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1.0 INTRODUCTION 

This report presents the results of the 2011 Annual Groundwater Monitoring Program for the 
Westside Basin prepared by the San Francisco Public Utilities Commission (SFPUC), in 
cooperation with the City of Daly City (Daly City), California Water Service Company (Cal 
Water), and the City of San Bruno (San Bruno). The Westside Groundwater Basin extends from 
Golden Gate Park in San Francisco to the City of Burlingame in San Mateo County, and is an 
important municipal and irrigation water supply for the respective communities and businesses 
that overlie the Basin (Figure 1). 

As part of continuing agency coordination and public education, the preparation of this annual 
report, along with future annual reporting and supplemental technical reports, is intended to 
provide regular summaries of overall basin conditions.  The annual report is also intended to 
provide information summarizing basin-wide groundwater pumping, describe groundwater levels 
and quality in the different aquifer systems that are present in the basin, and describe surface 
water conditions, most notably in Lake Merced.  Monitoring activities will be coordinated with 
ongoing and future project-specific monitoring activities to ensure an efficient, comprehensive 
monitoring program.   

1.1 Background 

Regular groundwater monitoring of the Westside Basin began in 2000 and was initially 
coordinated by the San Mateo County Department of Environmental Health.  In 2004, the 
program coordination was shifted to the SFPUC in cooperation with Daly City, San Bruno and 
Cal Water.  

The initial data collection efforts included increased monitoring of groundwater and lake level 
elevations in the northern part of the Westside Basin and the initiation of a basin-wide, semi-
annual monitoring program that has involved the cooperative efforts of the SFPUC, Daly City, 
San Bruno, and Cal Water.  The increased monitoring also conforms to the 2005 Final Draft 
North Westside Groundwater Basin Management Plan, which included a Plan Element to 
regularly report on groundwater conditions in the Westside Basin (SFPUC, 2005).   

In 2006 the SFPUC, in cooperation with Daly City, San Bruno, and Cal Water, prepared a report 
entitled “Hydrogeologic Conditions in the Westside Basin, 2005” (LSCE, 2006). That report 
provided an overview of historical, current and planned activities related to groundwater use 
within the Basin, and described the hydrogeologic conditions of the Westside Basin as of 2005. 
Since 2007, the SFPUC Water Resources Division has prepared the annual groundwater 
monitoring reports. These reports are available at www.sfwater.org. 
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The portion of the Westside Groundwater Basin north of the San Francisco/ San Mateo County 
line is generally referred to as the North Westside Groundwater Basin. The portion of the 
Westside Basin located south of the County line is generally referred to as the South Westside 
Groundwater Basin. 

1.1.1 Planned and Ongoing Projects 

The purpose and scope of the monitoring program has evolved to monitor changes in the 
groundwater system resulting from the following planned and ongoing activities: 

Proposed San Francisco Groundwater Supply Project 

As part of the San Francisco Groundwater Supply Project, the SFPUC is planning to develop 4 
million gallons per day (mgd) of groundwater supply from the North Westside Basin. The 
extracted groundwater, which would be used both for regular and emergency water supply 
purposes, and would be blended with imported surface water before entering the municipal 
drinking water system. As part of this plan, test wells were previously constructed at the South 
Sunset Playground in June 2007, at the West Sunset Playground in October 2008, and near the 
SFPUC’s Lake Merced Pump Station in March 2009.  In 2011 a new test well was constructed 
near the Central Pump Station in Golden Gate Park. The Central Pump Station well is 16-inches 
in diameter, with a total depth of 424 feet below ground surface (bgs). The new test well is 
screened from 224 to 284 feet bgs and 294 to 414 feet bgs (Appendix D). This project would 
provide a new source of potable water for the City and County of San Francisco and improve 
reliability during system maintenance, drought conditions and emergencies. The project Draft 
EIR is expected to be issued in late 2012. Municipal groundwater production within San 
Francisco is currently scheduled to begin in 2016.  

 Proposed Westside Recycled Water Projects 

The proposed Westside Recycled Water Project would include construction of a recycled water 
treatment plant, storage reservoir, pump station, and associated pipelines to replace surface 
and groundwater currently used to irrigate Golden Gate Park, Lincoln Park and Golf Course, 
and the Presidio Golf Course. Additionally recycled water would be used for various non-potable 
uses in Golden Gate Park, including those at the California Academy of Sciences. The project is 
currently in the planning phase. 
 
The Harding Park Recycled Water Project would use available recycled water from the North 
San Mateo County Sanitation District (NSMCSD), located in Daly City, to irrigate Harding Park 
and Fleming golf courses in San Francisco. The SFPUC has partnered with the NSMCSD for 
this proposed project to construct a new pump station, distribution piping, and a storage tank. 
Recycled water would replace potable water from the SFPUC’s Regional Water System 
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currently being used for irrigation at the golf courses. The Harding Park Project has completed 
environmental review and design. Construction began in spring 2011 and is planned to be 
completed in fall 2012. 

Regional Groundwater Storage and Recovery Project 

The purpose of the Regional Groundwater Storage and Recovery (GSR) Project is to develop a 
dry-year groundwater supply in the South Westside Basin in partnership with Daly City, San 
Bruno, and Cal Water (Partner Agencies). The SFPUC supplies surface water to the Partner 
Agencies from its Regional Water System. The Partner Agencies currently supply potable water 
to their retail customers through a combination of groundwater from the South Westside 
Groundwater Basin and purchase of SFPUC surface water.  The proposed GSR Project would 
provide supplemental SFPUC surface water to the Partner Agencies during normal and wet 
years.  During these years, the Partner Agencies would reduce their groundwater pumping by a 
comparable amount to increase the amount of groundwater in storage through natural, or in-
lieu, recharge during these periods.  

During normal and wet years, the volume of groundwater in the South Westside Groundwater 
Basin would increase due to natural recharge and reduced groundwater pumping by the Partner 
Agencies, eventually reaching an increased storage volume of up to 60,500 AF (about 20 billion 
gallons).  During dry or drought years, the Partner Agencies and the SFPUC would pump the 
stored groundwater as needed to supplement other supplies.  This new dry-year water supply 
would thereby increase the available water supply to all Regional Water System customers.   

The Draft EIR is expected to be issued in 2013. Construction is currently scheduled to begin in 
2014 with estimated completion in 2016. 

Pilot In-Lieu Recharge Demonstration Program  

The Pilot In-Lieu Recharge Demonstration Program was initiated in 2002 to study the feasibility 
of conjunctive use in the South Westside Groundwater Basin. From 2002 to 2005 the SFPUC 
provided supplemental surface water to Daly City, San Bruno and Cal Water (South San 
Francisco District) in-lieu of most groundwater pumping by these municipalities. The 2002 to 
2005 Pilot Program is described in a report titled “Results of In-Lieu Recharge Demonstration 
Fall 2002 through Spring 2005” prepared by LSCE. The results of this demonstration indicated 
that conjunctive use would be a viable dry-year water supply project. This Pilot Program with 
San Bruno and Cal Water ended in 2005 but was extended with Daly City through April 2007. 
The Pilot Program with Daly City was suspended in 2007 due to below normal rainfall and 
correspondingly lower SFPUC surface water supplies. Increased rainfall in 2008-2009 allowed 
the SFPUC to reinitiate supplemental water deliveries to Daly City from June 2009 to December 
2009. The SFPUC supplemental water deliveries to Daly City were suspended from January 



 

4 

2010 to April 2010 to preserve SFPUC surface water supplies due to planned shutdowns of a 
portion of the SFPUC regional transmission system. In May 2010, the SFPUC reinitiated 
supplemental water deliveries to Daly City which continued till March 2011.  

Westside Basin Groundwater-Flow Model 

The Westside Basin Groundwater Model was first developed through Daly City’s 2002-2003 
AB303-funded investigation of the Westside Groundwater Basin (City of Daly City, 2003).  
During the period 2003-2007, additional work funded by Daly City, San Bruno, Cal Water, and 
SFPUC further developed and calibrated the model (HydroFocus, 2007).  In 2009, a revised 
groundwater model (version 2.1) was released that included several corrections and 
improvements to the model’s historical pumping data set with no adjustments to the model 
aquifer calibration (HydroFocus, 2009).  The most recent modeling work (version 3.1) includes 
an updated historical calibration and no-project scenario that is documented in detail by 
HydroFocus (2011).  A brief summary of the 2011 updates includes the following: 

• Historical Simulation – The updated Historical Simulation (version 3.1) simulates monthly 
hydrologic conditions during the period October 1958 through September 2009.  The 
simulation period is discretized into monthly stress periods.  The Historical Simulation 
was extended from 47 years to 51 years, with the extended model period covering 
December 2005 to September 2009.   

• Updated Model Parameters – During model calibration, several corrections, 
modifications and improvements were made to the model structure, aquifer parameters 
and boundary conditions based on new data and from review of model performance.   

• 2008 No-Project Scenario – This scenario is based on a 47-year simulation period that 
uses the hydrologic conditions from October 1958 to December 2005, projected 
groundwater pumping conditions from 2008 and the calibrated Historical Simulation 
version 3.1. 

The model is intended to serve as a publicly available tool to support water resources planning 
and management on an ongoing basis.  

 South Westside Basin Groundwater Management Plan 

The purpose of the South Westside Basin Groundwater Management Plan (GWMP) is to 
provide a framework for regional groundwater management in the South Westside Basin that 
sustains the beneficial uses of the groundwater resource. This framework includes informing the 
public of the importance of groundwater to the South Westside Basin and the challenges and 
opportunities it presents; developing consensus among stakeholders on issues and solutions 
related to groundwater; building relationships among stakeholders within the basin and between 
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local and state agencies; and defining actions for developing programs to ensure the long-term 
sustainability of groundwater resources in the South Westside Basin. The South Westside Basin 
GWMP will provide recommendations that, when implemented, are intended to maintain or 
enhance long-term groundwater levels and quality and minimize land subsidence. The City of 
San Bruno is the lead agency for developing the plan, which is being funded by a California 
Department of Water Resources grant. The plan is in preparation and expected to be completed 
in 2012. 

1.2 Municipal Water Agencies 

Nearly 2.5 million people rely on water supplied by the SFPUC to meet their daily water needs. 
The SFPUC serves as the retail water supplier for San Francisco and is responsible for water 
deliveries to residents and institutions within the city limits, as well as to a number of retail 
accounts outside of the city limits. In addition, the SFPUC provides water to 27 Wholesale 
Customer entities in San Mateo, Alameda and Santa Clara Counties under contractual 
agreements. The Regional Water System draws approximately 85% of its water from the Upper 
Tuolumne River Watershed collected in the Hetch Hetchy Reservoir in Yosemite National Park, 
feeding a single aqueduct system, delivering water 120 miles by gravity to Bay Area reservoirs 
and users. The remaining water supply is drawn from local surface waters in the Alameda and 
Peninsula watersheds. Approximately 65% of the SFPUC’s water supply is delivered to the 
Wholesale Customers. The remaining 35% is delivered to Retail Customers. In Fiscal Year 
2010-2011, total water demand of the Retail Customers was about 76 million gallons per day 
(mgd), and total water demand of the Wholesale Customers was about 144 mgd (SFPUC, 
Customer Service Monthly Sales Data and J-tables - 2011). 

