 1 2.1 1.9 1.1 ‐ ‐ ‐
Zinc (Zn)  μg/L 5 1 ‐ 100 21 8.6 11 110 ‐ 120 29 15 68 35 45 56 46 ‐ ‐ ‐

Total Suspended solids (TSS) mg/L 1 ‐ 3.5 9.2 (DF=2) 2.4 (DF=2) 19.2 (DF=2) 3 (DF=2) 445 (DF=10) 22.6 (DF=2) 119 (DF=5) 48.4 (DF=2) 103 (DF=2) 24.4 (DF=2) 19.2 11.9 4.2 18.8 (DF=2) ‐ ‐ ‐
Volatile Suspended Solids (VSS)* mg/L 4 ‐ <4 <4 <4 9 <4 135 10.6 45 14 36.8 10.2 8 5 NS 11 ‐ ‐ ‐
Total Dissolved Solids (TDS) mg/L 10 ‐ ‐ 405 248 450 448 206 ‐ 144 31 48 100 53 75 NS 70 ‐ ‐ ‐
Hardness mg CaCO3/L 1 ‐ ‐ 250 160 260 250 85 ‐ 45 14 19 25 18 19 NS 16 ‐ ‐ ‐

Total Coliform cfu/100 mL ‐ ‐ 3,100,000 12,200 <100 17,200 6,600 9,700,000 1,100,000 520,000 20,000 100,000 400,000 400,000 40,000 10,000 NS ‐ ‐ ‐
Fecal Coliform cfu/100 mL ‐ ‐ 19,000 2,600 <10 50 120 41,000 74,000 4,800 7,200 2,000 8,000 8,000 3,000 5,000 NS ‐ ‐ ‐
E. coli cfu/100 mL ‐ ‐ <10,000 600 <100 200 1,000 300,000 400,000 200,000 20,000 <10,000 10,000 <10,000 <10,000 10,000 NS ‐ ‐ ‐
Enterococcus cfu/100 mL ‐ ‐ 16,000 350 <10 70 570 120,000 36,000 42,000 11,000 25,000 18,000 18,000 7,000 4,000 NS ‐ ‐ ‐
MS‐2 (Bacteriophage, Male Specific) pfu/mL ‐ ‐ 184 12 NS <1 27 75 220 28 47 21 4 4 12 52 NS ‐ ‐ ‐
Giardia cysts/L ‐ ‐ 1.2 0.23 NS <0.13 <0.13 <0.5 NS NS <0.12 <0.12 NS NS NS <0.12 NS ‐ ‐ ‐
Cryptosporidium spp. oocysts/L ‐ ‐ <0.1 <0.12 NS <0.13 <0.13 <0.5 NS NS <0.12 <0.12 NS  NS NS <0.12 NS ‐ ‐ ‐
Bacteroidales ‐ General ‐ ‐ Present Present NS Present Present Present Present Present Present Present NS Present Present Present NS ‐ ‐ ‐
Bacteroidales ‐ Human  ‐ ‐ Present Present NS Present Present ND ND  Present Present ND NS Present Present Present NS ‐ ‐ ‐

NOTES:
a Reporting Limits (RLs) and Method Detection Limits (MDLs) are based on a Dilution Factor of 1 (DF=1). 
  Reporting Limit (RL) corresponds to the lowest amount of an analyte in a sample that can be quantitatively determined with acceptable precision and accuracy by the laboratory. 
  The Method Detection Limit (MDL) is the minimum concentration of a substance that can be measured and reported with 99% confidence that the analyte concentration is greater than zero.
B Chlorophyll a  is only relevant to Lake Merced (LM); not relevant to VGC.
C The storm event on 3/13/12 was a multi‐day storm event. Multiple peak flows were documented and sampled within the Canal between 3/13/12 and 3/16/12. However, concurrent storm sampling was conducted in Lake Merced only during the 3/14/12 storm sample event.
D The storm event on 3/14/12 exceeded the capacity of the auto‐sampler. Sample 1 represents a composite sample collected for the rising limb of the hydrograph and Sample 2 represents a composit sample for the falling limb of the hydrograph (see Figure 3‐9).
E Due to a short duration flow event, only a small volume of stormwater was collected via the autosampler on 3/15/12. As a result, insufficient sample volume was available for analysis of the full suite of constituents. For this reason, only priority constituents were analyzed and reported.
F Chlorophyll a sample for 3/14/12 lost in transit
< Not detected or are present below the reporting limits.
J Analyte detected below Reporting Limit (RL) but above Method Detection Limit (MDL) and therefore the reported concentration is qualified as estimated and not considered quantified.
* There are less than 6 dry season samples for this constituent.
DF= Sample has a dilution factor higher than 1. The sample result must be increased by a factor corresponding to the dilution factor.
ND represents a non‐detect result from laboratory analysis.
NS/‐ represents a constituent for which no sample was collected or a day where no sampling occurred.

Constituent Units

3/11/23

2011‐2012 Wet Season Baseflow Sample Date

INITIAL STORMFLOW 
EVENT WATER 

QUALITY RESULTS

1/24

Initial Stormflow Event: 
10/3/11

Nutrients

Oxygen Demand

Metals (Total)

Metals (Dissolved)

Physical Parameters

Bacteria/ Organisms

RLA MDLA

10/42/29 3/13C
3/14/2012D

LM Wet Season Post Storm 
Sampling Date (NOTE: No post‐
storm monitoring for VGC)

BASEFLOW WATER QUALITY RESULTS STORMFLOW WATER QUALITY RESULTS

10/4 1/24 2/6 2/17 1/20

2011‐2012 Wet Season Stormflow Sample Date

POST‐STORM WATER QUALITY 
RESULTS

1/13 3/16C
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Lake Merced Wet Season Monitoring Water Quality Results

10/3 10/3 Sub‐SampleE

3:25pm 5:45pm Sample 1 Sample 2 3/15C

Lake Merced

Total phosphorous [P] mg/L 0.04 0.03 ‐ 0.14 ‐ 0.13 0.1 0.15 0.14 0.11 ‐ ‐ ‐ ‐ ‐ ‐
Orthophosphate as P  mg/L 0.1 0.021 ‐ 0.075J ‐ <0.1 <0.1 <0.1 0.073J <0.1 ‐ ‐ ‐ ‐ ‐ ‐
Nitrate as N03 mg/L 0.45 0.085 ‐ 0.32J ‐ 0.20J <0.45 <0.45 0.31J <0.45 ‐ ‐ ‐ ‐ ‐ ‐
Nitrate as N mg/L 0.1 0.019 ‐ 0.072J ‐ 0.045J <0.1 <0.1 0.07J <0.1 ‐ ‐ ‐ ‐ ‐ ‐
Total Kjeldahl Nitrogen (TKN) mg/L 0.15 0.07 ‐ 1.4 ‐ 1 1 1.3 0.98 1 ‐ ‐ ‐ ‐ ‐ ‐
Ammonia as N mg/L 0.05 0.05 ‐ <0.05 ‐ <0.05 0.14 <0.05 <0.05 <0.05 ‐ ‐ ‐ ‐ ‐ ‐
Chlorophyll a B  μg/L 5 5 ‐ 45 ‐ <5 29 <5.0 35 22 ‐ ‐ ‐ ‐ ‐ ‐

Chemical Oxygen Demand (COD) mg/L 10 10 ‐ 21 ‐ 57 <10 15 25 <10 ‐ ‐ ‐ ‐ ‐ ‐
Biochemical Oxygen Demand (BOD) mg/L 4 4 ‐ <4 ‐ <4 <4 <4 <4 <4 ‐ ‐ ‐ ‐ ‐ ‐

Lead (Pb)  μg/L 0.5 0.1 ‐ ‐ 0.30J <0.5 0.33J 0.74 <0.5 ‐ ‐ ‐ ‐ ‐ ‐
Copper (Cu)  μg/L 0.5 0.1 ‐ 0.48J ‐ 0.52 5.2 1.2 0.69 <0.5 ‐ ‐ ‐ ‐ ‐ ‐
Nickel (Ni)  μg/L 0.5 0.1 ‐ 0.33J ‐ <0.5 <0.5 0.47J <0.5 <0.5 ‐ ‐ ‐ ‐ ‐ ‐
Zinc (Zn)  μg/L 5 1 ‐ 4.1J ‐ 1.0J <5 4.6J <5 <5 ‐ ‐ ‐ ‐ ‐ ‐
Mercury (Hg)  ng/L 0.5 0.3 ‐ <0.5 ‐ 0.5 <0.5 <0.5 <0.5 <0.5 ‐ ‐ ‐ ‐ ‐ ‐

Lead (Pb) *  μg/L 0.5 0.1 ‐ <0.5 ‐ <0.5 <0.5 <0.5 <0.5 <0.5 ‐ ‐ ‐ ‐ ‐ ‐
Copper (Cu)  μg/L 0.5 0.1 ‐ <0.5 ‐ 0.14J <0.5 0.46J <0.5 6.3 ‐ ‐ ‐ ‐ ‐ ‐
Nickel (Ni)  μg/L 0.5 0.1 ‐ 0.15J ‐ <0.5 <0.5 <0.5 <0.5 1.1 ‐ ‐ ‐ ‐ ‐ ‐
Zinc (Zn)  μg/L 5 1 ‐ 19 ‐ <5 12 <5 <5 54 ‐ ‐ ‐ ‐ ‐ ‐

Total Suspended solids (TSS) mg/L 1 ‐ ‐ 9.8 (DF=2) ‐ 12 (DF=2) 10.4 (DF=2) 8.8 (DF=2) 11.4 (DF=2) 9.5 ‐ ‐ ‐ ‐ ‐ ‐
Volatile Suspended Solids (VSS)* mg/L 4 ‐ ‐ 9.4 ‐ 12.6 10.2 9.6 11.4 9.8 ‐ ‐ ‐ ‐ ‐ ‐
Total Dissolved Solids (TDS) mg/L 10 ‐ ‐ 466 ‐ 402 423 418 311 392 ‐ ‐ ‐ ‐ ‐ ‐
Hardness mg CaCO3/L 1 ‐ ‐ 220 ‐ 220 210 210 220 210 ‐ ‐ ‐ ‐ ‐ ‐

Total Coliform cfu/100 mL ‐ ‐ ‐ 43 ‐ 397 618 500 100 <100 ‐ ‐ ‐ 40 41 890
Fecal Coliform cfu/100 mL ‐ ‐ ‐ 35 ‐ 49 38 80 80 30 ‐ ‐ ‐ 60 26 1,400
E. coli cfu/100 mL ‐ ‐ ‐ 34 ‐ 30 50 300 100 <100 ‐ ‐ ‐ 20 20 110
Enterococcus cfu/100 mL ‐ ‐ ‐ 58 ‐ 25 18 120 330 10 ‐ ‐ ‐ 20 27 1,960
MS‐2 (Bacteriophage, Male Specific) pfu/mL ‐ ‐ ‐ <1 ‐ 131 1 9 2 2 ‐ ‐ ‐ <1 NS NS
Giardia cysts/L ‐ ‐ ‐ <0.12 ‐ <0.14 <0.12 NS <0.14 <0.12 ‐ ‐ ‐ <0.24 NS NS
Cryptosporidium spp. oocysts/L ‐ ‐ ‐ <0.12 ‐ <0.14 <0.12 NS <0.14 <0.12 ‐ ‐ ‐ <0.24 NS NS
Bacteroidales ‐ General ‐ ‐ ‐ Present ‐ Present Present Present Present Present ‐ ‐ ‐ Present NS NS
Bacteroidales ‐ Human  ‐ ‐ ‐ Absent ‐ ND ND ND ND ND ‐ ‐ ‐ ND NS NS

LM4
NOTES:
a Reporting Limits (RLs) and Method Detection Limits (MDLs) are based on a Dilution Factor of 1 (DF=1). 
  Reporting Limit (RL) corresponds to the lowest amount of an analyte in a sample that can be quantitatively determined with acceptable precision and accuracy by the laboratory. 
  The Method Detection Limit (MDL) is the minimum concentration of a substance that can be measured and reported with 99% confidence that the analyte concentration is greater than zero.
B Chlorophyll a  is only relevant to Lake Merced (LM); not relevant to VGC.
C The storm event on 3/13/12 was a multi‐day storm event. Multiple peak flows were documented and sampled within the Canal between 3/13/12 and 3/16/12. However, concurrent storm sampling was conducted in Lake Merced only during the 3/14/12 storm sample event.
D The storm event on 3/14/12 exceeded the capacity of the auto‐sampler. Sample 1 represents a composite sample collected for the rising limb of the hydrograph and Sample 2 represents a composit sample for the falling limb of the hydrograph (see Figure 3‐9).
E Due to a short duration flow event, only a small volume of stormwater was collected via the autosampler on 3/15/12. As a result, insufficient sample volume was available for analysis of the full suite of constituents. For this reason, only priority constituents were analyzed and reported.
F Chlorophyll a sample for 3/14/12 lost in transit
< Not detected or are present below the reporting limits.
J Analyte detected below Reporting Limit (RL) but above Method Detection Limit (MDL) and therefore the reported concentration is qualified as estimated and not considered quantified.
* There are less than 6 dry season samples for this constituent.
DF= Sample has a dilution factor higher than 1. The sample result must be increased by a factor corresponding to the dilution factor.
ND represents a non‐detect result from laboratory analysis.
NS/‐ represents a constituent for which no sample was collected or a day where no sampling occurred.

1/24 3/1

Constituent Units RLA MDLA

BASEFLOW WATER QUALITY RESULTS
INITIAL STORMFLOW 

EVENT WATER 
QUALITY RESULTS

STORMFLOW WATER QUALITY RESULTS
POST‐STORM WATER QUALITY 

RESULTS

2011‐2012 Wet Season Baseflow Sample Date
Initial Stormflow Event: 

10/3/11
2011‐2012 Wet Season Stormflow Sample Date

LM Wet Season Post Storm 
Sampling Date (NOTE: No post‐
storm monitoring for VGC)

10/4 1/13 1/24 2/6 2/17 1/20 1/23 2/29 3/13C
3/14/2012D

3/16C 10/4

Nutrients

<0.5

<0.05

0.17
0.039J

1.9 0.6
0.099J
0.44J

0.03J

0.62

<4
20

NSF
0.03J

<0.5

<0.5
1.8J
0.2J

Bacteria/ Organisms
220 (DF=10)

427
7.6
8

24
0.14J

42
<4

<0.5

<0.5
<0.5
4.2J

<0.5

Oxygen Demand

220

Physical Parameters

Present
ND

<0.1
0.10

40
60
20
30
<1
<0.1

100
10
<100
50
<1

<0.12
<0.1

Present
ND

<0.12

<0.5

0.13J

67

<0.5

<0.5

14.8
427

<5
<0.5

15 (DF=2)

Metals (Total)

Metals (Dissolved)
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Preliminary Water Quality Screening Results 2003/04 – 2008/09 Wet Weather Seasons 

Lake Merced Pilot Stormwater Enhancement Project 

Prepared for the North San Mateo County Sanitation District 

by EOA, Inc. 

with Assistance from the San Francisco Public Utilities Commission (June 2011) 

The City of Daly City and the San Francisco Public Utilities Commission (SFPUC) established a 
collaborative effort referred to as the Lake Merced Pilot Stormwater Enhancement Project. The 
study performed pilot fieldwork in support of assessing the feasibility of diverting stormwater 
runoff from the Vista Grande drainage basin in Daly City into South Lake Merced in San 
Francisco. The stormwater runoff was treated by a Continuous Deflection System (CDS) and a 
riparian buffer along the southwestern shoreline of South Lake Merced before conveyance to 
the Lake. 

Bacteriological water quality monitoring data were collected of CDS and riparian buffer treated 
Vista Grande Canal stormwater at six near-shore and one background station in South Lake 
Merced during six consecutive wet seasons (2003/04 through 2008/09). Lake water sample 
data were evaluated for 17 rainstorms with pilot diversions. The monitoring program was 
designed to screen for selected potential water quality impacts associated with the pilot 
diversions. The primary objective was to determine whether the diversion of limited volumes of 
treated stormwater (about 0.1 to 5.4 million gallons per storm event) increased concentrations of 
bacterial indicators of human fecal contamination in South Lake Merced, potentially indicating 
increased human health risk during permitted water contact recreation activities (boating, 
fishing) in and adjacent to the lake. Full body contact recreation (swimming, wading) in the Lake 
is prohibited by SFPUC since the Lake serves as an emergency water supply for sanitation and 
fire-fighting purposes. 

