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1.0 INTRODUCTION 
 
The North San Mateo County Sanitation District (NSMCSD), a subsidiary of the City of Daly 
City, and the San Francisco Public Utilities Commission (SFPUC) have established a 
collaborative effort referred to as the Lake Merced Pilot Stormwater Enhancement Project.  The 
pilot project is assessing the feasibility of diverting treated stormwater runoff from the Vista 
Grande drainage basin in Daly City into South Lake Merced in San Francisco.  Stormwater 
runoff is treated by a Continuous Deflection System (CDS) and a riparian buffer along the 
shoreline of the lake before discharge to the lake (Figure 1).  Overall objectives include treating 
stormwater to remove trash, bacteria, metals and other pollutants, increasing the water level of 
the lake and potentially alleviating occasional flooding and erosion in the vicinity of South Lake 
Merced during large precipitation events. 
 
1.1 Recent Field Studies 
 
Bacteriological and chemical monitoring data were collected from South Lake Merced following 
rainstorms during the two most recent winter wet seasons (2003/04 and 2004/05) (EOA 2005).  
The monitoring was conducted in accordance with a Preliminary Water Quality Screening Plan 
(PWQSP) prepared collaboratively by the NSMCSD and SFPUC (2004).1  The primary goal was 
to determine whether the diversion of limited volumes of treated stormwater (about 0.1 to 3.2 
million gallons per storm event) increased concentrations of bacterial indicators of fecal 
contamination in South Lake Merced, potentially indicating increased human health risk during 
recreation in the lake. 
 
Data from bacteriological analyses of lake water samples collected following six storms with 
diversion and three background storms without diversion were assessed, including analysis for 
statistically significant (P ≤ 0.05) differences using t-tests.  Bacterial indicator concentrations 
(total coliform, Escherichia coli and enterococci) were compared between 1) sampling stations 
close to the treated stormwater discharge point and a background station and 2) storms with 
diversion and background storm events.  Concentrations in lake water samples were also 
compared to full body contact water quality criteria. 

                                                 
1The PWQSP, which detailed activities during the 2003/04 wet season, was approved by California Regional Water 
Quality Control Board, San Francisco Bay Region (Water Board) staff in a February 5, 2004 e-mail.  A June 3, 2004 
letter requested an extension of the pilot program into the 2004/05 wet season and a Water Board letter dated August 
18, 2004 approved the extension. 
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Figure 1. Approximate locations of stormwater treatment area and sample stations. 



 

The study results suggested that statistically significant increases in total coliform 
concentrations following diversions and exceedances of total coliform central tendency water 
quality criteria (but not single sample maximums) were likely associated with sources other than 
the diversion (e.g., local stormwater runoff from the surrounding watershed washing soils and 
wildlife wastes into South Lake Merced).  The two bacterial indicators monitored during the 
study that are most closely associated with human health risk were E. coli and enterococci.  
Geometric mean E. coli concentrations at most lake sample stations were higher following 
diversion events than background storm events, but the differences were not statistically 
significant.  Enterococci were not detected in most lake samples and concentrations generally 
were not increased by the stormwater diversions.  E. coli and enterococci concentrations did not 
exceed single sample maximum water quality criteria for infrequent full body contact recreation 
and did not exceed central tendency water quality criteria for full body contact when data from 
storms with diversion were lumped together.  Although the applicability of these water quality 
criteria to the study is questionable, the criteria are conservative in that swimming is prohibited 
at Lake Merced (SFPUC Resolution No. 10,435)2 and full body contact recreation was not 
observed during the study, except fishing.  Based on a weight-of-evidence approach, the study 
results suggested that the pilot diversions probably did not increase potential fecal 
contamination-related human health risk during recreation in South Lake Merced.   
 