Since the 1990s the SFPUC, Daly City, Cal Water and San Bruno have worked cooperatively on 
Westside Basin investigations, monitoring and coordinated projects. Daly City, Cal Water and 
San Bruno have typically included groundwater from the Westside Basin for municipal water 
supply in combination with SFPUC-imported surface water. The City of Daly City’s Department 
of Water and Wastewater Resources is responsible for the management and operation of Daly 
City’s drinking water supply system. The City of San Bruno’s Water Division of the Public 
Services Department is responsible for the management and operation of San Bruno’s drinking 
water supply system. Cal Water is an investor-owned utility that serves South San Francisco, 
Colma and a very small part of Daly City.  

1.3 California Groundwater Elevation Monitoring (CASGEM) 

The California Statewide Groundwater Elevation Monitoring Program (CASGEM) established by 
the California Department of Water Resources (DWR) and in accordance with Senate Bill X7-6 
(SBX7-6), requires responsible parties to monitor and submit seasonal groundwater elevations 
from the groundwater basins within their designation. In order to fulfill requirements of this 
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mandate, the SFPUC conducted a comprehensive evaluation of basin conditions and available 
monitoring wells within the remaining six groundwater basins located within the City and County 
of San Francisco (CCSF). In addition to this evaluation, the SFPUC prepared and submitted a 
groundwater “Monitoring Plan” that establishes procedures for collection and reporting of 
groundwater levels to DWR. The SFPUC has been designated as the “Responsible Party” for 
reporting groundwater elevations for the groundwater basins within the CCSF.  Following 
completion of the comprehensive evaluation and approval of the Monitoring Plan, sixteen (16) 
wells were selected for additional seasonal monitoring as part of the CASGEM program. In fall 
2011 the SFPUC measured groundwater levels in all 16 groundwater monitoring wells. 
Groundwater elevations were compiled and entered into the DWR CASGEM system in 
accordance with state requirements.  

For the South Westside Basin, Daly City, Cal Water and San Bruno formed the South Westside 
Basin Voluntary Cooperative Groundwater Monitoring Association (SWBVCGMA) to address 
the requirements of CASGEM. The SWBVCGMA notified DWR of its intent to become the 
Monitoring Entity for the portion of the South Westside Basin covered by their collective service 
areas. This notification included the development of a Monitoring Plan, which was developed to 
be consistent with the Monitoring Plan for the North Westside Basin to the extent possible. The 
Monitoring Plan identifies eight wells for monitoring under the CASGEM program. The 
notification is currently under review at DWR. 

2.0 SITE DESCRIPTION AND HYDROGEOLOGICAL SETTING 

2.1 Hydrogeologic Setting 

The Westside Basin is about 40 square miles in area (Figure 1) and includes four major 
geologic units.  These units are the Jurassic - Cretaceous Franciscan Complex, Pliocene 
Merced Formation, Pleistocene Colma Formation, and Pleistocene to recent Dune Sands.  
There are also minor, yet widespread, units of recent alluvium along stream channels.  
Groundwater development has primarily occurred in the Colma and Merced Formations.  The 
Merced Formation is the primary water-producing aquifer in the basin; however, the Colma 
Formation is also of interest since Lake Merced is incised within this formation. 

As a result of the difficulty of differentiating the contacts between the Dune Sands, the Colma 
Formation, and the Merced Formation, the precise thickness of the Colma Formation and Dune 
Sands overlying the Merced Formation has not been determined.  Groundwater in the vicinity of 
Lake Merced, and north to Stern Grove and Golden Gate Park, is encountered at relatively 
shallow depths (ranging from approximately 5 to 60 feet).  South of Lake Merced, the depth to 
groundwater can exceed 300 feet bgs. 
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Phillips, et al. (1993) defined each of the groundwater basins in San Francisco as a continuous 
body of unconsolidated sediments and the surrounding surface drainage area.  All seven major 
groundwater basins identified in San Francisco are open to the Pacific Ocean or San Francisco 
Bay.  The landward parts of the groundwater basins generally are bounded horizontally and 
vertically by bedrock, which is assumed to be relatively impermeable compared with the 
unconsolidated marine and alluvial deposits.  Groundwater flow may occur between basins 
where the bedrock ridge that constitutes the boundary is subterranean.  The north-south 
topography and bedrock height defined by the Coast Ranges generally forms an east-west 
hydrologic boundary through San Francisco. 

The western part of San Francisco is divided into the Westside and Lobos Basins on the basis 
of a northwest-trending bedrock ridge through the northeastern part of Golden Gate Park.  The 
bedrock ridge has several small surface expressions, and bedrock elevation data indicate that 
the ridge is continuous, though subterranean.  Some degree of hydraulic connection is possible 
between the two basins where the ridge is not exposed at the land surface, but the degree of 
connection probably is minimal.  The Westside Basin extends south to Burlingame and 
Hillsborough.  Well drillers’ logs for the San Bruno area indicate a deep sandy unit overlain by 
about 200 feet of predominantly fine-grained clays. Correlation of the deeper sand deposits is 
unclear; however, surficial mapping may indicate a relationship to exposures of sand/gravel 
deposits in the Burlingame area, which are mapped as the non-marine Santa Clara Formation 
(Brabb and Pampeyan, 1983). A southward-extending ridge of Franciscan bedrock appears to 
separate San Bruno from the San Francisco Bay to the east. The upper fine grained beds in the 
San Bruno area appear to be Holocene to Late Pleistocene estuarine deposits of the San 
Francisco Bay (LSCE, 2004).   

The subsurface configuration of the various geologic units in the Westside Basin has been 
delineated in a series of geologic cross-sections based on a combination of lithologic logs, water 
well drillers’ reports, and geophysical logs (LSCE, 2004 and 2006).  Lithologic units and other 
significant features in the basin are illustrated in geological cross-section form in Figure 2. 

In the North Westside Basin, in San Francisco, there are up to three aquifer units separated by 
two distinctive fine-grained units, the –100-foot clay and the W-Clay (LSCE, 2004).  The aquifer 
units are generally designated as: 

1) The “Shallow aquifer”, which is present to an elevation of approximately –100 feet 
mean sea level (msl) (located above the –100-foot clay), in the vicinity of Lake 
Merced and the southern portion of the Sunset District of San Francisco;  

2) The “Primary Production aquifer”, which overlies the W-Clay; and  

3) The “Deep aquifer” which underlies the W-Clay. 
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In the Daly City area, the –100-foot clay is absent, and the aquifer system is primarily composed 
of the Primary Production aquifer and the Deep aquifer. 

Further to the south, in the South San Francisco area, the W-Clay is absent and the Primary 
Production aquifer is split into shallow and deep units, separated by a fine-grained unit at an 
elevation of approximately 300 feet below msl. The Primary Production aquifer in the San Bruno 
area is located at an elevation less than 200 feet below msl, and it underlies a thick, surficial 
fine-grained unit comprised of clay, sandy clay, and sand beds.  

2.2 Lake Merced 

Lake Merced is a natural lake incised in the Shallow aquifer and is composed of four lakes: 
North Lake, East Lake, South Lake, and Impound Lake.  A narrow channel connects the North 
and East Lakes, thereby creating equal water elevations in both lakes.  A conduit between North 
Lake and South Lake allows water to flow between the lakes when the elevation in either lake is 
at least approximately 3.35 feet, San Francisco City datum1.   When lake levels are below that 
elevation, these two lakes are separated and typically exhibit different elevations.  South Lake 
and Impound Lake are separated below an elevation of approximately 4.26 feet, San Francisco 
City datum, by a levee that contains the Ingleside combined sewer pipeline and the foundation 
of a pedestrian walkway.  Soil has accumulated on the foundation to an elevation of 
approximately 5 feet, San Francisco City datum.  When either lake level is above that 5-foot 
elevation, water flows freely underneath the pedestrian walkway to connect both lakes. 

Until the early 1900s, Lake Merced was one continuous body of water fed by local runoff and 
springs, with an outflow to the ocean in the form of a stream located at the northwestern end of 
North Lake.  The stream flowed westward toward the ocean through the present-day location of 
the San Francisco Zoo and Sloat Boulevard.  The springs that fed the lake were primarily 
located on the eastern side and in the southern portion of Lake Merced, causing a primary flow 
direction through the lake from the south to the north.  In contrast, the current flow direction 
through the lakes is reversed, largely as a result of urban growth in the vicinity of Lake Merced, 
which has resulted in reduced recharge from springs and increased pumpage in the Primary 
Production aquifer south of Lake Merced.  The urbanization of the watershed has also resulted 
in the emplacement of large amounts of fill that now impede spring discharge in the lake, and 
the diversion of an increasing amount of storm water away from Lake Merced and into the 
ocean or wastewater treatment plant. These diversions began with the construction of the Vista 
Grande Canal and Tunnel by the Spring Valley Water Works in 1897, and have continued with 
successive urban development in San Francisco and northern San Mateo County.  The 
development of the watershed has also affected groundwater recharge from precipitation, which 
previously infiltrated and recharged the Shallow aquifer to a greater extent.  As a result of all the 

                                                
1 City Datum = NAVD88 -11.37 ft. 
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preceding, the amount of subsurface inflow into Lake Merced, which in the early 1900’s was 
manifested as spring inflow, has been reduced.  The reduction in subsurface inflow to Lake 
Merced results in short-term lake levels being more sensitive to fluctuations in precipitation, 
since direct precipitation, and shallow groundwater inflow are the two primary lake 
replenishment mechanisms.   

Lake Merced Climatic Setting 

The close proximity of Lake Merced to the Pacific Ocean results in distinct maritime 
Mediterranean climate primarily influenced by wind, fog, and precipitation. The maritime 
Mediterranean climate is characterized by cool, foggy summers and mild, rainy winters. In 
summer and fall, locations adjacent to the ocean, such as Lake Merced, are often enclosed in 
fog with cool temperature in the 50s and 60s oF. The Lake Merced area often experiences its 
warmest weather in late September and early October as a result of less fog and the occasional 
off-shore breezes. 

