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CCID Central California Irrigation District 

CCC Columbia Canal Company 

CDPs Census Designated Places 

CDPH California Department of Public Health 

Coalition Westside San Joaquin River Watershed Coalition 

CVHM Central Valley Hydrologic Model 

CVPIA Central Valley Project Improvement Act 

DACs Disadvantaged Communities 

DEM digital elevation model 

DFG California Department of Fish and Game 

DPR California Department  of Pesticide Regulation 

DPWD Del Puerto Water District 

dS/m decisiemens per meter 

DUCs Disadvantaged Unincorporated Communities 

DWP California Department of Public Health Drinking Water Program 

DWR California Department of Water Resources 

EC electrical conductivity 

EHIB Environmental Health Investigations Branch 

FMMP Farmland Mapping and Monitoring Program 

ft/day feet per year 

FWS United States Fish and Wildlife Service 

GAMA Groundwater Ambient Monitoring Assessment program 

GAR Groundwater Quality Assessment Report 
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GIS Geographic Information Systems 

GRCD Grasslands Resource Conservation District 

GWPA Groundwater Protection Area 

HHVA Hydrogeologic High Vulnerability Area 

HWVA High Well Vulnerability Area 

IAZ Initial Analysis Zones 

ILP Irrigated Lands Program 

ILRP Irrigated Lands Regulatory Program 

lbs/ac pounds per acre  

Lower Aquifer Lower confined zone 

LSCE Luhdorff & Scalmanini, Consulting Engineers, Inc. 

LTILRP Long-Term Irrigated Lands Regulatory Program 

LWA Larry Walker Associates 

MCL Maximum Contaminant Level 

mg/L milligrams per liter 

mg/L/yr milligrams per liter per year 

MIN PC minimum percent coarse 

MRP Monitoring and Reporting Program  

N2 nitrogen 

NED National Elevation Dataset 

NH3 ammonia 

NH4 inorganic nitrogen 

NHI Nitrate Groundwater Pollution Hazard Index 

NO2 nitrite 

NO3 nitrate 

NOA Notice of Applicability 

NRCS Natural Resource Conservation Service 

NWIS National Water Information System 

PC percent coarse 

PCPA Pesticide Contamination Prevention Act 

PID Patterson Irrigation District 

PLSS Public Land Survey System 
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PWSs Public Drinking Water Systems 

QA/QC Quality Assurance/Quality Control 

R-HN2 Organic nitrogen 

RWQCB Central Valley Regional Water Quality Control Board 

SLCC San Luis Canal Company 

SLDMWA San Luis and Delta-Mendota Water Authority 

SLWD San Luis Water District 

SMCL Secondary MCL 

SSURGO Soil Survey Geographic Database 

SWN State Well Number 

SWRCB California State Water Resources Control Board 

TDS total dissolved solids 

TID Tranquillity Irrigation District 

UCD University of California at Davis 

Upper Aquifer Upper semi-confined zone 

USDA U.S. Department of Agriculture 

USEPA U.S. Environmental Protection Agency 

USGS U.S. Geological Survey 

Watershed San Joaquin River Watershed 

WDL Water Data Library 

WDRs Waste Discharge Requirements 

Westside Coalition Westside San Joaquin River Watershed Coalition 

Westside HVA High Vulnerability Area defined for the Coalition 

WQM CDPH Water Quality Monitoring 

WSID West Stanislaus Irrigation District 
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EXECUTIVE SUMMARY  
This Groundwater Quality Assessment Report (GAR) has been prepared on behalf of the Westside San 
Joaquin River Watershed Coalition (Westside Coalition, or Coalition). The Westside Coalition serves as 
the third-party group for the growers within the Western San Joaquin River Watershed. The Waste 
Discharge Requirements (WDRs) under General Order R5-2014-0002, which apply to growers within the 
Western San Joaquin River Watershed, were adopted by the Central Valley Regional Water Quality 
Control Board (RWQCB, or Board) on January 9, 2014. The extent of the Westside Coalition region is the 
same as the boundary of the Western San Joaquin River Watershed, as identified in the WDRs and 
provided in spatial data available from the RWQCB. 

ES 1 Westside Coalition 
The Westside Coalition serves as the third-party group for the growers within the Western San Joaquin 
River Watershed (Watershed) (Figure ES-1), although some growers in the area may elect to be 
regulated as individuals. The Watershed area covers a total area of 1,270,835 acres, including 
approximately 389,692 acres1 of irrigated cropland, 20,652 acres of idle cropland, and 881,143 acres of 
non-irrigated or non-agricultural land. Managed wetlands are also located in the Watershed area, 
including a combination of State wildlife areas and Federal wildlife refuges, as well as privately owned 
wetlands. These lands are managed to provide important habitat for waterfowl and shorebirds and 
provide recreational opportunities for bird enthusiasts, hunters, and other activities.  

The Westside Coalition WDRs do not include the Grassland Drainage Area located in the Delta-Mendota 
Drainage Area; this area is covered by separate waste discharge requirements. The Grassland Drainage 
Area covers an area of approximately 97,400 acres2. 

The Westside Coalition WDRs indicate that nearly all of the irrigated acreage is currently regulated 
under the Coalition Group Conditional Waiver; however, it is anticipated that some additional irrigated 
acres will require regulatory coverage under Order R5-2014-0002 or other WDRs or waivers. The WDRs 
indicate that Small Farming Operations are defined as those growers with a total farming operation that 
comprises fewer than 60 acres of irrigated land. In counties within the Western San Joaquin River 
Watershed, Small Farming Operations are operated by approximately 63 percent of the growers, but 
account for approximately 6 percent of the total irrigated lands.  

ES 2 WDR Timelines Related to the GAR 
Following the Board’s adoption of the WDR on January 9, 2014, the Notice of Applicability (NOA) was 
approved on March 17, 2014. The approval date associated with the NOA starts the timeline for several 
requirements, including the requirement in the WDR Order (Section IV. A.) that, three months after 
receiving a NOA from the Board, “the third-party will provide a proposed outline of the GAR to the 
Executive Officer that describes the data sources and references that will be considered in developing 
the GAR”. Accordingly, the due date for submittal of the GAR outline was June 16, 2014. Additionally, 
the due date for the GAR is set at one calendar year after approval of the NOA, which for the Westside 

1 The acreages included here are based on data for 2013. 
2 Waste Discharge Requirements for Growers in the Grassland Drainage Area, Attachment A to Order no. R5-2014-
0002. 
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Coalition is March 17, 2015. The GAR outline was submitted by the Westside Coalition to the Board on 
June 13, 2014, and the Board sent a letter on September 19, 2014 approving the GAR outline.  

ES 3 Overview of the GAR 
This GAR has been prepared in accordance with the outline submitted by the Westside Coalition to the 
RWQCB on June 13, 2014. The GAR documents current groundwater quality in the Westside Coalition 
area, including nitrate and salinity concentrations and trends, evaluates the influence of irrigated 
agriculture on groundwater quality, and provides a scientifically based classification system for 
evaluating and determining the relative groundwater vulnerability (higher or lower), especially for the 
area of the Westside Coalition area within the Central Valley Floor. Key approaches for the Westside 
Coalition area have involved: 

• Developing a representation of physical conceptual model that describes the hydrogeology and 
groundwater quality conditions (salinity and nitrate) in very shallow groundwater (uppermost 
part of the Upper Aquifer), the extent and thickness of the Corcoran Clay, and the semi-confined 
Upper Aquifer and confined Lower Aquifers associated with the Coast Range on the west side 
and Sierran Sands on the east side of the Coalition area. 

• Evaluating the hydrogeologic sensitivity of the very shallow groundwater to naturally occurring 
salts and conditions related to the concentration of those salts;  

• Evaluating the trends in nitrate and salinity, particularly in the very shallow groundwater (from 
land surface to a depth of about 50 feet in the Coalition area within the Central Valley Floor) and 
the Upper Aquifer; 

• Determining the physical factors associated with confinement of the Lower Aquifer that serves 
to lower the vulnerability of the Lower Aquifer to nitrate effects; 

• Identifying the presence of saline groundwater in the Lower Aquifer associated with Coast 
Range sediments and/or from leakage through the Corcoran Clay, where it is thinner. 

• Identifying existing wells (currently monitored by Westside entity members or others) that can 
potentially be used to fill data gaps and/or to meet future trend monitoring needs for the 
Coalition while avoiding expenses associated with constructing new monitoring wells. 

The relative vulnerability of groundwater to irrigated land agricultural impacts is assessed based on: (1) 
hydrogeologic sensitivity, (2) overlying land uses and practices, and (3) groundwater quality 
observations (particularly nitrate but also salt and pesticide concentrations). Hydrogeologic sensitivity is 
a factor that is tied to the inherent physical characteristics of the geology and soils and underlying 
hydrogeologic and geologic conditions. Land use (location of cropping and management systems on the 
landscape, and locations of other non-agricultural land uses) is an indicator of potential groundwater 
quality stressors. The spatial relationship between the hydrogeologic sensitivity of an area, the overlying 
land use, and the proximity of groundwater serving urban and rural communities (particularly recharge 
areas upgradient of communities that rely on groundwater) is assessed for areas located within the 
Central Valley Floor. 

This GAR outlines the different methods for assessing groundwater vulnerability that have been used to 
evaluate groundwater vulnerability, including approaches applied to assess vulnerability in California 
(e.g., California State Water Resources Control Board [SWRCB], California Department of Pesticide 
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Regulation [DPR], Nolan et al., 2002, Dzurella et al., 2012), and presents the method developed for 
determining high vulnerability areas within the region encompassed by the Coalition boundary. To 
determine high vulnerability areas, select statistical analyses and index overlay approaches were used 
based on observed groundwater quality, soil parameters, and hydrogeologic characteristics of the 
aquifer system beneath the Central Valley portion of the Coalition area. The results from the 
groundwater vulnerability assessment were evaluated with respect to locations of observed 
exceedances of groundwater quality drinking water standards for nitrate, total dissolved solids (TDS) 
and pesticide detections. The method of determining groundwater vulnerability also accounts for 
differences in land use among the observations in order to decipher differences in groundwater quality 
that are related to hydrogeologic variables as opposed to differences in groundwater quality that are 
related to land use. Spatial data representing land use mapped at three different snapshots in time, 
including the mid-1980s to 1990s, mid-1990s to mid-2000s and 2013, were utilized in the analyses 
described in the GAR to account for different land use conditions. 

High vulnerability areas, where irrigated agriculture operations have impacted or are more likely to 
impact groundwater quality, are identified and prioritized in the GAR, and existing wells are identified 
that may satisfy future requirements to develop a Groundwater Quality Trend Monitoring network to 
track regional groundwater quality and its response to agricultural practices. 

Following are summaries of key findings: 

ES 4 Summary of Findings 

ES 4.1 Hydrogeologic Setting 
The study area for the GAR includes the entire Watershed area. Figure ES-1 also illustrates a key 
distinction between what is hydrogeologically referred to as the Central Valley Floor and areas 
peripheral to the Central Valley Floor in the Coalition region. The Central Valley Floor, as referred to in 
the GAR, is defined by the extent of the San Joaquin Valley Groundwater Basin as designated by the 
California Department of Water Resources (DWR) and presented in Bulletin 118 (DWR, 2003). The basins 
and subbasins located within the Central Valley Floor include the Delta-Mendota Groundwater Subbasin, 
a small part of the Tracy Groundwater Subbasin, and a small part of the Merced Groundwater Subbasin. 
Greater than 99 percent of the DWR-designated groundwater basins and subbasins within the 
Watershed area are located within the Central Valley Floor, and these basins represent the area that is 
the focus of most of the work for the GAR, although the geology of Los Banos Creek Valley Groundwater 
Basin and Peripheral areas were also evaluated with respect to vulnerability. 

Within the Central Valley Floor of the Coalition region, the primary groundwater bearing units consist of 
Tertiary and Quaternary-aged unconsolidated continental deposits and older alluvium, including 
geologic units of the Tulare Formation. The continental and alluvial deposits consist of layers of sand, 
gravel, silt, and clay that increase in thickness away from the margins of the valley. The hydrogeologic 
system in the Coalition region is characterized by the presence of three distinct groundwater zones, 
including a very shallow groundwater zone, an upper semi-confined zone (Upper Aquifer), and a lower 
confined zone (Lower Aquifer). The Tulare Formation is hydrologically the most important geologic 
formation in the Westside Coalition region because it contains many fresh water-bearing deposits. The 
Tulare Formation extends to the base of freshwater throughout most of the area and is comprised of 
stratigraphic layers of clays, silts, sands, and gravels and includes the Corcoran Clay (E-Clay) member, a 
diatomaceous clay or silty clay of lake bed origin which is a prominent aquitard in the region that 
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separates the upper zone from the lower zone and distinguishes the Upper Aquifer from the Lower 
Aquifer.  

Most of the natural recharge that occurs in the Westside Coalition region is in the alluvial fan apex areas 
along the intermittent Coast Range streams, although deep percolation of applied irrigation water is also 
a source of recharge. Changing irrigation technologies are reducing deep percolation from irrigation 
water. Secondary recharge to areas near the valley axis occurs from subsurface flow from the east 
(DWR, 2003). Groundwater quality within the Coalition region is variable and commonly reflects the 
chemical composition of the contributing streams and the subsurface sediments through which 
groundwater has flowed. Naturally high concentrations of TDS in groundwater within the Westside 
Coalition region have existed historically due to the geochemistry of the Coast Range rocks, the resulting 
naturally high TDS of recharge derived from Coast Range streams, the dissolvable materials within the 
alluvial fan complexes, and the naturally poor draining conditions which tend to concentrate salts in the 
system. 

Soils of low hydraulic conductivity, corresponding with extensive floodplain deposits, blanket much of 
the Central Valley Floor area of the Coalition region, although higher hydraulic conductivity soils occur 
along modern and ancient surface watercourses and in association with alluvial fan features. Subsurface 
sediment texture data from the U.S. Geological Survey’s Central Valley Hydrologic Model indicate a 
shallow interval of coarse materials at depths less than 200 to 250 feet exists across large areas of the 
Coalition region corresponding with the Upper Aquifer. The presence of generally fine-grained 
sediments (<25 percent coarse) are apparent between depths of about 250 to 400 feet, consistent with 
the depths at which the Corcoran Clay occurs within the Coalition region. Deeper sediment textural data 
suggest relatively finer-grained sediments below the Corcoran Clay within much of the Lower Aquifer, 
although localized areas of coarse material exist in association with alluvial fan deposits of both Sierra 
and Coast Range origin. Areas and intervals with the highest percentages of coarse sediments are largely 
zones of Sierra-sourced alluvial fan materials. 

Because of the generally shallow nature and high salinity in some areas, Very Shallow Groundwater, 
which is considered to be the zone within 50 feet of the ground surface in this report, is not believed to 
provide a major supply of water for agricultural or drinking uses within the Coalition region. The Upper 
Aquifer includes geologic units of younger and older alluvium and upper parts of the Tulare Formation. 
The Corcoran Clay is a notable hydrogeologic feature throughout most of the Coalition region that acts 
as an aquitard and impediment to vertical hydraulic communication between the Upper and Lower 
Aquifers. The Corcoran Clay is present at depths ranging between approximately 150 and 300 feet below 
the ground surface across much of the Central Valley Floor portion of the Coalition region with a general 
spatial pattern of deepening and thickening to the south. The thickness of the Corcoran Clay, which is 
greater than 50 feet in most areas of the Coalition region, but ranges from less than 25 feet to more 
than 100 feet thick, is believed to provide some degree of hydraulic separation between the Upper and 
Lower Aquifers. The Lower Aquifer is the portion of the Tulare Formation that is confined beneath the 
Corcoran Clay extending downward to the underlying San Joaquin Formation and the interface of salty 
water of marine origin within its uppermost beds. The Upper and Lower Aquifers represent the primary 
sources of supply for groundwater used for agricultural and drinking water purposes within the Coalition 
region.  
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ES 4.2 Groundwater Hydrology 
Characterization of groundwater conditions within the Coalition region requires understanding 
groundwater levels. Data on groundwater levels provide important information with which to interpret 
hydrogeologic conditions, including spatial and temporal patterns in flow direction, groundwater level 
trends, potential groundwater recharge and discharge areas, and other conditions. Groundwater level 
data from within and around the Coalition region were compiled into a database.   

For the purposes of differentiating and evaluating water level trends within the three depth zones of the 
hydrogeologic system, all wells were categorized by depth as interpreted from available information in 
the database. Groundwater level data were grouped into five well depth categories indicating the depth 
zone which they are interpreted to represent. These depth categories include Very Shallow 
Groundwater, Upper Aquifer, Lower Aquifer, Composite Wells (Upper and Lower Aquifers), and wells of 
unknown depth.  

ES 4.2.1 Groundwater Levels 
Regionally, depth to the water table decreases from the valley perimeter to the valley axis – in the 
Coalition region this translates to a west-to-east decrease in depth to water. The interpolated water 
table derived from the wells classified as very shallow indicates that water levels range between very 
close to the ground surface and approximately 50 feet, with generally deeper water tables in the 
western side of the valley portion of the Coalition region and a shallower water table in the eastern 
areas.  

Depth to water in wells designated as Upper Aquifer wells ranged from 10 to 80 feet below ground 
surface throughout the Coalition region in spring and fall, with generally higher water levels in the 
spring. The potentiometric surface interpolated from these wells in both spring and fall indicates that 
groundwater in this aquifer flows generally from west to east throughout most of the region. 

The Lower Aquifer exhibits some variation between spring and fall, with most of the aquifer presenting 
reduced piezometric heads in the fall. Lower Aquifer flow gradients trend eastward in the northern 
portion of the Coalition region. 

ES 4.2.2 Recharge Upgradient of Communities Reliant on Groundwater 
For purposes of understanding and prioritizing areas designated as relatively higher hydrogeologic 
vulnerability, the groundwater elevation datasets developed for the Central Valley Floor area were used 
to identify areas of groundwater recharge located upgradient from communities reliant on 
groundwater. All communities within the Coalition region, including Disadvantaged Communities 
(DACs), were identified based on Census Designated Places (CDPs), Disadvantaged Unincorporated 
Communities (DUCs) as described by Policylink (2012) and Public Drinking Water Systems (PWSs) from 
California Department of Public Health’s (CDPH) Environmental Health Investigatory Branch (EHIB) 
database (CDPH, 2014a). These communities were evaluated with respect to reliance on groundwater 
using the CDPH Drinking Water Program (DWP) DRINC web portal (CDPH, 2014b), queries with wells 
identified in the CDPH Water Quality Monitoring (WQM) dataset, and contacts with water purveyors in 
the region. The communities found to be reliant on groundwater were further investigated with aerial 
imagery to identify the populated areas within each boundary. Contributing areas to communities 
reliant on groundwater were developed for both the Upper and Lower Aquifers using groundwater 
elevation data for recent spring and fall conditions. 
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ES 4.3 Land Use 
Characterizing changes in land use, irrigation, and fertilization practices over time supports 
understanding of past, current, and potential future groundwater quality, as these practices have the 
potential to affect groundwater quality.  Quantitative and qualitative assessment of the spatial 
distribution of agricultural cropping and practices and assessing the intensity of effects on groundwater 
quality support the development of effective groundwater quality monitoring and management 
strategies.  Additionally, documenting past and present land use and practices is critical in assessing 
groundwater vulnerability. In 2013, the irrigated crop area was approximately 390,000 acres based on 
data from U.S. Department of Agriculture (USDA). Alfalfa was the top crop by acreage in 2013 with 
nearly 85,000 acres estimated for the Central Valley Floor, closely followed by almonds with an 
estimated 76,000 acres. Cotton, corn (including a winter grain crop in many cases), tomatoes, wheat, 
and irrigated pasture are the next most common crops by acreage. These crops represent nearly 94 
percent of the irrigated crop area. From the 2013 USDA data, the Valley Floor includes approximately 
383,000 acres (greater than 98 percent) of the irrigated land within the Coalition region. Primary 
changes in agricultural cropping between 1990 and 2013, based on DWR and USDA data, include a 
decrease in field crops by 66,000 acres (43 percent), an increase in nut trees by 59,000 acres (201 
percent), and a decrease in seed and bean crops by 35,000 acres (91 percent).  

DWR and USDA data suggest a decrease in cropland of approximately 20,000 acres between 2000 and 
2013. Managed wetlands within the region include a combination of State wildlife areas and Federal 
wildlife refuges, as well as privately owned wetlands. These lands are managed to provide important 
habitat for waterfowl and shorebirds and provide recreational opportunities for bird enthusiasts, 
hunters, and other activities. Primary habitat types include seasonal wetlands (46 percent), upland 
habitat (35 percent), and riparian (8 percent). Other habitat includes irrigated pasture, permanent 
wetlands, and semipermanent wetlands. Cropland including irrigated pasture and grain crops is a 
relatively small land use in these areas and typically farmed for wildlife feed and shelter, rather than as a 
commercial crop. 