In addition, the study found that CDS effluent concentrations of bacterial indicators were 
generally several orders of magnitude greater than the concentrations found in South Lake 
Merced.  This suggests that treatment by the riparian buffer effectively reduced bacterial 
concentrations.  Dilution of the diversion waters in South Lake Merced also likely played a role 
in the reductions, but to an unknown extent (EOA 2005). 
 
1.2 Year Three Field Studies 
 
This plan specifies year three (2005/06 wet season) monitoring activities and operational 
guidelines as a follow-up to the 2003/04 and 2004/05 wet season monitoring described above.  
The third year of monitoring will continue to screen for potential water quality impacts of 
diverting Vista Grande stormwater runoff (treated by the CDS and riparian buffer) to South Lake 
Merced.  The year three water quality data will also supplement data collected during the 
previous two wet seasons and augment the previous preliminary evaluation of the diversion’s 
water quality impacts (EOA 2005).  Although the monitoring design is not intended to provide a 
comprehensive characterization of lake water quality conditions, the third year of data will help 
address some current data gaps in the project (e.g., metals concentrations in South Lake 
Merced following diversions without overflow of the Vista Grande canal into the lake).  The year 
three data will also reduce uncertainty in statistical analyses of the project data.  Additional 
monitoring data might also allow statistical analyses to more closely match diversion and 
background storm sizes, improving comparisons of lake water quality with and without 
diversions. 
 
It should also be noted that a work plan is currently under development for performing an overall 
feasibility analysis and assessment of engineering design for diversion of Vista Grande 
stormwater to Lake Merced.  This work plan will likely specify review of relevant literature 
followed by analysis of engineering design, potential water quality impacts, statistical power of 
proposed future monitoring, regulatory permitting and costs and benefits of project options.  The 
additional data collected during year three will support this upcoming study and inform overall 
project planning. 
                                                 
2Full body contact may occur infrequently due to the accidental capsizing of boats in South Lake Merced. 
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2.0 WATER QUALITY SCREENING PLAN 
 
The general strategy outlined in this water quality screening plan is similar to the strategy 
employed during the past two years of the pilot study (EOA 2005) and includes: 
 

• Collecting water samples from South Lake Merced following storm events with pilot 
diversions of treated stormwater runoff to the lake.  Comparing bacteriological 
concentrations at sampling stations close to the treated stormwater discharge location to 
a background station relatively distant from the stormwater discharge area. 

 
• Comparing bacterial indicator levels in lake samples collected following storms with 

diversion to levels following background storms without diversion, to determine whether 
the diversions have an incremental impact on the lake’s bacteriological water quality 
(i.e., beyond the impact of other runoff entering the lake during storms).   

 
Staff from the SFPUC’s Water Quality Bureau will be responsible for collecting water samples 
from South Lake Merced, making associated observations and in-situ probe measurements in 
the field, collecting soil samples from the riparian buffer, and arranging delivery of water and soil 
samples to SFPUC’s analytical laboratory.  The NSMCSD and SFPUC will work cooperatively to 
operate the stormwater diversion/treatment equipment (see Section 3.0), collect CDS effluent 
samples, and record discharge flow rates and duration (allowing calculation of discharge 
volume) during all diversion episodes. 
 
2.1 South Lake Merced Monitoring 
 
2.1.1 Diversion Event Monitoring 
 
It is anticipated that lake samples will be collected following six storms with stormwater diversion 
during year three (see Section 3.2).  Following each diversion event, SFPUC field staff will 
collect water samples from South Lake Merced at the seven sample stations shown on Figure 1.  
Stations LM-1 through LM-6 are in the vicinity of the riparian buffer, ranging from the shoreline 
to about 80 meters offshore.  Station LM-PR is intended to provide background ambient water 
quality data in the lake and therefore is located at a greater distance from the stormwater 
discharge location. 
 
Samples will be collected from the lake approximately 1 to 3 days after a diversion event is 
initiated.  A field duplicate lake water sample will be collected during each sampling episode.  
Dissolved oxygen, pH, temperature and conductivity will be measured in-situ at each sampling 
location using field instruments. 
 