Based on the historical precipitation data from the Lake Merced Pump Station precipitation 
gauge, the majority of annual rainfall occurs from late October through March. Precipitation 
typically declines during the late season and becomes minimal during the summer.  Average 
annual rainfall (based on a water year of October through September) at the Lake Merced 
Pump Station gauge is approximately 20.4 inches with a record high of 47.6 inches in 1998 and 
a record low of 9.5 inches in 1976.  

Cumulative precipitation for the 2011 water year (i.e. October 2010 to September 2011) 
measured at the Wastewater Enterprise tipping bucket raingauge at Lake Merced was 
approximately 32.8 inches. Cumulative precipitation for calendar year 2011 (i.e. January 2011 to 
December 2011) measured at that same tipping bucket raingauge was 23.66 inches. 

2.3 Pine Lake 

Pine Lake is located north/northeast of Lake Merced in the westernmost portion of the Stern 
Grove and Pine Lake Park.  Pine Lake (also known as Laguna Puerca) is one of San 
Francisco’s few natural lakes.  It is a small, shallow lake approximately three (3) acres in size.  
The San Francisco Recreation & Park Department (SFRPD) has recently implemented a park 
improvement program for the Stern Grove and Pine Lake Park area.  Improvements in the Pine 
Lake and Pine Lake Meadow area were completed in 2007. 

The design process for these improvements included a feasibility study in November 2004 to 
augment lake levels over a 15-day period using groundwater pumped from a previously inactive 
well (Stern Grove well), located approximately 1,500 feet east of Pine Lake.  The goal of the 
feasibility study was to evaluate the rate of lake level decline following a water addition.  
Approximately 25 acre-feet were discharged to the lake, which would have theoretically raised 
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the lake level by about 8 feet.  Nearby shallow groundwater monitoring wells showed a 
corresponding increase in groundwater levels of about 5 feet in the Shallow aquifer.  

The major improvements to Pine Lake that were completed in 2007 and have resulted in 
substantial changes to existing conditions are: 

� The new design water level elevation of Pine Lake is 31.5 feet City Datum 
(approximately 42.9 feet NAVD88), which is about 4 feet higher than historical lake 
levels and about 7 feet higher than the water level in 2004. 

� The lake depth at this design water level elevation is approximately 11.5 feet. 

� Tules and willows located around the shoreline of the lake were removed and 
replanted at higher elevations, to accommodate the rise in water level elevation. 

� Primrose that covered the lake surface and shoreline was completely removed. 

� A new pump was installed for the Stern Grove well, and a pipeline was constructed 
from the well to an outlet channel that drains to Pine Lake. 

The San Francisco Recreations and Parks Department (SFRPD) currently uses Stern Grove 
well to maintain the water level elevation in Pine Lake at approximately 31.5 feet City Datum.  
According to SFRPD staff, the well is used for 2 to 3 days in the summer and 1 day in the winter 
to maintain the lake level.  The annual estimated groundwater use is approximately 5 acre-feet 
per year.  SFPUC is cooperating with the SFRPD to measure future groundwater pumping from 
the Stern Grove well using a flow meter installed as part of the improvements.  
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3.0 HISTORICAL GROUNDWATER DEVELOPMENT 

Groundwater in the Westside Basin has been used as a water supply since at least the early 
1900s (Bartell, 1913). Figure 3 shows historical Westside Basin groundwater pumping from 
1950-2011. Figure 4 shows recent Westside Basin municipal groundwater pumping.  Following 
is a brief summary of municipal and irrigation water use. 

San Francisco 

By the early 1900s, wells had been constructed north, east, and south of Lake Merced for 
farming and drinking water supply.  During that time, Spring Valley Water Company had two 
wells located near the Lake Merced outlet.  Spring Valley pumpage was only about 100 acre 
feet per year (afy) (Bartell, 1913). The total of Lake Merced, Sunset District, and Golden Gate 
Park pumpage averaged 400 to 500 afy.  In the early 1930s, the San Francisco Board of Public 
Works installed production wells in the Sunset District with a pumping capacity of about 6 mgd 
(6,700 afy).  Groundwater withdrawals for emergency (drought) purposes averaged about 5 
mgd (5,600 afy) from October 1930 through October 1935, but were discontinued after the 
availability of surface water from Hetch Hetchy reservoir in the mid-1930s.   

Daly City 

Beginning in the early 1950’s, development of Daly City and farther south on the Peninsula led 
to an increase in groundwater pumping and imported water deliveries from the SFPUC.  
Groundwater pumping increased from about 1,000 afy to nearly 5,000 afy between 1950 and 
1970 (Kirker, Chapman & Associates, 1972).  From 1970 to 2000, Daly City’s groundwater 
pumping has ranged between approximately 3,000 and 5,000 afy except in years when Daly 
City participated in the Pilot In-Lieu Recharge Demonstration Program (See Section 1.1.1). 

South San Francisco 

Groundwater pumping by Cal Water in South San Francisco has progressively declined from 
about 2,200 afy in 1947, to about 1,600 afy in 1969, and to about 1,200 afy in 2002 (Figure 3). 
In early 2003, groundwater pumping in South San Francisco was discontinued as part of the 
same Pilot In-Lieu Recharge Demonstration Program described above (See Section 1.1.1), with 
surface water supplies replacing pumped groundwater. These decreases and ultimate cessation 
of groundwater pumping in 2003 were offset by increases in SFPUC system water deliveries.  
Groundwater pumping for municipal supply in South San Francisco resumed once again in 
March 2008 following completion of the pilot program.  
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San Bruno  

Pumping in San Bruno was about 2,000 afy from the 1950s to mid-1980s. From the mid-1980s 
to 2002 pumping varied between 1,000 and 3,000 afy. From 2002 to 2005 San Bruno 
participated in the Pilot In-Lieu Recharge Demonstration Program (See Section 1.1.1), leading 
to temporarily reduced pumping of 1,700 afy for 2005. Between 2006 and 2011, groundwater 
pumping ranged from 1,955 afy (2006) to 2,379 afy (2009). 

Irrigation Pumping 

In addition to municipal water supply pumping in the Westside Basin, groundwater has 
historically been developed for irrigation supply and other non-potable uses, on golf courses 
around Lake Merced, on the cemeteries in Colma, in Golden Gate Park and at the San 
Francisco Zoo.  

• Golf Courses: There are six (6) golf courses in the Westside Basin that use 

groundwater for irrigation. These include the Lake Merced Golf Club, the Olympic Club 
Golf Course, the San Francisco Golf Club, the California Golf Club, the Golden Gate 
Park Golf Course and the Green Hills Country Club. In 2004, recycled water was made 
available to Lake Merced Golf Club, the Olympic Club Golf Course, and the San 
Francisco Golf Club by adding a tertiary level of treatment at the North San Mateo 
County Sanitation District (a subsidiary of the City of Daly City) Wastewater Treatment 
Plant located in Daly City, and by installing a distribution system from the treatment plant 
to these respective golf courses.  Groundwater pumping data have not been requested 
from the California Golf Club. The Golden Gate Park Golf Course is irrigated with 
groundwater as part of the overall park irrigation. No pumping data have been requested 
from the Green Hills Country Club, located in Millbrae, within the southwestern portion of 
the basin. Estimated annual groundwater use for the golf courses is discussed in Section 
4.6. 

• Cemeteries: There are about 600 acres of cemeteries in and around Colma, most of 

which have historically been, and continue to be, irrigated with groundwater.  Golden 
Gate National Cemetery has not been irrigated using groundwater for more than 20 
years (personal communication on 9/7/07 between Greg Bartow (SFPUC) and Clifford 
Schem (US Dept. of Veterans Affairs, Nat'l Cemetery Administration)). Estimated annual 
groundwater use for the cemeteries is presented in Section 4.7. 

• Golden Gate Park: Groundwater has historically been, and continues to be pumped in 

Golden Gate Park for irrigation and maintenance of artificial lakes within the park.  The 
Golden Gate Park wells are operated and maintained by SFRPD, while the SFPUC 
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regularly records the flowmeter readings from these wells. The estimated annual 
groundwater use for the Golden Gate Park is discussed in Section 4.5. 

• San Francisco Zoo: Groundwater has historically been, and continues to be pumped at 

the San Francisco Zoo for irrigation and to fill zoo exhibits.  The San Francisco Zoo wells 
are operated and maintained by the SFRPD, while the SFPUC regularly records the 
flowmeter readings from this well. The estimated annual groundwater use for the San 
Francisco Zoo is discussed in Section 4.4. 
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4.0 GROUNDWATER PUMPING, USAGE AND DEVELOPMENT - 2011 

In 2011, groundwater pumping in the Westside Basin was primarily for municipal supply to Daly 
City, Cal Water (South San Francisco), and San Bruno, as well as for irrigation and other non-
potable uses by the San Francisco Zoo, Golden Gate Park, golf courses, and cemeteries. 2011 
groundwater pumping is described below and summarized in Table 2. 

Previous pumping estimates for the California Golf Club, Green Hills Golf Club, and Colma 
Cemeteries from 1960 and 2005 were based on LSCE (2005) while 2006 to 2009 estimates 
were based on Carollo (2008). The 2010 Monitoring Report presented all values along with 
updated average annual estimates from HydroFocus (2011). However, for simplification, this 
report and future reports will use the HydroFocus (2011) estimates for pumping in unmetered 
irrigation wells. 

4.1 City of Daly City  

Groundwater pumping by the City of Daly City during calendar year 2011 totaled 2,699 af. 
During this time period, Daly City also received about 770 af of additional SFPUC surface water 
as part of the Pilot In-Lieu Recharge Demonstration Program until it was suspended in March 
2011.  

4.2 California Water Service Company (South San Francisco)  

Municipal groundwater pumping in South San Francisco is provided by Cal Water, which also 
serves Colma and small parts of Daly City. Groundwater pumping by Cal Water during calendar 
year 2011 totaled 515 af.   

4.3 City of San Bruno 

Groundwater pumping by the City of San Bruno during calendar year 2011 totaled 2,129 af. 

4.4 San Francisco Zoo 

Metered groundwater pumping by the San Francisco Zoo during calendar year 2011 totaled 
approximately 404 af.  

4.5 Golden Gate Park and Pine Lake 

Metered groundwater pumping in Golden Gate Park during calendar year 2011 totaled 
approximately 1,027 af. Groundwater is pumped in Golden Gate Park for irrigation and to 
maintain artificial lakes within the park.  The Golden Gate Park wells are operated and 
maintained by the SFRPD.  
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In addition to Golden Gate Park, the SFRPD has resumed groundwater pumping at the 
rehabilitated Stern grove well to once again augment water levels at the Pine Lake. 
Groundwater pumping at the Stern grove well is metered and the SFPUC is cooperating with 
the SFRPD to measure future groundwater pumping from this well. 