Concentrations of E. coli, USEPA’s recommended bacterial indicator for fresh water, and of 
Enterococcus and alternative indicator, were typically reduced by approximately 99% as 
measured near-shore (station LM-1) in the Lake and at the background reference station 
(SFPUC Pistol Range site (LM-PR)), compared to the bacterial concentrations in the CDS 
treated Canal stormwater. These bacterial indicator data collected typically 48 to 72 hours after 
cessation of stormwater diversions, in combination with a low probability of human exposure, 
suggested a low probability of increased human health risk during that time period. 

B-33



Vista Grande Canal Pilot Stormwater Diversion Project 2004-2009
VGC Canal After CDS Treatment and Subsequent Lake Merced Bacteriological Concentrations

Sample Date
Station Collected
LM-CDS 12/08/04 24 13,500 - 10,500 - 3.11 109,200
LM-PR 12/09/04 300 97.8% < 100 > 99.0%
LM-1 12/09/04 100 99.3% 100 99.0%

LM-CDS 01/07/05 72 4,710 - 28,200 - 1.68 3,249,000
LM-PR 01/10/05 63 98.7% < 10 > 99.9%
LM-1 01/10/05 20 99.6% 10 99.9%

LM-CDS 02/14/05 72 2,090 - 740 - 2.27 2,653,900
LM-PR 02/17/05 41 98.0% 10 98.6%
LM-1 02/17/05 41 98.0% 20 97.3%

LM-CDS 03/22/05 48 9,900 - 4,740 - 1.72 563,700
LM-PR 03/24/05 62 99.4% < 10 > 99.8%
LM-1 03/24/05 41 99.6% < 10 > 99.8%

LM-CDS 02/27/06 48 15,531 - 9,804 - 1.9 868,700
LM-PR 03/01/06 < 10 > 99.9% 10 99.9%
LM-1 03/01/06 20 99.9% < 10 > 99.9%

LM-CDS 03/06/06 72 > 24,192 - 8,664 - 0.77 475,100
LM-PR NS - - - -
LM-1 03/09/06 135 > 99.4% < 10 > 99.9%

LM-CDS 03/20/06 48 7,270 - 2,098 - 0.45 854,700
LM-PR 03/22/06 10 99.9% < 10 > 99.5%
LM-1 NS - - - -

LM-CDS 03/27/06 48 3,255 - 2,909 - 0.6 961,900
LM-PR 03/29/06 41 98.7% < 10 > 99.7%
LM-1 03/29/06 20 99.4% < 10 > 99.7%

LM-CDS 03/31/06 72 4,106 - 5,012 - 1.4 2,646,100
LM-PR 04/03/06 < 10 > 99.8% < 10 > 99.8%
LM-1 04/03/06 450 89.0% 502 90.0%

LM-PR 04/05/06 120 10 99.8% < 10 > 99.8% - -
LM-1 04/05/06 63 98% < 10 > 99.8%

LM-CDS 04/11/06 48 7,270 - 3,282 - 1.59 1,358,400
LM-PR 04/13/06 10 99.9% < 10 > 99.7%
LM-1 04/13/06 10 99.9% 10 99.7%

LM-CDS 2/26/07 72 3873 - 2,247 - NA 728,382
LM-PR NS - - - -
LM-1 3/1/07 41 98.9% < 10 > 99.6%

LM-PR NS - - - - - - -
LM-1 3/2/07 10 99.7% < 10 > 99.6%

Volume 
Diverted 

(gal)

Resampling 
Interval 
(hours)

E. coli 
(MPN/100mL)

Enterococci 
(MPN/100mL)

Percent 
Decrease     E. 

Coli

Percent 
Decrease 

Enterococci
Rainfall 
(inches)
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Vista Grande Canal Pilot Stormwater Diversion Project 2004-2009
VGC Canal After CDS Treatment and Subsequent Lake Merced Bacteriological Concentrations

Sample Date
Station Collected

Volume 
Diverted 

(gal)

Resampling 
Interval 
(hours)

E. coli 
(MPN/100mL)

Enterococci 
(MPN/100mL)

Percent 
Decrease     E. 

Coli

Percent 
Decrease 

Enterococci
Rainfall 
(inches)

LM-CDS 03/26/07 48 11,199 - 8,164 - NA 572,236
LM-PR 03/28/07 20 99.8% < 10 > 99.9%
LM-1 03/28/07 134 98.8% < 10 > 99.9%

LM-PR 03/29/07 72 20 99.8% < 10 > 99.9% - -
LM-1 03/29/07 84 99.2% < 10 > 99.9%

LM-CDS 04/11/07 24 8,164 - 4,884 - NA 86,931
LM-PR 04/12/07 20 99.8% < 10 > 99.8%
LM-1 04/12/07 51 99.4% < 10 > 99.8%

LM-PR 04/13/07 48 10 99.9% < 10 > 99.8% - -
LM-1 04/13/07 < 10 > 99.9% < 10 > 99.8%

LM-CDS 12/18/07 48 1,956 - 3,255 - NA Unavailable
LM-PR 12/20/07 86 95.6% 10 99.7% Meter Broken
LM-1 12/20/07 581 70.3% 794 75.6%

LM-PR 12/21/07 72 83 95.8% 31 99.0% - -
LM-1 12/21/07 41 97.9% 10 99.7%

LM-CDS 01/22/09 96 4,106 3873 NA 317,881
LM-PR 01/26/09 10 99.8% < 10 > 99.7%
LM-1 01/26/09 10 100% 10 99.7%

LM-PR 01/27/09 120 < 10 > 99.8% 10 99.7%
LM-1 01/27/09 10 99.8% < 10 > 99.7%

LM-CDS 02/13/09 96 < 10 - < 10 > - NA 5,408,694
LM-PR 02/17/09 20 0% 10 0%
LM-1 02/17/09 292 0% 345 0%

LM-PR 02/18/09 120 10 0% < 10 > 0% - -
LM-1 02/18/09 75 0% < 10 > 0%

NA = Not Available LM-CDS = Vista Grande Canal runoff after Continuous Deflection System treatment
NS = Not Sampeld LM-PR = Lake Merced background water quality station

LM-1 = Lake Merced nearfield monitoring station
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APPENDIX C 
Lake Filling Scenarios 

Contents: 

Lake filling scenario hydrologic summaries by target water surface elevation scenario 

Vista Grande Drainage Basin Improvement Project C-1 ESA / 207036.01 
Water Quality Assessment December 2015 
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Target elevation = 7.5 feet City Datum 

Diversion 
Scenario 

Time 
until 

target 
elevation 
reached 

Wetland 
contribution until 
target reached 

Vista Grande Canal 
contribution until 
target reached 

(cfs) (months) 
(acre-
feet) 

(ac-
ft/year) 

(acre-
feet) 

(ac-
ft/year) 

0 6 146 291 529 1058 
35 17 404 285 629 444 
75 31 725 281 611 236 

150 -- 146 -- -- -- 
1600 -- 146 -- -- -- 
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Target elevation = 8.5 feet City Datum

Diversion 
Scenario 

Time until 
target 

elevation 
reached 

Wetland contribution 
until target reached 

Vista Grande Canal 
contribution until 
target reached 

(cfs) (months) (acre-feet) 
(ac-

ft/year) 
(acre-
feet) 

(ac-
ft/year) 

0 17 404 285 1033 729 
35 30 699 280 1017 407 
75 67 1554 278 1225 219 

150 -- -- -- -- -- 
1600 -- -- -- -- -- 
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APPENDIX D 
1997 to 2009 South Lake Monitoring Data 
Summary 

Contents: 

Lake Merced Water Quality Data Organization, Review and Analysis, Kennedy/Jenks 
Consultants, 2010 

Additional box plots of 1997 to 2009 data 

Vista Grande Drainage Basin Improvement Project D-1 ESA / 207036.01 
Water Quality Assessment December 2015 
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Table ES-1: Lake Merced Monitoring Recommendations

Constituent

Current Sampling Recommended Sampling

Location Frequency Depth Location Frequency Depth
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Section 1:� Introduction 
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Section 2:� Current Lake Merced Monitoring Program and 
Data 
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“…SFPUC and SFPUC staff would like to maintain Lake Merced as an untreated, 
emergency supply; promote a healthy put and take fishery; continue and maintain a non-
contact recreation water body; and raise lake levels. SFPUC staff would like to create an 
environment that people will enjoy and maintain a commitment to public health and safety.”
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Table 1:� Water Quality Parameters measured in Lake Merced (South Lake 
Pump Station)

N Constituent Units Average Median Range
Standard
Deviatio

n
Coefficient 
of Variance
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2.1� Statistical Analysis 
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Table 2:� Statistical Results of Water Quality Constituents

Pistol Range South Pump Station

Constituent
Significant 

linear 
trend

Significant 
Seasonal 
Kendall

Significant 
linear 
trend

Significant 
Seasonal 
Kendall

% Change in 
Linear 
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2.2� Lake Health Indicators 
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2.2.3� Algae and Nitrogen to Phosphorus Ratio
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2.2.4� Total Coliform & Escherichia coli (E. coli) 
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2.3� Other Water Quality Parameters 
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2.3.2� Measure of Hydrogen Ions (pH)
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2.3.3� Cyanobacteria
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2.4� Effects of Lake Inputs on Water Quality 
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Table 3:� Lake Merced South physical properties as a result of lake water inputs

�

Date
Volume 
added
(AF)

Initial 
WSE1

(SF 
Datum)

Initial 
Volume2

Subsequent
Volume2

%
Volume 
Increase

Initial 
Secchi
Depth

Final 
WSE2

(SF 
Datum)

Change 
in WSE

Visual 
Change 
in Secchi 
Depth

Initial 
Lake 
Depth

Final 
Lake
Depth
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�'''� R�� )��� )RW'� )���� ���!{� ���� )�Y� '�)� �� �'�R� �����
2002 343 0.2 2950 3293 11.63% 1.5 1.3 1.1 n 17.7 18.8
�'')� ���� ��W� )�)Y� )W�R� )��){� ��W� )� '�W� �� �'� �'�W�
2003 705 2.7 3500 4205 20.14% 1.5 4 1.3 n 20.2 21.5
�''�� ���� )��� )RW'� )RW���� '�'){� ��W� )��� '� �� �'�R� �'�R�
�''�� '�W� )��� )YW'� )YW'�W� '�'�{� ��W� )��� '� �� �'�Y� �'�Y�
�''W� !Y� ��R� ��''� ��!Y� ���!{� �� W��� '�W� �� ����� ���R�
��E�D�}�I�
����;�?�	�������
����
���((��#�@�
���
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�

Table 4:� Effect on next water quality reading (+ for increase, - for decrease)

�

Date
Volume 
Added 
(AF)

DO Temp. Turbidity Total 
P 

Ortho
P TKN Nitrate Ammonia pH Algae TDS Conductivity Hardness Alkalinity

�!!R� ���� +<�� � � � � � � � � � � � � �
�'''� R�� U� U� O� O� +>� +<� +>� O� U� U� +>� +>� +>� +>�
2002 343 -, + - - + + -,+ -,+ + - - - - - NC
�'')� ���� +>�� U� O� O� U� O� O� U� U� O� +>� O� O� +>�
2003 705 - - - - + - NR - - - - - - -
�''�� ��R)� O� O� O� O� U� O� +>� +>� O� O� +>� U� +>� +>�
�''W� !Y� O� U� U� U� U� O� +>� U� U� +<� +>� +>� +>� +>�
��+<�}����������$�
��+>�}����	���$��
)��''������
������	�@������	�;����?��@�������;@�

D-18



�

Lake Merced Water Quality Data Organization, Review and Analysis Page 14
\\sfocad\projects\pw-proj\2009\0968009.00 lake merced water quality\09-reports\9.07 final tm\final draft lm wq report 01-25-2010.doc

Section 3:� Monitoring Plan Data Set Characteristics 
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3.1� Parameters with Little Variation over Time 
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Table 5:� Parameters relatively constant over time
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Parameter
CV Value of Complete Data Set

at South Lake Pump Station
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Table 6:� Parameters relatively constant over depth

Parameter
CV Value over Depth

at South Lake Pump Station
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Section 4:� Conclusions and Recommendations  
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Table 7:� Lake Merced Monitoring Recommendations

Constituent

Current Sampling Recommended Sampling

Location Frequency Depth Location Frequency Depth
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San Francisco Public Utilities Commission 

Lake Merced Water Quality Data Organization and Review
0968009*00

January 2010

Figure  6 – Trophic Status Index, South Lake Pump Station
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SUMMARY

Increases in water depth of 0.5 to 3.5 feet in Lake Merced by adding storm water would restore 
some of its historical inflow, reduce flooding in Daly City, and moderate the costs of increasing 
the size of a tunnel to carry away excess storm water to the sea. Deeper water will reduce the 
frequency of mixing in summer and, by reducing the amount of nutrients stirred up, could 
eventually improve water quality. On the contrary, adverse changes in water quality are possible 
due to nutrients added in the winter storm water supply. The balance between increased depth 
and added nutrients will determine the net effect on eutrophication in the lake.

Due to algal growth, the South Basin of Lake Merced is listed as impaired for high alkalinity 
(pH) in surface water and low dissolved oxygen (DO) in deep water. During photosynthesis, 
algae use up acidic carbon dioxide and increase the pH near the surface. When algae sink, their 
decay depletes dissolved oxygen producing anoxia on the lake bed. Prolonged anoxia increases 
the flux of nutrients from the sediments. If these nutrients are mixed up to the surface, more 
algae can grow and a cycle of eutrophication results, increasing the oxygen and pH concerns. On 
the other hand, if the lake is well-mixed, oxygen is continually supplied to the deep water and 
nutrients and pH are reduced. The more eutrophic the lake, the more frequently mixing is needed 
to supply DO. Lake Merced’s cool, foggy; ocean-side location enhances wind mixing and, until 
recently, was thought to mix sufficiently to keep DO in bottom waters above 5 mg/L for most of 
the summer and autumn with only occasional depletions.

Data from Lake Merced collected over the last 13 years has been summarized and interpreted 
recently in two reports (EDAW, 2004, Kennedy-Jenks, 2010). Additional measurements were 
made from 2011-12 when continuous recording probes for DO, temperature and pH were used
for the first time. The new data showed that though substantial mixing occurred on average every 
9 to 11 days the rate of mixing was insufficient to carry enough oxygen down to offset the
biological oxygen demand in the sediments. Complete mixing between mid August and October
2011 probably occurred only once on September 17th and 18th. In 2011, near bottom water DO
recorded at LM-3____ was greater than 5 mg/L for only 5 percent of the period from mid-August 
to mid-October. However, functional anoxia (< 2 mg/L DO) for several weeks is required in the 
bottom waters before the sediments release substantial amounts of ammonia and phosphate. In 
Lake Merced functional anoxia occurred in 2011 at station LM3 for 34% (19 non-continuous
days) of the time in summer and fall. Based on the small changes in ammonia and total-P in the
same seasons, the period of functional anoxia does not appear long enough to increase sediment 
nutrient flux substantially. Nonetheless, some nutrients in deep water were elevated in summer 
and occasional mixing will transport them to the surface.

Effect of increased depth in decreasing mixing, lowering nutrients and decreasing algae. A
mixing model was used to predict the effects on Lake Merced of increased depth. Increases of 
0.5 to 3 feet will reduce the frequency of holomixis from 11 days to 20 days (at + 2.5 feet water 
surface elevation [WSE]) and 26 days (at + 3.5 feet). The changes were not linear since wave 
energy propagation down the water column is almost logarithmic. The decrease in wave-driven 
swirling on the bottom mud will approximately halve from 0.1 cm to 0.04 cm. Assuming a linear 
relationship between mixing and nutrients stirred from the sediments and that only a part of the 
nutrients will result in net algal growth, a small, progressive reduction in algae (max. 7.0 µg/L
chlorophyll a or 23%) with increases in depth is predicted. Due to the curvilinear relationship of 
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chlorophyll and water clarity (Figure 1), the small algal reduction would not show any effect on 
water clarity up to +2.5 feet but a small improvement in water clarity (~ 23%) may occur at + 3.5 
feet. In terms of public perception, at these relatively high concentrations of algae, the human 
observer on the shore would probably not notice a 23% increase in water clarity.