Available irrigation method data from the circa-2000 DWR land use surveys and additional data 
obtained from Coalition members were used to characterize changes in irrigation technology over time. 
Between approximately 2000 and 2010, the use of microirrigation increased more than three-fold from 
11 percent to 36 percent of the irrigated crop area. This reflects a combination of a shift to 
microirrigation for crops traditionally irrigated using gravity techniques and a shift from crops commonly 
irrigated via gravity (e.g., field crops) to crops typically irrigated using microirrigation (e.g., nut trees).  

Nitrogen use by crop category is summarized based on data from literature for 1973 and 2005.  These 
data indicate that vegetables have the greatest typical application rate with reported typical application 
rates for 2005 of 177 to 182 pounds per acre (lbs/ac) for tomatoes, 151 to 163 lbs/ac for melons, 212 
lbs/ac for onions, 190 lbs/ac for broccoli, and 238 lbs/ac for cauliflower (Rosenstock et al., 2013). 
Nitrogen application rates for major tree crops include 179 lbs/ac for almonds, 138 lb/ac for walnuts, 
and 102 to 113 lbs/ac for peaches. For major field crops, nitrogen rates are reported to be 213 for corn3.  
Viers et al. (2012) report a typical nitrogen application rate for alfalfa for 2005 of 12 lb/ac.  Typical 

3 The typical applied nitrogen rate for corn reported by Rosenstock et al.(2013) is based on sweet corn.  The typical 
rate for corn grown for silage or grain may differ somewhat.  Viers et al.(201) report a typical rate of 235 lbs/ac for 
silage and grain corn for 2005. 
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application rates increased between 1973 and 2005 for nut trees, field crops, grain, vegetables, and rice.  
In contrast, nitrogen application rates appear to have decreased for alfalfa and vineyards.  Typical rates 
for citrus and deciduous fruit trees appear to have remained about the same over this period, on 
average. 

ES 4.4 Groundwater Quality 

ES 4.4.1 Historical Presence of High Salinity in Shallow Groundwater 
The presence of natural salinity conditions in groundwater throughout much of the Coalition region has 
existed historically as a result of the natural hydrogeologic setting. Natural conditions of groundwater 
salinity exist throughout all zones of the groundwater system in same areas of the Coalition region as a 
result of the contribution of salts from recharge off of the Coast Range mountains. Areas of the Coalition 
region are underlain by low-permeability, fine-grained floodplain sediments and clays which impede 
vertical movement of groundwater, often resulting in poor drainage conditions, shallow groundwater 
stagnation, and associated accumulation of salts, particularly in the Very Shallow Groundwater zone. 

ES 4.4.2 Nitrate and TDS – Spatial Distribution  
To characterize groundwater quality within the Coalition region, as it relates to impacts from irrigated 
agriculture, over 7,000 nitrate test results were compiled from over 1,600 wells distributed throughout 
the Central Valley Floor area of the Coalition region.  

Limited data are available for the Very Shallow Groundwater zone, but the majority of nitrate 
concentrations are below the nitate maximum contaminant level (MCL) of 10 milligrams per liter (mg/L). 
It is difficult to draw any conclusions based on this limited information. In contrast to the Very Shallow 
Groundwater zone, many more wells from the Upper Aquifer have nitrate results with some 
concentrations exceeding the MCL. The majority of these exceedances are located in the northwestern 
portion of the study area on the Central Valley Floor. Wells in the Upper Aquifer in more southeastern 
parts of the Coalition region tend to have lower concentrations of nitrate, typically below 5 mg/L. Data 
available relating to nitrate concentrations in the Lower Aquifer are limited in comparison to the Upper 
Aquifer data.  Data that are available are concentrated in the area north of Los Banos. Most wells 
northwest of Gustine in the Lower Aquifer have a maximum nitrate concentration above 5 mg/L with 
only eight wells classified as Lower Aquifer having maximum nitrate concentrations exceeding 10 mg/L. 
Furthermore, in the most recent nitrate data, a fewer number of the Lower Aquifer wells have 
concentrations exceeding 10 mg/L. In contrast to data in the Very Shallow Groundwater and Upper 
Aquifer zones, much of the nitrate data in the Lower Aquifer are more recent, since 2005. The few 
occurrences of high concentrations of nitrate in the Lower Aquifer wells near Los Banos suggest the 
continued role of the Corcoran Clay as an impediment to vertical migration of constituents into the 
Lower Aquifer. Clusters of higher nitrate concentrations in the Lower Aquifer are generally concentrated 
in areas where the Corcoran Clay is less than 50 feet thick, most notably to the northwest of Gustine. 

The numbers of wells with TDS concentrations in the Very Shallow Groundwater are limited but the 
majority of these wells have TDS levels below 1,500 mg/L. The few wells that do exceed 1,500 mg/L TDS 
are located along or near the San Joaquin River in areas of poor soil drainage. TDS concentration data 
for wells in the Upper Aquifer are greater than for the Very Shallow Groundwater zone, with most data 
scattered over the Coalition area on the Central Valley floor. Higher TDS concentrations (>1,500 mg/L) in 
the Upper Aquifer are observed in a band stretching from Los Banos northward along the San Joaquin 
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River, where poor drainage conditions exist resulting in high salinity in the Very Shallow Groundwater 
zone.  A notable area occurs in the southeast where TDS concentrations are largely below 1,000 mg/L, 
likely indicative of higher-quality groundwater in sediments derived from Sierran sources. 

ES 4.4.3 Pesticide Detections 
Pesticide concentration data for this GAR were limited to data obtained from DPR. Pesticide data 
available from DPR are for wells, but locations are only provided at the spatial resolution of the Public 
Land Surveying System (PLSS) section in which the well is located. Data for a total of 452 wells (in 240 
PLSS sections) tested for pesticides in the study area were available from DPR. A total of 272 instances of 
pesticide detections were recorded within the Coalition region; however, some wells had detectable 
concentrations of multiple pesticides. Of the 240 sections that had wells tested, 59 sections had wells 
with detectable concentrations of a pesticide and 5 sections had wells with exceedances. A higher 
density of pesticide detections and exceedances has occurred in the northern part of the Coalition 
region, from south of Gustine to north of Patterson. 

ES 4.4.4 Nitrate and TDS Trends 
Graphical evaluation and basic statistical analyses were conducted with available time-series data for 
wells to identify significant trends in nitrate and TDS concentrations through time. Separate statistical 
tests were performed on nitrate and TDS data to determine if there was a significant relationship 
between time and concentration for nitrate and TDS concentrations detected in well samples.  

Very shallow wells with three or more nitrate sampling events are sparse and only a few of those have 
meaningful time-series nitrate graphs.  Most data show relatively low and stable values in the northern 
Coalition area with slightly increasing values in two wells near Los Banos though both are below the MCL 
of 10 mg/L. Despite data limitations, graphs for wells in the Upper and Lower Aquifers appear to indicate 
relatively low nitrate concentrations exhibiting overall stable long-term trends in nitrate concentration 
with a few exceptions.  

Because of the minimum data requirement for the statistical temporal trend analysis, there are also 
relatively few wells for which statistically significant temporal trends in nitrate concentrations are 
indicated. The majority of the wells showing statistically significant nitrate trends are located north of 
Gustine and around and southwest of Los Banos. A slightly greater number of wells show statistically 
significant increasing temporal trends in nitrate concentrations compared to those that show decreasing 
trends. The mildly increasing to increasing nitrate concentrations are located around Los Banos and 
from Gustine to north of Patterson. The area northeast of Los Banos shows a very small change or 
decreasing nitrate concentrations and southeast of Dos Palos shows mixed wells with either increasing 
or decreasing trends. Wells in the Upper Aquifer, for which statistically significant trends are indicated, 
exhibit either mild or increasing nitrate trends and are scattered over the Coalition area. Most wells 
show mildly increasing to increasing nitrate concentrations for wells north of Gustine in the Lower 
Aquifer for which a statistically significant trend could be identified. 

Two out of 13 wells with graphs of TDS concentrations in the Very Shallow Groundwater show data from 
mid-1980s through the present with a stable trend near or below 1,000 mg/L. Trends in other wells are 
inconclusive, but four wells have TDS concentrations above 1,500 mg/L. The number of wells that exhibit 
statistically significant trends in TDS are limited to the area near Los Banos and northwestward along the 
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San Joaquin River.   The number of wells with increasing and decreasing trends is equal, and those with 
increasing trends are interspersed with wells with decreasing trends. 

Wells in the Upper Aquifer tend to have longer periods of record for TDS than those wells in other depth 
zones and most of these wells indicate slightly increasing TDS concentrations for the 1990s to the 
present, though concentrations remain below 1,500 mg/L.  A few wells scattered over the Coalition 
region have TDS concentrations above 1,500 mg/L.  A greater number of Upper Aquifer wells exhibit 
statistically significant increasing trends in TDS compared with decreasing TDS concentrations.  Most of 
the Upper Aquifer wells with increasing trends are located near Los Banos and northwestward.  Wells 
located southwest of Los Banos to Mendota show roughly an equal number with decreasing and 
increasing trends.  

Wells in the Lower Aquifer exhibit largely stable TDS concentrations since sampling began in 1990 for 
the area north of Los Banos and for one well near Dos Palos with most concentrations below 1,500 
mg/L. Very few Lower Aquifer wells exhibited statistically significant trends in TDS concentrations.  No 
obvious patterns are evident from these few data, but four of the five wells all located along Highway 33 
between Los Banos and Patterson showed mildly increasing trends with one well showing a very small 
change. 

ES 4.4.5 Other Water Quality Constituents 
The focus of this GAR was on acquiring and summarizing general groundwater quality in the Coalition 
region based on chemical constituent data that are widely available and most commonly associated with 
impacts from irrigated agricultural practices. As a result, the acquisition and summary of groundwater 
quality data for this GAR focused on nitrate, TDS, and pesticides. Other published reports were reviewed 
to document groundwater quality characteristics other than nitrate, TDS, and pesticides within the 
Western San Joaquin River Watershed area. Concentrations of trace metals and numerous chemical 
constituents in groundwater were investigated across the Coalition region by the U.S. Geological Survey 
(USGS) in 2010 as part of the SWRCB Groundwater Ambient Monitoring Assessment (GAMA) Program’s 
Priority Basin Project and the results as summarized by Mathany et al. (2013) are included in this GAR 
(Table 5-3). Water quality analyses conducted on samples from 45 wells within the Coalition area 
indicate that most inorganic constituents in groundwater are present at concentrations below Primary 
and Secondary MCLs. 

ES 4.5 Groundwater Vulnerability and Prioritization 

ES 4.5.1 Approach 
The approach for determining groundwater vulnerability in this GAR is modeled after the definition of 
intrinsic vulnerability as defined and discussed above and focuses on determining the vulnerability of 
groundwater to contaminants based on the intrinsic physical properties of the area. Intrinsic physical 
properties remain relatively static over time and represent conditions that are generally beyond control 
from management decisions. In contrast, influences from human activities as a result of land use are 
subject to major changes in trends over short periods of time. Consequently, a measure of groundwater 
vulnerability that is based on intrinsic physical properties independent of land use conditions is 
advantageous because physical characteristics of the watershed are less likely to undergo such rapid and 
major shifts in characteristics. From a practical standpoint, an assessment of groundwater vulnerability 
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that is tied to land use would need to be adjusted in response to changes in land use. Land use 
considerations were incorporated throughout the process of determining high vulnerability areas. 

ES 4.5.2 Conceptual Model 
The groundwater vulnerability assessment for the GAR is grounded on a conceptual model in which the 
observed groundwater quality is the result of interactions between land use practices at the surface and 
the presence of physical hydrogeologic characteristics and processes occurring at a location. Under this 
conceptual model, the presence of hydrogeologic characteristics that enable potential contaminants to 
reach groundwater surface faster make a location more vulnerable to groundwater contamination than 
a location with hydrogeologic characteristics that impede the ability of contaminants to reach 
groundwater or attenuate the contamination. Accordingly, hydrogeologic processes and characteristics 
such as soil properties, the ability of subsurface materials to transmit water, lack of barriers (clay layers) 
to vertical movement of water, and depth to groundwater are expected to influence the vulnerability of 
a location to groundwater contamination.  

Nitrate is a widespread contaminant in groundwater in the United States which has been primarily 
associated with anthropogenic influences, including agricultural fertilization activities, leaching from 
septic tanks and sewer facilities, confined animal feeding operations, discharge to land of wastewater, 
food processor waste, unprotected wellheads, improperly abandoned wells, and lack of backflow 
prevention on wells. Nitrate contamination is also one of the primary groundwater quality concerns in 
areas of irrigated agriculture in the Westside Coalition region. As an essential nutrient for plant growth, 
nitrogen is a component in many fertilizers that has been applied in agricultural areas for many decades. 
Nitrate is the dominant form of nitrogen in groundwater, and nitrate concentrations are regulated 
throughout the State of California. Naturally-occurring concentrations of nitrate in groundwater are 
typically very low, although research in the western San Joaquin Valley suggests that naturally occurring 
nitrogen and nitrate can be high in soils derived from some Coast Range rocks. Despite this recognition, 
because the locations and degree to which naturally occurring soil nitrogen may influence nitrate 
concentrations in the groundwater, for the purposes of the vulnerability assessment conducted for this 
GAR, observations of nitrate in the groundwater are considered to be primarily a function of the 
application of nitrogen through fertilization practices (where applicable) at the surface and subsequent 
processes of transporting the contaminant through the subsurface into the groundwater. Nitrate 
concentrations are a more useful indicator of influence from irrigated agriculture than some other more 
commonly available groundwater quality measures such as TDS or electrical conductivity (EC), which 
indicate general water salinity and are known to occur naturally in high concentrations throughout many 
parts of the Coalition region.  

ES 4.5.3 Methods 
The approach to determining groundwater vulnerability developed in this GAR is based on adaptations 
to index- and overlay- based methods and incorporates identification of important input physical 
variables based on the results from statistical analyses. Bivariate comparisons were used to evaluate 
potential relationships between physical characteristics and groundwater quality. Multiple regression 
analyses were used to detect significant relationships between hydrogeologic characteristics and 
observed groundwater quality conditions across the Coalition region, while controlling for different land 
use types. Analyses were conducted to identify relationships between physical characteristics and 
vulnerability within the context of the hydrogeologic system present within the Coalition region 
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consisting of the three groundwater zones (Very Shallow Groundwater zone, semi-confined Upper 
Aquifer, and confined Lower Aquifer below the Corcoran Clay). Hydrogeologic variables investigated 
focused on soil drainage class, soil hydraulic conductivity, deeper subsurface sediment texture, depth to 
water, and Corcoran Clay characteristics including thickness. Only hydrogeologic variables that could be 
evaluated in a manner consistent with the conceptual model were considered in the vulnerability 
assessment. Evaluating vulnerability within the Coalition region was challenging due to the complex 
hydrogeologic setting. Multiple regression analyses were conducted using observed nitrate 
concentrations as the dependent variable and evaluation of correlations with physical hydrogeologic 
independent variables. Land use categories as mapped for three time periods (circa-1990s, circa-2000s, 
and 2013) were evaluated as controlling independent variables during the assessment. 

ES 4.5.4 High Vulnerability Area for the Western San Joaquin River Watershed 
Using multiple regression, significant (p-value < 0.1) independent variables were identified and selected 
for further comparison and evaluation from quantitative and qualitative standpoints as vulnerability 
models. The three models evaluated were as follows:  

1. Coalition-Wide Analysis Model –includes significant hydrogeologic independent variables of soil 
drainage class and subsurface sediment texture (AVG PC 0-200); 

2. Geomorphic Units Analysis Model – two separate analyses conducted within unique 
geomorphic unit areas; overflow lands unit includes soil hydraulic conductivity and subsurface 
sediment texture (AVG PC 0-200); alluvial fans and plains/dissected uplands unit includes 
subsurface sediment texture (AVG PC 0-200);  

3. Soil Drainage Class Model – based on mapped soil drainage class only. 

The vulnerability areas indicated by each of these assessments were compared and evaluated. 
Thresholds indicating high vulnerability for significant variables were determined and adjusted using 
qualitative assessments based on professional judgment and using comparisons of areas relative to 
observed nitrate concentrations, especially exceedances. Following this process, a Hydrogeologic High 
Vulnerability Area (HHVA) defined on hydrogeologic characteristics and represented largely by soils with 
relatively well draining characteristics, was identified. Because of the limited available data relating to 
groundwater and hydrogeologic conditions in the southwestern part of the Coalition region, assessment 
of groundwater vulnerability in this area was conducted through review of additional information 
relating to more local groundwater and subsurface conditions in this area. In areas within the Coalition 
region located on the eastern side of the San Joaquin River, where hydrogeologic conditions are more 
similar to other areas on the east side of the River, the analysis of vulnerability for the Eastern San 
Joaquin River Watershed was used as the basis for identifying high vulnerability areas. The HHVA 
encompasses most wells with elevated nitrate concentrations. The locations of wells with maximum 
historical nitrate concentrations of 10 mg/L as nitrogen (as N) or greater and also wells with maximum 
concentrations greater than or equal to 5 mg/L that exhibit statistically significant increasing trends in 
concentrations were incorporated through delineation of High Well Vulnerability Areas (HWVAs) 
through inclusion of a 0.5-mile radius around outlier wells when they are located away from the HHVA. 
The high vulnerability area defined for the Coalition region (Westside HVA) includes the combined HHVA 
and HWVAs and totals 292,171 acres, of which 207,567 acres are irrigated land. The Westside HVA and 
associated acreages are presented in Figure ES-2 and Table ES-1.  
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ES 4.5.5 Prioritization of the High Vulnerability Area 
All areas within the Westside HVA were prioritized for planning of future monitoring and management 
efforts. In accordance with factors identified in the WDR, prioritization incorporated many 
considerations including, but not limited to, the following: 

• Identified exceedances of water quality objectives, 
• Proximity to communities reliant on groundwater,  
• Existing land uses, and 
• Legacy or ambient groundwater conditions. 
Additional factors were included to incorporate the vulnerability of areas. To objectively incorporate the 
many factors to be considered, a prioritization system was developed with which to calculate priority 
values across the high vulnerability area. From these priority calculations, priority areas ranging from 
priority 1 (high priority) to priority 4 (low priority) were identified to inform groundwater monitoring 
and management efforts. The priority areas for irrigated lands within the HVA are presented in Figure 
ES-3 and Table ES-1. 

ES 4.6 Sources of Information on Existing Groundwater Monitoring 
Programs 

Many entities have conducted groundwater monitoring in the Coalition region, including monitoring on 
the Central Valley Floor and also in the Peripheral areas. The WDR specifies that within one year from 
the approval of the GAR, the Coalition shall develop a workplan for conducting trend monitoring that 
meets the objectives and minimum requirements of the Monitoring and Reporting Program (MRP). The 
objectives for the trend monitoring program include: 

• Determine current water quality conditions of groundwater relevant to irrigated agriculture. 

• Develop long-term water quality information that can be used to evaluate the regional effect (i.e., 
no site-specific effects) of irrigated agriculture and its practices. 

The design and implementation of the trend monitoring program will include (among other 
considerations) a groundwater monitoring network that will address: 

• High and low groundwater vulnerability areas in the Coalition region. 

• Use of shallow wells “but not necessarily wells completed in the uppermost zone of first 
encountered groundwater” (WDR R5-2014-0001, Attachment B, IV, C). 

• The potential suitability of existing monitoring networks such as those developed for purposes of 
groundwater management plans. 

• The rationale for the distribution of the trend monitoring wells. 

The GAR summarizes the groundwater monitoring networks that have been developed by federal, state, 
and local entities to preliminarily assess the distribution of existing monitoring wells that may potentially 
be used for purposes of the Coalition’s trend monitoring program. Well construction data are lacking for 
many monitored wells. Therefore, as part of the trend monitoring workplan, additional examination of 
available records for existing monitoring wells, which are potential candidates for inclusion in the trend 
network, will be needed in many cases to determine the construction of the candidate wells. 
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Table ES-1
Summary of Acreages for Westside High Vulnerability Area

Total

Coalition Region

(Acres)

Irrigated Area
1

(Acres)

High Vulnerability Area 292,172 207,566

Prioritization of High Vulnerability Area
2

Priority 1 54,978 51,382

Priority 2 58,854 51,663

Priority 3 54,816 53,188

Priority 4 123,525 51,333

1 Includes irrigated land as identified from 2012 FMMP data.
2 Priority areas are in order from highest (1) to lowest (4). 
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1 INTRODUCTION 
This Groundwater Quality Assessment Report (GAR) has been prepared on behalf of the Westside San 
Joaquin River Watershed Coalition (Westside Coalition, or Coalition). The Westside Coalition serves as 
the third-party group for the growers within the Western San Joaquin River Watershed. The Waste 
Discharge Requirements (WDRs) under General Order R5-2014-0002, which apply to growers within the 
Western San Joaquin River Watershed, were adopted by the Central Valley Regional Water Quality 
Control Board (RWQCB, or Board) on January 9, 2014. The extent of the Westside Coalition region is the 
same as the boundary of the Western San Joaquin River Watershed, as identified in the WDRs and 
provided in spatial data available from the RWQCB.  