4.6 Golf Courses 

Metered groundwater pumping by the Lake Merced Golf Club, Olympic Club Golf Course and 
the San Francisco Golf Club during calendar year 2011 totaled 63 af (Table 1).  Based on the 
calculated values from the Updated Westside Basin Groundwater-Flow Model (HydroFocus, 
2011), the estimated average annual groundwater pumping for the California Golf Club is 237 
afy and for the Green Hills Country Club pumping is estimated at 134 afy. 

4.7 Cemeteries 

There are about 600 acres of cemeteries in Colma, most of which have historically been, and 
continue to be, irrigated with groundwater.  Based on the calculated values from the Updated 
Westside Basin Groundwater-Flow Model (HydroFocus, 2011), the estimated average annual 
groundwater pumping by cemeteries in Colma is 804 afy. Golden Gate National Cemetery has 
not been irrigated using groundwater for more than 20 years (Schem, 2007). 

4.8 Summary  

Total 2011 groundwater pumping in the Westside Basin is estimated at 8,100 af. Metered water 
use indicates that the cities of Daly City, South San Francisco, and San Bruno pumped 5,343 af 
of groundwater in 2011, while the three metered golf courses in the Lake Merced area used 63 
af of groundwater and 454 af of recycled water during calendar year 2011. During this time 
period, Daly City also received about 770 af of additional SFPUC surface water as part of the 
Pilot In-Lieu Recharge Demonstration Program until the program was suspended in March 
2011. A general comparison between the combinations of metered and estimated historical 
pumping from 2005 through 2011 is presented in Tables 1 and 2.   

Total 2011 reported metered pumping in the Westside Basin was approximately 6,837 af. This 
consists of metered pumping at the three irrigation wells in Golden Gate Park, the San 
Francisco Zoo well, Daly City, San Bruno, Cal Water (South San Francisco) Lake Merced Golf 
Club, Olympic Club Golf Course, and San Francisco Golf Club.  Estimates for the other irrigation 
pumpers in the Westside Basin are based on results from HydroFocus (2011) which total 1,176 
afy. Pumping within the Westside Basin not described (e.g., private homeowner wells, 
groundwater remediation extraction wells, and construction dewatering wells) is assumed to be 
negligible compared to the municipal and large-scale irrigation uses.
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5.0 GROUNDWATER MONITORING AND TESTING PROGRAM 

Groundwater monitoring within the Westside Basin consists of groundwater elevation 
monitoring, conducted on a quarterly or more frequent basis, and water quality monitoring, 
conducted on a semi-annual basis (during the spring and fall each year). Monitoring of 
groundwater elevations and various water quality parameters is conducted throughout the 
Westside Basin to evaluate the potential for seawater intrusion, determine water quality and 
groundwater conditions in areas of potential groundwater development, and define lake-aquifer 
interaction. The monitoring program has also been conducted to assess general conditions in 
the basin resulting from historical and ongoing pumping, as well as establishing baseline 
groundwater conditions prior to implementation of various groundwater projects.  

The groundwater elevation monitoring well network is listed in Table 3, and approximate well 
locations are shown on Figure 5. This network includes both dedicated monitoring wells and 
inactive production wells.  Measurements are collected manually on a quarterly or semi-annual 
basis in some wells, and daily through the use of electronic pressure transducers in other wells.  
Groundwater elevation hydrographs of all the wells monitored in 2011 are presented in 
Appendix A. All groundwater elevations are presented relative to the North American Vertical 
Datum of 1988 (NAVD88).  

In addition to monitoring groundwater elevation data, groundwater sampling and analysis are 
conducted from select wells to monitor concentrations of various analytes and physical 
parameters of groundwater within the Westside Basin. The groundwater quality testing network 
is shown on Figure 21.  Groundwater samples collected by the SFPUC for the Westside Basin 
were done so in accordance with the “Sampling and Testing Protocol” for the Westside Basin 
(Appendix C).  

The groundwater samples were tested for some or all of the following constituents: 

• General Minerals including: total alkalinity, calcium, magnesium, sodium, potassium, 
bicarbonate as CaCO3, chloride, and sulfate; 

• Iron and manganese (total and dissolved fractions); 

• Nitrate; and 

• General parameters including: specific conductance, pH, total dissolved solids (TDS), 
and hardness. 

Select groundwater elevation and chemical data are summarized in hydrographs illustrated on 
Figures 6 through 15, and groundwater elevation contour maps are presented on Figures 16 
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through 19. Results of chemical analyses for the groundwater samples are summarized in 
Tables 6 through 8.  
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6.0 WATER LEVEL MONITORING 

6.1 Coastal Groundwater Level Monitoring  

Groundwater level measurements are being collected from a coastal monitoring well network in 
the western part of the basin, along the Old Great Highway (near Kirkham, Ortega, and Taraval 
Streets), the southwestern part of Golden Gate Park, at the Oceanside Wastewater Treatment 
Plant, at the San Francisco Zoo, at Fort Funston, and at Thornton Beach. Fieldwork was 
conducted in accordance with the “Sampling and Testing Protocol for the Westside Basin” 
presented in Appendix C. All groundwater elevations are presented relative to the North 
American Vertical Datum of 1988 (NAVD88). 

Groundwater elevation hydrographs of the Kirkham, Ortega, Taraval, and Zoo monitoring wells 
are presented in Figures 6 through 9, respectively.  These hydrographs also include chloride 
concentrations from the water quality monitoring conducted at these wells. The water quality 
data (Tables 6-8) are further discussed in Section 7.1.  Figures 6 through 9 show the history of 
groundwater levels in the coastal monitoring wells since installation of wells at those four sites. 
Groundwater elevation hydrographs for all wells monitored during the spring and fall 2011 
events are presented in Appendix A. 

The seasonal low groundwater elevations within the Shallow aquifer increased slightly 
compared to observed 2010 levels at three of the four coastal wells completed within this 
aquifer (South Windmill MW-57, Ortega MW-125 and Taraval MW-145). The seasonal low 
groundwater elevation at monitoring well Kirkham MW-130 which is also completed in the 
Shallow aquifer, decreased (from 7.34 to 6.47 ft) compared to 2010 levels. Groundwater 
elevations in all four shallow coastal monitoring wells continued to trend above sea level in 
2011.   

The seasonal low groundwater levels within the Primary Production aquifer and Deep aquifer at 
the following coastal monitoring wells changed in 2011 compared to 2010, as follows: 

• Kirkham MW-255 (Figure 6b) decreased from a seasonal low of 10.6 ft (July 2010) to   
7.3 ft (August 2011); 

• Kirkham MW-385 (Figure 6c) decreased slightly from a seasonal low of 10.05 ft (July 
2010) to 8.7 ft (November 2011);  

• Kirkham MW-435 (Figure 6d) decreased from a seasonal low of 6.1 ft (July 2010) to 3.5 
ft (August 2011); 
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• Ortega MW-265 (Figure 7b) decreased from a seasonal low of 12.0 ft in (July 2010) to 
11.0 ft (August 2011); 

• Ortega MW-400 (Figure 7c) decreased from a seasonal low of  12.0 ft (July  2010) to 
11.0 ft in (August 2011); 

• Ortega MW-475 (Figure 7d) decreased from a seasonal low of 3.0 ft in (July 2010) to       
-0.4 ft (September 2011); 

• Taraval MW-240 (Figure 8b) decreased slightly from a seasonal low of 12.6 ft (July 
2010) to 12.2 ft (August 2011); 

• Taraval MW-400 (Figure 8c) decreased from a seasonal low of 12.1 ft (September 2010) 
to 11.0 ft (August 2011); 

• Taraval MW-530 (Figure 8d) decreased from a seasonal low of  0.5 ft (June 2010) to      
-4.1 ft (September 2011);  

• Zoo Monitoring Well MW-275 (Figure 9a) decreased from a seasonal low of 6.1 ft 
(October 2010) to 4.1 ft (August 2011); 

• Zoo Monitoring Well MW-450 (Figure 9b) decreased from a seasonal low of 6.5 ft 
(September 2010) to 4.5 ft (May 2011); and 

• Zoo Monitoring Well MW-565 (Figure 9c) decreased from a seasonal low of -2.2 ft (June 
2010) to -8.1 ft (September 2011). 

The seasonal high groundwater level elevations in the Shallow and Primary Production aquifer 
monitoring wells were slightly higher in 2011 than in 2010. This increase is attributed to a wet 
winter (above average rainfall). 

The change in groundwater levels observed at Zoo Well MW-565 in 2011 is likely a result of the 
increased pumping at Zoo Well No. 5 compared to 2010 pumping. Although groundwater levels 
at monitoring well Zoo MW-565 are currently below sea level, observed groundwater levels 
continue to remain well above the pumping induced lows of -13.5 ft recorded in 2007 (Figure 
9c).  

Observed groundwater levels at the South Windmill monitoring well MW-57 rose above sea 
level in 2010 and continued to remain above sea level for 2011. However seasonal low 
groundwater levels at MW-140 remained below sea level (Appendix A): 
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• Groundwater levels at South Windmill MW-57 remained virtually unchanged with a 
seasonal low of 1.2 ft (June 2010), compared to a seasonal low of 1.4 ft (August 2011); 
and 

• Groundwater levels at South Windmill MW-140 increased from a seasonal low of -9.7 ft 
(June 2010) to -7.8 ft (August 2011). 

The fairly large rebound in seasonal low water levels in South Windmill MW-57 and MW-140 
observed in 2010 and on through 2011 is likely the result of reduced pumping at the South 
Windmill Replacement well in Golden Gate Park. 

Total groundwater pumping in Golden Gate Park of about 1,027 af in 2011 was slightly less than 
the 1,061 af pumped in 2010 (Table 2). This was the continued result of ongoing operational 
challenges at the South Windmill Replacement production well in 2010 and 2011 which 
necessitated greater pumping from the North Lake and the Elk Glen wells located further inland 
and away from the South Windmill monitoring wells. 

The observed decrease in water level elevations in the Primary Production and Deep aquifers at 
the Kirkham, Ortega, Taraval and Zoo wells, compared to 2010 levels, are likely a result of 
increased pumping of groundwater at the SF Zoo production well for 2011. Metered 
groundwater pumping at the SF Zoo increased from 195 af in 2010 to 404 af in 2011. The 
increased groundwater pumping has contributed to the drawdown observed in nearby coastal 
monitoring wells screened in the Primary Production and Deep aquifer. 

For 2011, groundwater elevation contours for the Shallow aquifer measured during the spring 
and fall 2011 monitoring events are presented on Figures 16 and 17 respectively, while 
groundwater elevation contours for the Primary Production aquifer measured during the spring 
and fall 2011 monitoring events are presented on Figures 18 and 19, respectively.  