The stormwater diversions will be performed sequentially with respect to the total volume of 
stormwater discharged per event.  Following each storm, lake samples will be tested to 
determine whether moving to the next diversion event in the sequence is acceptable.  
Geometric mean E. coli concentrations following each diversion event will be required to be 
below an upper guide before progressing to the next storm in the sequence (see Section 3.2 for 
more details). 
 
Lake samples will not be collected following any overflow of the Vista Grande canal into South 
Lake Merced, unless for purposes separate from this project. 
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2.1.2 Background Storms 
 
Stormwater runoff is not diverted to South Lake Merced during background storms.  Lake 
samples will be collected following one background storm to supplement background storm data 
collected during the first two years of the pilot study (EOA 2005).  Lake samples will be collected 
the day after a background storm ends, at the same seven locations described in Section 2.1.1 
(stations LM-1 through LM-6 and LM-PR). 
 
To-date, data from bacteriological analyses of lake water samples collected following six storms 
with diversion and three background storms without diversion have been assessed.  Average 
rainfall during storms with stormwater diversion (1.76 inches)3 was greater than average rainfall 
during background storms (1.02 inches).  It is therefore likely that a greater volume of local 
stormwater runoff from the surrounding watershed and associated bacteria entered the lake 
during diversion storm events than background storms.  This difference in average rainfall may 
have biased the results of past comparisons of bacteriological data between diversion event and 
background storms (EOA 2005).  Thus the year three background storm should ideally be a 
larger rainfall event with sufficient precipitation to help reduce the gap between diversion and 
background storm average rainfall.  
 
2.1.3 Field Observations 
 
Appropriate visual observations will be recorded at the time of the above diversion event and 
background storm lake sampling episodes.  Observations recorded will include weather 
conditions, lake water levels, and the presence of any sheens, foams, or floating trash.  In 
addition, observations regarding any recreational use at South Lake Merced and vicinity at the 
time of each sampling episode will be recorded.  Such observations will include the number of 
people recreating, the approximate location, and the types of recreational activities.  The 
presence of any wildlife will also be recorded.  The form in Attachment A will be used to record 
recreational and wildlife observations.  Digital photographs will also be taken during each 
sampling episode to help document the visual observations and general conditions of the lake. 
 
2.1.4 Lake Stratification and Representative Sampling 
 
South Lake Merced is relatively shallow (i.e., generally less than 20 feet deep).  Based on 
previous bimonthly ambient multi-level monitoring data collected by the SFPUC, South Lake 
Merced experiences primarily isothermal conditions with infrequent, weak stratification.  During 
the summer there is a period of slight stratification, but with current lake elevations it is not 
sufficiently strong to impede mixing on a seasonal basis.  During the winter the lake typically 
does not stratify at all (EDAW et al., 2004).  Furthermore, temperature and dissolved oxygen 
depth profiles collected during the first two years of lake monitoring suggested that water quality 
conditions at the surface of South Lake Merced were generally representative of conditions 
deeper in the lake at the time of sampling (EOA 2005).  Based on this information, 
bacteriological and chemical concentrations in lake surface samples collected during the year 
three monitoring period (approximately December 2005 through March 2006) will be assumed 
to generally represent concentrations deeper in South Lake Merced. 
 
 
 

                                                 
3Based on sum of daily rainfall from the sample date and the three preceding days, using daily rainfall data collected 
at the Oceanside treatment plant rain gauge in Daly City during the 2003/04 and 2004/05 wet seasons. 
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2.2 CDS Effluent Monitoring 
 
Grab water samples of the CDS effluent (station LM-CDS) will be collected during all diversion 
events.  CDS effluent samples will be collected approximately one hour after a diversion event 
is initiated.  Dissolved oxygen, pH, temperature and conductivity will also be measured in the 
effluent using field instruments. 
 