1.1 Background 
California is known for the wide range of agricultural commodities the state produces and distributes 
worldwide. In 2003, the Irrigated Lands Program (ILP) was initiated to regulate discharges from irrigated 
agriculture to surface waters. Upon the adoption of the Conditional Waiver of Waste Discharge 
Requirements for discharges from irrigated lands, the ILP became known as the Irrigated Lands 
Regulatory Program (ILRP). An expansion of the ILRP, the Long-Term Irrigated Lands Regulatory Program 
(LTILRP) is underway and being developed to protect both surface water and groundwater. 

The RWQCB has coordinated with growers to encourage them to combine resources by forming water 
quality coalitions. Currently, there are 144 coalition groups that work directly with their member 
growers to assist in complying with RWQCB requirements. Of the estimated 35,000 growers in the 
Central Valley, there are about 25,000 landowners / operators5 who are part of one of these 14 coalition 
groups. The Westside Coalition is one of the 14 coalition groups. 

 Westside Coalition  1.1.1
The Westside Coalition (Figure 1-2) serves as the third-party group for the growers within the Western 
San Joaquin River Watershed (Watershed) (Figure 1-1), although some growers in the area may elect to 
be regulated as individuals. The Watershed area covers a total area of 1,270,835 acres, including 
approximately 389,692 acres6 of irrigated cropland, 20,652 acres of idle cropland, and 881,143 acres of 
non-irrigated or non-agricultural land. Managed wetlands are also located in the Watershed area, 
including a combination of State wildlife areas and Federal wildlife refuges, as well as privately owned 
wetlands. These lands are managed to provide important habitat for waterfowl and shorebirds and 
provide recreational opportunities for bird enthusiasts, hunters, and other activities.  

4 There are 14 Coalition groups shown for the Central Valley, Region 5; 
http://www.waterboards.ca.gov/centralvalley/water_issues/irrigated_lands/app_approval/index.shtml, accessed 
December 18, 2014. 
5 This number is included in the RWQCB ILRP Frequently Asked Questions as of November 2013; the number of 
enrolled growers has increased since that time. 
6 The acreages included here are based on data for 2013. 
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The Westside Coalition WDRs do not include the Grassland Drainage Area located in the Delta-Mendota 
Drainage Area; this area is covered by separate waste discharge requirements. The Grassland Drainage 
Area covers an area of approximately 97,400 acres7. 

The Westside Coalition WDRs indicate that nearly all of the irrigated acreage is currently regulated 
under the Coalition Group Conditional Waiver; however, it is anticipated that some additional irrigated 
acres will require regulatory coverage under Order R5-2014-0002 or other WDRs or waivers. The WDRs 
indicate that Small Farming Operations are defined as those growers with a total farming operation that 
comprises fewer than 60 acres of irrigated land. In counties within the Western San Joaquin River 
Watershed, Small Farming Operations are operated by approximately 63 percent of the growers, but 
account for approximately 6 percent of the total irrigated lands. 

 Waste Discharge Requirements and Other Timelines  1.1.2
Following the Board’s adoption of the WDR on January 9, 2014, the Notice of Applicability (NOA) was 
approved on March 17, 2014. The approval date associated with the NOA starts the timeline for several 
requirements, including the requirement in the WDR Order (Section IV. A.) that, three months after 
receiving a NOA from the Board, “the third-party will provide a proposed outline of the GAR to the 
Executive Officer that describes the data sources and references that will be considered in developing 
the GAR”. Accordingly, the due date for submittal of the GAR outline was June 16, 2014. Additionally, 
the due date for the GAR is set at one calendar year after approval of the NOA, which for the Westside 
Coalition is March 17, 2015. 

The GAR outline was submitted by the Westside Coalition to the Board on June 13, 2014, and the Board 
sent a letter on September 19, 2014 approving the GAR outline. The RWQCB noted that the GAR outline 
met the requirements in the WDRs, Attachment B, with one needed revision; it was indicated that this 
revision could be addressed when the GAR is submitted. The revision called for identifying areas 
contributing recharge to all rural and urban communities where groundwater serves as a significant 
source of supply, including those communities not served by a public water system. The Coalition chose 
to respond to the RWQCB’s request for a revision in advance of the GAR submittal and provided a letter 
on October 29, 2014 that addressed the requested revision. 

1.2 Purpose of Groundwater Quality Assessment Report 
The water resources of the Westside Coalition area are essential to the livelihood and prosperity of the 
area and within and outside of the state. The Watershed area has experienced some challenges related 
to saline soils and shallow groundwater, which are largely a result of the naturally occurring conditions 
including salts in Coastal marine geologic deposits of the Coast Range, low permeability water logged 
soils, a very shallow water table, and accompanying poor natural drainage. Accordingly, the Westside 
Coalition has been actively engaged in efforts to increase irrigation efficiency by managing applied water 
and drainage water reuse. The Coalition area, particularly the eastern area near the axis of the Valley 
Floor, has special hydrogeologic conditions that have necessitated consideration of complicated 
confounding factors to evaluate the relative vulnerability in the Coalition area. 

The GAR is a foundational element that outlines much of the framework for the Westside Coalition to 
navigate other requirements in its LTILRP WDRs, with an emphasis on assessment of groundwater 

7 Waste Discharge Requirements for Growers in the Grassland Drainage Area, Attachment A to Order no. R5-2014-
0002. 
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conditions and long-term protection of regional groundwater quality. Table 1-1 summarizes major 
requirements of the GAR as identified in the WDRs and where they are addressed within this GAR 
document. 

The GAR documents current groundwater quality in the Westside Coalition area, including nitrate and 
salinity concentrations and trends, evaluates the influence of irrigated agriculture on groundwater 
quality, and provides a scientifically based classification system for evaluating and determining the 
relative groundwater vulnerability (higher or lower), especially for the area of the Westside Coalition 
area within the Central Valley Floor. Key approaches for the Westside Coalition area have involved: 

Developing a representation of physical conceptual model that describes the hydrogeology and 
groundwater quality conditions (salinity and nitrate) in very shallow groundwater (uppermost part of 
the Upper Aquifer), the extent and thickness of the Corcoran Clay, and the semi-confined Upper Aquifer 
and confined Lower Aquifers associated with the Coast Range on the west side and Sierran Sands on the 
east side of the Coalition area. 

Evaluating the hydrogeologic sensitivity of the very shallow groundwater to naturally occurring salts and 
conditions related to the concentration of those salts;  

Evaluating the trends in nitrate and salinity, particularly in the very shallow groundwater (from land 
surface to a depth of about 50 feet in the Coalition area within the Central Valley Floor) and the Upper 
Aquifer; 

Determining the physical factors associated with confinement of the Lower Aquifer that serves to lower 
the vulnerability of the Lower Aquifer to nitrate effects; 

Identifying the presence of saline groundwater in the Lower Aquifer associated with Coast Range 
sediments and/or from leakage through the Corcoran Clay, where it is thinner. 

Identifying existing wells (currently monitored by Westside entity members or others) that can 
potentially be used to fill data gaps and/or to meet future trend monitoring needs for the Coalition 
while avoiding expenses associated with constructing new monitoring wells. 

The relative vulnerability of groundwater to irrigated land agricultural impacts is assessed based on: (1) 
hydrogeologic sensitivity, (2) overlying land uses and practices, and (3) groundwater quality 
observations (particularly nitrate but also salt and pesticide concentrations). Hydrogeologic sensitivity is 
a factor that is tied to the inherent physical characteristics of the geology and soils and underlying 
hydrogeologic and geologic conditions. Land use (location of cropping and management systems on the 
landscape, and locations of other non-agricultural land uses) is an indicator of potential groundwater 
quality stressors. The spatial relationship between the hydrogeologic sensitivity of an area, the overlying 
land use, and the proximity of groundwater serving urban and rural communities (particularly recharge 
areas upgradient of communities that rely on groundwater) is assessed for areas located within the 
Central Valley Floor. 

This GAR outlines the different methods for assessing groundwater vulnerability that have been used to 
evaluate groundwater vulnerability, including approaches applied to assess vulnerability in California 
(e.g., California State Water Resources Control Board [SWRCB], California Department of Pesticide 
Regulation [DPR], Nolan et al., 2002, Dzurella et al., 2012), and presents the method developed for 
determining high vulnerability areas within the region encompassed by the Coalition boundary. To 
determine high vulnerability areas, select statistical analyses and index overlay approaches were used 
based on observed groundwater quality, soil parameters, and hydrogeologic characteristics of the 

 

LSCE, DAVIDS ENGINEERING, and LWA  3 



MARCH, 2015                                       GROUNDWATER QUALITY ASSESSMENT REPORT  
                                                  WESTERN SAN JOAQUIN RIVER WATERSHED              
 

 

aquifer system beneath the Central Valley portion of the Coalition area. The results from the 
groundwater vulnerability assessment were evaluated with respect to locations of observed 
exceedances of groundwater quality drinking water standards for nitrate, TDS and pesticide detections. 
The method of determining groundwater vulnerability also accounts for differences in land use among 
the observations in order to decipher differences in groundwater quality that are related to 
hydrogeologic variables as opposed to differences in groundwater quality that are related to land use. 
Spatial data representing land use mapped at three different snapshots in time, including the mid-1980s 
to 1990s, mid-1990s to mid-2000s and 2013, were utilized in the analyses described in the GAR to 
account for different land use conditions. 

High vulnerability areas, where irrigated agriculture operations have impacted or are more likely to 
impact groundwater quality, are identified and prioritized in the GAR, and existing wells are identified 
that may satisfy future requirements to develop a Groundwater Quality Trend Monitoring network to 
track groundwater quality and its response to agricultural practices. 

1.3 Western San Joaquin River Watershed 

 Focus: Central Valley Floor (extent of DWR Bulletin 118 groundwater 1.3.1
basins/subbasins)  

The study area for the GAR includes the entire Watershed area (Figure 1-1). Figure 1-3 also illustrates a 
key distinction between what is hydrogeologically referred to as the Central Valley Floor and areas 
peripheral to the Central Valley Floor in the Coalition region. The Central Valley Floor, as referred to in 
the GAR, is defined by the extent of the San Joaquin Valley Groundwater Basin as designated by the 
California Department of Water Resources (DWR) and presented in Bulletin 118 (DWR, 2003). The basins 
and subbasins located within the Central Valley Floor include the Delta-Mendota Groundwater Subbasin, 
a small part of the Tracy Groundwater Subbasin, and a small part of the Merced Groundwater Subbasin. 
Greater than 99 percent of the DWR-designated groundwater basins and subbasins within the 
Watershed area are located within the Central Valley Floor, and these basins represent the area that is 
the focus of most of the work for the GAR, although the geology of Los Banos Creek Valley Groundwater 
Basin and Peripheral areas were also considered with respect to vulnerability. 

 Reconnaissance Discussion in GAR: Peripheral Area to Central Valley 1.3.2
Floor 

The Peripheral Area to the Central Valley Floor that is within the Coalition boundary will be addressed 
through a reconnaissance assessment of existing groundwater data. The Los Banos Creek Valley Basin is 
located in the Peripheral Area. The assessment for this area evaluates groundwater quality data (to the 
extent available), especially nitrate and salt results for wells on or in the vicinity of irrigated lands. 
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2 PHYSICAL SETTING 

2.1 Location 
For the purpose of completing the GAR and the required groundwater vulnerability assessment 
component, available information and data on surface and subsurface sediments were acquired and 
assembled. The Westside Coalition region is coincident with the Western San Joaquin River Watershed 
and encompasses the Delta-Mendota and Merced Subbasins of the San Joaquin Valley Groundwater 
Basin, which represent the extent of the Central Valley Floor within the Coalition region. The Coalition 
region also includes the Los Banos Creek Valley Groundwater Basin located in the Coast Range 
mountains peripheral to the Central Valley Floor (Figure 1-3). The Western San Joaquin River Watershed 
is bounded generally by the San Joaquin River on the east and the Coast Range divide on the west and 
extending in a north-south direction across large parts of Fresno, Merced, and Stanislaus Counties. 
Because of the generally low water-bearing nature of rocks and lack of irrigated agriculture within the 
Coast Range, the characterization of subsurface materials and the groundwater vulnerability assessment 
for the GAR are focused on the Central Valley Floor area within the Westside Coalition region, although 
the geology of the Los Banos Creek Valley Groundwater Basin was also evaluated with respect to 
vulnerability. 

 Topography 2.1.1
The Western San Joaquin River Watershed lies on the western side of the Central Valley and extends 
from the San Joaquin River in the east, along the axis of the Valley, to the Coast Range divide on the 
west side. The Western San Joaquin River Watershed has ground surface elevations ranging from less 
than 100 feet along parts of the eastern edge to greater than 1,600 feet in the Coast Range mountains 
(Figure 2-1). Most of the lower elevation areas occur east of Interstate 5, in the eastern parts of the 
Coalition region, although some lower elevation areas also extend westward into the Coast Range such 
as in Los Banos Creek Valley. Low elevation areas generally coincide with the extent of the San Joaquin 
Valley Groundwater Basin which defines the Central Valley Floor portion of the Coalition region. 
Topography within the Coalition region consists largely of flat areas across the Central Valley Floor, 
where slopes are generally less than 2 percent, with steepening slopes to the west. The topography 
outside of the Central Valley Floor in the Coast Range mountains is characterized by steeper slopes, 
generally greater than 6 percent (Figure 2-2). 

 Climate 2.1.2
The climate of the Western San Joaquin River Watershed region is relatively arid with average annual 
precipitation generally totaling between 9 and 12 inches on the Valley Floor, although greater annual 
precipitation amounts exceed 15 inches across much of the higher elevation areas within the Coast 
Range mountains. The considerably higher elevations in the Coast Ranges along the western edge of the 
Western San Joaquin River Watershed create a rainfall shadow along the eastern slope of the mountains 
and the adjacent Valley Floor. Figure 2-3 shows the spatial distribution of average annual precipitation 
in the area based on data from the PRISM model (PRISM Climate Group, 2014). Most precipitation 
occurs during winter and spring with very little precipitation occurring during summer and fall. Figure 2-
4 illustrates seasonal trends in average annual precipitation at two locations within the Valley Floor.  
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 Surface Water 2.1.3
The San Joaquin River is the primary surface water feature within the Westside Coalition region, flowing 
from south to north along the eastern edge of the Coalition region. During the 1960s the San Joaquin 
River exhibited gaining flow conditions through much of the Westside Coalition region (Hotchkiss and 
Balding, 1971). Numerous intermittent streams from the Coast Range enter the Coalition region from 
the west; however, none of these maintain perennial flow and only Orestimba Creek and Del Puerto 
Creek have channels that extend eastward to a junction with the San Joaquin River. Most of the flow in 
other notable west-side creeks, including Quinto Creek, San Luis Creek, and Los Banos Creek, is lost to 
infiltration (Hotchkiss and Balding, 1971). The San Luis Reservoir on San Luis Creek, which is located 
within the Western San Joaquin River Watershed area, is an artificial water storage facility for the 
Central Valley Project and California State Water Project and has no notable natural surface water 
inflows. Outflows from the reservoir go into the system of federal and state operated canals and 
aqueducts comprising the Central Valley and California State Water Projects. Surface water use within 
the Coalition is derived largely from water deliveries provided by these projects, including from the 
California Aqueduct (sometimes referred to as San Luis Canal) and Delta-Mendota Canal, and also from 
the San Joaquin River (Figure 2-5).  

2.2 Geologic Setting 

 General Hydrogeologic Setting 2.2.1
The San Joaquin Valley is at the southern end of the Central Valley of California in the Great Valley 
Geomorphic Province. The Central Valley is a large structural trough that has been filled with 
interlayered sediments of sand, gravel, silt, and clay derived from erosion of the Sierra Nevada and 
Coast Range mountains. Figure 2-6 shows the geology within the Coalition region as generalized by the 
U.S. Geological Survey (USGS) and published as digital data by Ludington et al. (2007). Figure 2-7 shows 
more detailed geologic mapping of the Coalition region. Approximately three million years ago, tectonic 
movement of the oceanic and continental plates associated with the San Andreas Fault system gave rise 
to the Coast Range, which sealed off the Central Valley from the Pacific Ocean. As this occurred, the 
floor of the San Joaquin Valley began to transition from a marine depositional environment to a 
freshwater system, where ancestral rivers brought alluvium to saltwater bodies (Mendenhall et al., 
1916). The Coast Ranges on the western side of the San Joaquin Valley consist mostly of complexly 
folded and faulted consolidated marine and nonmarine sedimentary and crystalline rocks ranging from 
Jurassic to Tertiary age (Figure 2-7), which dip eastward and overlie the basement complex in the region 
(Croft, 1972; Hotchkiss and Balding, 1971). The Central Valley Floor within the Coalition region consists 
of Tertiary and Quaternary-aged alluvial and basin fill deposits (Figures 2-6 and 2-7). The fill deposits 
mapped throughout much of the valley extend vertically for thousands of feet, and the texture of 
sediments varies in the east-west direction across the valley. Coalescing alluvial fans have formed along 
the sides of the valley created by the continuous shifting of distributary stream channels over time. This 
process has led to the development of thick fans of generally coarse texture along the margins of the 
valley and a generally fining texture towards the axis of the valley (Faunt et al., 2009 and 2010). Deposits 
of Coast Range and Sierra Nevadan sources interfinger within the Coalition region. Steeper fan surfaces, 
with slopes as high as 80 feet per mile, exist proximal to the Coast Range whereas more distal fan 
surfaces consist of more gentle slopes of 20 feet per mile (Hotchkiss and Balding, 1971). In contrast to 
the east side of the valley, the more irregular and ephemeral streams on the western periphery of the 
Central Valley Floor have less energy and transport smaller volumes of sediment resulting in less-
developed alluvial features, including alluvial fans, which are less extensive, although steeper, than 
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alluvial fan features on the east side of the valley (Bertoldi et al., 1991). Lacustrine and floodplain 
deposits also exist closer to the valley axis as thick silt and clay layers. Lakes present during the 
Pleistocene epoch in parts of the San Joaquin Valley deposited great thicknesses of clay sediments. 

Distinct geomorphic units exist within the Coalition defining areas of unique hydrogeologic 
environments. The geomorphic units mapped and described by Hotchkiss and Balding (1971) and Davis 
et al. (1959) are also shown on Figure 2-6. The two primary geomorphic units within the Central Valley 
Floor area of the Coalition region include the overflow lands geomorphic unit and the alluvial fans and 
plains geomorphic unit. Overflow lands are defined as areas of relatively poorly draining soils with a 
shallow water table. The overflow lands geomorphic unit is located in the southeastern portion of the 
Coalition region and is dominated by finer-grained floodplain deposits that are the result of historical 
episodic flooding of this low-land area. This has formed poorly draining soils with generally low hydraulic 
conductivity characteristics. In contrast, the alluvial fans and plains geomorphic unit is characterized by 
relatively better drainage conditions, with sediments comprised of coalescing and somewhat coarser-
grained alluvial fan materials deposited by higher-energy streams flowing out of the Coast Range 
(Hotchkiss and Balding, 1971). The alluvial fans and plains geomorphic unit covers much of the Coalition 
region along the western margins of the Central Valley Floor at the base of the Coast Range. 

The hydrogeologic system within the Coalition region is characterized by three distinct groundwater 
zones, including a Very Shallow Groundwater zone consisting of saturated geologic materials, an upper 
semi-confined zone (Upper Aquifer), and a lower confined zone (Lower Aquifer) (Figure 2-8). The 
primary groundwater bearing units within the Coalition region consist of Tertiary and Quaternary-aged 
unconsolidated continental deposits and older alluvium of the Tulare Formation. Subsurface 
hydrogeologic materials covering the Central Valley Floor consist of lenticular and generally poorly 
sorted clay, silt, sand, and gravel that make up the alluvium and Tulare Formation.  These deposits are 
thickest along the axis of the valley with thinning along the margins towards the Coast Range mountains 
(DWR, 2003; Hotchkiss and Balding, 1971). A zone of very shallow groundwater, generally within 25 feet 
of the ground surface, exists throughout large areas of the Coalition region, with considerable amounts 
(greater than 50 percent) of farmland in the area estimated to have very shallow depths to groundwater 
of less than 10 feet (Hotchkiss and Balding, 1971). Many of these areas are naturally swampy lands 
adjacent to the San Joaquin River. The Tulare Formation extends to several thousand feet deep and to 
the base of freshwater throughout most of the area and consists of interfingered sediments ranging in 
texture from clay to gravel of both Sierra Nevadan and Coast Range origin. The Tulare Formation also 
includes the Corcoran Clay (E-Clay) member, a diatomaceous clay or silty clay of lake bed origin which is 
a prominent aquitard in the region separating the upper zone from the lower zone and distinguishing 
the Upper Aquifer from the Lower Aquifer (Hotchkiss and Balding, 1971). However, the depth and 
thickness of the Corcoran Clay are variable within the Central Valley Floor, and it is not present in 
peripheral areas (outside the Central Valley Floor) of the Coalition region. Within the Upper Aquifer, 
additional clay layers exist within the upper zone and also provide varying degrees of confinement, 
including other clay members of the Tulare Formation and layers of white clay identified by Hotchkiss 
and Balding (1971). These clays are variable in extent and thickness, but the white clay is noted to be as 
much as 100 feet thick in areas providing very effective confinement of underlying zones (Croft, 1972; 
Hotchkiss and Balding, 1971).  