Groundwater levels at two coastal wells screened in the Deep aquifer Taraval MW-530 (Figure 
8d), and Zoo MW-565 (Figure 9c), decreased compared to observed 2010 levels. In 2011 the 
seasonal low groundwater levels in Taraval MW-530 (-4.1 ft) and Zoo MW-565 (-8.1 ft) were 
below sea level.  

With the exception of South Windmill MW140, coastal groundwater levels in all of the wells 
screened within the Shallow and Primary Production aquifer on the Pacific Ocean side of the 
Westside Basin are sufficiently high (above sea level) to indicate a lack of potential for seawater 
intrusion.  While 2011 seasonal low groundwater levels continue to rebound from the 2007 
seasonal lows, groundwater levels close to or below sea level may indicate a potential for 
seawater intrusion. The continued depression of groundwater levels in this portion of the basin 
appears to be the result of historically concentrated pumping in the western part of Golden Gate 
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Park. Efforts are ongoing between the SFPUC and the SFRPD to develop a recycled water 
supply for Golden Gate Park, and continue to re-distribute groundwater pumping further away 
from the coast. These current and planned actions would allow previously depressed water 
levels to continue to rise and reduce the potential for sea water intrusion.  

The coastal monitoring wells located at Fort Funston and Thornton Beach continue to have 
groundwater elevations above sea level.  The aquifers at these locations appear to be 
hydraulically separated from the main portion of the Westside Basin by faults and resultant 
steeply dipping geologic units, which act as hydraulic barriers to flow (LSCE, 2004). 
Groundwater elevations in the Fort Funston monitoring wells (Fort Funston –S and Fort Funston 
–M) continue to exhibit a generally stable water level elevation in both the Upper Merced 
Formation and the Middle Merced Formation. Groundwater elevation monitoring at the Thornton 
Beach well MW 225 (screened in the Primary Production aquifer) and MW 670 (screened in the 
Deep aquifer) indicates that groundwater levels in both aquifers in this area are stable and 
remain well above sea level (Appendix A).  

6.2 Bay Side Groundwater Level Monitoring  

Additional groundwater monitoring on the San Francisco Bay Side (Bay Side) of the Westside 
Basin was implemented by the City of San Bruno starting in 2006. In the fall of 2006, two new 
well clusters were installed and monitored by the City of San Bruno at locations in the San 
Francisco Airport (SFO) and within Burlingame (Figure 5). These wells were positioned to 
enhance monitoring of groundwater levels and water quality parameters along the Bay Side of 
the basin. Details of field activities, well installation activities and resulting monitoring in 
November 2006 and April 2007, were presented in “San Bruno Groundwater Monitoring Wells: 
Installation and Monitoring, An AB 303 Project Report”, prepared for the City of San Bruno by 
WRIME, Inc. and dated April 2007.  The City of San Bruno continues to monitor these wells on a 
semi-annual basis. 

In March 2011, groundwater elevations were measured in the two monitoring well clusters: SFO 
(S and D) and Burlingame (S, M, and D). Groundwater elevations measured during this event in 
wells SFO-S and SFO-D were 6.7 and -31.0 feet, respectively. Groundwater elevations 
measured during this event in wells Burlingame S, M, and D were 2.5, 1.1, and -5.3 ft, 
respectively.  Groundwater elevations measured during the August 2011 monitoring event in 
wells SFO-S and SFO-D were 1.5 and -31.0 ft, respectively. Groundwater elevations measured 
at wells Burlingame S, M, and D during the August event; were 2.3, 0.16, and -4.5 ft, 
respectively. Fieldwork was conducted by the City of San Bruno in accordance with the “San 
Bruno Seawater Intrusion Monitoring Wells: Sampling Plan”, prepared for the City of San Bruno 
by WRIME, Inc. and dated April 2007.  Water levels in wells Burlingame-D and SFO-D, while 
fairly similar to previous levels, remain below sea level. Groundwater levels below sea level 
indicate a potential for seawater intrusion. 
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6.3 Lake Merced and Lake-Aquifer Monitoring 

For 2011, the water level elevations in Lake Merced ranged from 17.8 feet to 18.8 feet 
(NAVD88) or 6.4 feet to 7.4 feet (SF City Datum). Lake levels are presented on Figure 20. 
Observed 2011 lake levels are generally higher than observed levels in 2010, and continue the 
generally upward trend from seasonal low levels in 2002. These lake level elevations are above 
the 14 to 16 feet (NAVD88) or 3 to 5 feet (City Datum) interim lake level range established by 
the SFPUC.  

Lake-aquifer monitoring around Lake Merced is accomplished by continuous and periodic 
monitoring of water levels in the lake combined with continuous and intermittent monitoring of 
groundwater levels in a network of dedicated monitoring wells around the lake complex, as 
illustrated in Figure 5.   

Measured groundwater elevations in wells screened in the Shallow aquifer around the Lake 
during the spring 2011 event, ranged from 13.84 feet (LMMW-9SS) to 29.92 ft (LMMW-7SS). 
For the fall 2011 event groundwater elevations ranged from 13.09 feet (LMMW-9SS) to 29.60 
feet (LMMW-7SS).  In the underlying Primary Production aquifer, groundwater elevations in the 
vicinity of Lake Merced ranged from -3.95 feet (LMMW-3D) to 15.7 feet (LMMW-2D) during the 
spring 2011 event. During the fall 2011 event, groundwater elevations in the Primary Production 
aquifer in the vicinity of Lake Merced ranged from -3.14 (LMMW-3D) to 15.1 feet (LMMW-2D).  

For 2011, Shallow aquifer groundwater elevations around the lake ranged from about 0.91 ft 
below to 13.92 feet above the interim lake levels (NAVD88).  Measured groundwater levels in 
the Primary Production aquifer around the lake ranged from about 17.95 ft below to 1.8 ft above 
the interim lake levels.  

Hydrographs of two wells screened in the Shallow and Primary Production aquifers (LMMW-1S, 
and LMMW-1D) that monitor groundwater elevations in the near vicinity of Lake Merced are 
presented on Figure 12. Groundwater elevations in both aquifers continue to exhibit a generally 
upward trend from their 2002 levels. The seasonal high groundwater elevations observed in 
these wells in 2011 are the highest on record. Groundwater levels in wells screened in the 
Primary Production and Deep aquifers located near the southern portion of Lake Merced (e.g. 
LMMW-3D) also increased slightly compared to 2010 values (Appendix A). 

6.4 South Westside Basin Groundwater Level Monitoring  

As part of the Westside Basin Monitoring Program, water levels in 46 wells were monitored in 
the South Westside Basin. Nine of these wells were initially monitored by the San Mateo County 
Department of Environmental Health, starting in 2000. Since 2002 these wells have been 
monitored as part of the SFPUC’s groundwater monitoring program. These wells consist of: 
LMMW-6D, DC 1 Westlake (Figure 13), DC 8, and Park Plaza (MW-460) located in Daly City; 
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SS1-02 (Figure 14) located in South San Francisco; SB-12 in San Bruno (Figure 15); and UAL 
13C and UAL 13D located at the San Francisco International Airport. In 2006, two well clusters 
(SFO and Burlingame) were installed by the City of San Bruno to fill data gaps in their own 
monitoring program.  

In preparation for the proposed GSR project, the SFPUC installed a monitoring well cluster, 
consisting of 4 wells, at the South San Francisco Linear Park in South San Francisco in the 
summer of 2007. Between 2008 and 2009 eight more well clusters were installed in Daly City 
(1), Colma (4), South San Francisco (1), San Bruno (1) and Millbrae (1). Well locations are 
presented on Figure 5. Groundwater hydrographs for all wells monitored in 2011 are presented 
in Appendix A. 

Water level measurements for the wells in the South Westside Basin screened within the 
Primary Production aquifer during the spring 2011 event indicate that groundwater elevations 
were below sea level at all wells monitored. Groundwater elevations for the spring 2011 event 
ranged from -12.28 feet (LMMW-6D) to -198.81 feet (SB-12 Elm Avenue) (NAVD88). 
Groundwater elevations during the fall 2011 monitoring event ranged from -12.61 feet (LMMW-
6D) to –198.27 feet (SB-12 Elm Avenue). Groundwater elevation contours in the Primary 
Production aquifer for the spring and fall 2011 event are presented on Figures 18 and 19 
respectively.  
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7.0 GROUNDWATER QUALITY MONITORING 

Groundwater quality data for the Westside Basin are primarily from a combination of historical 
water quality analyses, mostly from municipal supply wells, and from the semi-annual 
monitoring program that was initiated throughout the basin in May 2000.  The program has 
expanded to include additional wells as they have been constructed.  Program wells are 
illustrated in Figure 21 and listed in Table 5, and they reflect the approximate location of both 
production and dedicated monitoring wells.  Results of groundwater quality monitoring in 2011 
are presented below. 

7.1 Coastal Groundwater Quality  

Monitoring of groundwater levels and groundwater quality at the coastal monitoring wells 
located along the Great Highway near Kirkham, Ortega, and Taraval streets, and at the San 
Francisco Zoo, as well as in the southwestern portion of Golden Gate Park, is conducted to 
detect the potential for seawater intrusion along the Pacific Ocean coast.  Groundwater samples 
from these wells were tested for specific conductance, total dissolved solids (TDS) and chloride 
in the spring and fall of 2011. Results of groundwater quality testing for the coastal monitoring 
wells are presented in Table 6. Chloride concentrations and groundwater elevations in 2011, as 
well as records since the inception of coastal monitoring (2004), are plotted on hydrographs 
presented in Figures 6 through 9.   

Chloride concentrations for 2011 ranged from 24 mg/l (Taraval MW530) to 157 mg/l (USGS 
South Windmill MW-57). Detected chloride concentrations in the coastal monitoring wells 
generally ranged from 24 mg/l to 72 mg/l, with the exception of the USGS South Windmill MW-
57, which had concentrations of 157 mg/l (spring 2011) and 154 mg/l (fall 2011).  For the 
shallow coastal wells (screened between 50 to 150 feet), chloride concentrations ranged from 
32 mg/l (Kirkham MW-130) to 157 mg/l (South Windmill MW-57) (Table 6).  

The chloride and TDS concentrations measured in 2011 are within historical ranges at all the 
wells sampled. All chloride concentrations are below the state of California recommended and 
upper secondary drinking water standards of 250 mg/l and 500 mg/l respectively. Although 
groundwater levels continue to be depressed below sea level in the deeper part of the aquifer 
system, and chloride concentrations at the Zoo and the USGS South Windmill MW-140 well 
located in the southwestern portion of Golden Gate Park are slightly higher than the other 
monitoring locations along the coast, none appear to be suggestive of seawater intrusion at the 
present time.  In addition, current and planned resource management and stewardship activities 
will continue to be implemented to further manage groundwater resources within the North 
Westside Basin.  
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The chloride and specific conductance values in the USGS South Windmill MW-57 well show a 
slight decrease in concentration. These detected concentrations however still require continued 
monitoring to ensure effective basin stewardship practices and avert potential sea water 
intrusion. Cooperative efforts are ongoing between the SFPUC and the SFRPD to develop a 
recycled water supply for Golden Gate Park, and distribute groundwater pumping further away 
from the coast.  