Less mixing may increase the periods of low DO in deep water. Although only a few 
measurements are available, comparing incidents of low DO from 1997-2003 (water elevation 0-
3.8 ft) with those from 2004-2010 (water elevation 4-7 ft), increased depth did reduce DO in 
deep water. The effect was most pronounced in autumn. The bottom DO in September-October 
1997-2003 was > 5 mg/L 50 % of the time but only 20% of the time from 2004-2010. The 
increased low DO values are similar to those found with the 2011 more detailed measurements. 

Effect of increased storm water inflows in increasing nutrients and algae. Storm water 
currently averages 460 µg/L of Total Inorganic Nitrogen (TIN = nitrate + ammonia) and 170
µg/L of Total Phosphorus (TP) while the lake in winter averages 90 µg/L TIN and 150 µg/L TP.
The ratios of bioavailable N:P (TIN: 0.8 TP) are 0.75 (lake) and 3.4 (storm water), indicating a 
strong N-limitation for algal growth. In addition, TIN is virtually absent in the lake in the growth 
season (<10-25 µg/L) while at the same time TP is abundant with a median value of 120 µg/L 
and a minimum of 67 µg/L (Aug-Oct, 2011). Typical water quality standards for TP are ~ 10-15
µg/L and P is obviously in excess in Lake Merced, as it is in many waters in dry regions.
Because storm water TP is very similar to lake TP, there will be no effect of TP added in storm 
water. In contrast, the TIN added via storm water will increase lake TIN and possibly increase 
algae. Using a simple model, the amounts of storm water added with the targets of +0.5 to +3.5 ft 
increase in water depth were shown to have relatively minor effects on algae. Increases in 
chlorophyll of 1.9 to 10.7 µg/L over the base condition of 30 µg/L were estimated to occur with 
more algae as more storm water was added.

Net effect of increasing depth with storm water. There is an almost equal and opposite 
eutrophication effect of the two processes of decreasing mixing with greater depth and increased 
nutrients with more storm water added. The net modeled change in algae in the lake is a slight 
increase in algae 1.3-12.5% or 0.4 to 3.8 µg/L chlorophyll a (chl a) increase or a lake average 
concentration of 30.4 to 33.8 µg/L) depending on how much water is added. These results 
assume TIN is the growth-limiting nutrient for algae rather than light. If TP was growth-limiting, 
the overall effect would be a decrease in algae ranging from 0.6-5.4 µg/L (2-18%) because 
increased depth reduces all nutrients but increased inflow makes little difference to TP since lake 
and storm concentrations are similar.

Alkalinity and pH. The pH of surface water layers in Lake Merced frequently exceeds the Basin 
Plan maximum of pH 8.5. Based on the lake’s moderately high alkalinity (mean = 172 ppm; 
range 136-230), the equilibrium pH of the Lake Merced water can be predicted empirically as 
about 8.5. The actual daily average pH in September 2011 was 8.45 with an average daily 
minimum of 8.2 and an average daily maximum of 8.7, thus corroborating the predictions based 
on alkalinity. September 2011 has the most detailed data set gathered using in situ probes and is 
a typically a month of frequent blue-green algae nuisance blooms. In addition, occasional 
measurements of pH over the last 40 years also average ~ 8.5. As is common in eutrophic lakes 
(L. Merced chlorophyll a mean ~ 30 µg/L), algal photosynthesis dominates the daily pH 
fluctuations and cause most pH values above 8.5. Due to the buffering effects of the alkalinity, 

E-5



4

pH fluctuations driven by photosynthesis in Lake Merced were small relative to other lakes. In 
September 2011 the average diel change in pH was only 0.5 while most eutrophic lakes show 
twice this value. However, because even the small increases occurred on a higher base pH level 
than many other lakes, the resultant pH often exceeded current Basin Plan standards.

The alkalinity in Lake Merced has an unusual history. The lake was mostly likely once a 
brackish water estuarine channel in summer (~ sea water alkalinity?), a storm-flushed channel 
during winter storms (low alkalinity), a dammed drinking water storage reservoir (low alkalinity) 
and now a terminal lake with a long water residence time (moderately high alkalinity). All 
terminal lakes eventually have high alkalinity and high equilibrium pH and this may explain the 
current moderately high baseline pH in Lake Merced. The highest pH values (9.1) in Lake 
Merced were not balanced by low values (7.0 -7.5) as would be expected for a lake with a 
watershed dominated by sandy lightly-buffered soils. Poorly buffered waters typically show 
large fluctuations in pH but with expected low values well below the neutral pH of 7. Alkaline 
base ions are accumulating over time although this is more evident over the last 50 years in the 
more isolated North and East Lake basins. Regional alkalinity variations explain differences in 
pH standards in various states in the US, some of which recommend the same pH range (6.5-8.5) 
while others use 6.0-9.0 – a standard with which Lake Merced would generally be in compliance.

Two water quality standards (DO and pH) are currently not met in Lake Merced. . Because the 
model predicts small increases or decreases in algae with increased depth and added storm 
water, no substantial difference is anticipated to occur in the already low bottom DO levels or 
the “background” high alkalinity and pH. The two standards may still not be reached with 
higher lake levels.

Suggestions for meeting the DO and pH standards. Three conventional methods (one 
watershed, one in-lake management and one combination of both) could be used to ensure that 
DO and pH were maintained at levels that would remove them from the 303 (d) listing. The 
model indicates that any watershed method(s) that would result a change of chlorophyll of < 1 
µg/L (in no effect) would need to reduce TIN in the storm water to ~ 360 µg/L or about 78% of 
the current concentration. However, with no reduction in TIN in storm water the model predicts 
the average chlorophyll increase in the lake to only an average of 2 µg/L or 7% above present 
and would not make a visible difference to the water clarity. The inability of even large 
reductions in TIN in storm water to decrease algae in the lake is due to the internal loading of 
nutrients from the sediments in summer which is not influenced by winter inflow except over 
very long time periods. One possible solution to the current higher pH excursions and baseline 
alkalinity in Lake Merced is a large reduction in chlorophyll by substantially reversing 
eutrophication. To achieve the pH standard of 8.5 from an average base of 8.2 would require 
halving current chlorophyll concentration assuming that would halve the photosynthetic rate.
Due to hysteresis effects, an algal decrease of that magnitude may be infeasible in a shallow lake 
with an urban drainage and legacy nutrient pollution in the sediments. Hysteresis is defined as 
the dependence of a system both its current and past environment. An example is a rubber band 
which, if well-stretched, will never or only slowly return to its original length.  In lakes, pollution 
and eutrophication stresses change the ecology and food web so much that even total elimination 
of the stressors like an increased external nutrient load will not return the lake to its original 
trophic state; at least for decades and maybe centauries.  The lake management method for the 
current or up to + 3.5 feet depth increase options require some form of aeration-mixing. This 
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would guarantee DO > 5 mg/L for most all the time and probably equilibrate pH close to the
limit of 8.5.

The combination method is flushing the lake with lower alkalinity storm water when 
appropriate to dilute and flush out higher alkalinity water lying near the lake bed. This solution is 
ecologically attractive since it restores some of the natural original hydrology. Some evidence 
that this method would work is the much lower pH (~7.0) achieved briefly in 2006 following 
heavy rains.

Current 
situation 

Effect of  higher 
water + 0.5 to + 
3.5 ft

Eutrophic-mesotrophic 
boundary

Mesotrophic-
oligotrophic boundary Stow Lake

GGP. 143 ug/L

Crystal Springs 
Res, 1.2 ug/L

Mt. Lake, Presidio, 28 ug/L

Effect of 
storm 
water 
nutrients

NET EFFECT

Figure 1. Relationship between chlorophyll a and water clarity for the range of proposed depth 
increased as measured by Secchi disk depth.
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INTRODUCTION 

DE F I NI T I ONS &  T E C H NI C A L  E X PL A NA T I ONS

� Thermal stratification – The lake water becomes divided into two layers on the basis of 
temperature (density). The uppermost warm, light water layer (epilimnion) floats over the 
cooler denser bottom water (hypolimnion). The boundary between the two layers is the 
thermocline. Deeper lakes (> 10-15m) are thermally stratified from spring to fall. Lake 
Merced stratifies thermally in spring-fall but the stratification is not stable and breaks 
down on average every 11 days following strong winds.

� Holomictic (whole mixing) – lake water column mixes top-to-bottom. Condition is 
usually defined as a “uniform” top to bottom temperature or with wind-based 
dimensionless numbers such as the Reynold’s Number (Re), the Wedderburn Number 
(W), or the Lake Number (Ln).

� Polymictic (many mixings) – holomixis or near holomixis occurs many times in the 
spring to autumn period usually following windy days. The mixing is interspersed with 
periods of thermal stratification during calm sunny days. The frequency of polymictic 
mixings can vary from every day or two to months.

� WSE – water surface elevation
� Anoxia – a complete lack of dissolved oxygen in the water (DO = 0 mg/L)
� Functional anoxia – DO level < 2 mg/L in the water above the sediments usually means 

that the sediments themselves are fully anoxic and will release nutrients to the overlying 
water once oxidants such as nitrate in the sediments are reduced.

� Eutrophic – a productive lake state characterized by abundant algal growth and low water 
clarity due to a good supply of nutrients like nitrate, ammonia and phosphorus.

B A C K G R OUND 

Lake Merced; water supply, lake depth and water quality

Lake Merced is by far the largest of the three natural lakes in the San Francisco area. It has the 
typical shape of a former river-estuary channel; a rounded rectangular basin with fairly steep 
sides and a long, narrow trench close to the NE shore. It is now closed off from the sea and 
divided into four sections the largest of which is the 163-acre South Lake. At the baseline water 
surface elevation of 6 feet, the current maximum depth is about 24 feet. Due to the loss of inflow 
the lake has lower elevation than may have occurred in the past. Over the last 100 years the 
inflow of surface and groundwater to Lake Merced has been substantially reduced. The drainage 
area has been reduced by 50 to 90 percent and groundwater extracted for the drinking supply and 
golf course irrigation (see Appendix table A). Full restoration of South Lake to its original size 
and depth (not known) is not feasible at this time.

This report evaluates the effect on the limnology of further increasing the mean depth of Lake 
Merced by 0.5 to 2.5 feet from the current depth (WSE 6.5 ft. to 8.5 ft., max WSE 9.5 ft.). In 
particular, the report focuses on the effects of depth on two variables; dissolved oxygen and pH 
and the variables (algae, water clarity) that control them.
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South Lake is listed as an impaired water body under the section 303 (d) of the Clean Water Act 
for dissolved oxygen and pH. In part the water quality impairments are due to its current depth of 
24 feet which is “awkward” in terms of water quality. Deep (> 300 ft.) and very shallow lakes (< 
3 ft.) rarely show any depletion of oxygen in the bottom waters. Lakes with depths in between 
the two extremes are affected by the balance between wind mixing (which can stir oxygen down 
from the surface) and biological oxygen demand (BOD) from the decay of algae in the deep 
water and sediments. A second critical factor is when the lake becomes permanently stratified 
between spring and fall. At this time most of the mixing energy in the water is confined to the 
surface water layer (epilimnion) and the deeper cooler bottom water (hypolimnion) is relatively 
udisturbed. The critical depth at which permanent stratification would occur is about 30 to 35 
feet in the Bay Area climate. This depth is not within the current predictions for Lake Merced.

In 2011, continuous recording probes were used for the first time to improve the data base. The 
data showed that mixing occurred on average every 9 to 11 days, depending on the site in the 
lake. While mixing brings oxygenated water to the deep waters and nutrients up to the surface, 
mixing is not measured directly by DO and temperature probes. Historically, a water column was 
considered fully mixed (holomictic) if it was “isothermal” or with a uniform temperature
throughout its depth. Physical limnologists, who were usually trained in temperate waters, 
assumed isothermal conditions were < 2 oC. In warmer waters, isothermal is probably < 0.5oC.
The rate of mixing is not specified under the term isothermal so could be weak or strong.
Importantly, for the purposes of understanding DO problems in lakes, isothermal does not mean 
that dissolved oxygen is also uniform throughout the lake’s depth. For Lake Merced, the rate of 
mixing in summer-fall 2011 was usually insufficient to carry enough oxygen down to offset the 
biological oxygen demand (BOD) of the sediments created by algal decay. Complete holomixis 
(top-to-bottom mixing) probably occurred only once in summer-fall 2011 (Fig. 2).

The result was an extended period of low DO in the deeper waters. In 2011 near bottom water 
DO was above the 5 mg/L criterion for only 5 percent of the period from mid-August to mid-
October when conditions were most critical (Fig. 2; Table 1). However, functional anoxia (less 
than 2 mg/L DO) for several weeks is required in the bottom waters before the sediments release 
substantial amounts of ammonia and phosphate. In Lake Merced, functional anoxia occurred in 
2011 at station LM3 for 34 percent of the time (19 non-continuous days with a longest 
continuous period being only 4-5 days) in summer and fall.  So for much of the time (66
percent), some oxygen was present, albeit between 2 and 5 mg/L. Based on the small changes in
ammonia and total-P in the same seasons, the short and intermittent period of functional anoxia 
does not appear long enough to substantially increase sediment nutrient flux. Nonetheless, some 
nutrients in deep water were elevated in summer.  In addition, nutrients in deep water are always 
higher than the surface where algae have stripped nutrients for growth.  Occasional mixing will 
transport them to the surface. Thus even with low or no sediment nutrient flux, there will be 
some internal loading from deeper water.
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Figure 2. Oxygen depletion in the deeper waters of Lake Merced (South Lake) in summer-fall 2011.
Note the prolonged period below the normal criterion of 5 mg/L but relatively short continuous periods of 
functional anoxia (about 19 non-continuous days at < 2 mg/L). The single obvious top-to-bottom mixing 
event occurred on September 16th through 19th.

For the cool waters of the moderate-sized, wind- and fog-exposed Lake Merced, increase in 
depth gives distinctly mixed results for chemical and thermal stratification. An increase in depth 
will reduce eutrophication by isolating the nutrient-rich sediments from the upper water layers, 
assisting in reducing events of undesirable high surface pH and reducing periods of low 
dissolved oxygen in the deep waters. Measurements are available spread out for the last 12 years.
Readings of DO were taken in most years between 1997 and 2010 but normally once per year for 
the critical summer-fall period and not always in the same month. There was a series of years
with relatively low water levels (1997 to 2003; water elevation 0 to 3.8 ft.) and a similar period 
of higher water levels (2004 to 2010; water elevation 4 to7 ft.). Increased depth did reduce DO in 
deep water (Table 1). The effect was most pronounced in autumn. The bottom DO in September-
October 1997 to 2003 was > 5 mg/L 50 percent of the time but only 20 percent of the time from 
2004 to 2010. However, no negative effects on algae or water clarity occurred when the 
incidences of low DO in deep water increased. In fact, any adverse effect due to lower DO in the 
deep water seemed to have been more than balanced by beneficial effects of deeper water since 
water clarity increased and nitrate, pH, and turbidity declined (Kennedy-Jenks, 2010). The 
balance between deeper water effects and those from longer benthic DO are also discussed later. 
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Table 1
Current water quality and depth relationships in South Lake (Lake Merced) recorded below 15 ft 

depth at station LM3.  2011 data measured frequently with in situ probes; earlier data taken 
occasionally.

Time period Length of time 
forDO < below 5

mg/L below 15 feet

Length of time 
for DO below 2
mg/L below 15 

feet

Comment

Aug-Oct 2011 5% (2 days)1 34% (19 days)1 DO usually below 5 mg/L 
standard but functional anoxia 
less common

WSE 0-+3.8 ft WSE +4-> +7 ft

June-Aug. 1997-
2003

38% 50% Apparent increase2 in duration 
of functional anoxia over last 12 

years

Sept-Nov. 2004-
2009

50% 80% Increase in lower DO over 12 
years

Source: 2011 data from the LM3 probe; 1997 through 2009 data from (Kennedy/Jenks, 2010).
1 Not continuous. 2 Duration of functional anoxia between the two periods (1997 to 2009) and the 2011 data do not 
correspond exactly since different time periods are averaged and there are many more measurements in 2011. 