The Tulare Formation is hydrologically the most important geologic formation in the Westside Coalition 
region because it contains most of the fresh water-bearing deposits. Most of the natural recharge that 
occurs in the Westside Coalition region is in the alluvial fan apex areas along Coast Range stream 
channels (Hotchkiss and Balding, 1971). More recently, a source of recharge to the groundwater system 
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within the Coalition region has been from deep percolation of applied irrigation water, although 
changing irrigation technologies are reducing deep percolation of irrigation water.  

Under natural (pre-development) conditions, the prevailing groundwater flow within the Upper and 
Lower Aquifer systems of the western San Joaquin Valley was predominantly in a general northeasterly 
direction from the Coast Range towards the San Joaquin River and Sacramento and San Joaquin Rivers 
Delta. Historically, numerous flowing artesian wells within the Lower Aquifer existed throughout the 
Westside Coalition region (Mendenhall et al., 1916). These flowing artesian conditions have disappeared 
in many areas as a result of increased development of groundwater resources within the Tulare 
Formation also changing the vertical flow gradient between groundwater zones (Hotchkiss and Balding, 
1971). Under pre-development conditions the pressure gradient for groundwater flow was upward from 
the Lower Aquifer to the Upper Aquifer. Historically, the Westside Coalition region has experienced 
periods of considerable decline in groundwater levels during which hydraulic heads decreased 
considerably in some areas due to heavy pumping (Bertoldi et al., 1991). Despite the presence of local 
pumping depressions within parts of the Coalition region, the prevailing northeastward flow direction 
for groundwater within the region has remained (AECOM, 2011; DWR, 2010; Hotchkiss and Balding, 
1971). However, the combined effect of pumping below the Corcoran Clay and increased leakage from 
the very shallow zone to the Upper Aquifer has developed a generally downward flow gradient in the 
Tulare Formation, which changes with variable pumping and irrigation over time (Bertoldi et al., 1991). 
Accordingly, historical conditions have indicated higher pressure heads in the Upper Aquifer than in the 
Lower Aquifer (Hotchkiss and Balding, 1971).  

Periods of great groundwater level declines have also resulted in inelastic compaction of fine-grained 
materials in some locations, particularly between Los Banos and Mendota, potentially resulting in 
considerable decreases (between 1.5 and 6 times) in permeability of clay members within the Tulare 
Formation, including the Corcoran Clay (Bertoldi et al., 1991). However, the number of wells penetrating 
the Corcoran Clay may enable vertical hydraulic communication across the Corcoran Clay aquitard and 
other clay layers (Davis et al., 1959; Davis et al., 1964). 

 Natural Surface and Groundwater Chemistry 2.2.2
Alluvial sediments derived from west-side streams are composed of material derived from serpentine, 
shale, and sandstone parent rock, which results in soil and groundwater types entirely different from 
those on the east side of the San Joaquin Valley. In contrast with the siliceous mineralogy of the alluvial 
sands and gravels on the eastern side of the Central Valley that are derived from the Sierra granitic rocks 
which are coarser and more resistant to chemical dissolution, the sulfate and carbonate shales and 
sandstones of Coast Range sediments on the western side on more susceptible to dissolution processes. 
Some soils and sediments within the western San Joaquin Valley that are derived from marine rocks of 
the Coast Range, have notably high concentrations of naturally occurring nitrogen, with particularly 
higher nitrate concentrations in younger alluvial sediments (Strathouse and Sposito, 1980; Sullivan et al., 
1979). These naturally occurring nitrogen sources may contribute to nitrate concentrations in 
groundwater within the Coalition region, although it is not well known where this may occur and to 
what degree. Naturally high concentrations of total dissolved solids (TDS) in groundwater are known to 
have existed historically within parts of the Westside Coalition region due to the geochemistry of the 
Coast Range rocks, the resulting naturally high TDS of recharge derived from Coast Range streams, the 
dissolvable materials within the alluvial fan complexes, and the naturally poor draining conditions which 
tend to concentrate salts in the system. The chemical quality of waters in the Coast Range streams can 
be closely correlated with the geologic units within their respective catchments. Groundwater flows 
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discharging from these marine and non-marine rocks into streams introduce a variety of dissolved 
constituents, resulting in variable groundwater types. The water quality and chemical makeup in west-
side streams can be highly saline, especially in more northern streams, including Corral Hollow and Del 
Puerto Creeks, where historical base flow TDS concentrations have typically exceeded 1,000 milligrams 
per liter (mg/L) with measured concentrations as high as 1,790 mg/L (Hotchkiss and Balding, 1971). This 
is in contrast with TDS concentrations typically below 175 mg/L in streams draining from the Sierras. The 
contribution of water associated with these Coast Range sediments has resulted in naturally high salinity 
in the groundwater within and around the Westside Coalition, which has long been recognized, 
including documentation of these conditions since the early 1900s (Mendenhall et al., 1916). 
Groundwater in some areas within the immediate vicinity of the San Joaquin River is influenced by lower 
salinity surface water discharging from the east side of the San Joaquin Valley Groundwater Basin (Davis 
et al., 1957). 

Areas of historical high salinity groundwater documented by Mendenhall et al. (1916) are evident in 
Figure 2-9, which shows somewhat high TDS concentrations approaching or greater than 1,000 mg/L in 
wells sampled throughout many parts of the Coalition region. Areas of locally higher TDS concentrations 
(1,500-2,400 mg/L) have existed between Mendota and Los Banos; whereas the trend in deeper 
groundwater (average well depth of 450 feet) south of Mendota indicates slightly lower historical 
salinity conditions, but still somewhat high with an average TDS concentration of greater than 1,000 
mg/L. In the northern part of the Coalition, north of Gustine, the average historical TDS concentration of 
wells was also relatively high (930 mg/L). Historically low TDS concentrations (<500 mg/L) existed in 
groundwater from wells with an average depth of 209 feet in the central area between Los Banos and 
Gustine. The general chemical composition of groundwater in the Westside Coalition region is variable 
based on location and depth. Groundwater within the Upper Aquifer is largely characterized as 
transitional type with fewer areas which are predominantly of chloride, bicarbonate, and sulfate water 
types. Transitional water types, in which no single anion represents more than 50 percent of the 
reactive anions, occurs in many different combinations with greatly ranging TDS concentrations. 
Chloride type waters occur generally in grasslands areas east of Gustine and around Dos Palos with 
sodium chloride water present in northern areas near Tracy and also extending south from Dos Palos. 
These waters also exhibit greatly varying salinity with typical TDS concentrations ranging from less than 
500 to greater than  10,000 mg/L and of high sodium makeup (50-75 percent of cations present) 
(Hotchkiss and Balding, 1971). Areas of bicarbonate groundwater within the Upper Aquifer of relatively 
lower TDS concentrations are directly associated with intermittent streams of the Coast Range near Del 
Puerto, Orestimba, San Luis, and Los Banos Creeks. Sulfate water in the central and southern areas has 
TDS concentrations decreasing from west (1,200 mg/L) to east (700 mg/L) towards the San Joaquin 
River, similar to the bicarbonate water areas, although areas of sulfate water south of Dos Palos have 
much higher TDS concentrations (1,900 to 86,500 mg/L)(Hotchkiss and Balding, 1971).  

Groundwater in the Lower Aquifer below the Corcoran Clay is also spatially variable, consisting of mostly 
transitional sulfate waters in the northern part of the Coalition region to more sodium-rich water further 
south in the grasslands areas. In the northern part of the Coalition region, the Lower Aquifer exhibits 
relatively lower TDS concentrations ranging from 400 to 1,600 mg/L with a sulfate-chloride type makeup 
near the valley margin trending to sulfate-bicarbonate type near the valley axis. Farther south TDS 
concentrations in the Lower Aquifer increase with values ranging as high as 6,000 mg/L of high sodium 
content (Hotchkiss and Balding, 1971). 
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 Physical Conceptual Model 2.2.3

 Very Shallow Unconfined Groundwater 2.2.3.1
The increased presence of fine-grained floodplain deposits towards the Central Valley axis to the east 
within the Coalition region results in low-permeability shallow soils that restrict percolation of water. 
The very shallow groundwater that underlies much of the Westside Coalition region is commonly within 
25 feet of the ground surface and can be high in dissolved solids. The combined effect of the many very 
shallow fine-grained lenses impeding vertical flow, especially in the distal fan and floodplain areas closer 
to the valley axis, can be great, and represent a more substantial barrier to vertical movement of water 
(Bertoldi et al., 1991). 

Floodplain deposits along the eastern side of the Westside Coalition region and the associated poorly 
draining soils cause naturally percolating water and applied irrigation water to build up in the very 
shallow zone. Shallow groundwater stagnation (where soils remain saturated within about 5 feet of the 
land surface) can increase salt accumulation in shallow soils and groundwater resulting from 
evaporation occurring directly from the water table (Corwin, 2012). Soil salinities tend to be highest in 
the midfan and distal-fan areas towards the valley axis, and places absent of intermittent streams (Fio, 
1994). Where higher quality surface water is applied for irrigation, on-farm drainage water can vary 
seasonally in these areas, becoming highly saline during non-irrigation periods when a greater 
proportion of drainage water is contributed from groundwater intercepted by the drainage system. 
During irrigation periods, the contribution of irrigation recharge increases and can result in decreased 
salinity in drainage water (Fio, 1994). In this GAR, very shallow groundwater is considered to be the zone 
within 50 feet of the ground surface. Because of the generally shallow nature and high salinity, very 
shallow groundwater, as defined in this report, is not believed to provide a major supply of water for 
agricultural or drinking uses within the Coalition region. 

 Semi-Confined Upper Aquifer (above Corcoran Clay) 2.2.3.2
The Upper Aquifer is represented by the materials existing below the very shallow groundwater zone 
(top 50 feet) and extending to the top of the Corcoran Clay. The Upper Aquifer includes shallow geologic 
units of younger and older alluvium and upper parts of the Tulare Formation. Sediments within the 
upper Tulare Formation have variable sources and subdivision of units can be distinguished between 
eastern and western sourced materials. Alluvial fan materials above the Corcoran Clay in the Westside 
Coalition region are generally more extensive than older alluvial fan deposits within the Tulare 
Formation below the Corcoran Clay. The extent, depth, and thickness of the Corcoran Clay, as 
represented in the USGS Central Valley Hydrologic Model (CVHM) and based on revised interpretations 
by (Faunt et al. 2009 and 2010), are shown in Figures 2-10 and 2-11 defining the extent and degree of 
hydraulic separation between the Upper and Lower Aquifers. As shown in Figure 2-10 by the depth to 
the top of the Corcoran Clay, the Upper Aquifer extends to depths ranging between approximately 150 
feet and greater than 350 feet. Other notable mapped clay units also exist within the upper part of the 
Tulare Formation in the vicinity of the Coalition, including the A and C Clay members of the Tulare 
Formation and a white clay mapped by Hotchkiss and Balding (1971).  

The mapped extent and elevation of these clay layers, as presented by Croft (1972) and Hotchkiss and 
Balding (1971), are shown in Figure 2-12 indicating areas where considerable barriers to vertical 
groundwater movement within the Upper Aquifer are known to exist. As shown in Figure 2-12, the 
extent and thickness of both the A and C Clays are somewhat uncertain, although they have been 
mapped to exist in the general area of Mendota. The A Clay occurs at elevations ranging from about 100 

 

LSCE, DAVIDS ENGINEERING, and LWA  10 



MARCH, 2015                                       GROUNDWATER QUALITY ASSESSMENT REPORT  
                                                  WESTERN SAN JOAQUIN RIVER WATERSHED              
 

 

to 160 feet corresponding to depths of generally between 100 and 200 feet below the ground surface. 
The deeper C Clay exists at correspondingly lower elevations from between 20 to 100 feet above mean 
sea level. (Figure 2-12). A traceable continuous white clay layer mapped by Hotchkiss and Balding (1971) 
exists within the northern part of the Coalition region in vicinity and north of Patterson. This layer 
ranges in thickness from 30 to 60 feet at depths between 100 and 200 feet and is an effective confining 
layer in many areas. Although not explicitly mapped, less extensive and unmapped clay units within the 
Upper Aquifer also exist in other parts of the Coalition region.  

Groundwater quality characteristics within the Upper Aquifer can vary greatly depending on the source 
and chemical composition of the sediments within the Upper Aquifer. Where the Corcoran Clay is not 
present or very thin within the Central Valley Floor, along parts of the western margins of the valley, 
differentiation between the Upper and Lower Aquifers is less distinct. In these limited areas where data 
do not indicate the presence of the Corcoran Clay, the vertical differentiation between the Upper 
Aquifer and Lower Aquifer for this report was based on the nearest CVHM cell for which Corcoran Clay 
depth data exists. The Upper Aquifer represents one of the primary sources of groundwater used for 
agricultural and drinking water supply within the Coalition region.  

 Corcoran Clay 2.2.3.3
As discussed above, the Corcoran Clay is a notable hydrogeologic feature throughout most of the 
Coalition region that acts as an aquitard and impediment to vertical flow between the Upper and Lower 
Aquifers. The Corcoran Clay is present at varying depth across most of the Central Valley Floor of the 
Coalition region (Figures 2-10 and 2-11). The depths to the top of the Corcoran Clay ranges between 
approximately 150 and 350 feet below the ground surface throughout most of the Coalition region with 
a general spatial pattern of deepening to the south and west. In the far southeastern area of the 
Coalition region, in the vicinity of Mendota and Tranquillity, the top of the Corcoran Clay is at depths of 
greater than 350 feet (Figure 2-10). The thickness of the Corcoran Clay, which likely influences the 
degree of hydraulic separation between the Upper and Lower Aquifers, is greater than 50 feet across 
most of the Coalition region with thicknesses of more than 75 feet in central areas in the vicinity of Los 
Banos and Dos Palos. The Corcoran Clay appears thinner in areas north of Patterson, between Patterson 
and Gustine, and also in the vicinity of Tranquillity to the south (Figure 2-11).  

 Confined Lower Aquifer (below Corcoran Clay) 2.2.3.4
The Lower Aquifer is the portion of the Tulare Formation that is confined beneath the Corcoran Clay 
extending downward to the underlying San Joaquin Formation and the interface of saline water of 
marine origin within its uppermost beds. The Lower Aquifer is characterized by groundwater that tends 
to be dominantly sodium-sulfate type, which is often of better quality than the Upper Aquifer (Davis et 
al., 1957; Hotchkiss and Balding, 1971). Because of its relatively shallow depth within the Coalition 
region and lower salinity in areas when compared to other groundwater resources, the Lower Aquifer is 
also heavily utilized as a source of groundwater for agricultural and drinking water uses within the 
Coalition region. 

 Hydrogeologic Conceptualization 2.2.3.5
Figure 2-13 displays the locations of geologic cross-sections created from the sediment texture model 
for the Central Valley generated by (Faunt et al., 2009 and 2010) for visualization of the vertical 
relationships between the three groundwater zones across the Coalition region. As described above, the 
Corcoran Clay divides the Upper and Lower Aquifers. In Figures 2-14 through 2-20, characteristics of 
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subsurface materials are presented in 50-foot intervals by percent coarse with darker green areas 
indicating relatively lower percent coarseness corresponding with finer-grained sediments of lower 
hydraulic conductivity and lighter tan to orange colors indicating higher percentages of coarse-textured 
materials corresponding with coarser-grained sediments of generally greater hydraulic conductivity. The 
presence of fan materials is apparent in some sections transecting alluvial fans by the presence of coarse 
materials on the western side of the valley, most notably those shown in cross-sections A and D (Figures 
2-13 and 2-17) associated with west-side streams, including Hospital Creek located between Patterson 
and Tracy and Los Banos Creek farther south. Extensive alluvium within the Upper Aquifer associated 
with the San Joaquin River system and also sandier zones representing areas where Sierran alluvial fan 
materials sourced from the east side of the valley have extended into the Coalition region are also 
evident in many of these cross-sections. A pattern of increase in coarse subsurface sediments to the 
south is apparent from these cross-sections, with notably contrasting sediment texture compositions 
between the Upper Aquifer and the Lower Aquifer.  

Additional notable cross-sections presented by Hotchkiss and Balding (1971) and Miller et al. (1971), 
that overlap with the Coalition region, are located on Figure 2-13 and presented in Figures 2-21 through 
2-23. These cross-sections provide additional information relating to the vertical and lateral extent and 
continuity of subsurface geologic features throughout the region, including indications of the geologic 
source and depositional environment that are not depicted in the cross-sections based on CVHM 
sediment texture data. Hotchkiss and Baldings (1971) cross-sections illustrate extensive Sierran sourced 
sediments within the Upper Aquifer in the central and southern portion of the Coalition region (Figures 
2-21 and 2-22). Some less extensive areas of Sierran sands within the Lower Aquifer are also depicted in 
these cross-sections, although the Lower Aquifer is indicated to be largely comprised of Coast Range 
derived materials (Diablo Range sediments) especially in the north and west. Similarly, cross-section B 
constructed by Miller et al. (1971) (Figure 2-23) depicts an encroachment of micaceous Sierran sands 
above the Corcoran Clay that is not as apparent in the geologic cross-section F constructed using CVHM 
sediment texture data (Figures 2-19). Higher quality groundwater can be associated with these Sierran 
sediments that are generally coarser-grained and composed of relatively less dissolvable minerals 
compared to other sediments derived from Coast Range sources (Davis et al., 1957). White clay layers 
within the Upper Aquifer mapped by Hotchkiss and Balding (1971) and presented on their cross-sections 
A and C (Figures 2-21 and 2-22) correspond with areas of finer-textured sediments displayed in CVHM 
data along cross-sections B and G (Figures 2-15 and 2-20).  

2.3 Surface and Subsurface Sediments Characterization 
For the purposes of completing the GAR, including the required groundwater vulnerability assessment 
component, available information and data on surface and subsurface sediments were acquired and 
assembled. Because of the hydrogeology of the surrounding mountains, generally low water-bearing 
nature of rocks outside the Central Valley Floor area and lack of irrigated agriculture in these areas, the 
characterization of subsurface materials and the groundwater vulnerability assessment were focused 
within the Central Valley Floor. Sources of data used to characterize the surface and subsurface 
sediments in the area consisted of descriptions provided in the literature with mapped data sources 
consisting primarily of county soil surveys completed by the Natural Resource Conservation Service 
(NRCS), subsurface sediment texture model data (Faunt et al., 2009 and 2010), and data relating to 
hydraulic properties of layers and Corcoran Clay properties from CVHM (Faunt et. al, 2009 and 2010). 
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 Surficial Soils 2.3.1
Data from the NRCS Soil Survey Geographic Database (SSURGO) were used to characterize surficial soils 
within the Coalition region. In mapping soils, ranges of properties are assigned to different map units by 
aggregating observed data. As part of the NRCS soil surveys, soil map units are defined to express 
similarities between soils within similar landform and landscape positions. Each soil map unit is assigned 
ranges of physical properties by aggregating data collected for each soil map unit. 

 Soil Hydraulic Conductivity 2.3.1.1
Figure 2-24 shows the saturated hydraulic conductivity of surficial soils within the Coalition region based 
on NRCS SSURGO soil survey data. Soil survey data for counties encompassed by the Coalition region 
were combined using the weighted harmonic mean of these representative layers to depict the 
saturated hydraulic conductivity of the C-horizon for each soil map unit. The soil profile represented by 
these data is variable but commonly extends to a depth of 6 or more feet.  