7.2 General Basin Conditions  

Groundwater quality is monitored in a network of production and monitoring wells on a semi-
annual basis (spring and fall 2011) as described above and illustrated in Figure 21.  The 
analytical results are summarized in Tables 7 and 8. With the exception of the nitrate as NO3 
concentrations detected in well LMMW-1S and 1D (San Francisco), LMMW 6D, and DC 4 (Daly 
City), CUP23 MW230 (Colma), and CUP44-1 MW190 (San Bruno), groundwater quality meets 
the primary MCLs set by California Department of Public Health for the constituents monitored 
during the spring and fall 2011 event. 

For 2011, select samples were also tested for iron and manganese. Analysis detected total iron 
concentrations ranging from 0.004 mg/l (CUP18 MW425, CUP19 MW475) to 4.36 mg/l 
(CUP10A MW250), while detected dissolved iron concentrations ranged from 0.003 mg/l 
(CUP23 MW230 and 600, CUP36-1 MW585) to 0.48 mg/l (CUP19 MW690). Analysis also 
detected total manganese concentrations ranging from 0.003 mg/l (CUP22A MW545) to 1.71 
mg/l (CUP36 MW160) and dissolved manganese concentrations ranging from 0.002 mg/l 
(CUP10A MW250) to 1.68 mg/l (CUP36 MW160).  

For 2011 with the exception of 0.48 mg/l detected at CUP19 MW690, concentrations of 
dissolved iron were below the secondary MCL of 0.3 mg/l in all of the wells tested. Detected 
dissolved manganese concentrations exceeded the MCL of 0.05 mg/l in 16 of the 31 wells 
sampled in 2011. Iron and manganese concentrations are summarized on Table 8.   

The 2011 water quality results for specific conductance, TDS, and chloride for various Daly City, 
South San Francisco, and San Bruno production wells are combined with available historical 
data and illustrated in Figures 22 through 24, respectively. The 2011 and historical nitrate data 
for the production wells sampled as part of this program are illustrated in Figure 25. 

7.2.1 City of Daly City 

In Daly City, the available data extend back to the mid-1970s (Table 7, Figures 22 and 25), but 
are too sporadic to derive any substantive conclusions about long term trends or changes. 
During the spring 2011 monitoring event, detected nitrate concentrations ranged from 0.5 mg/l 
in Park Plaza MW620 to 66 mg/l in DC 4. Nitrate as NO3 concentrations in DC 4 (66 mg/l) 
exceeded the primary MCL of 45 mg/l. This is a slight decrease from the 67 mg/l detected 
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during the spring 2010 event. Detected nitrate as NO3 concentrations showed basically little to 
no change at monitoring and production wells in Daly City compared to 2010 sampling results. 
Specific conductance decreased slightly in two of the four production wells sampled compared 
to 2010 levels. Chloride concentrations during the spring 2011 event ranged from 58 mg/l 
(Jefferson) to 148 mg/l (Park Plaza MW620). Chloride concentrations showed little to no change 
at monitoring and production wells in Daly City compared to the previous sampling events in 
2010 and generally remain within historical ranges at each location. Detected chloride 
concentrations are below the state of California recommended and upper secondary drinking 
water standards (SMCL) of 250 mg/l and 500 mg/l respectively for chloride.  The monitoring 
program will continue to examine these trends in subsequent events.  

7.2.2 Town of Colma 

In the Town of Colma, groundwater use is primarily for irrigation at the cemeteries. No municipal 
pumping is currently ongoing within the Town of Colma. As part of the GSR project, multilevel 
monitoring wells CUP18, CUP19 and CUP23 were installed to better characterize groundwater 
conditions in this portion of the South Westside Basin. During the 2011 monitoring events, 
detected nitrate concentrations ranged from 2.1 mg/l in CUP19 MW475 to 61.9 mg/l (CUP23 
MW230) (Table 7). No nitrate as NO3 was detected in 3 of the 10 wells sampled.  With the 
exception of CUP23 MW230 (61.9 mg/l), nitrate as NO3 concentrations are below the primary 
MCL of 45 mg/l. Chloride concentrations ranged from 90 mg/l in CUP18 MW490 to 173 mg/l 
(CUP23 MW600). The monitoring program will include these monitoring wells in subsequent 
events to improve understanding of groundwater conditions in this portion of the basin. Detected 
chloride concentrations are below the recommended and upper SMCL of 250 mg/l and 500 mg/l 
respectively. 

7.2.3 City of South San Francisco 

For the South San Francisco area, records from Cal Water date back to the late 1950’s (Table 7 
and Figures 23 and 25).  During the 2011 monitoring events which included Cal Water’s 
production wells, the South San Francisco Linear Park (SSFLP) monitoring wells and monitoring 
wells CUP22A, and CUP36, detected nitrate concentrations ranged from 0.8 mg/l (CUP22A 
MW440) to 38 mg/l (CUP22A MW290). No nitrate as NO3 was detected in 5 of the 13 wells 
sampled during this event. Nitrate concentrations at all wells including the two production wells, 
were below the primary MCL of 45 mg/l. Detected chloride concentrations ranged from 64 mg/l 
(SSFLP MW440) to 173 mg/l (SSFLP MW120) and remain similar to historical concentrations 
(Table 7).  Detected chloride concentrations are below the recommended and upper SMCL of 
250 mg/l and 500 mg/l respectively. 
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7.2.4 City of San Bruno 

In San Bruno, available groundwater quality data extend back to 2000 (Table 7, Figures 24 and 
25). Interpretation of the records since 2000 (Figure 24) suggests fairly constant conditions. 
During the 2011 monitoring events, detected nitrate concentrations ranged from 0.4 mg/l (SB16 
Forest Ln) to 53 mg/l (monitoring well CUP44-1 MW190). No nitrate as NO3 was detected in 
CUP44-1 MW580 (monitoring well). With the exception of the nitrate concentration in CUP44-1 
MW190; concentrations at the remaining wells are all below the MCL of 45 mg/l for 2011. 
Chloride concentrations ranged from 56 mg/l (SB17 Corporation Yard) to 183 mg/l (CUP44-1 
MW580). The reported nitrate and chloride concentrations remained essentially unchanged at 
these wells, and within historical ranges of values (Table 7).   

As part of the City of San Bruno’s Bay Side monitoring program, the two well clusters installed in 
2006, were sampled by the City in March and August 2011. A summary of chemical testing 
results was provided by RMC-WRIME, Inc. on behalf of the City of San Bruno (Table 7). No 
nitrate was detected in any of the Bay Side monitoring wells sampled in 2011. Detected chloride 
concentrations ranged from 43 mg/l (Burlingame D) to 14,000 mg/l (SFO-S). Chloride 
concentrations and groundwater elevations beginning in 2006 for the Burlingame and SFO wells 
are plotted on hydrographs presented in Figures 10 and 11 respectively. 

Detected chloride concentrations during the March and August sampling events at Bay Side 
monitoring wells Burlingame S (580 and 580 mg/l respectively) and SFO-S (14,000 and 9,600 
mg/l respectively) exceed the state of California recommended and upper secondary drinking 
water standards (SMCL) of 250 mg/l and 500 mg/l respectively for chloride. Detected chloride 
concentrations at SFO-D (520 mg/l) during the August event also exceeded the SMCL values. 
Detected chloride concentrations from the remaining San Bruno wells are below both SMCL 
values.  Groundwater levels below sea level, in addition to elevated chloride concentrations at 
the SFO-S and SFO-D wells, appear to be suggestive of potential seawater intrusion or 
naturally occurring saline water within the formation. Current efforts by San Bruno will continue 
to monitor conditions in this portion of the basin. 
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8.0 SUMMARY OF PROPOSED ACTIVITIES FOR 2012 

8.1 Groundwater Monitoring Program 

The groundwater monitoring and reporting program will continue to be implemented in 
accordance with the recommendations presented in the 2005 annual report (LSCE, 2006) and 
will be updated as needed. Semi-annual sampling and various water level measurements will be 
conducted in 2012 to assess general groundwater conditions in the Westside Basin, as well as 
to continue to evaluate the adequacy of the entire program. In 2012, water level measurements 
and groundwater quality samples will be collected from the new monitoring wells installed in the 
southern part of the basin as part of the proposed GSR project, to more adequately characterize 
basin conditions. The scope and frequency of the groundwater monitoring program are 
presented on Tables 9 and 10.  

8.2 Coastal Groundwater Monitoring 

Continued semi-annual monitoring of coastal water quality (primarily TDS, specific conductance, 
and chloride) conducted during the spring and fall (Table 10) will be coupled with quarterly-to-
daily water level measurements from the existing coastal monitoring well locations (Table 9).   

8.3 Lake Merced 

For 2012, the existing monitoring program at Lake Merced will be continued, with collection of 
lake level data from Lake Merced in accordance with recommendations of the 2005 annual 
report. Groundwater measurements will be recorded daily or quarterly in accordance with the 
current program (Table 9). More frequent measurements may be appropriate from time to time 
and such changes will be implemented as necessary.  

8.4 California Groundwater Elevation Monitoring (CASGEM)  

For 2012, the SFPUC and the SWBVCGMA will continue participate in the CASGEM Program 
as follows: The SFPUC will continue collecting and reporting groundwater elevation data for six 
(6) of the seven (7) basins within the City and County of San Francisco while the SWBVCGMA 
will continue reporting South Westside Basin groundwater elevation data to DWR.  

 

8.5 General Basin Conditions and Groundwater Storage and Recovery Project  

The SFPUC will continue to monitor water levels and water quality of key wells in the Westside 
Basin (Table 9 and Table 10). The water quality and water level monitoring network will continue 
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to include new monitoring wells installed in the southern portion of the basin as part of the 
proposed GSR project.  