Dissolved oxygen depletion is a common concern for regulatory agencies. Alkalinity or high pH 
(> 8.5) is also typical of eutrophic lakes but is less well studied. In Lake Merced, pH at above the 
alkalinity standard violations (pH > 8.5) occurred frequently in Lake Merced due to the removal 
of acidic carbon dioxide on summer afternoons (Fig. 3). Importantly, the lake’s range of pH 
(approximately 7.5 to 9.3) is always on the alkaline side relative to most lakes, never reaching 
neutrality (pH 7). Since carbonic acid is produced following decomposition in the sediments, 
lower pH than measured (pH 8) should be found in deep water. For example, another shallow 
eutrophic lake in California, Clear Lake, Lake County shows many pH values of approximately
7.7 for bottom water in summer. Given the sandy (acidic) drainage soils and the pH of a main 
water source (rain; pH equilibrium 5.7), more acid water would be expected in Lake Merced.
Lower surface pH (~ 8) did occur at night on most days but only during the day during the only 
chemical holomixis event on October 17th and 18th, 2011. Values of pH > 8.5 may be a natural 
phenomenon in Lake Merced, but could be exacerbated by eutrophication.
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Figure 3. pH variations at the surface and bottom water of Lake Merced (South Lake) in summer-
fall 2011. Note the regular excursions above the criterion of 8.5 mg/L during the day but compliance
during the complete water column mixing event on September 16th and 17th.

The low DO and high pH in Lake Merced may result partially from its current depth range.
Algae have optimal growth under well-mixed conditions with ample nutrients and light. Lake 
Merced has an ample nutrient supply and good conditions for algal growth because the lake 
stratifies thermally for one to two weeks, then mixes again.

The Memorandum of Understanding between Daly City and SFPUC set a range of target water 
surface elevation (WSE) scenarios for the South Lake that include mean depths of 6.5 to 8.5 feet
with a maximum high elevation of 9.5 feet. Future annual variations of about 1.4 feet are 
expected to occur naturally, and are similar to current variation.  This range is moderate for 
natural lakes but may be adequate for biomanipulation if it is instituted for long-term, sustainable 
lake management. Biomanipulation requires the development and preservation of a band of 
submerged leafy plants such as pondweed (Potomogeton) or similar native species.  In turn, these 
cannot grow if the autumn water levels drops sufficiently to desiccate them.

The supplementary water would have two sources; summer base flows and winter storm water.
Routing these flows to the lake would restore some natural inflow sources and would also reduce
flood damage in Daly City. Reconnecting some of the Lake’s former drainage area would
increase water supply to Lake Merced such that the target elevations could be reached and 
maintained, but modern street runoff contains more pollutants than the historical storm inflows 
from the grassland and shrubs that originally covered the Lake’s historic watershed. Therefore, 
the storm water used will be the later (cleaner) flushes. The source of the summer base flow is 
local drainage which will be cleaned up by proposed treatment wetlands at the upper area of the 
lake. Additional depth will also increase the size and area of the lake which is often a long-term 
benefit to the wildlife and other lake users.
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LAKE MIXING AND WATER QUALITY 

Water depth plays an important role in water quality in shallow, eutrophic lakes like Lake 
Merced. A much deeper lake would be thermally stratified from spring to fall (monomictic lake).
Even if there were oxygen depletion in the deep water, the consequent release of nutrients from 
sediments would not reach the surface until the fall overturn when the available light is
beginning to limit algal growth. A local example is Upper San Leandro Reservoir in the East 
Bay, which is a much shallower lake that experiences almost daily mixing, supplying ample 
oxygen to the sediments. Another good example is 20-acre Lake Machado near Long Beach 
Harbor in Los Angles, which is a former river channel like Lake Merced. Lake Machado is very 
eutrophic with a bright green color, but is only 2 to 6 feet deep and shows little sign of low DO 
even on hot summer days.

South Lake currently has a maximum depth of 24 feet, so is neither shallow enough to mix 
enough oxygen into bottom waters, nor deep enough for nutrients to remain below the level of 
algal growth. Either option would result in less nutrient flux from sediments to surface water and 
in less eutrophication (fewer algae, more dissolved oxygen in deep water, and lower pH in the 
surface water). The recommended increase in depth to 24.5 to 27.5 feet would keep the lake in 
between these two conditions.

Regardless of the present depth, even a small increase in the depth of Lake Merced would result 
in less frequent mixing (less polymictic). However, small increases in depth would have only 
small effects until the depth reached the critical point where thermal stratification becomes 
continuous from spring to fall (monomictic). As discussed in full later, earlier, an increase to the 
critical depth for permanent summer stratification accomplished by water level increase alone is 
not feasible since a WSE of +18 feet would be required.  More important to water quality than 
thermal stratification is chemical stratification, especially for dissolved oxygen. Chemical 
stratification is much less well understood than thermal stratification because it is a dynamic 
chemical-physical process while thermal stratification is mostly a physical process only. In many 
lakes, thermal and chemical stratification occur together, but while thermal stratification is 
intermittent, chemical stratification is more persistent. The difference occurs because the rate of
downward mixing of oxygen is less than the rate of oxygen demand of the sediments and deep 
water. Recent continuous recording probes in Lake Merced demonstrated weak thermal 
stratification but much stronger oxygen stratification.

A simple lake model based on the propagation of surface wave oscillations to the sediments was 
used to show the effects of different lake depths under the proposed scenarios. Sediment stirring 
was used as a proxy for changes in the flux of nutrients to the water. The changes in nutrients 
were then modeled to show likely effects of chlorophyll (algae) and water transparency that 
would occur at the proposed mean and maximum depths. The results were calibrated against the 
current lake conditions and were expressed in terms of potential algae blooms and water clarity.

MODEL DESCRIPTION  

A simple lake model based on mixing depth and the chlorophyll-water transparency relationship 
was used to estimate the water quality changes that would occur at the new depth. The mixing 
model used is based on both theoretical energy-mixing distribution with depth and estimates of 
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the wave length and amplitude in Lake Merced The new continuously recording data from in-
lake probes were not available previously. The new data allow this model to build on the 
predictions from previous ones such as that of Michael Deas (Watercourse Engineering, Davis, 
CA) in the EDAW report (2004). That model for Lake Merced was based on the changes of the 
slope of the thermocline at various wind speeds (Wedderburn or Reynolds’s numbers, EDAW, 
2004, page 8). Models based on the Reynolds’s number use the ratio of wind-powered mixing 
to the resistance to mixing as determined by the density difference between the warm, less dense 
upper water layer and the cooler, denser lower layer. Reynolds’s number is specific for the 
lake’s actual wind speed and temperature-depth profile but not for other factors like shape or 
size.  The Wedderburn number is a more complex extension of the Reynolds’s number that does 
take into account some lake parameters such as length and thus the fetch over which the wind 
blows;  the longer the fetch the higher the wave for a given wind speed.

The model used for Lake Merced on this occasion was based on the propagation of mixing 
energy down each surface wave to the sediments (Horne & Goldman, 1994). This model replaces 
the wind and density differences with empirical data measured or assumed for the lake; in 
particular wave length and wave height during windy periods.  In large lakes waves vary from 
place to palce but in small lakes such as Lake Merced these two variables are similar over the 
163 acres of surface water.  Fully accurate estimates of wave height and length are difficuot to 
measure but approximate maximum wave height of 30 cm and a wave length of 3 m were 
estimated from visual observations at the lake in 2012.  The oscillation of the water molecules on 
the surface produces similar, if decreasing, temperature inversions all down the water column.
Fewer temperature inversions occur as the water gets deeper and the mixing energy is lost to 
friction. Temperature inversions cause mixing because they are unstable; cooler denser water is 
lifted above the surrounding lighter warm water.  When gravity reasserts itself the parcel comes 
crashing down past its equilibrium depth.  If that occurs near the bottom a parcel of water will 
impact the sediments at an angle then bounce up carrying with it sediments and nutrients that 
otherwise would be locked into the mud. The energy propagation with depth method is more 
direct and more useful for the purposes of estimating sediment nutrient fluxes in lakes with 
modest depths like Lake Merced than the 2004 model.

The water parcel oscillations decrease approximately as the log of the wave length.  Thus a 30 
cm surface wave would be 3 cm at 3 m (one wavelength) and 0.3 cm at 6 m (two wavelengths) 
and 3 mm at the bottom of Lake Merced if it was 9 m deep.  It can be seen that even at its stormy 
peak, oscillations and mixing energy over the deeper areas of Lake Merced would see little 
action relative to the furious churning of the surface waters.  

There are two kinds of general water motion; waves and currents.  Waves are the dominant 
mixing force since they have a vertical component.  Currents are the main method of moving 
water but have only a small vertical component.  The reason for that is that almost all of the 
wind’s energy goes into horizontal motion pushing large volumes of the upper water layers 
round and round the lake.  The lake can be thougth of as a series of separate slabs of water, each 
a meter or so thick and with a slightly different temperature and density.  This Lagrangian Slab 
concept can be verified experimentally and is useful in determining how mixing energy from 
current.  The surface water slab moves quickest and some of its motion is transferred to the next 
deepest layer.  However, because the Earth is rotating quite rapidly, the Corellis Force causes the 
horizontal motion of the lower slab to move to the right at approximately 45 degrees (at 
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equilibrium with is only reached in large lakes and the oceans).   The next slab moves at another 
45 degrees and so on down to the bottom in an Ekman Spiral.  Thus water moving with the wind 
at the surface is eventually balanced by other deeper slabs moving in the opposite direction. The 
friction between each rotating slab does provide some a small vertical mixing but this is very 
small in the deeper slabs due to frictional losses as the huge slabs of water slide over each other.

Waves of various kinds provide vertical mixing motion directly and indirectly.  The most 
important is the downwards propagation of surface wave energy.  The second is thermocline 
waves or seiches but these are unimportant in Lake Merced which is not always stratified and 
only the longer waves (km) mix deep water which the estimated wave length in Lake Merced is 
3m.  Even with long waves most seiches energy is lost as friction when the wave rides over the 
sediments in shallow edge water.  Langmuir Spirals also mix the lake water and are a 
combination the engeries of both waves and currents.  They can be seen as parallel stripes of 
foam or detritus on stormy days and are orientated in the same direction as the wind.  In Lake 
Merced as all other waters the energy of Langmuir Spirals this energy is confined to the upper 
few meters of water and will have no effect on the bottom.  A similar more efficient wave energy 
is that of breaking waves on windy days where parcels of water are ripped from the top of the 
wave and hurled to the trough.  Again almost all of this energy is lost on the surface.  

The model used for Lake Merced ignores the energy of Ekman Spirals, breaking waves and 
Langmuir Spirals since they are very difficult to calculate and are small for small lakes like Lake 
Merced relative to the downward propagation of surface waves on windy days.  The results were 
calibrated against the current lake conditions using the 2011 detailed temperature probe data 
from three depths and were expressed in terms of potential algae blooms and water clarity.

MODEL RESULTS 

The effects of increasing the depth of the south basin of Lake Merced are shown in Tables 2 and 
3. The effects of increases of 0.5 to 3.5 feet on the mixing frequency are shown in Table 2. The 
present mixing frequency of 11 days was determined empirically from the output of the 
continuously recording temperature probe deployed in 2011. As the lake depth increased, the 
mixing frequency decreased because it takes more energy to stir more water. The increases in 
days between mixing were not linear because the loss in mixing energy with depth is almost 
logarithmic. 

T able 2 
M odeled effect of incr easing the depth on the fr equency of mixing in L ake M er ced (South 

L ake).
Present1 Scenario A 

mean
Scenario B 

mean
Scenario C 

mean
Scenario C 
maximum

Depth increase (ft) 0 0.5 1.5 2.5 3.5
WSE (City Datum,
ft.)

6.0 6.5 7.5 8.5 9.5

Water depth (ft) 24 24.5 25.5 26.5 27.5
Depth increase (%) 0 2.1 6.3 10.4 14.6
Mixing frequency 11 12.5 15.0 19.7 25.5
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(days)
Mixing regime Polymictic Polymictic Polymictic Polymictic Moderately 

polymictic
Note: All depth changes are based on the San Francisco City datum which was 0 ft in October 2002. In 2008-2010 
the water surface elevation (WSE) in the lake varied seasonally from about 5 to 7 feet.

1 At this time the precise maximum depth of the lake is not certain but was about 24 feet which is equivalent to the 
depth when the WSE was 6 feet. Small changes in the maximum depth will not affect water quality predictions 
based on calculations presented here since they are all relative to each other.

Based on the summer-fall continuously recording probes deployed in 2011 and some 
assumptions about wave amplitude and wavelength, the additional water will make a noticeable 
difference in the stratification period. The assumptions for Lake Merced were a typical 
maximum waver height of 30 cm and a wave length of 3 m. The increase in depth reduces wave-
driven swirling on the bottom mud that propagates down from the surface. Bottom stirring will 
almost halve from 0.1 cm to 0.04 cm (Table 3). The result in the important variable of mixing is
an increase in the top-to-bottom water column mixing frequency from every 11 days (current 
situation) to every 25.5 days (+3.5 feet).

T able 3 
E stimated changes in bottom water  wave-induced stir r ing with additional depth for  L ake 

M er ced 

E levation/Scenar io measur ed W ater  depth (ft) W ave amplitude at 
depth (cm) 

1 

Surface 0 30
Bottom, Existing 24 0.102
Bottom, Scenario A mean (+0.5 ft) 24.5 0.090
Bottom, Scenario B mean (+1.5 ft) 25.5 0.075
Bottom, Scenario C mean (+2.5 ft) 26.5 0.057
Bottom, Scenario C max (+ 3.5 ft) 27.5 0.044
Calibration 18.8 0.36

1The depth estimates are based on the SF baseline at a recent historical low in October 2002. In 2010, lake depths 
varied between + 6 and + 7 feet from this baseline shown as an average of 24 feet.

Some further support for the concept that increasing depth may improve conditions in Lake 
Merced can be found in the recent Kennedy-Jenks report (2010). This work shows that a recent 
increase in water depth (+1.5 ft; 2000 to 2005) resulted in a slight increase in water clarity as 
measured by Secchi depth. Although the increase was only 8 inches, this is nonetheless an 
approximately 40 percent improvement over the current water clarity. The recent increased water 
transparency was not clearly related to nutrients or algae, since these did not change markedly.
Nitrate decreased and phosphate increased, with no information given for ammonia. The 
transparency increase was likely due to less suspended sediment because turbidity declined 
(Kennedy-Jenks, 2010). A plausible reason is that deeper water allows slowly sinking sediments 
to fall below the wind-mixed zone and thus cease to contribute to poor lake water clarity.
Another possible reason is that the new higher water level results in a shoreline less prone to 
wind-induced soil erosion.
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M ODE L  C A L I B R A T I ON  SUG G E ST  L E A V E  T H I S OUT  F OR  NOW :  I  W I L L  DO A  NE W  
V E R SI ON T H I S W E E K  

Temperature effects indicate mixing events and can be detected in the record of the continually
recording probes (Fig. 2). The result is a certain number of events over time at various depths.
The modeled values are for the fixed depth increases considered (+0.5 to + 3.5 ft) so are down 
close to the bottom of the lake.  However, the in-situ probes were not located at many depths.  
Good in situ probe records for summer-fall temperatures were at LM-4 located at the surface, 10, 
15 and 20 feet down. A temperature spike or trough at the surface may or may not be mixed 
down to create a signal at the bottom.  In general the 0-15 feet probes were located within the 
mixed layer (epilimnion if stratified) and tended to move together as far as temperature is 
concened.  However, the 20 foot probe was located below the mixing layer for much of the time. 
When it received at signal from the surface (temperature spike) an empirical measure of mixing 
can be made.  In this case at LM-4, ther were five clear mixing events (temperature spikes at 20 
m) over 55 days of summer-fall giving a mixing frequency of 11 days.  For the bottom probe at 
LM-3 at 20 feet there were an average of 7 events over 55 days or every 7.9 days. The theoretical 
ratio of the calibration depth modeled mixing frequency at the existing 24-foot depth (11 days) to 
the modeled frequency at 18.8 feet (3.5 days, see Table 2) is 11/3.5 or 3.14. Some measure of 
how realistically this simple mixing model represents the actual situation can be given by 
examination of the actual mixing events in two sites in the lake where continuous recording 
temperature records were made in 2011 (Table 4). For these depths, the empirical ratio of mixing 
events measured in summer-fall 2011 at 15 feet deep versus 20 feet deep (28/7) is 4.0.

Table 4
Measured and modeled water mixing frequencies in Lake Merced in 2011

Depth (ft) Mixing occasions 
detected

Mixing 
frequency (days) Method

15 28 2 Measured

10 LM-4 44 1.3 Measured

20 LM-3 6 to 8 (mean = 7) 7.9 Measured

10 N/A Modleled

20 N/A Modeled

18.8 N/A 3.5 Modeled

24 N/A 11 Modeled

27.5 N/A 25.5 Modeled

Note: the measurement period was 55 days (mid-August to mid-October, 2011).