2.3 Riparian Buffer Soil Sampling 
 
Field staff will collect additional surface soil samples from the riparian buffer to test for 
accumulation of metals present in the diverted stormwater.  Following completion of the year 
three diversions, one episode of soil sampling will be performed at the three locations sampled 
during the previous two years of the pilot study (Figure 1) (EOA 2005).  The chemical analysis 
results will be compared to the past results to help assess whether metals are accumulating in 
the riparian buffer soils. 
 
2.4 Laboratory Analysis Methods and Reporting Limits 
 
The SFPUC’s DHS-certified laboratory will perform all bacteriologic and chemical analyses.  Soil 
samples collected from the riparian buffer will be analyzed for chromium, copper, nickel, lead, 
and zinc.  All lake and CDS effluent samples will be analyzed for the following constituents 
(Table 1 summarizes the analysis methods and anticipated reporting limits): 
 
• Bacteriological indicators - E. coli and enterococci. 
• Metals - chromium, copper, nickel, lead, and zinc. 
• Nutrients – NH3, nitrite, nitrate, total Kjeldahl nitrogen, phosphorus and ortho-phosphate. 
• Conventional water chemistry analytes - alkalinity, hardness, total dissolved solids and total 

suspended solids. 
 
2.5 Data Analysis and Reporting  
 
The results of lake water sample and CDS effluent bacteriological assays will be reported as 
Most Probable Number (MPN) of E. coli and enterococci per 100 mL.  These data will likely be 
log-transformed and geometric means (log10 MPN/100 mL) will be reported with 95% confidence 
limits.  Year three background storm and diversion event data will be combined with the data 
from the past two years of the pilot study and analyzed using appropriate statistical methods.  In 
addition, the bacteriological indicator concentration data collected during year three and the past 
two years of the pilot study will be compared to the full body contact water quality criteria in 
Attachment B, Table B-1.  Attachment B discusses the derivation of these criteria and some 
limitations of their application. 
 
A year three report that summarizes and discusses the water quality screening program 
methodologies and results will be prepared by August 2006. 
 
 
 
 
 
 
 

F:\DC02\year three monitoring plan\wq screening plan 05-06 final.doc 
6 



 

Table 1. Bacteriological and chemical analysis methods and reporting limits. 
Analyte Matrix Analysis Method Reporting Limit 
Cr, Total Water EPA 200.7 0.6 ug/L 
Cr, Total Soil EPA 6010B 0.1 ug/g 
Cu, Total Water EPA 200.7 0.3 ug/L 
Cu, Total Soil EPA 6010B 0.33 ug/g 
Ni, Total Water EPA 200.7 0.5 ug/L 
Ni, Total Soil EPA 6010B 0.33 ug/g 
Pb, Total Water EPA 200.7 1.0 ug/L 
Pb, Total Soil EPA 6010B 1.1 ug/g 
Zn, Total Water EPA 200.7 0.7 ug/L 
Zn, Total Soil EPA 6010B 0.1 ug/g 
Alkalinity Water EPA 310.1 20 mg/L 
Hardness Water EPA 130.2 2.0 mg/L 
Total Dissolved Solids Water EPA 160.1 10 mg/L 
Total Suspended Solids Water EPA 160.2 10 mg/L 
Orthophosphate Water SM 4500-P A,B,C 0.060 mg/L 
Phosphorus, Total Water SM 4500-P A,B,C 0.2 mg/L 
Ammonia Water SM 4500-NH3 C,E,N 0.7 mg/L 
Total Kjeldahl Nitrogen Water SM4500-N B 0.6 mg/L 
Nitrate Water SM4500-NO3B B 0.20 mg/L 
Nitrite Water SM4500-NO2B B 0.20 mg/L 
E. coli Water Quantitray* 10 – 24,190 MPN/100 ml 
Enterococci Water Quantitray** 10 – 24,190 MPN/100 ml 

*MMO-MUG using ColisureTM Media 
**EnterolertTM Media 
 
 
3.0 OPERATIONAL GUIDELINES 
 
This section provides guidelines for operating the stormwater diversion system during year three 
of the pilot project, including roles and responsibilities, operation and maintenance of the 
system, discharge volume specifications, follow-up sampling, erosion control, a mosquito 
monitoring and control program, vegetation control, and a public information program. 
 