8.6 Bay Side Monitoring 

The City of San Bruno will continue to monitor the Bay Side wells in the southeastern portion of 
the Westside Basin on a semi-annual basis, in general accordance with the Westside Basin 
monitoring program, and transmit these data to the SFPUC for inclusion in the annual 
groundwater monitoring report.  
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Groundwater Quality Monitoring Network Well Identification

Well Name(s)
USGS South Windmill MW57, MW140

Kirkham MW130, MW255, MW385, MW435
Ortega MW125, MW265, MW400, MW475

West Sunset Playground
Taraval MW145, MW240, MW400, MW530

Zoo MW275, MW450, MW565
LMMW-1S, 1D
LMMW-2S, 2D
LMMW-3S, 3D

LMMW-6D
DC-2 Westlake

Park Plaza MW460, MW620
Jefferson

Vale
DC-4

SS 1-19
SS 1-21

SB-20 Lions Field Park
SB-16 Forest Lane

SSFLP MW120, MW220, MW440, MW520
SFO - S, D

Burlingame - S, M, D
CUP 10A-160, 250, 500
CUP 18-230, 425, 490
CUP 19-475, 600, 690

CUP 22A-290, 440, 545
CUP 23-230, 440, 515, 600
CUP 36-160, 270, 455, 585

CUP 44-1-190, 300, 460, 580
MW-M1

Table 5
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Well Sample Date
Total Iron  

(mg/L)
Dissolved Iron  

(mg/L) Total Manganese (mg/L)
Dissolved Manganese 

(mg/L)

Primary MCL NE NE NE NE

Secondary 
MCL 0.30 NE 0.05 NE

DC#01 - A ST May-00 ND -- ND --

Apr-03 0.02 -- 0.01 --

May-06 -- -- 0.04 --

DC#03 - DC 4 May-00 ND -- ND --

DC#06 - JEFFERSON May-00 ND -- ND --

Apr-03 0.02 -- 0.06 --

DC#07 - LAKE MERCED GOLF CLUB Oct-02 ND ND

DC#10 - VALE May-00 ND -- ND --

May-00 ND -- ND --

Oct-02 ND -- ND --

DC#11 - WESTLAKE DC 2 May-00 ND -- ND --

Apr-03 0.02 -- 0.01 --

Apr-03 0.02 -- 0.01 --

FORT FUNSTON -S Apr-03 0.03 0.08

Apr-03 0.04 0.08

THORNTON BEACH MW225 Apr-03 0.02 0.02

THORNTON BEACH MW360 Mar-03 0.10 0.14

THORNTON BEACH MW670 Mar-03 0.02 0.01

SB#04 - SB 15 COMMODORE May-00 0.10 -- 0.30 --

Oct-02 ND -- ND --

SB#05 - SB 16 FOREST LN May-00 ND -- 0.10 --

May-10 0.011 -- 0.071 --

SB#06 - SB 17 CORPORATION YARD May-00 ND -- 0.01 --

Oct-02 ND -- ND --

May-06 -- -- 0.09 --

May-10 <0.003 -- <0.002 --

SB#07 - SB 18 CITY PARK May-00 ND -- 0.10 --

Oct-02 ND -- ND --

SB#08 - SB 20 LIONS FIELD PARK May-10 0.013 -- 0.085 --

-- --

SB#09 - VINCE'S SHELLFISH May-00 0.23 -- 0.16 --

Oct-02 ND -- ND --

UAL MW13C Jan-03 0.05 -- 0.51 --

Jan-03 0.05 -- 0.57 --

Table 8
General Basin Iron and Manganese Groundwater Quality
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Well Sample Date
Total Iron  

(mg/L)
Dissolved Iron  

(mg/L) Total Manganese (mg/L)
Dissolved Manganese 

(mg/L)

Primary MCL NE NE NE NE

Secondary 
MCL 0.30 NE 0.05 NE

Table 8
General Basin Iron and Manganese Groundwater Quality

SF#01 - ARBORETUM 5 May-00 ND -- ND --

SF#02 - EDGEWOOD SCHOOL Nov-93 0.13 -- ND --

May-00 1.36 -- 0.09 --

SF#03 - ELK GLEN 2 Nov-93 ND -- ND --

May-00 ND -- ND --

May-05 0.02 -- <0.002 --

SF#05 - FORT FUNSTON M Apr-03 0.045 -- 0.025 --

SF#17 - (NE) WINDMILL May-00 ND -- 0.020 --

SF#18 - NEW GG PARK (N) LAKE May-05 0.340 -- 0.019 --

Nov-07 0.021 0.007 0.010 0.009

Apr-09 -- 0.005 -- 0.009

SF#19 - NEW GG PARK (S) WIND. May-05 5.067 -- 0.086 --

Dec-05 0.028 -- <0.002 --

Apr-09 0.003 0.002

SF#20 - (NW) WINDMILL Nov-93 ND -- ND --

SF#24 - (S) SUNSET PLAYGROUND Jun-05 0.253 -- 0.120 --

May-06 0.330 0.095 0.120 0.12

SF#38 - USGS (S) WINDMILL (D) Nov-93 ND ND

SF#41 - WEST SUNSET PLAYGROUND Dec-93 0.40 -- 0.019 --

Jun-05 0.17 -- 0.016 --

May-06 0.160 0.004 0.013 0.006

Apr-10 0.233 -- 0.014 0.005

ZOO 04 May-00 0.030 -- ND --

SF#44 - ZOO 5 Dec-05 0.011 -- 0.021 --

SF#46 -LK MERCED PUMP ST MW155 May-07 0.004 0.001

SF#47 -LK MERCED PUMP ST MW270 Dec-05 0.014 -- 0.570 --

Dec-05 0.257 -- 0.586 --

May-06 0.232 -- 0.626 --

May-07 -- 0.056 -- 0.590

SF#48 -LK MERCED PUMP ST MW440 Dec-05 0.002 -- 0.070 --

May-06 <0.003 <0.003 0.072 0.069

May-07 -- 0.006 -- 0.064

SF#49 -LK MERCED PUMP ST MW575 May-07 (0.20) 0.02 -- 0.24

SF#50 - PARK PLAZA MW460 Nov-11 0.147 <0.003 0.012 <0.002

SF#51 - PARK PLAZA MW620 Nov-11 0.788 0.008 0.310 0.310
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Well Sample Date
Total Iron  

(mg/L)
Dissolved Iron  

(mg/L) Total Manganese (mg/L)
Dissolved Manganese 

(mg/L)

Primary MCL NE NE NE NE

Secondary 
MCL 0.30 NE 0.05 NE

Table 8
General Basin Iron and Manganese Groundwater Quality

SF#52 - CENTRAL PUMP ST MW190 May-05 0.101 -- 0.055 --

Oct-07 0.150 <0.003 0.022 0.010

Sep-08 0.016 -- 0.002 --

SF#53 - CENTRAL PUMP ST MW270 May-05 0.136 -- 0.127 --

Oct-07 0.200 0.090 0.120 0.112

Sep-08 0.140 -- 0.110 --

SF_CUP-10A-160 May-10 0.409 0.004 0.009 <0.002

Oct-10 0.168 <0.001 <0.002 <0.002

Jun-11 0.092 <0.003 0.005 <0.002

Nov-11 0.016 <0.003 <0.002 <0.002

SF_CUP-10A-250 May-10 14.70 <0.003 0.174 0.094

Oct-10 0.89 <0.001 0.009 <0.002

Jun-11 4.36 <0.003 0.084 <0.002

Nov-11 0.014 <0.003 <0.002 <0.002

SF_CUP-10A-500 May-10 0.146 <0.003 0.139 0.003

Oct-10 0.186 <0.001 0.037 0.004

Jun-11 0.321 <0.003 0.042 0.020

Nov-11 0.466 <0.003 0.019 <0.002

SF_CUP-18-230 May-10 0.832 <0.006 0.059 0.050

Oct-10 3.500 0.004 0.075 0.018

Jun-11 0.622 <0.003 0.042 0.008

Oct-11 <0.003 <0.003 0.004 0.004

SF_CUP-18-425 May-10 0.004 <0..006 <0.002 <0.002

Oct-10 0.003 <0.001 0.018 <0.002

Jun-11 <0.004 <0.003 <0.002 <0.003

Oct-11 0.004 <0.003 <0.002 <0.002

SF_CUP-18-490 May-10 0.003 <0.006 0.366 0.359

Oct-10 0.052 0.001 0.304 0.286

Jun-11 0.012 <0.003 0.155 0.141

Nov-11 0.404 <0.003 0.072 <0.002
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Well Sample Date
Total Iron  

(mg/L)
Dissolved Iron  

(mg/L) Total Manganese (mg/L)
Dissolved Manganese 

(mg/L)

Primary MCL NE NE NE NE

Secondary 
MCL 0.30 NE 0.05 NE

Table 8
General Basin Iron and Manganese Groundwater Quality

SF_CUP-19-475 May-10 <0.003 <0.006 0.160 0.157

Oct-10 <0.001 <0.001 0.122 0.107

May-11 0.013 0.008 0.090 0.087

Oct-11 0.004 <0.003 0.397 0.116

SF_CUP-19-600 May-10 0.098 0.011 0.163 0.164

Oct-10 0.103 0.003 0.155 0.140

May-11 0.086 0.027 0.147 0.146

Oct-11 0.097 0.022 0.155 0.156

SF_CUP-19-690 May-10 0.417 0.086 0.778 0.760

Oct-10 0.406 0.010 0.652 0.631

May-11 0.394 0.104 0.606 0.573

Oct-11 0.586 0.480 0.758 0.767

SF_CUP-22A-290 May-10 0.901 <0.006 0.038 0.022

Oct-10 <0.001 <0.001 <0.002 <0.002

May-11 0.006 <0.003 <0.002 <0.002

Oct-11 0.046 <0.003 <0.002 <0.002

SF_CUP-22A-440 May-10 0.035 <0.006 0.040 0.038

Oct-10 0.001 <0.001 0.047 0.042

May-11 0.005 0.004 0.042 0.042

Nov-11 0.256 <0.003 0.049 0.044

SF_CUP-22A-545 May-10 0.021 <0.006 0.033 0.007

Oct-10 0.007 <0.001 0.047 <0.002

May-11 0.114 0.004 0.029 <0.002

Nov-11 <0.003 <0.003 0.003 <0.002

SF_CUP-23-230 Oct-10 0.039 <0.001 0.008 0.009

May-11 0.086 0.003 0.011 <0.002

Oct-11 0.035 <0.003 0.021 <0.002

SF_CUP-23-440 Oct-10 <0.001 <0.001 0.162 0.151

May-11 0.010 <0.003 0.173 0.168

Oct-11 0.007 <0.003 0.206 0.206
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Well Sample Date
Total Iron  

(mg/L)
Dissolved Iron  

(mg/L) Total Manganese (mg/L)
Dissolved Manganese 

(mg/L)