Considering the simplicity of the model and the estimates made, the agreement with the 
measured lake data (ratio = 4.0) and the model (ratio = 3.1) is quite good and adequate for the 
purpose of predicting water quality changes that would occur if the lake elevation is increased 
under any of the three scenarios proposed. Allowing for the additional information from the 2011 
continuously recording probes, the conclusions in this report are in broad agreement with the 
previous ones such as those by EDAW (2004) and Kennedy-Jenks (2010).
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ESTIMATING EFFECTS OF REDUCED MIXING ON NUTRIENTS AND ALGAL 
BIOMASS 

The concentrations of nutrients in the waters of Lake Merced (Table 5) are similar to many urban 
waters in the semi-arid West. Biologically available nitrogen is scarce (mean total inorganic 
Nitrogen [TIN] = 93 µg/L) and biologically available phosphorus is plentiful (mean total 
phosphorus [TP] = 120 to 200 µg/L). Nitrate and ammonia are readily used by algae but organic
N (most of TN here) is refractory or hard to break down and mostly unavailable for algae 
growth. In contrast, about 80 percent of total phosphorus can be easily converted to biologically 
available phosphate in hours with the common alkaline phosphatase enzymes present in algae 
and sometimes in the free water. The enzyme cleaves the phosphate-carbon bond. Organic N can 
also be converted to ammonia but there is no abundant equivalent enzyme to break the carbon-
amine bond of nitrogen. The mineralization of most organic N to bioavailable TIN takes months 
or years and is far too slow to supply algae blooms that grow in a few days or weeks. Given the 
very low amounts of bioavailable nitrogen present, limitation of algal growth by nutrients is 
possible. Chlorophyll is not present in densities that would limit growth by self-shading,
although during deep mixing events, growth may be light-limited because some algae will be too 
deep for sunlight to reach. At other times, nutrient limitation is possible.

For Lake Merced, the model assumes that the less frequent mixing in the deeper lake options 
would result in relatively less nutrients stirred up from the bottom and consequently less algae 
growth and eutrophication. The number of days between mixing events indicates the frequency 
at which nutrients released from anoxic sediments during temporary stratified conditions are 
circulated up to the illuminated waters and become available to algae. Thus, the mixing 
frequency approximates to the eutrophication potential.

Table 5
Water quality data for Lake Merced during the dry season

Nutrient Concentration (µg/L) CommentsMean Max Min
2011 Data
Nitrate 43 70 19 Very low1

Ammonia 50 140 < 50 Low1

TIN 93 210 69 Low1

TKN (organic-N) 875 1,500 610 Moderate1

TN (TKN + nitrate) ~ 910 ~ 1,600 ~ 630 Moderate1

Phosphate 35 120 21 High1

TP 120 670 210 High1

0.8 TP 96 536 168
TP 2000-03; Casteel et al., 2005 200 High1

Ratios of TIN:0.8TP for Lake Merced and Comparison Values
Lake/Scenario Ratio of TIN:0.8TP Comments
Lake Merced 1:7.8 Strong N-limitation
Balanced growth ~ 10:1 No limitation
Lake Superior, Great Lakes ~ 40:1 Strong P-limitation
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Source: 2011 data (complete citation), Kennedy-Jenks, 2010

1 Nutrient level compared to what would be expected for an urban water body

The clarity of lake water is perhaps the most important and visible water quality parameter that 
impacts the public. Water clarity can be measured by noting the depth to which a white disc 
(Secchi disc) can be seen. Secchi depths range from a few inches in very eutrophic lakes with 
algae scums to over 100 feet in very clear blue lakes like Lake Tahoe. In Lake Merced there 
appear to be two mechanisms that decrease light penetration into the water: suspended inorganic 
sediments and algae. Light absorption by water is reduced by algae (chlorophyll) and is related in 
the model to water clarity. Water clarity due to sediment is modeled by difference. Lake Merced 
has poor water clarity (2 feet) but has seen a recent small increase in water clarity probably due 
to improvements in watershed sediment control. The change could also be due to the additional 
few feet of water added (decreased mixing) or increases in shoreline submerged vegetation 
(reduces wave-generated sediment suspension).

The decrease in light attenuation in water is non-linear so in more eutrophic lakes the human 
observer on the shore has difficulty in seeing an increase in water clarity even when chlorophyll 
declines substantially (Fig.4). Once a certain threshold is reached, however, relatively small 
changes in the amount of algae produce observable benefits to the shoreline observer. The lake 
water is at least potentially nutrient-limited, with nitrate being the limiting nutrient – at least in 
terms of biologically available nutrients. The effects of decreased nutrients caused by lower
sediment mixing due to higher water levels should have an effect on eutrophication, algae, and 
water clarity. The changes in nutrients caused by simple changes in mixing are assumed to have 
a linear relationship. The relationship of nutrients to algae, however, will not be one to one 
(nitrogen released all going to algal growth) since there is considerable inefficiency in converting 
nutrients in the water to algal biomass.

The estimates of algae (chlorophyll) and water clarity modeled from the changes in mixing were 
calculated in a simple Excel spread sheet and summarized in Tables 6a and 6b. For Lake Merced, 
the empirical data shows the average summer chlorophyll a was 30 µg/L (2000 to 2003, Casteel 
et al., 2005) and 27 µg/L (range 4.7 to 100; Kennedy-Jenks, Jan 2010). For this analysis, 30 µg/L 
was used.

For the +2.5 feet WSE increase, an estimated decrease of 40 µg/L is TIN is predicted with a 
resulting decrease in algal chlorophyll a of 4.5 µg/L (Table 6a). The decrease in chlorophyll a is 
based on measured changes in chlorophyll in Lake Merced with measured changes in TIN. This 
is described further in the Increase in Algae Due to Storm Water Inflow section below.
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Current 
situation 

Effect of  higher 
water + 0.5 to + 
3.5 ft

Eutrophic-mesotrophic 
boundary

Mesotrophic-
oligotrophic boundary Stow Lake

GGP. 143 ug/L

Crystal Springs 
Res, 1.2 ug/L

Mt. Lake, Presidio, 28 ug/L

Effect of 
storm 
water 
nutrients

NET EFFECT

F igur e. 4. R elationship of algae as chlor ophyll and water  clar ity as Secchi depth for  L ake 
M er ced at pr oposed depth incr eases (+0.5 to + 3.5 ft.). Also shown is the location of three 
other San Francisco Area lakes on the chlorophyll-water clarity curve.
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T able 6a 
E stimates of effects of a r ange of incr eased depths on chlor ophyll for  L ake M er ced

E levation/Scenar io W ater  
depth (ft)1

Polymictic 
Index (2011 

= 100)

Estimated 
TIN in 
mixed 
water 

column 
(µg/L)

TIN 
decreas
e µg/L

Estimated 
chl a µg/L at 

surface

Chl a
decrease 

µg/L

Surface 0 90 0 30
Bottom, Present 24 100 90 0 30

Bottom, Scenario A 
mean (+0.5 ft)

24.5 88 79 11 28.5 1.5

Bottom, Scenario B 
mean (+1.5 ft)

25.5 73 66 24 26.7 3.3

Bottom, Scenario C 
mean (+2.5 ft)

26.5 56 50 40 24.5 5.5

Bottom, Scenario C 
max (+ 3.5 ft)

27.5 43 39 51 23.0 7.0

Note: The mean Secchi depth for Lake Merced in 2009 was approximately 2 feet and 
corresponded to a dry season algal chlorophyll a value of 30 µg/L (2000 to 2003 data). This is 
similar to the long-term data set [chlorophyll a 27 µg/L & Secchi depth 1.8 ft (1997 to 2008)]. 
The TIN in summer is 90 µg/L (Table 7).

The various depth increases produced estimated chlorophyll a reductions of up to 7 µg/L (about 
23 percent). A maximum decrease of 23 percent in algae would result in only a small decrease in 
BOD in the sediments since not all algae sink as complete cells. Thus the maximum increase in 
depth would not be a cure for the bottom water low DO episodes.

T able 6b 
E stimates of effects of a r ange of incr eased depths on water  clar ity for  L ake M er ced 

E levation/Scenar io Estimated chl a
µg/L at surface

Estimated Secchi 
depth (ft)

Eutrophication estimates

Surface 30 2 Eutrophic, no visible changes
Bottom, Existing 30 2 Eutrophic, no visible changes

Bottom, Scenario A 
mean (+0.5 ft)

28.5 2 Eutrophic, no visible changes

Bottom, Scenario B 
mean (+1.5 ft)

26.7 2 Eutrophic, no visible changes

Bottom, Scenario C 
mean (+2.5 ft)

24.6 2 to 2.3 Eutrophic, possible slight 
increase in water clarity
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Bottom, Scenario C 
max (+3.5 ft)

23.0 2 to 2.3 Eutrophic, possible slight 
increase in water clarity

In terms of water clarity, no effect can be expected even though chlorophyll is estimated to drop 
with increased depth. There is no water clarity improvement in proportion to lower chlorophyll 
levels at these concentrations since the curve of chlorophyll with clarity is flat at this algae 
concentration (Fig 4). Because of the shape of the chlorophyll/water clarity relationship (Figure 
1), no discernable change in water clarity occurs over the chlorophyll a range of about 16 to 38 
µg/L. It is unlikely that anyone could see such a small change and Secchi depths of 2 to 2.3 feet
are indicative of poor water quality. A goal for Lake Merced would be 6.5 feet which is the 
threshold of the eutrophic-mesotrophic conditions.

The photic zone or layer where the light intensity is suitable for photosynthesis can be defined as 
that greater than 1 percent of incident light. By convention, the zone below 1% of incident 
surface light is too dark for photosynthesis (Horne & Goldman, 1994) and is the called the 
aphotic zone.  The photic zone depth is not known for Lake Merced but can be approximated as 
2.3 times the Secchi depth (2 feet) and is thus 4.6 feet. Algae grow well in the upper 3 to 6 feet
of water unless they were stirred down into the deeper dark water bellow. However, almost 80
percent of the lake water column of 24 feet below the photic zone is thus too dark for algae 
growth. The lake mixes fully every 11 days and probably down to about half way (10 to 13 feet)
every windy afternoon. Thus, the algae would spend much of the daylight hours in the dark with 
reduced efficiently of growth. This is the likely reason that there are not more algae in Lake 
Merced. If the lake did not mix or was shallow enough for mixing only in the photic zone,
chlorophyll levels would probably be 5 to 10 times as great.

FURTHER DEPTH INCREASES 

Previous small depth increases (few feet from 2002 to present) resulted in lower turbidity 
(Kennedy-Jenks, 2010) and this report indicates some possible, if small, further improvement in 
algae reduction and water clarity increase if a further few feet of depth are added. A common 
management practice for eutrophic lakes is dredging, which would add about 3 more feet to the 
lake depth. The relative improvement would be small and similar to that found in the past. In 
contrast, the removal of nutrient-rich sediments alone would improve water quality considerably 
but would soon be negated unless the inflowing water was low in nutrients. Due to the cost of 
dredging per unit area and the size of Lake Merced, dredging of substantial areas does not seem 
likely in the near future.

An improvement in water quality in Lake Merced noticeable to the public following the 
proposed up to 3.5 feet depth increase would require an active management such as aeration-
mixing. This technique is an eminently suitable solution for Lake Merced and would almost 
guarantee compliance with the pH and dissolved oxygen standards. The lake water is unusually 
cool due to its location by the Pacific Ocean, so mixing would be energy-efficient. Although 
Lake Merced is stratified in summer-fall, the cooler surface water (typically 19-20oC) is less 
dense than, for example, a similar lake in the East Bay such as Upper San Leandro Reservoir 
(USL ~ 22-23oC; Horne et al., 2003).  Likewise, the deep water temperatures are also warmer in 
Lake Merced (17-18oC) than USL (13-15oC, upper hypolimnion).  The temperature difference 
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for bottom and top water layers is thus about 8.5oC for USL but only 2oC (max is not known 
since fall bottom water temperature probe data for summer-fall is not yet available).  It is easier 
to mix water layers with similar temperatures.  However, the temperature difference of 6.5 
degrees is not quite as large as the density difference since two warm water layers are harder to 
mix that two cooler layers with the same temperature difference between layers.

To replace summer polymixis-holomixis with a thermally stratified monomictic lake would 
require a depth increase of at least 12.5 feet over the present conditions. However, even then, the 
newly formed hypolimnion would be so small that it would soon become depleted in oxygen. To 
ensure high-quality water in a monomictic Lake Merced would require installation of a Speece 
Cone type oxygenation system.

EFFECTS OF INCREASED NUTRIENT LOADING FROM MAKEUP STORM 
WATER ON ALGAL BIOMASS 

At present, Lake Merced is virtually a terminal lake with no outflow to the sea. Thus, any 
nutrients entering the lake will either dilute or concentrate nutrients in the water depending on 
their concentration. Since the lake receives no surface runoff in the dry season, apart from an 
unknown amount of groundwater, the amount of nutrients present in the lake in late winter and
early spring will determine the amount of algae that will grow between March and November.

Increased water flow to the lake is needed to increase its depth. The additional inflow brings with 
it nutrients and, unless treated, storm water nutrients could increase undesirable eutrophication.
On average, storm water in winter 2012 contained moderate amounts of nutrients; median TP 
170 µg/L, Nitrate-N 310 µg/L, ammonia-N 150 µg/L (thus TIN = 460 µg/L; Table 7). Base flow 
nutrients were also higher in the storm water canal than lake base flow values (Table 7) but only 
TIN (mostly nitrate) was considerably greater – 3,720 µg/L (base flow) versus 95 µg/L in the 
lake. The ratio of storm water N:P using (0.8 x TP)/TIN was 3.4 and indicated N-limited water in 
terms of potential algal growth. In comparison, Lake Merced water at this time had an almost 
identical TP concentration (150 µg/L) to storm water (170 µg/L TP) but only about one-fifth of 
the TIN level of the incoming storm water. This is not surprising since Lake Merced is strongly 
TIN-deficient and TP-rich, relative to many U.S. waters located in cooler, wetter climates. Thus 
incoming storm waters were potentially biostimulating and could increase eutrophication.

Table 7
Summary of nutrients in storm water, base flows, and Lake Merced in winter-spring 2012

Water Source/Body TP Nitrate Ammonia TIN 0.8 TP/TIN
Storm flow 170 310 150 460 3.4
Storm water canal base flow 260 3,600 120 3,720 17.9
Lake water 150 40 50 90 0.8
Lake water base flow 130 45 50 95 0.9
Lake water premier flush 170 30 50 80 0.6
Storm water premier flush 1,600 1,100 970 2,070 1.6
Note: Median values. TIN = Total Inorganic-Nitrogen (nitrate + nitrite + ammonia). Data from 
recent surveys reported in full elsewhere.
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Under certain conditions, here defined as the “premier flush” the concentrations of both TP and 
TIN in the storm water increases to 12 (TP) and 22 (TIN) times the concentrations in the lake 
water (Table 7). This flush is important because it contains higher nutrient concentrations and 
can be conveyed to the ocean with the existing pipeline. Under some circumstances it will be 
possible to pass this premier flush water to the ocean and use the second flush of much cleaner 
water to raise the level of Lake Merced and also to flush out salts that increase alkalinity and pH.
Even though the volume of storm water is relatively small (~ 20%) compared with that of the 
lake at the time of winter storms, the potential input from the premier flush may increase nutrient 
concentrations in the lake. Algae can use either nitrate or ammonia, so TIN is a convenient 
summary of the eutrophication effects of added storm water. In any event, ammonia arriving at 
the lake would probably be rapidly oxidized to nitrate before uptake since winter algal growth is
limited by the weak sunlight. The TP from the premier flush would be less likely to have an 
effect, possibly because the overall amount would be less and 65 percent of the TP in recent 
storm water was present as particulate matter (1,600 minus 560 is 1,040 µg/L) rather than the 
soluble phosphate form. Particulate matter would sink to the bottom in the lake and not 
necessarily affect free water, especially under the fully oxidized winter conditions.