Floodplain deposits are evident as soils with relatively low hydraulic conductivity (less than 0.5 feet per 
day [ft/day]) blanketing much of the Central Valley Floor area within the Coalition region, although 
localized areas of soils with higher hydraulic conductivity are evident in association with modern and 
ancient surface waterways and alluvial fan features (Figure 2-24). Coarse soils of distributary alluvial fan 
sediments deposited by Del Puerto Creek and Orestimba Creek are notably apparent as areas of soils of 
high hydraulic conductivity located along active and inactive stream channels extending eastward from 
the fan apex areas along the Valley Floor margins to the current alignment of the San Joaquin River in 
the valley axis. Additionally, soils in areas adjacent to the active channel of the San Joaquin River also 
exhibit high hydraulic conductivities, including values of greater than 4 ft/day which are particularly 
apparent in an area north of Mendota. Soils of similarly high hydraulic conductivity trending as linear 
features in a general northwest-southeast alignment to the north of Dos Palos and Los Banos are likely 
the result of historical depositional processes and paleochannels associated with the San Joaquin River 
(Figure 2-24). In areas peripheral to the Central Valley Floor, soils tend to be characterized by relatively 
low hydraulic conductivity, although soils of somewhat higher hydraulic conductivity associated with 
distinct geologic units are mapped across much of the peripheral area to the west of Patterson and 
Gustine and also in localized bands associated with surface water courses.  

 Soil Drainage 2.3.1.2
The drainage characteristics of soils within the Coalition region are shown in Figure 2-25 by drainage 
class. Soil drainage classes are closely related to the hydraulic conductivity of soils, but also account for 
the frequency and duration of wet periods under conditions similar to those under which the soil 
developed. Soil drainage classes range from excessively drained soils to very poorly drained soils. 
Excessively drained soils tend be coarse-textured soils of high hydraulic conductivity in which water is 
removed rapidly and the occurrence of internal water is uncommon (NRCS, 2015). In contrast, poorly 
drained soils tend to have low hydraulic conductivity which limits the ability of water to drain vertically 
and results in frequent saturation of soils, although the zone of saturated soil is limited to very shallow 
and shallow depths and does not extend to deeper soils. The similarities between spatial distribution of 
soil hydraulic conductivity and drainage characteristics are clearly apparent in Figures 2-24 and 2-25. 
The fine-grained floodplain deposits present across much of the southeastern area of the Coalition 
region are evidenced as soils with lower hydraulic conductivity in Figure 2-24 and accordingly, these 
characteristics also make these areas poorly draining as shown in Figure 2-25. Poorly draining soil 
conditions are extensive within the southern and eastern area of the Coalition region extending from 
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the vicinity of Tranquillity to near Gustine. As early as the 1950s, farmers in parts of the western San 
Joaquin Valley began implementing structural and land treatment approaches to manage areas with 
poorly draining soils and the associated shallow water table and build-up of soil salinity (Fio, 1994; 
Hotchkiss and Balding, 1971). Soils in the northern and western parts of the Coalition region exhibit 
better drainage characteristics although areas of poorly drained soils are also present in the north and 
west in proximity to surface water courses, including most notably directly adjacent to the San Joaquin 
River and Los Banos Creek channels.  As seen in Figure 2-25, many of the upland soils, which are of 
generally coarser texture and located proximal to sediment sources derived from the Coast Range hill 
slopes, are characterized as moderately well drained. 

 Soil Chemistry 2.3.1.3
Figures 2-26 and 2-27 display soil salinity and soil pH as mapped by NRCS. Salinity is a measurement of 
the amount of salt present in soil and is estimated by measuring the electrical conductivity (EC) of the 
soil. From an agricultural standpoint, salinity of the soil is important because it can greatly impact the 
ability of the soil to support crops. While crops vary in their tolerance for elevated soil salinity, the 
productivity of most crops becomes impacted when EC levels are above 4 decisiemens per meter 
(dS/m), although some more sensitive crops may have declining yields at lower salinity levels (Waskom 
et al., 2012). 

Soil salinity values for individual map units (Figure 2-26), were calculated using a weighted arithmetic 
mean, weighted by the thickness of soil horizons. Notable spatial relationships between soil salinity and 
soil hydraulic conductivity (Figures 2-24) and drainage characteristics (Figure 2-25) are evident. Areas of 
highest soil salinity (red) in Figure 2-26 are located across areas of the eastern and southern portion of 
the Coalition region where soil hydraulic conductivity is generally lower and which are also characterized 
by poor drainage conditions. These areas of highest soil salinity, where values exceed 4 dS/m, are most 
apparent in Figure 2-26 north of Los Banos and east of Gustine and also in the vicinity west of Dos Palos. 
The hydrologic properties of these soils inhibit the ability of salts to flush from these soils resulting in 
concentration of salts. Finer-textured soils with low hydraulic conductivity are also capable of holding 
more water by capillarity, which can increase bare soil evaporation resulting in shallow salt 
accumulation over time. Soil map units with relatively lower soil salinity are exhibited across much of 
the western and northern portion of the Coalition region and also in large areas in the vicinity and north 
of Dos Palos, associated with the current and ancient alignment of the San Joaquin River where a 
greater density of soils of higher hydraulic conductivity occur.  

Soil pH values within the Coalition region, as derived from NRCS soil surveys, are shown in Figure 2-27. 
Soil pH is a measurement of the concentration of hydrogen ions present in soil. A pH in the range of 7 is 
considered neutral with increasing pH levels indicating more alkaline soil conditions and decreasing pH 
values indicating more acidic soil conditions. Crops vary in their ability to tolerate levels of soil pH; 
however, most crops grow best when the soil pH is slightly acidic at a value between 6 and 7, while 
highly alkaline soils (pH > 7.8) can affect plant health. 

Soils within the Coalition region are mainly neutral to alkaline (higher pH) with several areas of 
especially highly alkaline soils (pH > 8.5) located southeast of Gustine and extending south past Los 
Banos. Another area of particularly high pH soils exists in the far southeast part of the Coalition region 
between Tranquillity and Mendota (Figure 2-27). Areas of alkaline soils coincide with areas of high soil 
salinity, as shown in Figure 2-27, with many alkaline soils located where carbonates and hydroxides exist 
within near surface soils derived from Coast Range rock formations (Figure 2-27). Neutral soils cover 
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most of the far western part of the peripheral areas of the Coalition region and in the north within the 
Central Valley Floor.  

 Hydraulic Properties of Subsurface Sediments 2.3.2
The characteristics of subsurface sediments below the soil layers are more difficult to describe and map 
in a spatially continuous manner because it must be inferred and interpolated from available boring 
information. As part of the development of the CVHM, (Faunt et al., 2009 and 2010) created a three-
dimensional sediment texture model to characterize the valley-fill deposits within the Central Valley 
Floor area. This model incorporated interpretation and interpolation of lithologic data from numerous 
well drillers’ logs and other available data to develop a layered spatial representation of subsurface 
hydraulic conductivity at a horizontal grid scale of one-square mile and approximately 50-foot thickness 
intervals. Data from the texture model were compiled into layers for use in the CVHM. As discussed 
above, data derived from the CVHM and associated sediment texture model were used to evaluate the 
subsurface geologic conditions. Using these data, Figures 2-28 through 2-31 display some of the 
relevant hydraulic properties for the very shallow zone, Upper Aquifer, Lower Aquifer, and Corcoran 
Clay, as outlined in the conceptual model above. 

 Very Shallow Groundwater Zone 2.3.2.1
Figures 2-28 and 2-29 show the average vertical and horizontal hydraulic conductivity within the very 
shallow groundwater zone based on data from CVHM. Similar spatial patterns are evident in the vertical 
and horizontal hydraulic conductivity of the very shallow zone. The hydraulic conductivity within the 
very shallow zone appears to increase from west to east and from north to south within the Coalition 
region, with areas of highest hydraulic conductivity in the greater vicinity of Dos Palos and Mendota and 
also to the east of Gustine (Figure 2-28 and Figure 2-29). These patterns are generally consistent with 
the locations of coarser-textured sediments related to deposition of Sierran sands and materials 
associated with the San Joaquin River alluvial system depicted in geologic cross-sections of the Coalition 
region (Figures 2-14 through 2-23). Areas of higher hydraulic conductivity also coincide with some areas 
of higher soil hydraulic conductivity. Vertical hydraulic conductivity data from CVHM suggest that areas 
of lowest vertical hydraulic conductivity within the very shallow zone exist along the western margins of 
the Central Valley Floor, particularly extending into the Coast Range valleys of Little Panoche Creek, Los 
Banos Creek, and San Luis Creek.  

 Upper Aquifer 2.3.2.2
Figures 2-30 and 2-31 display the average vertical and horizontal hydraulic conductivity properties 
within the Upper Aquifer using data from CVHM. The hydraulic conductivity within the Upper Aquifer 
shows similar spatial patterns as those apparent and described above in the very shallow zone. Overall, 
the vertical hydraulic conductivity within the Upper Aquifer is slightly lower than in the very shallow 
zone with areas of highest vertical hydraulic conductivity typically located near the San Joaquin River 
and also in the vicinity of greater vicinity of Los Banos, Dos Palos, and Mendota (Figure 2-30). Average 
horizontal hydraulic conductivity values within the Upper Aquifer are generally greater, although less 
variable, than in the very shallow zone with similar spatial patterns evident between the two zones. As 
shown in Figure 2-31, the areas of highest horizontal conductivity in the Upper Aquifer are located in 
areas interpreted to be associated with alluvial deposits from the San Joaquin River system along its 
modern and ancient course and also possibly from encroachments of Sierra-sourced alluvial fan 
deposits, particularly in large areas west of Gustine and Los Banos and extending southeast through Dos 
Palos and Mendota. Similar to the very shallow zone, the Upper Aquifer also exhibits a pattern of 
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increasing conductivity to the south, although this trend is not as prominent as it is in the very shallow 
zone and a notable area of relatively higher horizontal conductivity in the Upper Aquifer is present in the 
parts of the far northern Coalition region, where the hydraulic conductivity of the very shallow zone is 
generally low (Figure 2-31). These sediments of higher hydraulic conductivity in the north are reflective 
of the presence of Coast Range alluvial fan deposits from west-side streams including Del Puerto and 
Hospital Creeks. 

 Corcoran Clay 2.3.2.3
The map of vertical hydraulic conductivity of the Corcoran Clay presented as Figure 2-32 shows overall 
very low hydraulic conductivity with a pattern of decreasing vertical hydraulic conductivity to the south 
within the Coalition region. According to CVHM data, the vertical hydraulic conductivity of the Corcoran 
Clay is on the order of 100 times less than the vertical hydraulic conductivity of the very shallow 
groundwater and Upper Aquifer. The lowest vertical hydraulic conductivity values, as shown by lighter 
colors in Figure 2-32, are located primarily in the southern interior areas of the Coalition region. Several 
localized areas of notably higher vertical hydraulic conductivities in the Corcoran Clay are indicated in 
the CVHM data in northern areas of the Coalition region, both to the north and south of Patterson. 
Additional areas where CVHM data characterize the Corcoran Clay as having relatively higher vertical 
hydraulic conductivity are indicated in the vicinity of Los Banos and to the northeast of Dos Palos. 
Although, the vertical hydraulic conductivity of the Corcoran Clay may provide indication of potential for 
vertical hydraulic communication across this layer, the degree of communication between the Upper 
and Lower Aquifer zones is a function of the hydraulic properties and thickness (Figure 2-11) of the 
Corcoran Clay combined. 

 Lower Aquifer 2.3.2.4
The CVHM hydraulic conductivity data for model layers indicate that the overall horizontal hydraulic 
conductivity of the Lower Aquifer is notably less than that in the very shallow zone and the Upper 
Aquifer (Figure 2-33). These data suggest that the variability in the horizontal hydraulic conductivity of 
the Lower Aquifer within the Coalition region is relatively limited with an area of higher values existing 
in the vicinity of Los Banos, likely a reflection of the presence of alluvial fan materials associated with Los 
Banos Creek. Both of these patterns are consistent with representations through geologic cross-sections 
in the area as shown in Figures 2-14 through 2-23. Areas where the CVHM data indicate considerably 
higher values are displayed in Figure 2-33 as dark colors along the western edge of the Central Valley 
Floor, although these high values are believed to be model-related artifacts and not necessarily 
representative of unique natural geologic conditions in these areas.  

 Subsurface Sediment Texture 2.3.2.5
Sediment textural data across the Central Valley Floor, from which the CVHM layer configuration and 
properties were developed, are displayed in Figure 2-34A and 2-34B. These data represent some of the 
most complete and spatially continuous readily available data representing the subsurface 
characteristics in the Western San Joaquin River Watershed. As discussed above, these data were 
compiled from well driller’s logs in the area and interpolated to a one-square mile grid with the fraction 
of percent coarse for each cell indicated in 50-foot intervals. Although these data were aggregated into 
hydrostratigraphic layers of varying thickness for use in the CVHM, the textural data provide a higher-
resolution representation of sediment texture through the finer discrete depth intervals available. High 
values for percentage of coarse materials within a depth interval indicate the presence of higher content 
of fine-grained materials such as clay, either through increased number clay beds in the interval or 
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overall more clayey nature to sediments. Hydraulic conductivity is closely related to sediment texture 
with increasing hydraulic conductivity corresponding with increasing percent coarse materials. Both 
vertical and lateral spatial patterns in sediment texture are evident in Figure 2-34A and 2-34B. The 
sediment texture model data are shown in 50-foot thick horizontal slices to a depth of 1,400 feet with 
four value categories for percent coarse ranging from less than 25 percent (dark green) to greater than 
75 percent (dark orange).  

The spatial patterns in sediment texture data displayed in Figure 2-34A, mimic patterns evident in the 
hydraulic properties for the three primary water-bearing depth zones within the Coalition region, as 
discussed above, because the hydraulic properties represent generalized and aggregated interpretations 
of the sediment texture data. The sediment texture data displayed in Figure 2-34A indicate that the 
upper 200 to 250 feet within the Coalition region consists of some of the coarsest (>50 percent coarse) 
subsurface materials. A thick interval of coarse materials at depths less than 200 to 250 feet is evident 
across much of the Central Valley Floor portion of the Coalition region extending from Gustine to 
Mendota with coarse Sierra-sourced materials particularly notable in the upper 150 feet from Gustine 
and Patterson to the north and eastward across to the east side of the valley. These sediments are also 
depicted on geologic cross-sections shown in Figures 2-14 through 2-23. Between 250 feet and 400 feet 
an interval of finer-textured sediments (<25 percent coarse) exists corresponding roughly with the 
depths at which the Corcoran Clay occurs within the Coalition region. At greater depths, localized areas 
with higher percentages of coarse sediments exist. Between 400 and 450 feet, a zone of coarse 
materials, likely of Sierra-sourced composition, occur in the area east of Gustine whereas a thicker 
interval of coarse sediments from Coast Range alluvial fans associated with Los Banos Creek and other 
west-side streams occurs at depths between 450 and 650 feet in the vicinity of Los Banos (Figure 2-34A). 
Deeper within the Lower Aquifer, another interval comprised of higher percentages of coarse materials 
exists between 800 and 950 feet and appears to reflect the deposition of Sierra alluvial fan sediments 
(Figure 2-34B). Below 950 feet, relatively finer-grained sediments (<25 percent coarse) characterize 
much of the region, both within the Western San Joaquin River Watershed area and also to the east 
across the Central Valley Floor (Figure 2-34B).  

Data relating to the physical characteristics of surficial soils and deeper subsurface sediments, including 
soil characteristics and sediment texture model and hydraulic properties for CVHM layers that were 
derived from the texture model, were important considerations in the evaluation of groundwater 
vulnerability, as discussed later in Section 6. Because of the finer vertical resolution to the sediment 
texture data, these data were particularly important to understand the hydraulic communication 
between the various distinct hydrostratigraphic depth zones in the conceptual model. 

2.4 Summary of Physical Setting 
The Westside Coalition region encompasses the Delta-Mendota Subbasin of the San Joaquin Valley 
Groundwater Basin, which represents the extent of the Central Valley Floor within the Coalition region. 
The Coalition region also includes the Los Banos Creek Groundwater Basin located in the Coast Range 
mountains peripheral to the Central Valley Floor (Figure 1-3). Within the Central Valley Floor of the 
Coalition region, the primary groundwater bearing units consist of Tertiary and Quaternary-aged 
unconsolidated continental deposits and older alluvium, including geologic units of the Tulare 
Formation. The continental and alluvial deposits consist of layers of sand, gravel, silt, and clay that 
increase in thickness away from the margins of the valley. The hydrogeologic system in the Coalition 
region is characterized by the presence of three distinct groundwater zones, including a very shallow 
groundwater zone, an upper semi-confined zone (Upper Aquifer), and a lower confined zone (Lower 

 

LSCE, DAVIDS ENGINEERING, and LWA  17 



MARCH, 2015                                       GROUNDWATER QUALITY ASSESSMENT REPORT  
                                                  WESTERN SAN JOAQUIN RIVER WATERSHED              
 

 

Aquifer) (Figure 2-8). The Tulare Formation is hydrologically the most important geologic formation in 
the Westside Coalition region because it contains many fresh water-bearing deposits. The Tulare 
Formation extends to the base of freshwater throughout most of the area and is comprised of 
stratigraphic layers of clays, silts, sands, and gravels and includes the Corcoran Clay (E-Clay) member, a 
diatomaceous clay or silty clay of lake bed origin which is a prominent aquitard in the region that 
separates the upper zone from the lower zone and distinguishes the Upper Aquifer from the Lower 
Aquifer.  

Most of the natural recharge that occurs in the Westside Coalition region is in the alluvial fan apex areas 
along the intermittent Coast Range streams, although deep percolation of applied irrigation water is also 
a source of recharge. Changing irrigation technologies are reducing deep percolation from irrigation 
water. Secondary recharge to areas near the valley axis occurs from subsurface flow from the east 
(DWR, 2003). Groundwater quality within the Coalition region is variable and commonly reflects the 
chemical composition of the contributing streams and the subsurface sediments through which 
groundwater has flowed. Naturally high concentrations of TDS in groundwater within the Westside 
Coalition region have existed historically due to the geochemistry of the Coast Range rocks, the resulting 
naturally high TDS of recharge derived from Coast Range streams, the dissolvable materials within the 
alluvial fan complexes, and the naturally poor draining conditions which tend to concentrate salts in the 
system. 

Soils of low hydraulic conductivity, corresponding with extensive floodplain deposits, blanket much of 
the Central Valley Floor area of the Coalition region, although higher hydraulic conductivity soils occur 
along modern and ancient surface watercourses and in association with alluvial fan features. Subsurface 
sediment texture data from CVHM indicate a shallow interval of coarse materials at depths less than 200 
to 250 feet exists across large areas of the Coalition region corresponding with the Upper Aquifer. The 
presence of generally fine-grained sediments (<25 percent coarse) are apparent between depths of 
about 250 to 400 feet, consistent with the depths at which the Corcoran Clay occurs within the Coalition 
region. Deeper sediment textural data suggest relatively finer-grained sediments below the Corcoran 
Clay within much of the Lower Aquifer, although localized areas of coarse material exist in association 
with alluvial fan deposits of both Sierra and Coast Range origin. Areas and intervals with the highest 
percentages of coarse sediments are largely zones of Sierra-sourced alluvial fan materials. 

In this GAR, very shallow groundwater is considered to be the zone within 50 feet of the ground surface. 
Because of the generally shallow nature and high salinity, very shallow groundwater, as defined in this 
report, is not believed to provide a major supply of water for agricultural or drinking uses within the 
Coalition region. The Upper Aquifer includes geologic units of younger and older alluvium and upper 
parts of the Tulare Formation. The Corcoran Clay is a notable hydrogeologic feature throughout most of 
the Coalition region that acts as an aquitard and impediment to vertical hydraulic communication 
between the Upper and Lower Aquifers. The Corcoran Clay is present at depths ranging between 
approximately 150 and 300 feet below the ground surface across much of the Central Valley Floor 
portion of the Coalition region with a general spatial pattern of deepening and thickening to the south. 
The thickness of the Corcoran Clay, which is greater than 50 feet in most areas of the Coalition region, 
but ranges from less than 25 feet to more than 100 feet thick, is believed to provide some degree of 
hydraulic separation between the Upper and Lower Aquifers. The Lower Aquifer is the portion of the 
Tulare Formation that is confined beneath the Corcoran Clay extending downward to the underlying San 
Joaquin Formation and the interface of salty water of marine origin within its uppermost beds. The 
Upper and Lower Aquifers represent the primary sources of supply for groundwater used for agricultural 
and drinking water purposes within the Coalition region.  
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3 GROUNDWATER HYDROLOGY 

3.1 Groundwater Levels 
Characterization of groundwater conditions within the Coalition region requires understanding 
groundwater levels. Groundwater levels data provide information with which to interpret hydrogeologic 
conditions, including spatial and temporal patterns in flow direction, groundwater level trends, potential 
groundwater recharge and discharge areas, and other conditions. Publically and readily available 
groundwater level data for the Coalition region were gathered from the DWR and the SWRCB 
Geotracker database. These data were used in conjunction with data provided by several of the water 
districts in the Coalition region. 