Primary MCL NE NE NE NE

Secondary 
MCL 0.30 NE 0.05 NE

Table 8
General Basin Iron and Manganese Groundwater Quality

SF_CUP-23-515 Oct-10 0.370 0.014 0.254 0.249

May-11 0.422 0.034 0.229 0.249

Oct-11 0.356 0.032 0.239 0.241

SF_CUP-23-600 Oct-10 0.022 <0.001 0.155 0.158

May-11 0.095 0.003 0.209 0.181

Oct-11 0.272 <0.003 0.333 0.234

SF_CUP-36-1-160 May-10 0.027 -- 1.70 --

Oct-10 0.009 <0.001 1.69 1.67

May-11 0.029 0.007 1.71 1.68

Nov-11 0.021 <0.003 1.58 1.43

SF_CUP-36-1-270 May-10 0.005 <0.006 0.009 0.005

Oct-10 0.022 <0.001 0.009 0.002

May-11 0.007 <0.003 0.003 0.002

Nov-11 0.021 <0.003 0.011 0.004

SF_CUP-36-1-455 May-10 0.131 <0.006 0.301 0.300

Oct-10 0.174 <0.001 0.298 0.292

May-11 0.250 0.009 0.306 0.313

Nov-11 0.240 0.089 0.308 0.304

SF_CUP-36-1-585 May-10 0.006 <0.006 0.134 0.126

Oct-10 0.013 <0.001 0.122 0.112

May-11 0.021 0.006 0.105 0.102

Nov-11 0.016 0.003 0.084 0.086

SF_CUP-44-1-190 May-10 0.009 <0.003 0.006 0.004

Oct-10 0.007 <0.001 <0.002 <0.002

Jun-11 0.197 <0.003 0.052 0.003

Oct-11 0.034 <0.003 0.027 0.006

SF_CUP-44-1-300 May-10 1.310 <0.003 0.117 0.066

Oct-10 0.006 <0.001 0.007 0.012

Jun-11 0.103 <0.003 0.012 0.005

Oct-11 0.018 0.005 0.006 0.005
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Well Sample Date
Total Iron  

(mg/L)
Dissolved Iron  

(mg/L) Total Manganese (mg/L)
Dissolved Manganese 

(mg/L)

Primary MCL NE NE NE NE

Secondary 
MCL 0.30 NE 0.05 NE

Table 8
General Basin Iron and Manganese Groundwater Quality

SF_CUP-44-1-460 May-10 0.063 <0.003 0.034 0.028

Oct-10 0.063 <0.001 0.020 0.003

Jun-11 0.137 <0.003 0.057 0.003

Oct-11 0.049 <0.003 0.029 0.003

SF_CUP-44-1-580 May-10 <0.004 <0.003 0.141 0.134

Oct-10 0.043 <0.001 0.009 0.006

Jun-11 0.023 <0.003 0.174 0.149

Oct-11 0.011 <0.003 0.172 0.174

SF_CUP-M-1 May-10 0.132 0.004 0.003 <0.002

Oct-10 <0.001 <0.001 <0.002 <0.002

Jun-11 0.049 <0.003 <0.002 <0.002

Oct-11 0.036 <0.003 <0.002 <0.002

CALIFORNIA GOLF CLUB 5 May-00 ND -- 0.09 --

SS#03 - CYPRESS LAWN CEM. (S) May-00 0.08 -- ND --

SS#04 - HOLY CROSS CEM. #1 May-00 ND -- ND --

SS#05 - SS 1-14 May-00 ND -- ND --

Oct-02 ND -- ND --

SS#06 - SS 1-15 May-00 ND -- 0.02 --

Oct-02 ND -- ND --

SS#07 - SS 1-18 May-00 ND -- ND --

May-00 ND -- ND --

Oct-02 ND -- ND --

Oct-02 ND -- ND --

SS#08 - SS 1-19 May-00 ND -- ND --

Oct-02 ND -- ND --

SS#09 - SS 1-20 Oct-02 ND -- ND --

SS#10 - SS 1-21 Oct-02 ND -- ND --

SSFLP  120 Dec-07 0.040 -- 0.810 0.220

May-08 0.071 0.062 0.825 0.805

Sep-08 0.161 0.063 0.778 0.778

Apr-09 0.128 0.014 0.617 0.683

Nov-09 0.230 0.070 0.740 0.710

May-11 0.109 0.092 0.701 0.752

Nov-11 0.445 0.107 0.705 0.722
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Well Sample Date
Total Iron  

(mg/L)
Dissolved Iron  

(mg/L) Total Manganese (mg/L)
Dissolved Manganese 

(mg/L)

Primary MCL NE NE NE NE

Secondary 
MCL 0.30 NE 0.05 NE

Table 8
General Basin Iron and Manganese Groundwater Quality

SSFLP 220 Dec-07 0.024 -- 0.170 <0.002

May-08 <0.003 <0.003 0.147 0.151

Sep-08 0.001 <0.003 0.165 0.139

Apr-09 0.003 <0.001 0.128 0.130

Nov-09 <0.02 <0.02 0.120 0.120

May-11 0.012 <0.004 0.092 0.106

Nov-11 0.025 0.004 0.027 0.026

SSFLP 440 Dec-07 0.022 -- 0.230 0.120

Jun-08 0.073 0.008 0.215 0.225

Sep-08 0.113 0.008 0.259 0.226

Apr-09 0.119 0.007 0.212 0.208

Nov-09 0.120 <0.02 0.220 0.220

May-11 0.117 0.005 0.179 0.221

Nov-11 0.343 0.107 0.213 0.220
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Well Sample Date
Total Iron  

(mg/L)
Dissolved Iron  

(mg/L) Total Manganese (mg/L)
Dissolved Manganese 

(mg/L)

Primary MCL NE NE NE NE

Secondary 
MCL 0.30 NE 0.05 NE

Table 8
General Basin Iron and Manganese Groundwater Quality

SSFLP 520 Dec-07 <0.020 -- 0.340 0.190

Jun-08 0.013 0.005 0.354 0.341

Sep-08 0.016 0.006 0.405 0.333

Apr-09 0.019 0.013 0.331 0.327

Nov-09 <0.02 <0.02 0.350 0.300

May-11 0.021 0.009 0.303 0.369

Nov-11 1.37 0.037 0.351 0.344

Notes
mg/L = Milligrams per liter
ND = Non-detectable concentration.  Detection limit not known.
<0.003 = Not detected at or above laboratory reporting limit
-- = Not tested

= Shaded cell indicates data collected in 2011
MCL = Maximum Contaminant Level
NE = Not Established
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APPENDIX A 
Groundwater Elevation Hydrographs 





























































































 

 

APPENDIX B 
Analytical Data Results 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 























































































































































 

 

 
Appendix C 

Sampling and Testing Protocol for the Westside Basin 













 

 

  
 

Appendix D 
Summary of New Well Activity in the Westside Basin for 2011 









DEPTH DESCRIPTION

GGP CENTRAL PUMP STATION
 TEST  WELL

PROFILE

GGP CENTRAL PUMP STATION
TEST HOLE
LITHOLOGY

ACCESSORY PIPE
ORIENTATION

(NTS)

GGP CENTRAL PUMP STATION
 TEST  WELL

ELECTRICAL LOG

NOTE:

TEST HOLE ELEVATION = TEST WELL ELEVATION MINUS 10 FEET
 WCR No. e0126547

N

Feet

-50

-100

-150

-200

-250

-300

-350

-400

-450

TEST WELL - WELL COMPLETION REPORT NO. e0126715



FILING NO.

JOB NO.

COMPANY

WELL

FIELD

STATE COUNTY

welenco
5201 Woodmere Drive, Bakersfield, CA 93313-- www.welenco.com--(800) 445-9914

California Contractor's License No. 722373

ELECTRIC - GAMMA RAY - TEMPERATURE LOG

LOCATION: OTHER SERVICES:

SEC: TWP: RGE: LAT.: LONG.: MERIDIAN.:

Permanent Datum: , Elev. Ft.

Log Measured From: , Ft. Above Perm. Datum

Drilling Measured From:

Elev.: K.B. Ft.

           D.F. Ft.

           G.L. Ft.

One

Jan. 16, 2011

440

443

100

443

30 105

30 105

28

08:40

Water

n/a n/a

n/a n/a

Pit

55.3 54.7

44.2 75

n/a

Meas

n/a

2 hr

56

LV-2 Sac

M. Sharpless

J.Brookshire

Ft Ft Ft Ft In @ In @ In @ In @

Ft Ft Ft Ft In @ In @ In @ In @

ml ml ml ml

@ @ @ @°F °F °F °F

@ @ @ @°F °F °F °F

@ @ @ @°F °F °F °F

@ @ @ @°F °F °F °F

°F °F °F °F

Run

Date

Ft Ft Ft FtDepth-Driller

Ft Ft Ft FtDepth-Logger

Ft Ft Ft FtTop Logged Interval

Ft Ft Ft FtBtm. Logged Interval

Casing-Driller

Casing-Logger

In In In InBit Size

Time On Bottom

Type Fluid In Hole
Density Viscosity

pH Fluid Loss

Source of Sample

Rm @ Measured Temp.

Rmf @ Measured Temp.

Rmc @ Measured Temp.

Source   Rmf Rmc

Rm  @ BHT

Hr Hr Hr HrTime Since Circulation

Max. Rec. Temp.

Van No. Location

Recorded By

Witnessed By

Roadrunner Drilling

GGP Cenral Pump Station Production Well

Golden Gate Park

California San Francisco

14271

Caliper

12 2S 6W 37° 46' 9.4'' 122° 28' 55.5'' Mt. Diablo

Ground Level

Ground Level 0

Ground Level



Miscellaneous Information
A recreational GPS accurate to +/- 45 feet set for Datum NAD27 was used to calculate
Latitude, Longitude & Elevation values. The Section, Township, and Range then
determined using the TRS program (TRS accuracy is not guaranteed).  The TRS
program converts Latitude and Longitude to Section, Township, and Range. The
NOTICE at the bottom of this heading also applies.

NOTICE

All interpretations are opinions based on inferences from electrical and other measurements
and we do not guarantee the accuracy or correctness of any verbal or written interpretation,
and we shall not, except in the case of gross or willful negligence on our part, be liable or
responsible for any loss, costs, damages or expenses incurred or sustained by anyone resulting
from any interpretation made by one of our officers, agents or employees. These interpretations
are also subject to our General Terms and Conditions as set out in our current Price Schedule.

       welenco, inc. January 16, 2011



Roadrunner Drilling GGP Cenral Pump Station Production Well Jan 16, 2011

ELECTRIC - GAMMA RAY - TEMPERATURE LOG

Log Page No.  1  of  3  Pages Page Length: 100 - 260 Feet (160 Feet) Time: 10:27:38 AM  Date: Jan 16, 2011

100100

150

200

250

DEPTHS

 5 in/100ft

Gamma Ray (api)0 100

< - S.P. (5 mV/div) + >

16 Inch Normal (ohmmeter²/m)0 100

64 Inch Normal (ohmmeter²/m)0 100

Temperature (ºF)50 60

Single Point (ohms)0 100