Over winter, the nutrients in Lake Merced build up due to releases from the sediments, 
groundwater and any surface water inflows, as well as direct precipitation and dust on the lake 
surface. As winter turns to spring, the nutrients begin to fall as algae grow and use them up 
(Table 8). In particular, TIN reached 120 µg/L on January 23rd, 2012 then fell to 40 µg/L by 
March 13th (Table 8). Using this empirical data from late fall to spring 2012 (Table 8), a 
maximum decline of about 80 µg/L of TIN (120 minus 40 µg/L of nitrate + ammonia) occurred.
Since nitrogen is the potential limiting nutrient for algal growth, it is likely that the 80 µg/L of 
TIN taken up became incorporated into phytoplankton during the “spring” blooms of algae. The 
terms spring, summer, and fall phytoplankton blooms were coined by temperate zone 
limnologists and in lower latitudes the spring bloom is often a late-winter growth. In addition, 
although algal growth is low in winter due to low light, there is sufficient illumination for some 
growth and algae can take up some nutrients and store them for later use.

Table 8
Changes in nutrients in the lake and in storm water measured over winter in Lake Merced in 2012

Nutrient (units 
ug/L as N or P)

1/20 1/23 2/29 3/13

Lake
TP 150 140 110 100
Nitrate-N 20 70 20 10
Ammonia-N 50 50 50 30
TIN 70 120 70 40
Storm water
TP 620 170 360 180
Nitrate-N 1,100 210 260 580
Ammonia-N 1,100 50 210 170
TIN 2,200 260 470 350
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I NC R E A SE  I N A L G A E  DUE  T O ST OR M  W A T E R  I NF L OW  

The average increase in chlorophyll from wet (winter) to dry (summer) season over the years is 
11 µg/L (30 minus 19 µg/L, Kennedy-Jenks, 2010) and the average uptake of TIN in early spring 
was described in the previous paragraph to be 80 µg/L. Thus 1 µg/L chl is grown by the decrease 
of 7.3 µg/L TIN (80/11). This value can be used to predict the amount of algae that will grow 
given a known amount of TIN added in storm water. The 1 to 7.3 relationship is not a directly 
causal relationship since it was empirically derived and accounts for direct uptake of TIN for 
algal growth but also the losses of algae by sinking to the bottom, grazing of algae by 
zooplankton at the time and any parasitism that may have occurred possibly due to chytrid fungal 
attacks.

The detailed calculations to predict the effects of various volumes of storm water needed to give 
+0.5 to +3.5 feet in the lake were made using an Excel spread sheet and are summarized in Table 
9). An example for +2.5 feet is shown below. The calculation gives the potential amount of TIN 
added in storm water. In actual conditions some of the TIN added with each storm will be taken 
up by algae and so not show up in the water as a cumulative sum of TIN.

For a proposed water elevation increase of 2.5 feet over a surface area of 163 acres, the increase 
in volume is approximately 502 x 106 L. The mean concentration of TIN in recent storm water 
was 460 µg/L. Thus, the storm water inflow adds approximately 230 x 109 µg TIN.1

The new TIN concentration at the end of the winter (assuming no TIN uptake during winter 
darkness) results from the mixing of the sum of the inflowing TIN and that in the lake divided by 
the sum of the volumes of the inflowing storm water plus the lake water. This is (230 µg + 234
µg) x 109/(0.502 L + 2.6 L) x 109, or approximately 150 µg/L TIN for final lake water TIN 
concentration (again assuming that no algal uptake occurred). Without storm water, as at present, 
the lake concentration of TIN is 90 µg/L at the end of winter (Table 7).

The lake 
winter volume without storm water is 2.6 x 109 L and contains 90 µg/L TIN, or a total of 234 x
109 µg TIN.

Thus. the increase in TIN by the end of spring due to the addition of enough storm water to 
increase the lake level by 2.5 feet is approximately 60 µg/L (150 minus 90). Given the TIN-
chlorophyll relationship established empirically above (7.3 µg/L TIN = 1 µg/L chl), the predicted 
increase in algae due to the storm water nutrients is 8.2 µg/L (60/7.3) measured as chlorophyll a.
The results for the other depths are shown in Table 9

Table 9
Effects of storm water nutrient inflows to Lake Merced with winter 2011-12 nutrient 

concentrations

1 502 x 106 L water * 460 x 10-6 µg TIN/L water = 230 x 109 µg TIN
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Scenario Additional 
volume of 
water added
(L x 106)

Amount of 
TIN added 
(µg x 109)

Amount of 
TIN present 
before storm
(µg x 109)

Final TIN 
concentrati
on at end 
of wet 
season
(µg x 109)

TIN 
increase 
(µg/L)

Estimated 
Chl change
(µg/L)

Scenario A 
mean (+0.5 ft)

99.9 46 234 104 13.7 1.9

Scenario B 
mean (+1.5 ft)

300 138 234 128 38.3 5.2

Scenario C 
mean (+2.5 ft)

500 230 234 150 59.7 8.2

Scenario C 
max (+3.5 ft)

700 322 234 169 78.5 10.7

NET EFFECTS OF DECREASING ALGAE DUE TO DEEPER WATER AND 
INCREASES DUE TO ADDITION OF NUTRIENTS IN STORM WATER 

The net effects of the two opposing effects of deeper water (less mixing) and additional storm 
water nutrients are shown in Table 10. Continuing with the example of +2.5 feet used above
(Scenario C), an increase of 8.2 µg/L chlorophyll due to the storm water nutrients (Table 9) can 
be compared with the decrease of 5.5 µg/L (30 – 24.5) produced by decreasing lake mixing and 
sediment nutrient fluxes taken from Table 6a. The increase of 8.2 µg/L due to increases in TIN 
for Scenario C would be partially balanced by a decrease of 5.5 µg/L chl due to the beneficial 
effects of a deeper lake giving a net increase of 2.7 µg/L chl or an increase of 9 percent in algae.

Table 10
Estimated net effects of increases in water depth and storm water nutrient inflows (TIN = 460 µg/L) 

to Lake Merced
Scenario Chl change 

due to water 
depth increase

µg/L

Chl change due 
to storm water 

addition
µg/L

Net Chl change due 
to water depth 

increase with storm 
water

µg/L & (%)

Net chl 
µg/L

Net change in 
Secchi depth

cm
(%)

Scenario A 
mean (+0.5 ft)

-1.5 +1.9 +0.38
(1.3%)

30.4 0

Scenario B 
mean (+1.5 ft)

-3.3 +5.2 +1.9
(6.5%)

31.9 0

Scenario C 
mean (+2.5 ft)

-5.5 +8.2 +2.7
(8.9%)

32.7 0

Scenario C 
max (+3.5 ft)

-7.0 +10.7 +3.8
(12.5%)

33.8 0

Note: Values of increases and decreases in chl for various depths from Tables 6a and 9. No visible 
change in water clarity (Secchi disc depth) occurs with small increases in chlorophyll because the water is 
optically saturated at chl > 30 µg/L at about 100 cm. Decreases below approximately 30 µg/L do produce 

E-26



25

small increases in water quality. Decreases below 15 µg/L chl begin to show non-linear increases in water 
clarity.

C A L C UL A T I ON OF  T H E  DE C R E A SE  I N ST OR M  W A T E R  NUT R I E NT S R E QUI R E D T O G I V E  DE F I NE D 
I M PR OV E M E NT S T O L A K E  W A T E R  QUA L I T Y   

The basis of the TMDL regulations is to reduce inflowing nutrients to meet a goal in the lake
water quality. For example, it might be desirable to turn a eutrophic recreational lake into one 
with a mesotrophic state. These calculations were made for Lake Merced using a simple Excel 
spread sheet and are summarized in Table 11. The model indicates that any watershed method(s) 
that would result in no effect value for chlorophyll (< 1 µg/L change) would need to decrease
storm water TIN to 360 µg/L. A TIN concentration of 360 µg/L needed to keep the lake at the 
chlorophyll level found in the past decade (less than 1 µg/L increase) could potentially be 
achieved through watershed BMPs, a nitrogen-stripping system such as wetlands, or a 
combination of the two. However, nitrate-removal wetlands work best at warmer summer 
temperatures so would need to be quite large to work in winter when denitrification is relatively 
inefficient (50 mg NO3-N/m2/d compared with values of 500 mg NO3-N/m2/d in summer).
Various BMPs including limiting the over-use of N-fertilizers on large areas could assist in this 
reduction. However, the model predicts that no reduction in TIN in storm water would result in
average chlorophyll increase in the lake of only an average of 2 µg/L or 7 percent above present.
This would not make a visible difference to the water clarity at levels approximating 30 µg/L.

As has been found in many lake restoration projects, the inability of even large reductions in 
inflowing nutrients in storm water to decrease algae in the lake is due to the internal loading of 
nutrients from the sediments in summer which is not influenced by winter inflow except over 
very long time periods. Thus, not too much can be expected in terms of reduction of TIN by 
using BMPs in the watershed. However, one outstanding success has been the elimination of 
very dense seaweed (Ulva) growths in Newport Beach Harbor by a combination of N-removal 
wetlands (IRWD, Irvine; Horne, 2003a., ) and BMPs in nurseries (Horne, 2003b).

Table 11
Concentrations of TIN in storm water needed to give certain desirable levels of algae, expressed as 

chlorophyll

TIN µg/L Depth increase Option Mean of all 
depth increase

+0.5 ft +1.5 ft +2.5 ft + 3.5 ft

460 (current 
storm water)

30.4 31.9 32.7 33.8 32.2

360 (cleaner 
storm water)

29.9 30.5 30.5 30.9 30.4

Note: The TIN in the lake water is assumed to remain constant at the 2012 level of 90 µg/L. Storm water 
in winter 2011-12 contained an average of 460 µg/L TIN.
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APPENDIX 

Table A-1. Limnological data for Lake Merced.
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Parameter US units Metric units 

Normal pool (WSE + 6 ft above Oct 2002 SF 
datum)

Area, A 163 acres  ha 

Depth max zmax 24 feet  7.3 m 

Depth mean z (estimated from bathymetric survey 
on 26 Jan 2006) 

 13.2 feet  4.0 m 

Volume, V 700MG x 3.07 2,150 acre-feet  2.6 x 109L

Maximum width  Ft m

Maximum length Ft m

Maximum fetch, dam to inflow Ft m

Inflow surface & ground water (all 4 lakes) 173-
371 MG/y 

531-1,139 af  

Hydraulic residence time (modern) 1.9-4 yrs  

Aquifer extraction, modern 3285 MG/y 10,085 af  

Possible total inflow (original = 0.66 x modern 
extraction + modern inflow) 

~ 11,000 af  

Possible hydraulic residence time (original) Few months  

Drainage area, original 2176-5248 6320 acres  ha 

Drainage area, modern ~ 600 acres  

Ratio, reservoir area: original drainage area 1:39  

Eutrophication prediction base on original ratio Mesotrophic

Ratio, reservoir area: modern drainage area 1:4 

Eutrophication prediction base on ratio Oligotrophic  

Chlorophyll a, mean 30 µg/L  

Secchi depth transparency, mean 2 ft 60 cm 
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Calibration. Mixing events can be detected in the record of the continually recording 
temperature probes (Fig. 2). During a mixing event, a temperature change at the surface is 
propagated down.  More vigorous storm mixing gives larger waves and shows up deeper than 
gently surface wave mixing.  The result is a certain number of events (spikes in the temperature 
record) over time at various depths.  The depth increases proposed for Lake Merced (+0.5 to + 
3.5 ft) are equal to total depths of 24 to 27.5 feet.  Good in situ probe records for summer-fall 
2011 temperatures were from the surface, 10, and 20 feet down LM4 and surface and 15 feet 
(near-bottom) for LM3. Surface data cannot be used for mixing at depth so the best data sets 
were 20 feet at LM4 and 15ft at LM3.  Since the effects of deeper water column mixing were the 
subject of most interest, the calibration number was taken as the clearest deep value the 20foot 
set from LM4.  At this depth, there were five clear mixing events (temperature spikes at 20 m) 
over 55 days of summer-fall giving a mixing frequency of 11 days (Fig. 2). This value of 11 
days at 20 feet was used to calibrate the model for all depths.

Validation. The available depths for validation of the model were those not used in the 
calibration; the 10feet depth from LM4 and the 20 foot set from LM3. Note that since the model 
is calibrated from an actual lake mixing event (20 feet at LM4), it is not a fully independent 
model based only on the first principles of water motion.  The modeled mixing events were 
compared with those from the two depths available. For the 15foot LM3 data set there were 
about 200 discernible spikes, 28 moderate ones, and six major events.  Taking only those 15foot 
depth temperatures spikes that were matched with surface temperature spikes and limiting events 
to greater than 0.5o

Table 4

C gives 18 events or a mixing frequency of just over 3 days (Table 4). The 10 
foot report at LM-4 is more chaotic, as would be expected for near surface waters, but 44 events 
were recorded over 55 days giving a mixing event every 1.3 days (Table 4).

Model validation: measured and modeled water mixing frequencies in Lake Merced in 2011. The 
measurement period was 55 days (mid-August to mid-October, 2011).

Depth (ft)
Mixing occasions 

detected Mixing frequency (days)
Measured Modeled

10 ft LM-4 44 1.3 1.0
15 ft LM-3 18 minor 3.1 3.3

The comparison of the measured and modeled values is shown in Table 4.  Considering the 
assumptions made and the calibration using lake data, the agreement between modeling and 
measured values is adequate for the purposes of predicting the effects of small percentage 
increase in water depth.  Allowing for the additional information from the 2011 continuously 
recording probes, the conclusions in this report are in broad agreement with the previous ones 
such as those by EDAW (2004) and Kennedy-Jenks (2010).
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Figure 2: Mixing events shown by temperature probes Aug-Oct 2011 
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Memo to: Josh Ferris, ESA & Tom Hall, EOA
From: Alex Horne
Re: ACIDITY AND ALKALINITY (pH) IN LAKE MERCED, SAN FRANCISCO IN 
RELATION TO EXCEEDENCE OF BASIN PLAN STANDARDS
Date: First draft 3 July 2012

SUMMARY

The pH of surface water layers in Lake Merced frequently exceeds the Basin Plan maximum of 
pH 8.5. Based on the lake’s moderately high alkalinity (x = 172 ppm; range 136-230), the 
equilibrium pH of the Lake Merced water can be predicted empirically as about 8.5. The actual 
daily average pH in September 2011 was 8.45 with an average daily minimum of 8.2 and an 
average daily maximum of 8.7, thus corroborating the predictions based on alkalinity. 
September 2011 has the most detailed data set gathered using in situ probes and is a typically a 
month of frequent blue-green algae nuisance blooms. In addition, occasional measurements of 
pH over the last 40 years also average ~ 8.5. As is common in eutrophic lakes (L. Merced 
chlorophyll a mean ~ 30 ug/L), algal photosynthesis dominates the daily pH fluctuations and 
cause most pH values above 8.5.  Due to the buffering effects of the alkalinity, pH fluctuations 
driven by photosynthesis in Lake Merced were small relative to other lakes.  In September 2011
the average diel change in pH was only 0.5 while most eutrophic lakes show twice this value.  
However, because even the small increases occurred on a higher base pH level than many other 
lakes, the resultant pH often exceeded current Basin Plan standards.

The alkalinity in Lake Merced has an unusual history. The lake was mostly likely once a
brackish water estuarine channel in summer (~ sea water alkalinity?), a storm-flushed channel 
during winter storms (low alkalinity), a dammed drinking water storage reservoir (low alkalinity) 
and now a terminal lake with a long water residence time (moderately high alkalinity).  All 
terminal lakes eventually have high alkalinity and high equilibrium pH and this may explain the 
current moderately high baseline pH in Lake Merced. The highest pH values (9.1) in Lake 
Merced were not balanced by low values (7.0 -7.5) as would be expected for a lake with a 
watershed dominated by sandy lightly-buffered soils.  Poorly buffered waters typically show 
large fluctuations in pH but with expected low values well below the neutral pH of 7. Alkaline 
base ions are accumulating over time although this is more evident over the last 50 years in the 
more isolated North and East Lake basins.  Regional alkalinity variations explain differences in 
pH standards in various states in the US, some of which recommend the same pH range (6.5-8.5)
while others use 6.0-9.0 – a standard with which Lake Merced would generally be in compliance.