 Groundwater Level Dataset 3.1.1
To develop an understanding of the groundwater conditions and trends, data were collected and 
mapped for the Coalition region and vicinity. Available data within ten miles of the Coalition region were 
used for control points for interpolation along the edge of the Coalition region.  

Within the Coalition region, 84,025 depth-to-groundwater measurements from 2,609 wells (Table 3-1) 
were available. DWR data consisted of 1,458 wells with 46,531 measurements; SWRCB data consisted of 
707 wells with 10,008 measurements; Central California Irrigation District (CCID) data consisted of 398 
wells with 27,287 measurements; a further 46 wells with 199 measurements were available from Del 
Puerto Water District (DPWD), Patterson Irrigation District (PID), San Luis Canal Company (SLCC), and 
West Stanislaus Irrigation District (WSID). Of these assembled data, 299 wells have available information 
on well construction such as depth or screened interval. 

Requests for available data were also made to Lone Tree Mutual Water Company, Oak Flat Water 
District, Tranquillity Irrigation District (TID), Fresno Slough Water District, and Twin Oaks Irrigation 
District concerning available groundwater level data not included in public databases. No groundwater 
level data were made available from these additional entities.  

Well locations for DWR and SWRCB wells were provided as geographic coordinates, but some of the 
data provided by local entities could be located only by the State Well Number (SWN) associated with 
the well. This method of well location provides accuracy to within one quarter mile, at best. Data 
provided without any locational information could not be utilized in the assessment.  

All data received were processed and underwent quality assurance/quality control (QA/QC) procedures. 
During the QA/QC process, to the degree possible, duplicate well records and measurements and 
erroneous data were detected and eliminated. 

The groundwater level data were classified into interpreted depth zones. Groundwater level data were 
grouped into five well depth categories indicating the depth zone which they are interpreted to 
represent. These depth categories include Very Shallow Groundwater, Upper Aquifer, Lower Aquifer, 
Composite Wells (Upper and Lower Aquifers), and Unknown. Very Shallow Wells were defined as wells 
with depths less than 50 feet. Wells with depths indicating they are deeper than 50 feet but above the 
top of the Corcoran Clay, as indicated by USGS CVHM data (Faunt, 2009), were classified as Upper 
Aquifer. In areas outside the extent of the Corcoran Clay, but within the Central Valley Floor, the nearest 
CVHM cell values for top and bottom depths of the Corcoran were compared to the depth of the wells. 
Wells with screened intervals below the Corcoran Clay were considered Lower Aquifer wells. Certain 
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well data provided by local entities included descriptions of the aquifer in which those wells are 
screened, and these descriptions were prioritized above other methods of depth class assignment. 

Many wells do not have depths or screened intervals available. Therefore, for wells with no known 
construction information, but with known well type, were assigned the depth class of the nearest well of 
the same type for which depth class was previously assigned. Wells lacking any information that could 
be used to classify them in the above categories, either by well type or well depth, were designated as 
unknown depth.  

The spatial distribution of groundwater level data by data source is presented in Figure 3-1. This map 
shows the wide distribution of the DWR dataset, and the relatively localized nature of the SWRCB and 
the various local entities datasets. Groundwater level data are lacking in the western portion of the 
Coalition region, generally limited to the area east of the California Aqueduct. These limitations restrict 
the extent of the groundwater level contours that were developed to within the Central Valley Floor 
portion of the Coalition region. Consistent and continuous representations of groundwater levels in 
groundwater zones can reasonably be interpreted within the valley fill deposits comprising much of the 
San Joaquin Valley Groundwater Basin and the Central Valley Floor. However, more consolidated rocks 
of the Coast Range, including uplifted, rotated, and faulted geologic units in which groundwater 
occurrence and movement is less predictable, limit the ability to develop similar representations of 
conditions in these areas at the scale appropriate for the GAR. 

The distribution of groundwater level data by year is shown in Figure 3-2. Data from the 2000s forward 
is available only sparsely in the area west of and along the San Joaquin River in Merced County. 
Elsewhere the dataset includes more recent data. Figure 3-3 shows the frequency distribution of all 
water level measurements used over time, and indicates that water level measurement efforts went 
through several periods of increased intensity, first in the early 1960s, then in the late 1980s and early 
1990s, and most recently in the early 2000s.  

 Trends in Groundwater Levels 3.1.2
As a foundational element of the GAR, a spatially complete representation of current groundwater 
levels across the Coalition region was needed. Groundwater levels can fluctuate greatly through time 
due to numerous natural and anthropogenic factors, including long-term climatic conditions, adjacent 
well pumping, nearby surface water flows, and seasonal groundwater recharge/depletion. All of these 
factors can contribute to groundwater levels changing on short- and long-term temporal scales. An 
attempt was made to capture the spatial trends in current groundwater levels under spring and fall 
seasonal conditions in the form of interpolated groundwater levels across the Central Valley Floor area 
of the Coalition region. The development of these spatial datasets was limited to the Central Valley 
Floor, largely due to the location of available data, but also because this is where the majority of 
irrigated agriculture exists, and the hydrogeologic environment within the Central Valley Floor area is 
different from the Peripheral Area of the Coalition region. 

A spatially continuous depth to groundwater surface was developed from the assembled water level 
data using Geographic Information System (GIS) spatial analysis tools and capabilities provided within 
ArcGIS (ESRI, ArcGIS 10.2). 

Digital surfaces of depth to water were interpolated using nearest neighbor assignment within the 
Coalition region. For each aquifer, two sets of groundwater level data were analyzed, one for fall and 
one for spring, to understand typical seasonal high and low groundwater level conditions. Fall was 
defined as the months of September, October, and November, the period during which seasonal 
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groundwater levels are likely to be lowest as a result of summer pumping stresses. Spring was defined as 
the months of January, February, March, and April, prior to the onset of increased summer pumping 
during which seasonal groundwater levels are expected to be highest. Only groundwater levels from 
2000 and later were used. All the available data for each season for each well were averaged to produce 
a single value of water level for each season for that well. These depth-to-water values were then 
subtracted from the land surface elevations to produce water surface elevation (for Very Shallow 
Groundwater) and potentiometric surfaces (for the confined aquifers).  

The two sets of surfaces (one in units of feet below ground surface, and the other in units of feet of 
elevation) were contoured, and those contours were then re-converted to a surface at a lower 
resolution, as a simple method of smoothing the data. As discussed above, the extents of the 
groundwater level contours for each depth zone were limited by the spatial distribution of available 
groundwater level data. The extents were further limited to the Central Valley Floor area were geologic 
conditions make interpolations between well points more appropriate.  

 Depth to Groundwater 3.1.2.1
Regionally, depth to groundwater decreases from the valley perimeter to the valley axis – in the 
Coalition region this translates to a west-to-east decrease in depth to water. Depth to groundwater is 
influenced by local elevation of the land surface and does not indicate flow direction; it is important to 
recognize that although depth to water decreases in the eastward direction, this does not imply that the 
groundwater gradient is from east to west. As discussed in Section 3.1.3, groundwater flow directions in 
the Upper and Lower Aquifers are controlled by the piezometric head gradient, which is generally from 
west to east in the Coalition region. 

  Very Shallow Groundwater 3.1.2.1.1
Depth to the water table is shallow and somewhat consistent throughout the Coalition region. In most 
of the region, the water table is found between 5 and 20 feet below ground surface with notably 
shallow groundwater less than 10 feet deep apparent across the central Coalition region from Dos Palos 
to Guthrie. Two areas of deeper water tables, one in the north, near Patterson, and the other in the 
south, near Los Banos, are associated with elevated land surfaces and may not be indicative of 
depressions in the water table due to extraction. Spring and fall depths were similar throughout the 
region, as shown in Figures 3-4 and 3-5.  

   Upper Aquifer 3.1.2.1.2
In the Upper Aquifer (Figures 3-6 and 3-7), fall depths to water were somewhat deeper than spring 
values in most of the region, particularly the southern half. Fall depths ranged from 10 to 370 feet below 
ground surface, whereas spring depths were between 10 and 120 feet. Also, both spring and fall 
groundwater levels in the Upper Aquifer, trended deeper in the west than the east in the northern 
portion of the Coalition region. In the southern portion of the region, that trend was oriented more 
south-to-north, with deeper groundwater found in some of the southernmost areas.  

3.2.1.2.3   Lower Aquifer 
In the Lower Aquifer, similar to the Upper Aquifer, the northern portion of the Coalition region showed 
a trend of increased depth to water with distance west of the San Joaquin River. In the southern part of 
the region, that trend was less pronounced (Figures 3-8 and 3-9). Depths in the Lower Aquifer ranged 
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between 20 and 410 feet in fall, and from 10 to 370 feet in spring, indicating less seasonal variation in 
water depths in that aquifer than in the Upper Aquifer. 

3.1.2.1.4  Peripheral Area 
Outside of the Central Valley Floor, almost no data were available for this study. Contours and surfaces 
were not modeled for the Peripheral Area of the Coalition region. 

 Temporal Groundwater Level Trends 3.1.2.2
In both the Upper and the Lower Aquifers and the Very Shallow Groundwater zone, periods of wetter 
and drier climatic conditions are typically evident as periods of relatively higher and lower groundwater 
levels. From the available groundwater level data, low groundwater conditions existed during the mid- 
to late-1980s with higher groundwater levels during relatively wet periods around the mid-1990s and 
early 2000s also evident in the three groundwater zones. Most of the available groundwater level data 
begin after the 1960s, but those that start in the early 1960s or before reflect the higher extraction rates 
of the mid- and late-1950s, in the Upper and Lower Aquifers. This produces hydrographs exhibiting a 
long-term trend in increasing water levels in the Upper Aquifer from the 1960s through the 1970s and 
1980s due to the increased use of surface water for irrigation. In the Lower Aquifer, this trend is less 
pronounced.  

 Very Shallow Groundwater 3.1.2.2.1
Select hydrographs illustrating temporal groundwater level trends in very shallow wells across the 
Central Valley Floor area of the Coalition region are shown in Figure 3-10. Hydrographs shown on Figure 
3-10 are displayed with different ranges of elevations on the vertical axes. During the period from the 
1970s through the early 2000s, wells in the western part of the Valley Floor within the Coalition region 
tended to see an increase of around 5 feet in groundwater elevation, whereas in the eastern portion of 
the Coalition region, particularly nearer the San Joaquin River, the very shallow wells reveal a decreased 
elevation of the water table over that same period of time. 

   Upper Aquifer 3.1.2.2.2
Figure 3-11 presents select hydrographs illustrating temporal groundwater level trends in the Upper 
Aquifer wells. Hydrographs shown on Figure 3-11 are displayed with different ranges of elevation values 
on the vertical axes. Wells in the Upper Aquifer exhibit decreasing to somewhat stable water levels until 
the mid-1980s, and increasing or stable water levels subsequently.  

   Lower Aquifer 3.1.2.2.3
Figure 3-12 presents select hydrographs illustrating temporal groundwater level trends in deep wells. 
Hydrographs shown on Figure 3-12 are displayed with different ranges of elevation on the vertical axes. 
In the Lower Aquifer, piezometric head typically increased or remained relatively stable during the 
period from the 1980s through the early 2000s. 

 Groundwater Flow 3.1.3
Groundwater flow direction is controlled by piezometric head gradient. This section describes the 
results of the groundwater elevation analysis. 
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 Groundwater Elevations 3.1.3.1
Groundwater elevations were calculated by subtracting the depth to groundwater spatial dataset from 
the land elevation surface. Continuous depth to groundwater spatial datasets were generated for recent 
spring and fall time periods as described above and these depth to groundwater level datasets were 
subtracted from the USGS National Elevation Dataset (NED) 10-meter resolution digital elevation model 
(DEM) to calculate the groundwater elevation within the Central Valley Floor area of the Coalition 
region. Representations of groundwater elevations are important for understanding hydrogeologic 
relationships and interpreting groundwater flow directions.  

 Very Shallow Groundwater 3.1.3.1.1
Figures 3-13 and 3-14 show contours of groundwater elevations in the very shallow groundwater zone 
for recent spring and fall time periods. Both maps indicate a prevailing southwest to northeast flow 
gradient within the Very Shallow Groundwater zone. In general, little variation is apparent in 
groundwater elevation in spring (Figure 3-13) relative to fall (Figure 3-14). 

  Upper Aquifer 3.1.3.1.2
Contour maps of groundwater elevation in the Upper Aquifer for recent spring and fall time periods are 
presented in Figures 3-15 and 3-16. The Upper Aquifer exhibits a gradient in a mostly easterly to 
northeasterly direction. Spring piezometric heads (Figure 3-15) were generally higher than those in the 
fall (Figure 3-16) throughout most of the Coalition region. 

   Lower Aquifer 3.1.3.1.3
Patterns in recent spring and fall groundwater elevations within the Lower Aquifer are illustrated in 
Figures 3-17 and 3-18. The Lower Aquifer exhibits less seasonal difference in groundwater elevations 
than the Upper Aquifer. Throughout most of the Coalition region, the Lower Aquifer shows lower 
piezometric heads than the Upper Aquifer suggesting that potential exists for downward transport of 
contaminants where subsurface geologic conditions provide lesser hydraulic separation between these 
zones. 

 Areas with Higher Potential for Groundwater Recharge 3.1.3.2
The primary process for groundwater recharge within the Central Valley Floor area is from percolation 
of applied irrigation water. Groundwater recharge estimates made by DWR (2006) for the Delta-
Mendota Subbasin of the San Joaquin Valley Groundwater Basin, encompassing the Valley Floor portion 
of the Coalition region, indicate that natural groundwater recharge represents a relatively small fraction 
of total recharge when compared with estimates of recharge from applied water.  

From DWR (2006), in the Delta-Mendota Subbasin of the San Joaquin Valley Groundwater Basin,  

“Natural recharge is estimated to be 8,000 af. Artificial recharge and subsurface inflow are not 
determined. Applied water recharge is approximately 74,000 af. Annual urban and agricultural 
extractions estimated to be 17,000 af and 491,000 af, respectively. Other extractions are 
approximately 3,000 af, and subsurface outflow is not determined.” 

Figure 3-19 shows factors relating to the potential for recharge of groundwater from the land surface. 
Areas of higher soil hydraulic conductivity, as represented by shallow (top 15 feet) subsurface materials, 
are shown in Figure 3-19 based on NRCS SSURGO data. Higher values indicate increased recharge 
potential, especially for the very shallow groundwater zone. CVHM data for the minimum percent of 
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coarse materials in the upper 200 feet of substrate indicate areas with higher potential for recharge to 
the Upper Aquifer.  

The extent of the Corcoran Clay is also shown on Figure 3-19. The Corcoran Clay restricts vertical flow 
between the Upper and Lower Aquifer. Therefore recharge of the Lower Aquifer is most likely restricted 
where the Corcoran Clay is present, including across most of the Valley Floor portion of the Coalition 
region. Primary recharge areas to the Lower Aquifer are most likely in western parts of the Central 
Valley Floor, particularly in the vicinity and west of Los Banos, Orestimba and Del Puerto Creeks. 

  Recharge Areas Upgradient of Communities Reliant on Groundwater  3.1.3.3
For purposes of understanding and prioritizing impacted areas of groundwater, the groundwater 
elevation datasets developed for the Central Valley Floor area were used to identify areas of 
groundwater recharge located upgradient from communities reliant on groundwater. All communities, 
including Disadvantaged Communities (DACs), within the Coalition region were identified based on 
Census Designated Places (CDPs) from the 2010 Census data (Census, 2014). These communities were 
investigated through the California Department of Public Health (CDPH) Drinking Water Program (DWP) 
DRINC web portal (CDPH, 2014b) to identify any water systems serving those CDPs.  The DRINC portal 
identifies which systems include groundwater wells as part or all of their water supply. Additionally, 
public drinking water systems (PWSs) from CDPH’s Environmental Health Investigations Branch (EHIB) 
database (CDPH, 2014a) were evaluated with respect to reliance on groundwater through queries with 
wells identified in the CDPH Water Quality Monitoring (WQM) dataset. The PWSs from EHIB and CDPs 
found to be reliant on groundwater were further investigated with aerial imagery to identify the 
populated areas within each boundary.  

Disadvantaged Unincorporated Communities (DUCs), delineated by PolicyLink (2013) and based on 
parcel data and year 2000 Census data, were also investigated. All DUCs were reviewed by location and 
in some cases limited to residential areas through review of aerial photographs. Of the 11 DUCs located 
within the Coalition region, 3 were not already included in the analysis of EHIB and CDP boundaries 
(Table 3-2). These three were Dos Palos, Timba, and Hills Ferry. Dos Palos was determined not to be 
reliant on groundwater (based on information from the DRINC web portal and also conversations with 
the Dos Palos Public Water System. Timba is a small residential neighborhood adjacent to the PWS 
serving the City of Newman. The community defined by CDP boundaries was extended to include Timba. 
Hills Ferry is a small residential community served by domestic wells about a mile northwest of the City 
of Newman. Hills Ferry was included as a separate community in the subsequent analyses. Table 3-2 lists 
all the communities, including DUCs, located within the Coalition region and the status with respect to 
reliance on groundwater, as determined through the procedure outlined above. The resulting 
community areas identified to be reliant on groundwater are shown on Figure 3-20.  

Contributing areas to communities reliant on groundwater (shown in Figure 3-21) were developed for 
both the Upper and Lower Aquifers. To do this, polygons representing communities reliant on 
groundwater were buffered by 200 meters to provide enough starting area to capture flow in a 
modeling environment. The groundwater elevation surfaces for fall and spring for the Upper and Lower 
Aquifers were separately processed to produce flow direction grids for each zone. These flow direction 
grids were then used to independently determine the contributing area for each buffered community 
polygon during both spring and fall for each depth zone. The resulting four sets of contributing areas 
were then merged to produce a single combined representation of potential groundwater contributing 
areas for all communities identified to be reliant on groundwater within the Coalition region.  
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It should be noted that these contributing areas are sensitive to changes in the input datasets used in 
their calculation. Small changes in the groundwater elevation datasets or in extent of communities 
reliant on groundwater can result in considerable change in contributing areas. The analysis used in the 
GAR incorporated groundwater elevation datasets representative of recent conditions for both spring 
and fall in an attempt to most accurately identify potential source areas under variable groundwater 
level conditions. 

 Areas for Potential Evapoconcentration 3.1.4
Figure 3-22 shows the areas with water table depth less than 10 feet within the Coalition region, 
indicating areas where evapoconcentration of groundwater is most likely to occur. These shallow water 
table conditions exist across large areas in the middle of the Central Valley Floor portion of the Coalition 
region. Smaller areas of very shallow groundwater are also located in both the southern and northern 
ends of the Coalition region. The areas where the groundwater is very near the land surface generally 
coincide with locally low land surface elevations.  

 Tile Drains 3.1.5
The presence of shallow groundwater in parts of the San Joaquin Valley has led to the installation of tile 
drains in some areas. Readily available data sources were researched in an attempt to identify locations 
of known tile drains within the Coalition region. 

Locations of tile drains were identified based on DWR water quality sampling points and sample points 
reported by Coalition members as shown in Figure 3-23. Water quality data relating to a total of 33 tile 
drain sample points were provided by Coalition members and included in the groundwater quality data 
summarized in Section 5 and throughout this GAR. Although tile drains are distinct from wells in their 
construction, because of the existence of very shallow groundwater across the areas where the tile 
drain samples are located and the depth ranges indicated for the drains, the tile drain sample data 
provided were included in the summary and analyses of groundwater quality in this report. Figure 3-23 
shows the presence of tile drains across eastern portions of the Coalition region towards the San 
Joaquin River. The area included in the DWR studies does not extend throughout the Coalition region, as 
shown in Figure 3-23, so it is possible that other tile-drained areas exist within the Coalition region that 
are not identified on Figure 3-23. The extent of shallow groundwater conditions, as shown in Figure 3-
22, indicates areas where tile drains may be present. 

3.2 Summary of Groundwater Hydrology 
Characterization of groundwater conditions within the Coalition region requires understanding 
groundwater levels. Data on groundwater levels provide important information with which to interpret 
hydrogeologic conditions, including spatial and temporal patterns in flow direction, groundwater level 
trends, potential groundwater recharge and discharge areas, and other conditions. Groundwater level 
data from within and around the Coalition region were compiled into a database.   

For the purposes of differentiating and evaluating water level trends within the three depth zones of the 
hydrogeologic system, all wells were categorized by depth as interpreted from available information in 
the database. Groundwater level data were grouped into five well depth categories indicating the depth 
zone which they are interpreted to represent. These depth categories include Very Shallow 
Groundwater, Upper Aquifer, Lower Aquifer, Composite Wells (Upper and Lower Aquifers), and wells of 
unknown depth.  
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Regionally, depth to the water table decreases from the valley perimeter to the valley axis – in the 
Coalition region this translates to a west-to-east decrease in depth to water. The interpolated water 
table derived from the wells classified as very shallow indicates that water levels range between very 
close to the ground surface and approximately 50 feet, with generally deeper water tables in the 
western side of the valley portion of the Coalition region and a shallower water table in the eastern 
areas.  