3.1 Operation and Maintenance of the Diversion System 
 
Attachment C provides guidelines for general operation and maintenance of the diversion 
system, including roles and responsibilities. 
  
3.2 Discharge Volume Specifications 
 
Excluding diversion events with canal overflow, the maximum volume of Vista Grande 
stormwater runoff diverted to South Lake Merced per storm event during the first two years of 
the pilot study was 3.2 million gallons.  The study results suggested that diversions at or below 
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this volume probably do not increase potential fecal contamination-related human health risk 
during recreation in South Lake Merced (EOA 2005).  Based on these results, a per event 
discharge rate of approximately 3.2 million gallons will serve as a starting point for year three 
diversions. 
 
It is anticipated that lake samples will be collected following seven storms during year three, one 
background storm (Storm 1) and six storms with stormwater diversion (Storms 2 through 7).4   
The anticipated monitoring period is approximately December 2005 through March 2006.  Table 
2 specifies the anticipated diversion volumes during the six diversion events.5  The volume 
discharged will be held constant at approximately 3.2 million gallons for the first three storms 
with diversion (storms 2, 3 and 4), followed by storms 5, 6 and 7 with diversion volumes that are 
approximately 20%, 40% and 60% greater than 3.2 million gallons, respectively. 
 
Diversions will be performed according to the sequence in Table 2.  Following each storm, lake 
samples will be tested to determine whether moving to the next diversion event in the sequence 
is acceptable.  The geometric mean E. coli concentration will be calculated from the lake 
sampling data collected following each diversion event.  To prevent undue impacts to the lake, 
this geometric mean E. coli concentration will be required to be below an upper guide before 
progressing to the next storm in the Table 2 sequence.  The upper guide will be developed by 
fitting E. coli data from background storms (see Section 2.1.2) to a lognormal distribution via the 
Method of Maximum Likelihood (Nash et al. 1979 and Olivieri et al. 1999).  Background storm 
data used to develop the upper guide will include data from the three background storms 
monitored during the first two years of the pilot study (EOA 2005) and the additional background 
storm data collected during year three.  The upper 80th percentile of the background storm E. 
coli distribution will be used as the upper guide, with one exception.  If the 80th percentile of the 
background storm distribution is lower than 126 MPN/100 ml, the full body contact central 
tendency water quality criterion for E. coli (see Attachment B), than 126 MPN/100 ml would 
become the upper guide. 
 
 

Table 2.  Sequential plan for year three diversion events. 

Storm 
Number Description 

Approximate 
Total Volume 
Discharged 

(Million Gallons)
1 Background Storm 0 
2 Stormwater Diverted 3.2 
3 Stormwater Diverted 3.2 
4 Stormwater Diverted 3.2 
5 Stormwater Diverted 3.8 
6 Stormwater Diverted 4.5 
7 Stormwater Diverted 5.1 

 
 
                                                 
4The actual number of sampling episodes may vary, depending on factors such as weather patterns and the 
availability of staff and equipment.  Sampling will never be performed during unsafe conditions due to inclement 
weather or other causes.  However, unless sampling is prevented by unsafe conditions, at least one set of lake 
samples will be collected following each diversion event. 
5The volumes presented in Table 2 are not based on engineering calculations.  The incremental increases were 
instead selected for the purposes of this project based on professional judgment. 
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For example, Figure 2 shows that the upper 80th percentile of the distribution of E. Coli 
concentration data from the three background storms monitored during the first two years of the 
pilot study is approximately 80 MPN/100 ml (EOA 2005), a value lower than the full body 
contact central tendency water quality criterion for E. coli.  Thus, based on the currently 
available background storm data, the upper guide would be the E. coli water quality criterion of 
126 MPN/100 ml.  Geometric mean E. coli concentrations for each storm in the Table 2 
sequence would need to be below 126 MPN/100 ml before increasing discharge volume and 
moving to the next storm.  However, if the data from the additional background storm monitored 
during year three raises the upper 80th percentile E. coli concentration for all background storm 
data to a value above 126 MPN/100 ml, that value would then become the upper guide. 
 