One possible solution to the current higher pH excursions and baseline alkalinity in Lake Merced 
is a large reduction in chlorophyll by substantially reversing eutrophication. To achieve the pH 
standard of 8.5 from an average base of 8.2 would require halving current chlorophyll 
concentration assuming that would halve the photosynthetic rate. Due to hysteresis effects, an
algal decrease of that magnitude may be infeasible in a shallow lake with an urban drainage and 
legacy nutrient pollution in the sediments. An alternate solution would be to increase the flow of 
low-alkalinity fresh storm water when appropriate to dilute and flush out higher alkalinity water
lying near the lake bed. The solution is ecologically attractive since it restores some of the 
natural original hydrology.
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ACID AND ALKALINITY pH IN LAKE MERCED

The pH of the surface water layers in Lake Merced sometimes exceeds Basin Plan standards 
(max pH 8.5) while bottom waters rarely do (Fig. 1). High pH events (> 8.5) average about 6 
hours and range from an hour or so to an entire day. High pH occurs on almost every day in 
summer and fall and has been similar for the last 40 years (Fig 2). Although high pH 
occurrences are common in eutrophic lakes in the later morning and early afternoon, the 
frequency, duration and temporal patterns of high pH found in Lake Merced are not in line with 
the lake’s eutrophic state and algal abundance (chlorophyll a: ~ 30 ug/L). Typically much 
greater high values in the day and lower pH values at night or on cloudy days would be expected
(Straskraba, 1986).

The pH or the abundance of acidic hydrogen ions is controlled by several variables but in 
moderately productive and eutrophic lakes a daily cycle occurs in the surface waters with highest 
pH in the day and lowest at night.  The best explanation for the observed cycle is algal 
photosynthesis.  When algae photosynthesize two processes occur both of which increase pH.  
The first process is the uptake of CO2, carbonate, bicarbonate or carbonic acid.  The process is 
shown below:

nHCO3
- + nH2O �����2O)n + nO2 + nOH-

[Calcium bicarbonate + water ����	
�hydrate (cell contents) + hydroxide ion (alkaline)]

The other carbonate reactions involving carbonate (CO3, also alkaline hydroxide ion production) 
and carbonic acid (H2CO3, neutral products) are not important quantitatively under normal lake 
pH conditions since their concentrations are small compared with bicarbonate. Other ions may 
affect the overall lake alkalinity.  However, the ratio of hardness (essentially carbonate-
bicarbonates) to alkalinity (total bases) is almost unity (172: 180) in Lake Merced indicating that 
the carbonate-bicarbonates dominate the alkalinity discussed earlier. Thus other bases can be 
ignored. 

The second process affecting pH is the direct uptake of acidic hydrogen ions (H+) in 
photosynthesis although this is less easily expressed in simple equations.  The net result is that 
high rates of photosynthesis will elevate pH in lakes, especially in the most sunlit periods 10-4
pm.  It is important to note that the rate of photosynthesis, not the amount of algal biomass is 
important in pH elevation.  If some other factor such as light, lake turbidity, mixing or nutrient 
stress depresses photosynthesis, pH elevation will be muted regardless of the chlorophyll 
concentration. This was obvious during a mixing event in Lake Merced on 16-19 September 
2011 when surface water pH dropped considerably relative to more thermally stratified 
conditions (compare figs. 1 & 3). It is important to recall that changes in pH due to addition or 
subtraction of CO2 do not change alkalinity. 

Strictly, the rate of morning photosynthesis sets the degree of pH change but since this is not 
measured very often, the amount of chlorophyll is used as a surrogate for photosynthesis.  
Photosynthesis is controlled by factors that are much more transient than chlorophyll or algal 
biomass, so in eutrophic lakes pH is hard to predict.  In addition, photosynthetic inhibition which 
occurs on most afternoons obviously cuts down photosynthesis but chlorophyll does not change.
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The low part of the pH cycle in surface waters occurs in the dark when algal respiration 
dominates and acidic CO2 is produced and photosynthetic uptake of CO2 ceases. The CO2
production at night in surface waters is usually greater than that produced by algae alone since 
zooplankton and small fish migrate from hiding places in the day to forage and respire in the 
surface waters.

The conclusion is that the cycles of high pH in Lake Merced are due to algal photosynthesis in 
the day and respiration by algae, zooplankton and fish at night.  The remaining problems are:

� Why are the average pH values so high in Lake Merced relative to others that have more, 
even much more algal biomass?

� Why are the pH values so high in a lake with a relatively acid, sandy drainage basin?
� What is the role of the lakes moderately high alkalinity in setting baseline pH values?

Baseline conditions for alkalinity and pH

As previously discussed, the elevation of pH by photosynthesis during sunny mornings is 
generated by algal photosynthesis.  However, the actual pH value reached takes place on a 
background of a “natural” or “usual” pH. In general, the background pH is set by the alkalinity 
or abundance of alkaline minerals in the water.  Where there are a lot of alkaline minerals such 
as in the ocean, the “background” pH (~ 8.1 to 8.2) is higher than most freshwater lakes (~ pH 7;
range 6-8) due to the high concentration of salts including those like carbonates that are bases or 
alkaline salts. However, saline or terminal lakes can have a much higher background, for 
example the pH of very alkaline and very saline Mono Lake is almost 10.  

Considering only freshwater lakes, those on granitic soils have a low pH, sometimes below the 
neutral point of 7 and are thus in danger from acidification from acid rains.  All rain water is 
slightly acidic (pH ~ 5.4) so all lakes would be acidic if not for the neutralizing effects of the soil 
and the buffering effects of the basic ions in the lake water itself.  The “soft” or low alkaline salt 
lakes differ from “hard” or moderately alkaline lakes in that there is little carbonate (and some 
other alkaline salts) to act as a buffer to the introduction of acid in acid rain.  Acid rain with pH 
as low as 4.0 due to sulfates and nitrates from human pollution, can overcome soil neutralization 
but is not of concern for Lake Merced whose airshed is mostly the open ocean.

If an acid hydrogen ion from the natural carbonic acid in rain meets an alkaline carbonate ion in 
the soils of the drainage basin, the results is a more neutral water and more neutral pH.  When 
the supply of carbonate is naturally low or runs out, the water becomes acidic. In lakes with 
carbonate-rich soils such as limestone, there is an abundance of alkalinity so, unlike the case of 
acid rain, these lakes have high alkalinity and high pH even with considerable amounts of acid 
rain. Lake Merced has an ample supply of basic ions in the lake but the sandy soils of the San 
Francisco watershed would be expected to be deficient in basic rocks like limestone.  Thus the 
history of the lake may play a role in its current pH situation.

The equilibrium or average baseline pH in a lake, as distinct from daily or seasonal variations, is 
set by the amounts and kinds of salts and can be predicted from its alkalinity.  Lakes with more 
alkalinity generally show a higher baseline pH (Saffran & Trew, 1996; Tucker & D’Abramo, 
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2008). Based on its relatively high alkalinity ( = 172 ppm; range 136-230; Kennedy-Jenks, 
2010), the equilibrium pH of the Lake Merced water can be predicted empirically from studies in 
other lake regions as about 8.5 (Fig. 4). The actual daily average pH in Lake Merced in 
September 2011 was 8.45 with an average daily minimum of 8.2 (mean low) and an average 
daily maximum of 8.7, thus corroborating the predictions based on alkalinity.  The data from 
September 2011 at SM3 was used since it has the most detailed summer-fall data set gathered 
using continuously-recording in situ probes.  September is a typically a month of high pH values 
and the frequent blue-green algae nuisance blooms.  However, occasional measurements made at 
various times of years showed that pH over the last 40 years averaged ~ 8.5 (Fig. 2). The 
alkalinity range of Lake Merced is 136-230 ppm but due to the exponential relationship of pH 
and alkalinity, equilibrium pH would remain above 8 at all measured alkalinities.

So many changes have occurred to the watershed of Lake Merced that the alkalinity of the 
original watershed runoff is not known.  As mentioned earlier it would be expected to be lower 
than the present due to the sandy soils. Other sandy watersheds in the US have much lower 
alkalinities than Lake Merced (e. g. Sand Lake, MI, 55 ppm, Hay, 1994). In contrast to Lake 
Merced with its alkalinity of 172 ppm, a lake with about 100 ppm alkalinity will have a much 
lower equilibrium pH just below 8 (Fig. 4). Very soft water such as that from the granite Sierra 
Nevada will have a low alkalinity.  For example, the alkalinity of San Francisco’s water supply is 
less than 10 ppm due to the supply from the granitic Hetch Hetchy reservoir watershed. Some of 
this low alkaline water was historically used to maintain the elevation of Lake Merced which 
would have lowered baseline alkalinity and pH.

POSSIBLE SOLUTIONS TO THE HIGH BASELINE ALKALINITY AND PH OF LAKE 
MERCED

Reduction of eutrophication

Lake Merced is undesirably eutrophic for its current uses.   Decreasing eutrophication in Lake 
Merced is a goal of several strategies including Best Management Practices (BMPs), nutrient 
removal wetlands, and most in-lake management options.  The higher pH excursions in Lake 
Merced are in part due to algae so fewer algae in the lake would be one possible solution.  A 
substantial reversal in eutrophication with concomitant reduction in chlorophyll would give 
smaller pH increases.  However, with the same alkalinity these smaller pH increases would still 
occur from a mean pH base of 8.45 so that the standard of 8.5 would still be exceeded. In 
addition, the pH standard of 8.5 from an average base of 8.2 would require reducing the current 
chlorophyll concentration by about half.  

Large nutrient reductions such as the diversion of sewage inflows to deep thermally stratified 
lakes can decrease algae (e. g. 75% decrease in phosphate in Lake Washington reduced 
chlorophyll from 40 to 10 ug/L over a decade, see Horne & Goldman Fig. 22-2, p. 503).  
However, for shallow lakes, even 50% reductions in TP have modest effects due to internal 
loading of nutrients from the sediments (e.g. Shagawa Lake, Horne & Goldman, Fig. 22-3, p. 
504).    Unfortunately, BMPs in most watersheds have a much smaller potential for nutrient
reductions. Watershed BMPs have much to offer in terms of reductions of bacteria and 
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sediments but, apart from specially designed wetlands, have so far been less successful in 
effective nutrient reduction. To my knowledge no BMPs have ever been shown to reduce algae 
in a large lake. In part this is due to hysteresis effects (Sheffler, 1998) which work against 
cleanup and include legacy pollution in the sediments.  Nutrient reductions in urban areas are 
further complicated by the increase in airborne nutrients as well as summer runoff from car 
washing and landscape irrigation. For example the groundwater in the Lake Merced watershed 
is heavily enriched with nutrients which will take a long time to flush out.  Thus watershed 
BMPs may not achieve the reduction in eutrophication necessary to lower algal productivity, and 
thus pH, sufficiently to meet Basin Plan standards.

An active lake management technique such as vigorous aeration-mixing is known to reduce
nuisance blue-green algae in lakes (for example in the recent project in Cherry Creek, Colorado; 
Amex 2005) but it is not yet a guaranteed method to decrease overall algal biomass.  However, 
vigorous mixing of top and bottom water would probably reduce larger surface pH increases.

Lake flushing with low alkalinity storm water

Flushing a lake with clean water is an effective solution for many lake problems but is rarely 
used due to the shortage of the needed volumes of clean water.  However, in the case of Lake 
Merced, there is a source of low alkalinity water; low-alkalinity storm water. If used when 
appropriate (i. e. when nutrients are low), storm water would dilute salts in the lake and also 
flush out higher alkalinity water.  

The low salinity water flushing solution is ecologically attractive since it restores some of the 
natural original hydrology.  It would require a reconstruction of the dam to allow good outflow 
of bottom water (or use of a siphon) since the heavier saltier water tends to be in the bottom 
when low-salinity water flows in over the top in winter.
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F I G UR E S  

Figure 1.  Daily variation in pH in Lake Merced, top and bottom in late summer-fall, 2011.
The surface water pH is out of compliance for much of the time, the bottom water occasional so.  
The pH does not fall below 8 due to the relatively high alkalinity in the lake. Note convergence 
of top and bottom pH during mixing (Fig. 2) but almost at the pH 8 threshold rather than a lower 
more acidic value.
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Fig. 2. Long-term pH in Lake Merced 1960-1999. Average pH in the main basin, South 
Lake, has hovered around 8.5 with the same small range of variation (8-9) as found in the more 
detailed 2011 data set (from Matuk & Salcedo, 2000).

Fig 3. Temperature at surface and near bottom in Lake Merced, late summer-fall 2011
showing a mixing event 16-19 September.
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Fig. 4. Relationship of alkalinity and pH in lakes. The average alkalinity of Lake Merced is 
172 ppm which corresponds on the figure to a pH of about 8.5.  The average pH of the lake in 
recent years was 8.45.  Curve is hand drawn, data from 109 lakes with various morphologies in 
Alberta, Canada from Saffran & Trew, 1996.  Other lakes in different regions show a similar 
relationship (Wetzel, 2005; Armstrong & Schindler, 1971).

Fig. 5. Long-term alkalinity in Lake Merced 1960-1999.   Alkalinity shows an increase from 
about 150 to 170 ppm in South Lake over time but the smaller more isolated North and East 
basins show greater increases (from Matuk & Salcedo, 2000).
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Memo to: Josh Ferris, Tom Hall 
From: Alex Horne 
RE: ESTIMATED NET EFFECTS ON WATER QUALITY WITH INCREASED WATER 
ADDITIONS TO LAKE MERCED DURING FILLING AND AT STEADY STATE
 
DATE: 9:30 AM 21 AUGUST 2012

Results: Overview

There are two opposite effects of adding storm and base flow water to Lake Merced.  The 
increase in depth will progressively, but not linearly, decrease algae in the lake by reducing 
mixing of higher nutrients in deep water up to the surface where they can stimulate algal growth.  
The opposite effect comes with the nutrients added in the storm water and especially the higher 
nutrient base flow water.  These, if mixing into the lake surface water, will increase algae 
growth.  The balance between the two was estimated using a series of simple models and 
assumptions combined with a quantitative mass balance approach.  

Results: During filling

The net result is that at all rates of filling there will be an increase of 8.1 to 11 ug/L (mean 9.7 
ug/l) of chlorophyll a in summer in the lake to give mean summer values of 38-41 ug/L 
compared with the current mean of 30 ug/L.  The average of 32% increase in algae is about that 
which would be analytically detectable from background over a few years.  Smaller increases of 
declines would be obscured by natural seasonal and other variations.  The chlorophyll increase 
would have an effect on the bottom dissolved oxygen (DO) concentrations - probably by making 
periods of low DO longer than at present.  However, the change of about 10 ug/L in chlorophyll 
would not be noticeable to the public in term of water clarity since all changes fall on the flat 
section of the Secchi depth-chlorophyll a curve where any lake is saturated with chlorophyll 
above about 15 ug/L.  The analogy is that a green lawn that gets a bit thicker grass due to more 
fertilizer application would not be noticeable to the public.  There could be a possible increase 
visible to the public in edge blooms of blue-green algae which float and thus concentrate at the 
surface.  However, these edge scum are already present in the lake and so the difference would 
be subtle since the wind direction and speed on the day of observation is the dominant force in 
the size of the edge scums.  

With the installation of the John Muir Wetlands any changes would be small (up or down). The 
main purpose of the wetland would be to reduce nitrate in the storm water and especially the 
summer base flow which contains over 100 times the amount of nitrate and ammonia present in 
the lake in summer.  Depending of the details of the design and operation of the wetland, the 
changes would range from an increase of about 1.5 ug/L chlorophyll (or 31.5 ugL or 5%) in the 
lake) but for most scenarios there would be either no change from the present a decrease of up to 
2.8 ug/L, or 27.2 ug/L (9% decline) in the lake.  The kind of plants in the wetland, air 
temperature, and the actual area of treatment wetland (i. e. excluding berms) would influence the 
actual drop or slight rise in algae in the lake.  Again, this small change would not be noticeable 
to the public, even if a decrease, and would also be very hard to detect analytically, except over 
many years of measurement.
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1. FILLING SCENARIO: ESTIMATED NET EFFECTS OF INCREASES IN WATER
DEPTH, STORM NUTRIENT INFLOWS (TIN = 610 UG/L) AND YEAR-ROUND 
BASE NUTRIENT FLOWS (TIN = 3,700 UG/L) TO LAKE MERCED WITH THREE 
DIFFERENT FILLING SCHEDULES WITH AND WITHOUT THE PROPOSED 
JOHN MUIR TREATMENT WETLANDS.  ALL CHLORPHYLL DIFFERNCES 
VALUES ARE CHANGED FROM THE CURENT MEAN ANNUAL 
CONCENTRATION OF 30 µg/L.