Depth to water in wells designated as Upper Aquifer wells ranged from 10 to 80 feet below ground 
surface throughout the Coalition region in spring and fall, with generally higher water levels in the 
spring. The potentiometric surface interpolated from these wells in both spring and fall indicates that 
groundwater in this aquifer flows generally from west to east throughout most of the region. 

The Lower Aquifer exhibits some variation between spring and fall, with most of the aquifer presenting 
reduced piezometric heads in the fall. Lower Aquifer flow gradients trend eastward in the northern 
portion of the Coalition region.  

For purposes of understanding and prioritizing areas designated as relatively higher hydrogeologic 
vulnerability, the groundwater elevation datasets developed for the Central Valley Floor area were used 
to identify areas of groundwater recharge located upgradient from communities reliant on 
groundwater. All communities within the Coalition region were identified based on CDPs, DUCs and as 
described by Policylink (2012) and PWSs from CDPH’s EHIB database. These communities were 
evaluated with respect to reliance on groundwater using the CDPH DWP DRINC web portal, queries with 
wells identified in the CDPH WQM dataset, and contacts with water purveyors in the region. The 
Communities found to be reliant on groundwater were further investigated with aerial imagery to 
identify the populated areas within each boundary. Contributing areas to communities reliant on 
groundwater were developed for both the Upper and Lower Aquifers using groundwater elevation data 
for recent spring and fall conditions. 
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4 LAND USE 

4.1 Overview 
Characterizing changes in land use, irrigation, and fertilization practices over time supports 
understanding of past, current, and potential future groundwater quality, as these practices have the 
potential to affect groundwater quality.  Quantitative and qualitative assessment of the spatial 
distribution of agricultural cropping and practices and assessing the intensity of effects on groundwater 
quality support the development of effective groundwater quality monitoring and management 
strategies.  Additionally, documenting past and present land use and practices is critical in assessing 
groundwater vulnerability, which is discussed in detail in Section 6. 

The Westside Coalition region consists of approximately 1.27 million acres of land.  Approximately 
704,000 acres (55 percent) overlie the San Joaquin Valley Groundwater Basin as delineated by DWR and 
are considered part of the “Valley Floor” area for purposes of this assessment.  The Valley Floor includes 
approximately 383,000 acres of irrigated crop and grazing land (54 percent of the Valley Floor) and 
321,000 acres of other lands, as described in this section.  Available sources of data describing historical 
and current land use and extent of irrigated lands are discussed, followed by a description of land use 
characterization for purposes of the GAR.  Then, the extent and types of land use in the Coalition region 
are detailed, followed by a description of land use changes over time, predominant agricultural 
commodities, irrigation practices, and fertilization practices. 

4.2 Available Data Describing Land Use and Extent of Irrigated Lands 

 DWR Land Use Data 4.2.1
DWR has conducted land use surveys for agricultural counties approximately every ten years in 
California since the late 1980s or early 1990s.  These data are provided in GIS format, allowing for 
evaluation of the spatial distribution of land use and irrigated area over time.  Additionally, beginning in 
the late 1990s or early 2000s, detailed information describing irrigation methods has been included.  
The surveys are highly detailed and include over 70 categories of crop type and other land uses.  The 
following surveys were used to quantify land use and irrigated area for circa-1990 (mid-1980s to mid-
1990s) and for circa-2000 (mid-1990’s to mid-2000s): 

• Fresno County:  1986, 2000 

• Madera County:  1995, 2001 

• Merced County:  1995, 2002 

• San Joaquin County:  1988, 1996 

• Stanislaus County:  1996, 2004 

Detailed irrigation method information is additionally available for each of the circa-2000 surveys and 
summarized later in this section. 

 USDA Land Use Data 4.2.2
DWR land use surveys are only conducted periodically for each county, and the surveys are not available 
for recent years for most counties comprising the Coalition region.  In order to characterize current land 
use, land use data from the 2013 U.S. Department of Agriculture (USDA) California Cropland Data Layer 
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were used.  The USDA land use data are produced in a different way from the DWR land use surveys. 
These data are developed using supervised classification techniques using remotely-sensed 
multispectral satellite imagery.  The classification technique combines ground-based cropping data for 
individual fields with the multispectral imagery to identify spectral signatures for individual crop types.  
Then, areas without available ground-data are classified based on their spectral characteristics. Through 
this process, crop or other land use type are assigned to individual pixels from the satellite imagery at a 
spatial resolution of 30 meters, or 0.22 acres.  The accuracy of the classification analysis and results are 
evaluated through comparison of assigned land use to additional ground-based data.  The overall 
accuracy of the 2013 dataset is reported to be approximately 80 percent for over 70 categories of crop 
type and other land uses.  When specific land uses are combined into more general classes (e.g., wheat 
and oats reclassified as grain crops, or almonds and pistachios reclassified as nut trees), the overall 
accuracy is improved.   

 Westside Coalition Land Use Data 4.2.3
In addition to publicly available land use data from DWR and USDA, land use data from Coalition were 
collected and assembled in approximately decadal snapshots for 1990, 2000, and 2010.  For water 
suppliers with contracts with the U.S. Bureau of Reclamation (Bureau), crop reports are prepared and 
submitted annually.  Additionally, cropping is reported in water management plans prepared 
approximately every 7 years by suppliers receiving water from the Bureau.  Cropping histories for 
suppliers with Bureau contracts were assembled from a combination of annual crop reports and water 
management plans.  The following cropping data from Coalition districts were used to characterize 
cropping over time within the district areas including: 

• Columbia Canal Company (CCC):  1993, 2000, 2011 

• CCID:  1990, 2000, 2010 

• DPWD:  1998, 2008 

• PID:  1986, 2001, 2010 

• SLCC:  1990, 2000, 2010 

• San Luis Water District (SLWD):  2002, 2010 

• TID:  2003, 2008 

• WSID:  2005, 2009 

As indicated, many districts provided cropping records for circa-1990, circa-2000, and circa-2010; 
however, cropping data were not available for all districts circa-1990.  As a result, changes in cropping 
based on district cropping records are evaluated for only the circa-2000 and circa-2010 time periods for 
consistency. 

 FMMP Extent of Irrigated Lands Data 4.2.4
In addition to the DWR land use surveys, which have provided data describing the spatial distribution 
and extent of irrigated lands by county from the late 1980s or early 1990s, irrigated lands are delineated 
by the California Department of Conservation Farmland Mapping and Monitoring Program (FMMP).  
FMMP data for 2012 were used to define the extent of the irrigated lands in the Coalition region.  FMMP 
provides maps and spatial datasets delineating farmland in agricultural counties throughout California in 
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which soil quality and irrigation status are used to rank land in terms of its ability to be cultivated.  The 
FMMP data were used to determine the extent of the irrigated lands within the Coalition region because 
these data have been used by the Regional Board staff to define irrigated lands (L. Wilson, personal 
communication).  Based on guidance from the Regional Board, and consistent with the Regional Board 
definition of irrigated lands, the following FMMP categories were considered irrigated lands for this 
assessment:  prime farmland, farmland of statewide importance, unique farmland, and farmland of local 
importance.  All other FMMP land use categories were defined as non-irrigated and may include grazing 
land, urban and built-up land, other land, rural residential, semi-agricultural and rural commercial land, 
vacant or disturbed land, confined animal agriculture, and nonagricultural or natural vegetation. 

4.3 Land Use Categorization 
Because of the large number of unique land uses and crop types reported in the land use survey data 
from DWR and USDA, it was necessary to group similar land uses into categories for purposes of 
evaluating spatial and temporal patterns and also for the groundwater vulnerability assessment.  Over 
70 crop types and land uses contained in the land use survey data were grouped into 13 main categories 
based on general similarities in agricultural and irrigation practices and estimated typical nitrogen 
application rates.  Table 4-1 illustrates the land use category grouping system that was used for the 
DWR and USDA land use survey data and highlights the major commodities within each land use 
category.  

Within the Valley Floor area, the largest land use category is currently (i.e., circa 2013) native, non-
irrigated vegetation (35.6 percent), followed by irrigated pasture and alfalfa (15.5 percent), irrigated nut 
trees (12.5 percent), and irrigated field crops (12.4 percent).  These land uses, along with those in the 
upland area above the Valley Floor, are discussed in greater detail below. 

4.4 Land Use and Irrigated Area within the Westside Coalition Region 
This section provides a detailed description of current land use within the Coalition region.  The 
evaluation of current land use is based on the 2013 USDA land use data and crop data reported by 
Coalition members, while historical land use is evaluated based on data from DWR land use surveys.   

The evaluation of land use differentiates between the Valley Floor area and the upland area.  Within the 
Valley Floor area, land use is described for the irrigated agricultural lands; managed wetlands; and 
other, non-irrigated lands.  An evaluation and discussion of land use change for the Valley Floor is 
provided, with a focus on irrigated cropland.   

 Coalition Region 4.4.1
The irrigated area within the Coalition region, as determined based on FMMP data from 2012, is shown 
in Figure 4-1.  The spatial distributions of land use within the Coalition region circa-1990, circa-2000, and 
for 2013 are shown in Figures 4-2 through 4-4.  As discussed above, there are differences in 
methodology and land use identification systems between the DWR and USDA land use surveys used to 
develop the data shown in these figures.  

 Valley Floor Area 4.4.2
As described previously, the Valley Floor area is defined for purposes of this assessment as the portion 
of the Coalition region overlying the San Joaquin groundwater basin, which represents approximately 
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704,000 acres, or 55 percent of the region.  The Valley floor includes irrigated agricultural cropland; 
managed wetlands; and other, non-irrigated lands. 

 Irrigated Agricultural Lands 4.4.2.1
Irrigated agriculture is a dominant industry within the Coalition region.  In 2013, the irrigated crop area 
was approximately 390,000 acres.  Alfalfa was the top crop by acreage in 2013 with nearly 85,000 acres 
estimated for the Central Valley Floor, closely followed by almonds with an estimated 76,000 acres.  
Cotton, corn (including a winter grain crop in many cases), tomatoes, wheat, and irrigated pasture are 
the next most common crops by acreage.  Table 4-2 summarizes the top ten commodities within the 
Coalition region by acreage.  These ten crops represent nearly 94 percent of the irrigated crop area. 

Acreages for top crops are shown in Figure 4-5 based on both 2013 USDA land use data and based on 
crop acreages reported by Coalition members representing approximately 316,000 acres, or 83 percent 
of the irrigated crop area in the Coalition region8.  Relatively speaking, the 2013 USDA cropping data 
agree well with acreages reported by Coalition members with some exceptions.  The USDA estimated 
wheat acreage is greater than that reported by the members, while the oat acreage is less than that 
reported.  This suggests that oats may be incorrectly classified as wheat in the USDA data, which relies 
on a combination of satellite-based remote sensing and ground data.  Acreages for alfalfa, almonds, 
corn, and pasture are substantially greater from the USDA data than the Coalition data, which likely 
results to some extent from these crops being dominant outside of the service areas of the Coalition 
members for which cropping data were available. 

The agricultural crop value for crops produced within the Coalition region in 2013 was estimated based 
on county agricultural commissioner crop reports and USDA land use data to be more than 1.2 billion 
dollars (Caseri, 2014; McNeill, 2014; O’Haire and Spezzano, 2014; Robinson, 2014; and Wright, 2014).  
The top crops in 2013 by value included almonds ($517 million), tomatoes ($154 million), alfalfa ($149 
million), cotton ($118 million), corn ($66 million), walnuts ($60 million), and vineyards ($29 million) with 
numerous other crops with values less than $25 million, such as pistachios, wheat, and pasture.  Table 4-
3 summarizes the top ten commodities within the Coalition region by acreage.  These ten crops 
represent nearly 95 percent of the production value of irrigated crops in the region.  Production values 
for the top ten crops by value for 2013 are shown in Figure 4-6. 

 Managed Habitat 4.4.2.2
Managed wetlands include a combination of State wildlife areas and Federal wildlife refuges, as well as 
privately owned wetlands.  These lands are managed to provide important habitat for waterfowl and 
shorebirds and provide recreational opportunities for bird enthusiasts, hunters, and other activities. 

Wildlife areas in the region include the China Island Unit of the North Grasslands Wildlife Area (3,300 
habitat acres, of which 1,800 acres receive water) (DFG, 2011a) the Salt Slough Unit of the North 
Grasslands Wildlife Area (2,200 habitat acres, of which 1,600 acres receive water) (DFG, 2011b), the 
Volta Wildlife Area (3,300 acres, of which 800 acres receive water) (DFG, 2011c), and the Mendota 
Wildlife Area (11,600 acres, of which 11,200 acres receive water) (DFG, 2011d).  The wildlife areas rely 
primarily on surface water provided through the Central Valley Project Improvement Act’s (CVPIA) 

8 Crop acreages reported by coalition members may include some double counting of irrigated acres as a result of 
double-cropping.  Acreages reported for the DWR and USDA land use data represent estimates of irrigated acres 
and do not include double counting of double-cropped acres. 
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Refuge Water Supply Program, with average supplies of approximately 54,000 acre-feet annually 
between 2001 and 2010.   

Wildlife refuges in the region include the San Luis National Wildlife Refuge (26,700 habitat acres, of 
which 5,900 acres receive water) (FWS, 2010a), Merced National Wildlife Refuge (10,000 habitat acres, 
of which 2,600 acres receive water) (FWS, 2010b), and the San Joaquin River National Wildlife Refuge 
(6,500 habitat acres, of which 1,900 acres receive water) (FWS, 2006).  Similar to the wildlife areas, the 
San Luis and Merced refuges rely on CVPIA surface water supplies and received approximately 25,000 
acre-feet annually between 2001 and 2010.  The Merced refuge additionally pumped approximately 
6,300 acre-feet of groundwater annually between 2001 and 2010 to meet habitat needs.  The San 
Joaquin refuge does not receive CVPIA water and has relied historically on irrigation district operational 
spills and drainage from upgradient lands. 

Private wetlands within the region are located primarily in Grassland Water District but also to a lesser 
extent elsewhere in the region.  Grassland includes approximately 58,000 habitat acres, of which 38,800 
acres receive water (GRCD, 2011).  Surface water supplies consist primarily of CVPIA water supplies and 
averaged approximately 160,800 acre-feet annually between 2001 and 2010.  Additionally, an average 
of 1,600 acre-feet of groundwater were pumped annually during this period. 

Primary habitat types include seasonal wetlands (46 percent), upland habitat (35 percent), and riparian 
(8 percent).  Other habitat includes irrigated pasture, permanent wetlands, and semipermanent 
wetlands.  Cropland including irrigated pasture and grain crops is a relatively small land use in these 
areas and typically farmed for wildlife feed and shelter, rather than as a commercial crop. 

Additional detail describing land and water use for managed habitat areas can be found in the water 
management plans referenced above. 

 Non-irrigated lands 4.4.2.3
Non-irrigated lands within the Valley Floor area of the Coalition region consist primarily of native grasses 
and non-irrigated pasture (115,000 acres), wetlands (80,000 acres), developed lands (28,000 acres), and 
other non-irrigated cropland (28,000 acres) based on 2013 USDA land use data.  Other non-irrigated 
land uses include open water, barren surfaces, and shrubland.  Some non-irrigated lands fall within 
managed habitat areas as described in greater detail in the previous section. 

 Upland Area 4.4.3
In the upland area above the Valley Floor, non-irrigated lands consist primarily of native grasses 
(303,000 acres), shrubland (163,000 acres), and forest (69,000 acres) based on 2013 USDA land use data.  
Other non-irrigated land uses include open water (primarily San Luis Reservoir), developed areas, dry 
cropland, and barren surfaces.   

4.5 Land Use Change 
Despite differences in the methodologies used to develop land use data by DWR and USDA, differences 
in land use have clearly occurred in the region, particularly for the Valley Floor area.  Table 4-4 
summarizes land use for the Coalition region by decade (circa-1990, circa-2000, and 2013) based on the 
DWR and USDA land use data.  In order to better understand changes in agricultural land uses, crop 
acres by decade and crop group for the Valley Floor are summarized in Table 4-5 and Figure 4-7.  
Decadal and bi-decadal changes in area by crop group for the Valley Floor are summarized in Table 4-6. 
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Primary changes in agricultural cropping between 1990 and 2013 include the following: 

• Field crops decreased by 66,000 acres (43 percent) 

• Nut trees increased by 59,000 acres (201 percent) 

• Seed and bean crops decreased by 35,000 acres (91 percent) 

These changes are also supported by cropping information provided by Coalition members.  Figure 4-8 
shows acreages by crop group circa-2000 and circa-2010 based on Coalition data representing 316,000 
acres, or 83 percent of the irrigated Valley Floor area.  These data additionally suggest that field crop 
acreage has decreased, while nut tree acreage has increased.  The DWR and USDA data suggest a 
decrease in cropland of approximately 20,000 acres between 2000 and 2013, while the coalition 
member data suggest an overall decrease of 8,000 acres. 

These changes can additionally be seen by comparing Figures 4-2, 4-3, and 4-4, which map land use for 
each decadal snapshot.  Comparison of the figures shows that nut tree acreage has expanded 
substantially in three primary areas over the past two decades: 

• West of Interstate 5 and north of Highway 152 in DPWD, WSID, PID, and to some extent CCID 

• Within the southern half of SLWD along Interstate 5 

• West of the San Joaquin River in the vicinity of CCC 

Another notable change indicated between 2000 and 2013 is an increase in urban area by approximately 
30,000 acres.  It is likely that this change results in the classification of roadways in the USDA data as 
developed areas.  These roadways are often not delineated explicitly in the DWR surveys and would thus 
be included with other land uses. 

4.6 Irrigation Practices 
Available irrigation method data from the circa-2000 DWR land use surveys and additional data 
obtained from Coalition members were used to characterize changes in irrigation technology over time.  
The distribution of irrigation application methods (i.e., microirrigation, sprinkler, or gravity) circa-2000 
for irrigated lands in the Coalition region is shown in Figure 4-9.  Table 4-7 and Figure 4-10 summarize 
irrigation method by crop group based on the DWR data.  Irrigation methods for circa-2000 and circa-
2010 based on Coalition member data representing 83 percent of the Valley Floor irrigated crop area are 
also summarized in Table 4-7 and presented in Figure 4-11. 

Circa-2000, approximately 84 percent of cropland was irrigated using gravity techniques (e.g. furrow, 
graded border, or level basin).  Microirrigation and sprinkler technologies were used to irrigate 
approximately 10 percent and 6 percent of the crop area, respectively.  Many crops relied almost 
exclusively on gravity techniques, including field crops, grains, pasture and alfalfa, seed and bean crops, 
vegetables, and rice.  Microirrigation systems were employed for irrigation of a majority tree crops (nut 
trees, fruit trees, vineyards, and citrus).  Sprinklers were used to irrigated some nut and fruit trees as 
well as vegetables. 

Agreement between circa-2000 estimates of the percent of crop area irrigated by method between the 
DWR and Coalition member is quite good, falling within approximately 2 percent for each irrigation 
method.  This provides confidence in evaluating trends based on the Coalition-reported data.  Between 
approximately 2000 and 2010, the use of microirrigation increased more than three-fold from 11 
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percent to 36 percent of the irrigated crop area.  This reflects a combination of a shift to microirrigation 
for crops traditionally irrigated using gravity techniques and a shift from crops commonly irrigated via 
gravity (e.g., field crops) to crops typically irrigated using microirrigation (e.g., nut trees).  The shift to 
microirrigation has been widely observed throughout the Central Valley for many crops and is likely to 
continue in the future. 

4.7 Fertilization Practices 

 Nitrogen Cycle 4.7.1
Nitrogen is a critical element for life on Earth and is found in air, water, soil, and organic matter.  The 
nitrogen cycle is illustrated in Figure 4-12 (Rosenstock et al., 2013). Fixation of nitrogen from the 
atmosphere converts gaseous nitrogen (N2) in the atmosphere to ammonia (NH3), which is then 
transformed into organic nitrogen (R-HN2).  Through the process of mineralization, organic nitrogen is 
transformed to inorganic nitrogen (NH4

+).  In the presence of air, inorganic nitrogen is then transformed 
by microbes into nitrite (NO2

-) and nitrate (NO3
-), which is the preferred source of nitrogen for most 

plants (Viers et al., 2012).  This process is reversed when plants and other organisms take up mineralized 
nitrogen and convert it back to organic nitrogen.  Ultimately, nitrogen returns to the atmosphere in its 
gaseous form.  See Rosenstock et al. (2013) and Viers et al. (2012) for additional information describing 
the nitrogen cycle. 