 
Figure 2. Probability plot of E. Coli concentrations in South Lake Merced following storm events. 
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Source: EOA 2005 
 
 
 
3.3 Erosion Control 
 
Based on observations during the 3,000 gallons-per-minute dye test conducted December 
2003, erosion is not expected to be a concern given the relatively gentle topography, thick 
vegetation, and engineered geotextile underlying the alignment of the perforated pipe.  
However, in the event that significant erosion is observed, the discharge will be stopped or 
modified until the problem is corrected.  
 
3.4 Mosquito Monitoring and Control 
 
A comprehensive mosquito abatement plan for the surface waters of Lake Merced is available.  
Attachment D contains a supplemental mosquito monitoring and control program developed to 
address the specific conditions associated with this pilot study. 
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3.5 Vegetation Management 
 
The site around the perforated pipe and overflow structure will require removal of overgrown 
vegetation as necessary to perform periodic inspections, maintenance and sampling in that 
area.  A monthly inspection and removal program for noxious and invasive weed species listed 
in Attachment E will also be an integral part of a periodic maintenance program at the site.  
Personnel inspecting for noxious weed populations will be fluent in plant identification and 
familiar with native and non-native flora in San Francisco. 
 
3.6 Public Information Program and Follow-up Sampling 
 
The project site will be posted with a public notice regarding the pilot testing (Attachment F) and 
a second notice regarding general precautions for boaters in Lake Merced (Attachment G).  In 
addition, before the project commences the SFPUC will send an e-mail announcement 
describing the pilot project to a list of boating and rowing groups that use Lake Merced and 
other interested parties (Attachment H).  The announcement will be similar to an announcement 
sent in February 2004 (Attachment I) and will include both public notices as attachments. 
 
If the bacteriological analysis results of samples from open water stations LM-4, 5, or 6 exceed 
single sample maximum water quality criteria presented in Table B-1 (Attachment B), the 
following actions will be taken: 
 

1. The SFPUC will conduct additional sampling rounds until the levels have dropped below 
the maximum levels. 

 
2. The SFPUC will send an e-mail announcement similar to an announcement sent in 

March 2004 (Attachment J) to the list of boating and rowing groups that use Lake 
Merced and other interested parties (Attachment H).  Following sampling that shows that 
bacteriological results have fallen back below the criteria, the SFPUC will send a follow-
up e-mail. 

 
Such notices were needed twice during the pilot project to-date, in February 2004 and 
December 2004.  However, it should be noted that in both cases the elevated levels of indicator 
bacteria did not appear to be related to the pilot stormwater diversions.  Instead, they were likely 
caused by flooding and overflow of the Vista Grande canal into South Lake Merced. 
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ATTACHMENT A 
 

LAKE MERCED PILOT STORMWATER ENHANCEMENT PROJECT 
RECORD OF RECREATIONAL USE AND WILDLIFE AT SOUTH LAKE MERCED 

 
 

 
Name, Position and Organization: __________________________________________ 
 
Date: ____________ Timeframe Present at Site (e.g., 8am – 2pm): ________________  
 
Weather Conditions: _____________________________________________________ 
 
On the below map, record the approximate location of any recreational activities on or 
near the shoreline of South Lake Merced (e.g., swimming, boating, windsurfing, fishing, 
wading, hiking) observed anytime while you are at the site.  Include the number of 
people recreating, the types of recreational activities observed, and the numbers and 
types of any pets observed.  Record presence or absence of birds and other wildlife. 
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