Max 
WSE
(ft)

Flow 
diversion
threshold 
(cfs)

Average 
filling 
time 
(mo)

WINTER Nitrate or TIN

(ug/L)
In 
base 
flow

In 
storm 
flow

Current 
in lake
winter

After 
storms 
inc base 
+ storm 
flows

Winter 
increase 

Depth 
reduction 
effect

Net 
winter 
increase

No wetland
7.5 >35 17 3700 610 90 175 85 -24 61
8.5 >35 30 3700 610 90 185 95 -40 55
9.5 >35 42 3700 610 90 182 92 -51 41

Basic wetland
7.5 >35 17 1 610 90 125 35 -24 11
8.5 >35 30 1 610 90 138 39 -40 -1
9.5 >35 42 1 610 90 136 46 -51 -5

Advanced wetland
7.5 >35 17 0.5 610 90 116 26 -24 2
8.5 >35 30 0.5 610 90 129 39 -40 -1
9.5 >35 42 0.5 610 90 128 38 -51 -13

 

Max 
WSE
(ft)

SUMMER: nitrate or TIN (ug N/L) SUMMER 
&
WINTER 
(ug N/L)

ALGAE
(ug Chl/L)

Increase in 
base flow

Depth 
reduction
effect

Usable 
over 
summer 
baseline

Mean 
usable for 
5 blooms

Net 
increase

Net 
effect

Conc. 
in lake

Change
(%)

No wetland
7.5 96 0 96 19 80 11 41 37
8.5 95 0 95 19 74 10.1 40.1 34
9.5 92 0 92 18 59 8.1 38.1 27

Basic wetland
7.5 25 -24 1 0 11 1.5 31.5 5
8.5 25 -40 -15 -3 -4 -0.5 29.5 -2
9.5 24 -51 -27 -5 -21 -1.4 28.6 -5

Advanced wetland
7.5 12 -24 -12 -2 8 -0.1 29.9 0
8.5 12 -40 -28 -6 1 -0.9 29.9 -3
9.5 12 -51 -39 -8 -13 -2.8 27.2 -9
Table notes:

� No depth reduction allowance was made for the no-wetlands option in summer since the out-
flowing water will be warm and thus not sink to the bottom as will cool wetlands outflow.
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Results: At steady state.  Without wetlands the steady state would be an increase of about 6 
mg/L algal chlorophyll (19% increase).  With wetlands, under all conditions, there would be a 
slight decrease in algae of 1.8 to 3.0 ug/L (6 to 10% decline).  Final in-lake concentrations of 
algal chlorophyll would be 27 to 35.8 ug/L depending on the wetlands choices.  It is possible that 
conditions would further improve over time as internal loading due to dead spring bloom algae 
are reduced and decrease the BOD loading to the sediments.  As with the filling scenario no 
change in water clarity would be perceptible to the public for many years.  It is possible that the 
public would perceive some decrease in shoreline blue-green algal scums in the late summer and 
fall.   Thus at steady state with wetlands, and improved Lake Merced could be expected with less 
mean annual algae than at present.

2. ESTIMATED NET EFFECTS OF INCREASES IN WATER DEPTH, STORM 
NUTRIENT INFLOWS AND YEAR-ROUND BASE NUTRIENT FLOWS TO LAKE 
MERCED AT STEADY STATE WITH AND WITHOUT THE PROPOSED JOHN
MUIR TREATMENT WETLANDS.  WSE = 8.5 FEET (MIDDLE VALUE).  ALL 
CHLORPHYLL DIFFERNCES VALUES ARE CHANGED FROM THE CURENT 
MEAN ANNUAL CONCENTRATION OF 30 µg/L.

TIN ug N/L Algae (ug Chl/L
Winter 
inflow

Winter 
increase

Winter 
depth 
reduction 
effect

Winter 
net 
increase

Summer 
net 
increase

Summer 
depth 
reduction 
effect

Summer 
usable
over 
bkground

Mean 
sum over 
bkground 
for 5 
blooms

All 
year 
increas
e

All year 
net 
increase

All 
year 
value 
in 
lake

No wetland
158 68 -40 28 74 0 74 15 43 5.9 35.9

Base wetland
121 31 -40 -9 20 -40 -20 -4 -13 -1.8 28.2

Advanced wetland
114 24 -40 -16 9 -40 -31 -6 -22 -3.0 27.0

Brief synopsis of method

The winter nutrient loading of both storm water and base flow water was estimated as a 
cumulative total for the five winter months using flows and TIN (or nitrate-N) concentrations.  
Algal growth during the winter darkness is low and the entire winter TIN additions (winter base 
flow and storm flows) can be modeled as a lumped quantitative which is then added to the 
normal TIN present in the lake over winter. This assumption is based on the widely used
correlation between the nutrient concentration in lakes in early spring and the maximum (peak)
summer chlorophyll level. Because the Lake Merced work uses an empirically-derived spring-
fall mean concentration for comparison, the modeled chlorophyll increase due to the TIN added 
in storm and winter base flows are also expressed as a mean not a peak.   
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The summer base flow loading cannot be expressed as a one-shot TIN inflow since inputs of N 
are continuous.  Some of the earlier TIN added will grow algae while the latter additions may 
come too late for sufficient light to be available.   Algae will use the continuously added TIN in a 
discontinuous fashion resulting in a series of short-term blooms followed by an interval when the 
next kind of algae will grow and decay in turn.  To express the series of short-term peaks due to 
the continuous TIN addition as a mean value it was assumed that each bloom takes about one 
month to initiate, peak and decline.  Thus in the 7 months of the growth season in Lake Merced, 
7 blooms could occur but the first and last blooms will not occur due to the dominance of the 
growth of the major bloom early in the season and the lack of light for the last bloom in the late 
fall.  Thus only one-fifth of the added TIN will actually increase chlorophyll at any one time.  
The small summer peaks are not additive but are shown here as an increase in the mean summer 
value of chlorophyll.  There will be some recycling of the nutrients on algal decay but this is 
accounted for in the empirical relationship determined for Lake Merced between TIN present 
and resulting algal growth.

The sum of the winter TIN flows (spring-fall peak expressed as a mean increase in chlorophyll 
over the current value), the spring-fall continuous TIN additions (expressed as an increase in the 
summer mean due to short-term monthly blooms) gives a single number for algae chlorophyll for 
each of the 9 variations in flow with and without wetlands for treatment of the inflowing TIN in 
cold and warm seasons.

The fate of the base flow added in summer is not certain.  If passed through the correct design of 
wetlands, the water would be cool and dense and sink to the bottom of the lake where it would 
only be used by algae following mixing.  This sinking process could be enhanced by designing 
the channel between the wetland and lake to be shaded by vegetation or a cover.   In contrast, 
summer base flows would be warm and mix with the surface lake water and produce a more 
immediate eutrophicating effect.  Thus the reduction in nutrients and algae due to deeper water 
can be applied to the wetlands summer base flow but not direct (non-wetlands) inputs.

For this analysis biologically available N (TIN) was taken as the limiting factor since it is in 
short supply while similarly available P (TP) is relatively abundant.  Since inflowing storm water 
has less TP than the lake, it would have no bio-stimulating effect.  So use of the TIN is a 
conservative method to interpret the effects of nutrients added in storm and base flow water.

Wetlands

The constructed treatment wetlands are assumed to remove nitrate (the main component of TIN 
summer or winter) with a rate of 500 mg N/m2/d in the 7 month warmer period (T > 15oC) and 
100 mg N/m2/d in the 5 month cooler period (T < 15oC).   The area needed ranges from 1.3 to 7 
acres, approximately within the 5 acre planned area of the John Muir Wetlands.  The basic 
wetland assumes typical cattail-bulrush mixtures.  The advanced wetland assumes mostly cattails 
with only a small bulrush cell at the end to cool the out-flowing water for sinking to the bottom 
of the lake in summer.
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APPENDIX F 
Inventory of Documents Related to Lake 
Merced and Vista Grande Watershed Water 
Quality 

Contents: 

Inventory of Water Quality Reports - Vista Grande Drainage Basin Improvement Project 

Vista Grande Drainage Basin Improvement Project F-1 ESA / 207036.01 
Water Quality Assessment December 2015 
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Inventory of Water Quality Reports - Lake Merced and Vista Grande 

Vista Grande Drainage Basin Improvement Project

Source/Author Title Date Description Prepared For Format(s)

Merritt Smith 

Consulting

Water Quality Investigation and 

Assessment Report: Potential 

Water Quality Effects in Lake 

Merced from Enhanced Ammonia 

Inputs

October 2001

Evaluates water quality impacts of 

chloaraminated water discharges 

(from Hetch Hetchy System) to Lake 

Merced.

SFPUC Adobe Acrobat

EDAW, Talavera & 

Richardson

Lake Merced Initiative to Raise and 

Maintain Lake Level and Improve 

Water Quality Task 4 Technical 

Memorandum: Impacts to Water 

Quality, Vegetation, Wildlife, and 

Beneficial Uses

September 

2004

Memorandum assesses the physical 

and biological impacts of raising Lake 

Merced by 4, 6, and 8 feet above the 

baseline water surface evelvation of 

October 2002 (0.5 feet City Datum) 

and with four optional supplemental 

water sources.

SFPUC Adobe Acrobat

URS

Lead Shot Characterization and 

Risk Assessment Pacific Rod and 

Gun Club at Lake Merced

September 2005

Sampling and assessment of human 

or ecological hazards from inundation 

of residual lead shot 

SFPUC Adobe Acrobat

RMC Water and 

Environment
Vista Grande Watershed Study August 2006

A planning-level study to identify 

potential solutions to meet the goal 

of resolving flooding at the Vista 

Grande canal and in the Vista Grande 

drainage basin for the 10-year storm 

event.

Daly City, CCSF Adobe Acrobat

URS

Surface Water Characterization 

and Screening Risk Assessment 

Pacific Rod and Gun Club at Lake 

Merced

September 2006

Testing of lead concentrations in 

surface waters after lake levels had 

risen to over 7 feet City Datum. Some  

lead levels were found to be above 

drinking water standard.

SFPUC Adobe Acrobat
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Inventory of Water Quality Reports - Lake Merced and Vista Grande 

Vista Grande Drainage Basin Improvement Project

Source/Author Title Date Description Prepared For Format(s)

RMC Water and 

Environment

John Muir Wetalnd Conceptual 

Design Update
September 2007

Conceptual design of a treatment 

wetland between John Muir Drive 

and the Vista Grande Canal. Includes 

pollutant removal estimates.

SFPUC
Adobe Acrobat 

(scanned)

Jacobs Associates

Vista Grande Drainage Basin 

Alternatives Report: Vol 1 

Alternatives Evaluation Report; Vol 

2. Supplemental Analysis; Vol 3. 

Lake Merced Alternative; Vol 4. 

Permitting Workbook

2007-2011

Evaluation of alternatives for the 

Vista Grande Drainage Basin 

Improvement Project

Daly City Adobe Acrobat

Stillwater Sciences

Revised Pollutant Attenuation Rate 

Estimates for the Proposed John 

Muir Wetland

December 

2008

Provides updated estimates of 

expected pollutant removals for the 

proposed 8.2 acre (3.3-ha) John Muir 

Wetland that is being evaluated for 

design and implementation by the 

SFPUC Adobe Acrobat

Kennedy/Jenks 

Consultants

San Francisco Water System 

Improvement Program (WSIP) Lake 

Merced Water Levels Restoration 

(CUW30101) Draft 100% 

Conceptual Engineering Report

January 2009

The report was developed for SFPUC 

to provide conceptual engineering to 

increase and maintain Lake Merced 

water levels.

SFPUC Adobe Acrobat
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Vista Grande Drainage Basin Improvement Project

Source/Author Title Date Description Prepared For Format(s)

Kennedy/Jenks 

Consultants

Lake Merced Water Quality Data 

Organization, Review, and Analysis
January 2010

Report reviews the water quality data 

gathered from 1997 to 2009; to 

determine if the 'health' of Lake 

Merced has improved, remained 

constant, or has degraded; and 

determine if the current water quality 

monitoring program is accurately 

capturing the water quality of Lake 

Merced and provide 

recommendations accordingly.

SFPUC Adobe Acrobat

SFPUC Lake Merced Watershed Report January 2010

Planning document, provides a vision 

and management stategies. Provides 

background information on Lake and 

watershed.

CCSF Adobe Acrobat

SFPUC
2009 Annual Lake Merced Water 

Quality Monitoring Report
November 2010

Summary of the 2009 Lake Merced 

water quality data, comparison to KJ 

2010 summary evaluation of 97-08 

data, finds water quality has 

remained relatively constant.

SFPUC Adobe Acrobat

EOA, Inc.

Lake Merced Stormwater 

Enhancement Project Preliminary 

Water Quality Screening Results 

2003/04 - 2008/09 Wet Weather 

Seasons

June 2011

Project to assess the feasibility of 

diverting stormwater runoff from the 

VG drainage basin to South Lake 

Merced. Bacteria, metals and 

nutrients monitoring data collected. 

Bacterial indicator data was collected 

24 to 72 hours after diversions 

North San 

Mateo County 

Sanitation 

District (Daly 

City)

Adobe Acrobat
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Vista Grande Drainage Basin Improvement Project

Source/Author Title Date Description Prepared For Format(s)

CH2M HILL, Duffy 

Co.

Vista Grande Diversion Feasibility 

Study
October 2011

Evaluation of alternatives to divert 

Vista Grande water to Lake Merced. 

Includes summary of water quality 

data and assessment of potential 

water quality impacts.

CCSF, Daly City, 

San Mateo 

County
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Inventory of Water Quality Data - Lake Merced and Vista Grande 

Vista Grande Drainage Basin Improvement Project

Title Source/ Author Date Description Document Type Format(s)

Lake Merced Data - Comprehensive SFPUC 1997-2009

Water quality tables and charts for a 

series of locations on Lake Merced. 

Data collected at different times for 

different constituents.

Spreadsheet MS Excel

Pilot Stormwater Treatment Project 

Data (Vista Grande Canal) Lake 

Merced TM No. 3 Vista Grande Canal 

Lake Merced Pilot Stormwater 

Treatment Plant Project (CH2Mhill, 

January 2004)

CH2MHill 2004

Data for Vista Grande Canal and Lake 

Merced (organic and inorganic 

chemistry with heavy metals). 

Spreadsheet MS Excel

Lake Merced Figure Unknown 7/24/2006 GIS layers of Lake Merced
Compressed Zip 

Folder

HTML, APM, SSF, 

APL, DBF, PRJ, 

SBN, SBX, SHX, 

SBF, SHP

Vista Grande Canal Data - 2008 SFPUC 2008

Vista Grand Canal data -

inorganic/organic chemistry data 

12/6/07 to 10/2/08.

Spreadsheet MS Excel

Vista Grande Canal Sampling Results 

with Metals Summary (2007-2008)
SFPUC 11/6/2008

Vista Grande Canal data- E.coli, 

nutrients, metals, temperature)
Spreadsheet MS Excel

John Muir Wetland (Pathogen & 

nutrient summary)
SFPUC 11/25/2008

Data for summer and winter for 

nutrients, metal, and coliform with 

flow.

Spreadsheet MS Excel

Lake Merced Temperature Data (2004-

2007)
SFPUC 11/27/2008

A 3-sheeted spreadsheet that includes 

temperature data for several Lake 

Merced locations from 5/27/04 to 

12/27/07.

Spreadsheet MS Excel
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APPENDIX G 
Basic and Advanced Treatment Wetland 
Design Concepts and Water Quality 

Contents: 

Summary of concepts and considerations for basic and advanced constructed treatment wetland 

Vista Grande Drainage Basin Improvement Project G-1 ESA / 207036.01 
Water Quality Assessment December 2015 
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Basic Wetland (resembles natural wetlands)

• One or more ponds with 

reeds around

• Random assortment of 

unplanted vegetation 

(“self-design”)

• Advantage – simple 

Disadvantage - hydraulic 

short-circuiting & low 

carbon flux for microbes 

that do much of the 

pollution removal

Kadlak’s

textbook
Georgia example

Hayward 

DUST 

marsh

Prado, OC, CA
IRWD, Irvine CA
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Advanced wetlands (Unit Process design)

• 4-5 cells each with a  
specific pollution task

• Specific kinds of 
vegetation planted 
(“engineered-design”)

• Advantages- No hydraulic 
short-circuiting & more 
carbon for microbes that 
do much of the pollution 
removal

• Disadvantages – more 
design, planting needed, 
but construction similar
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