 Common Application Methods and Use for Primary Commodities 4.7.2
Nitrogen fertilization application methods and amounts differ depending on crop type, irrigation 
method, soil characteristics, and other factors. Nitrogen management practices for the primary crops in 
the Coalition region are summarized below. Typical nitrogen management practices for the region were 
gathered and summarized based on recent and archived cost and return studies developed by the 
University of California at Davis (UCD) Department of Agricultural and Resource Economics (UCD, 2015). 
For this report, the following cost and return studies were reviewed and are summarized below: 

• Alfalfa:  San Joaquin Valley – 50 Acre Planting, 2008. 

• Almonds:  San Joaquin Valley North – Micro Sprinkler Irrigation, 2011; San Joaquin Valley North 
– Flood Irrigation, 2011; and Northern San Joaquin Valley – Flood Irrigation, 1998. 

• Cotton (Pima Variety):  San Joaquin Valley, 2012. 

• Corn Silage: San Joaquin Valley South, 2012. 

• Tomatoes: San Joaquin Valley – Furrow Irrigated, 2007; and Sacramento Valley and Northern 
Delta – Sub-Surface, Drip Irrigated, 2014. 

Alfalfa is the largest commodity in the region, accounting for 84,900 acres in 2013. Alfalfa is a legume.  
Legumes grow with nitrogen fixing bacteria attached to the roots, resulting in almost all nitrogen for 
growth being obtained from the atmosphere through the process of fixation. A small amount of nitrogen 
may be applied to alfalfa fields prior to the final discing before planting and germination to help 
establish a strong crop. It is not recommended or common to apply nitrogen to established alfalfa as 
little benefit is seen. Nitrogen is typically applied through broadcasting. Broadcasting involves uniformly 
distributing fertilizer over the soil surface. The fertilizer is then either mechanically mixed into the soil by 
discing or worked into the soil by rainfall or irrigation.   
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Almonds are the second largest commodity grown in the region, accounting for approximately 75,600 
acres in 2013. To develop an almond orchard with micro-sprinklers, nitrogen is commonly broadcast by 
hand near the base of each tree for the first year in split applications. Approximately 20 pounds per acre 
of nitrogen is needed the first year with equal applications occurring during spring (March or April), early 
summer (June), and late summer (August). Starting the second year until the orchard reaches maturity, 
nitrogen applications increase and are applied in dissolved form directly through the irrigation system 
via fertigation.  In following years, fertigation occurs monthly from April through August. Nitrogen 
application peaks starting in the sixth year at up to 200 pounds per acre.  

Fertigation can be an effective method of applying small quantities of nitrogen over time to minimize 
nutrient leaching below the crop’s root zone. This is done by timing nutrient applications to match crop 
consumption. Growers have seen benefits of switching to microirrigation (i.e., drip or microsprinklers) 
due to better nutrient management and irrigation scheduling practices, which often increase yields and 
may decrease overhead costs. As mentioned earlier, nearly 36% of the cropped land within the Coalition 
region is currently irrigated using microirrigation based on circa-2010 Coalition member data compared 
to only 11% based on circa-2000 Coalition member data.  

For almond orchards that remain flood-irrigated, the nitrogen requirement does not change per acre for 
a mature orchard relative to microirrigation, but the amount of nitrogen per application increases. 
Instead of monthly applications, nitrogen is often applied via spraying three times each growing season 
in larger quantities. According to the 1998 and 2011 cost studies for flood-irrigated almonds, the 
nitrogen application rate is approximately 20 pounds per acre less per growing season for mature 
orchards.  

Cotton is the third largest commodity accounting for approximately 47,900 acres in 2013. Nitrogen is the 
primary nutrient applied to cotton during the growing season. For a furrow-irrigated cotton field, most 
nitrogen is applied using a method called sidedressing. Sidedressing is the application of fertilizer along 
the sides of bed rows.  Applications can be timed to match the crop’s peak nutrient demand to minimize 
nutrient leaching. For cotton, sidedressing commonly occurs in May. Approximately 150 pounds of 
nitrogen per acre is typically sidedressed at this time. In July, an additional 30 pounds of nitrogen is 
water run, meaning that the nitrogen is mixed with the irrigation water and carried through the furrows.  

Corn is the fourth largest commodity in the region, accounting for nearly 38,500 acres in 2013.  For a 
typical, furrow-irrigated corn (silage) field, approximately 20 pounds of nitrogen is applied at planting. 
Additional nitrogen applications are made during one June irrigation and two July irrigations. Each 
additional application is approximately 75 pounds per acre. The nitrogen is mixed with the irrigation 
water and is furrow run.  

Tomatoes are the fifth largest commodity covering approximately 37,200 acres in 2013. For fresh 
market, furrow-irrigated tomatoes, approximately 164 pounds of nitrogen per acre are applied each 
season from all nitrogen applications. About half of the nitrogen (i.e., 84 lbs/acre) is applied prior to 
planting. Seventy pounds of nitrogen is sidedressed in May, and another ten pounds is water-run in 
June.  

Tomato growers have been rapidly transitioning to drip irrigation in the San Joaquin Valley over the last 
decade in many areas. A cost study for tomatoes using drip irrigation in the San Joaquin Valley has not 
been developed by UCD at this time. To approximate nitrogen management practices for tomatoes with 
drip irrigation, a cost study from the Sacramento Valley/Northern Delta was reviewed and is 
summarized herein. Before transplanting, liquid fertilizer containing 8 pounds of nitrogen per acre is 
commonly applied with a tractor and implement. Approximately 200 pounds of nitrogen fertilizer per 
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acre is then applied through the drip irrigation system over the growing season via fertigation. Since 
fertigation is used, smaller nitrogen applications can be made on a frequent basis to match application 
to crop uptake. 

 Trends in Nitro-Fertilization 4.7.3
Historical nitrogen fertilizer use for the Coalition region has been estimated based on data compiled by 
the USGS describing county fertilizer sales from the late 1980s to the mid-2000s (Gronberg and Spahr 
2012).  Counties making up the Valley Floor area of the Coalition region include Fresno, Madera, 
Merced, San Joaquin, and Stanislaus.  Totals for each county have been pro-rated based on the 
estimated percentage of each county’s irrigated crop area within the Coalition region relative to the 
total irrigated crop area for each county.  This assumes that average fertilizer use among fields for the 
area within the Coalition region is similar to the county-wide average for each county.  Resulting 
estimates of nitrogen fertilizer use for each county and the region as a whole are shown in Figure 4-13. 

As indicated in Figure 4-13, nitrogen fertilizer use was relatively stable between 1986 through around 
2000, with a trend of elevated use from 2002 to 2004.  Nitrogen use appears to have decreased since 
2004. 

Nitrogen use by crop category is summarized in Table 4-1 based on data from literature for 1973 and 
2005 (Rosenstock et al., 2013; Viers et al., 2012).  These data indicate that vegetables have the greatest 
typical application rate.  For primary vegetable crops grown in the region, Rosenstock et al. (2013) 
report typical application rates for 2005 of 177 to 182 lbs/ac for tomatoes, 151 to 163 lbs/ac for melons, 
212 lbs/ac for onions, 190 lbs/ac for broccoli, and 238 lbs/ac for cauliflower.  Nitrogen rates for major 
tree crops include 179 lbs/ac for almonds, 138 lb/ac for walnuts, and 102 to 113 lbs/ac for peaches.  For 
major field crops, nitrogen rates are reported to be 213 for corn9.  Viers et al. (2012) report a typical 
nitrogen application rate for alfalfa for 2005 of 12 lb/ac.  Typical application rates increased between 
1973 and 2005 for nut trees, field crops, grain, vegetables, and rice.  In contrast, nitrogen application 
rates appear to have decreased for alfalfa and vineyards.  Typical rates for citrus and deciduous fruit 
trees appear to have remained about the same over this period, on average. 

  

9 The typical applied nitrogen rate for corn reported by Rosenstock et al. (2013) is based on sweet corn.  The 
typical rate for corn grown for silage or grain may differ somewhat. Viers et al. (2012) report a typical rate of 235 
lbs/ac for silage and grain corn for 2005. 
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5 GROUNDWATER QUALITY 
The emphasis of the GAR requirements is on characterizing past and present groundwater quality and 
impacts to groundwater quality from irrigated agricultural practices within the Coalition region. The goal 
is to develop focused management plans and procedures based on the best understanding of the 
hydrogeology and groundwater resources in the area. In order to provide a characterization of 
groundwater quality conditions in the area, an extensive effort to assemble readily available 
groundwater quality data was conducted. The data collection effort focused on nitrate, salinity (TDS and 
EC), and pesticides. Nitrate is one of the most common groundwater contaminants and is generally the 
water quality constituent of greatest concern in areas of irrigated agriculture where application of 
fertilizers containing nitrogen can lead to groundwater contamination. Natural concentrations of nitrate 
in groundwater are generally low, and elevated levels usually indicate impacts from land use activities. 
Nitrate presents health concerns at high concentrations and is regulated in public drinking water 
systems. The U.S. Environmental Protection Agency (USEPA) has established a MCL Level for nitrate (as 
nitrogen) of 10 mg/L under its National Primary Drinking Water Regulations; this MCL standard is 
established for public health reasons and is a requirement of all public drinking water systems. TDS and 
EC are general measures of salinity and overall water quality. EC is directly related to the TDS 
concentration and, therefore, also provides a measure of general salinity of the water. Although 
agricultural practices can increase salinity in groundwater, as discussed in Section 2, naturally-occurring 
salinity in groundwater is typically high throughout the Coalition region because of the hydrogeologic 
and environmental setting. Like nitrate, pesticides are an indicator of groundwater impacts resulting 
from land use activities. Groundwater quality data for other constituents as presented in published 
reports, particularly data from the USGS Groundwater Ambient Monitoring and Assessment (GAMA) 
Program investigations conducted for the area, are also summarized. 

5.1 Groundwater Quality Dataset  
This GAR aimed to characterize current groundwater quality conditions within the Western San Joaquin 
River Watershed area and to evaluate relationships between groundwater quality and physical 
characteristics and land use practices within the region. Groundwater quality data were gathered from a 
variety of different entities. As noted above, the data collection focused on nitrate, salinity (TDS and EC), 
and pesticide sample data. 

An attempt was made to collect groundwater quality data from all available sources. Public sources of 
data included the CDPH’s Water Quality Analyses Data Files, DWR’s Water Data Library, USGS’s National 
Water Information System (NWIS), SWRCB’s Geotracker database GAMA, data from the RWQCB for 
wells located on dairies, and the DPR pesticide sampling database. 

Additional groundwater quality data were obtained from several Westside Coalition member districts, 
including CCID, DPWD, PID, SLCC, and SLWD, and a non-Coalition member the San Luis and Delta-
Mendota Water Authority (SLDMWA). Local governmental entities, including Fresno, Merced, and 
Stanislaus County public health and environmental departments, were also contacted concerning 
available groundwater quality data not included in public databases. Data requests to local entities were 
constrained to data readily available in electronic format such as databases and spreadsheets with a 
focus on acquiring groundwater level and quality data previously not reported or available through 
public databases. No additional data were acquired from local county agencies, although the Merced 
County Health Department maintains an extensive database of groundwater quality data, especially for 
domestic wells. Because of confidentiality agreements with well owners, Merced County could not 

 

LSCE, DAVIDS ENGINEERING, and LWA  36 



MARCH, 2015                                       GROUNDWATER QUALITY ASSESSMENT REPORT  
                                                  WESTERN SAN JOAQUIN RIVER WATERSHED              
 

 

provide data with any specific well locational information. Because of this major limitation, these data 
from Merced County were not useful for this GAR. Water quality data provided by Coalition members 
for 33 tile drain sample points were included in the groundwater quality dataset. Based on the reported 
depth of the drains and the presence of shallow groundwater in the surrounding areas, these sample 
points were interpreted as a representation of groundwater quality conditions in the Very Shallow 
Groundwater zone in vicinity of these locations. Although these sample points are distinct from well 
sample points in terms of construction, for the purpose of discussion of groundwater quality conditions, 
they are referenced as “wells” throughout the GAR.   

Well location information was an essential requirement for all data. Because of confidentiality and 
security reasons, locational coordinates for wells and associated data from CDPH are only approximate 
and verification of the accuracy of well locations was not a practical possibility; therefore, well 
coordinates provided in the source database were assumed to be accurate. Locations provided by CDPH 
are known to be obfuscated by up to one mile from the true well location. Locational information for 
pesticide data from DPR were provided only at the Public Land Survey System (PLSS) 
township/range/section level. 

All data received were processed and underwent QA/QC procedures. During the QA/QC process, to the 
degree possible, duplicate well records and samples and erroneous data were detected and eliminated. 
If water quality results were reported at less than the laboratory detection level, one half of the 
reported laboratory detection limit was used. In cases where laboratory detection limits were not 
available, values of 0.225 mg/L and 10 mg/L were used for nitrate as nitrogen (N) and TDS, respectively. 
These values were established through a review of the common laboratory detection limits provided in 
the assembled data. 

Nitrate data were acquired as reported values for both nitrate as nitrate and also for nitrate as nitrogen. 
All nitrate concentration values reported as nitrate were converted to nitrate as nitrogen by dividing 
values by 4.427, which represents a conversion based on atomic weight. All values for nitrate 
concentrations reported in this report reference the units of nitrate in mg/L as N. Similarly, because of 
the direct relationship between TDS concentration and measured EC, all EC values were converted to 
TDS using a multiplier of 0.64 and are referenced as TDS concentrations throughout this report. The TDS 
concentrations referenced in this report are in units of mg/L 

Groundwater quality data were delineated by interpreted depth zones as with the groundwater level 
data. The same procedures were utilized for both datasets. Groundwater quality data were grouped into 
five well depth categories indicating the depth zone which they are interpreted to represent. These 
depth categories include Very Shallow Groundwater, Upper Aquifer, Lower Aquifer, composite (Upper 
and Lower Aquifers), and unknown depth. Very shallow wells were defined as wells with depths less 
than 50. Wells with depths indicating they are deeper than 50 feet but above the top of the Corcoran 
Clay, as indicated by CVHM data, were classified as Upper Aquifer. In areas outside the extent of the 
Corcoran Clay, wells were classified into depth zones based on their depth compared to the depth of the 
nearest CVHM cell indicating the depth of the Corcoran Clay. The depth of the bottom of the Corcoran 
Clay was used to differentiate wells interpreted to be in the Lower Aquifer. All wells with depths greater 
than the bottom of the Corcoran clay layer were classified as Lower Aquifer wells. Wells interpreted to 
be screened in both the Upper and Lower Aquifer were classified as composite wells. Wells with 
unknown depth were assigned to the depth class of the nearest well of the same type for which a depth 
was known. Wells lacking any information that could be used to classify them in the above categories, 
either by well type or well depth, were designated as unknown depth. 
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The complete groundwater quality dataset available and utilized for the preparation of this GAR is 
summarized in Table 5-1a.  Of the wells with nitrate data, 50 wells were classified as very shallow, 315 
were Upper Aquifer, 112 were categorized as Lower Aquifer wells, 102 wells were classified as 
composite wells, and 1,042 did not have any information with which to interpret their depth and were 
classified as unknown depth (Table 5-1a). Of the wells with TDS data, 66 wells were categorized as very 
shallow, 269 were categorized as Upper Aquifer, 115 were categorized as Lower Aquifer, 26 were 
categorized as composite, and 1,207 did not have any information allowing for a depth classification. Of 
the 1,621 wells with nitrate results, 268 had reported depth information. For the wells with TDS results, 
331 of the 1,683 wells had reported depth information (Table 5-1a).  

From the 1,621 wells with nitrate data, 374 wells (23 percent) had reported concentrations above the 
MCL of 10 mg/L for nitrate as nitrogen (as N); 136 wells (8 percent) have nitrate concentrations above 
20 mg/L (as N). As summarized in Table 5-1a, of the 1,683 wells with TDS data, 1,450 wells (86 percent) 
had reported concentrations above the Secondary Drinking Water Standard recommended level of 500 
mg/L; 774 wells (46 percent) had reported concentrations above the upper level of 1,000 mg/L and 397 
wells (24 percent) had reported concentrations above the short-term level of 1,500 mg/L. 

The nitrate and TDS test results data come from publicly maintained datasets provided by DWR, USGS, 
CDPH, SWRCB, and the RWQCB (nitrate data only). Additional nitrate and TDS data from Coalition 
member districts were also provided (Table 5-1a).  Wells with nitrate and TDS date are distributed 
throughout the Central Valley Floor area of the Coalition region and are identified by the entity that 
provided the data in Figure 5-1 and Figure 5-2, respectively. 

Figure 5-3 and Figure 5-4 show the distribution of the most recent data for nitrate in the period 1944 to 
2014 and for TDS for the period 1930 to 2014 and with nitrate showing better coverage from 2000 to 
2014. Figure 5-5 shows the distribution by decade. Much of the available data for nitrate concentrations 
in groundwater are since 2000; however, there are areas with no or limited data available for recent 
time periods. Nitrate data available for the time period since 2000 are especially sparse in the areas 
north of Los Banos and between Los Banos and Dos Palos. TDS concentration data have a similar 
distribution to nitrate for all date ranges and locations with the exception of the area between Los 
Banos and Gustine where TDS data are generally older. Recent data for TDS since 2000 are also sparse in 
the areas north of Los Banos and between Los Banos and Dos Palos. 

Table 5-1b shows the groundwater quality data (nitrate and TDS) collected within the Coalition region 
since 2005. A total of 784 wells were sampled nearly 4,000 times for nitrate, and a total of about 492 
wells were sampled over 3,000 times for TDS (or EC) since 2005. For both TDS and nitrate, the Upper 
and Lower Aquifers were more frequently sampled than the very shallow groundwater zone. Since 2005, 
over 200 (27%) of the 784 wells sampled had nitrate test results over 10 mg/L (as N). Also since 2005, 
about 100 (21%) of the 492 wells sampled had TDS test results over 1,500 mg/L. 

5.2 Historical Presence of Very High Salinity in Shallow Groundwater 
As discussed in Section 2, the presence of natural high salinity conditions in groundwater throughout 
much of the Coalition region has existed historically as a result of the hydrogeologic setting. Early 
documentation of the salinity conditions in the vicinity includes groundwater quality data collected and 
summarized in the early 1900s by Mendenhall (1916) (Figure 2-9). Natural conditions of groundwater 
salinity exist throughout all zones of the groundwater system as a result of the contribution of salts from 
recharge off of the Coast Range mountains. Surface water and groundwater flowing over and through 

 

LSCE, DAVIDS ENGINEERING, and LWA  38 



MARCH, 2015                                       GROUNDWATER QUALITY ASSESSMENT REPORT  
                                                  WESTERN SAN JOAQUIN RIVER WATERSHED              
 

 

Coast Range sediments of marine origin have dissolved naturally occurring salts contributing to the 
historical and current presence of salinity in the groundwater within the Coalition region.  

In addition to natural salinity contributed from the Coast Range sediments, a number of other 
mechanisms are believed to further contribute to increased salinity in the groundwater in the region. As 
noted in Section 2, poorly draining soil conditions are extensive within the southern and eastern area of 
the Coalition region extending from the vicinity of Tranquillity to near Gustine.  Often associated with 
poorly draining soils is a shallow water table and a build-up of soil salinity.  

5.3 Spatial Patterns in Groundwater Quality  
Figure 5-6 through Figure 5-17 present nitrate concentrations in wells by depth zone throughout the 
Coalition region. For each depth zone two figures were prepared, one shows the maximum historically 
observed concentration and the second shows the most recent concentration that for some wells may 
be prior to 2005.  

 Nitrate Concentrations 5.3.1
The maximum nitrate (as N) concentrations observed in all wells throughout the study area are depicted 
in Figure 5-6. The majority of wells have maximum concentrations below 5 mg/L; however, several areas 
exist with a greater density of wells with maximum concentrations exceeding the MCL of 10 mg/L (as N), 
especially in the area immediately south of Los Banos and trending northwest along Highway 33 to 
north of Patterson. Historical and current land use in this area consists mainly of alfalfa, almonds, 
cotton, corn, and tomatoes. There are a few wells around Dos Palos and southward toward Tranquillity 
with maximum nitrate concentrations exceeding the MCL but most concentrations are non-detect. 

Figure 5-7 shows the most recent nitrate concentrations in all the wells in the study area. The overall 
picture illustrated by the most recent nitrate data in Figure 5-7 is very similar though slightly improving 
to that seen in Figure 5-6 for maximum nitrate concentrations. About half of approximately 1,600 wells 
have nitrate data more recent than 2005 (Table 5-1b).  

 Very Shallow Groundwater 5.3.1.1
Figure 5-8 depicts maximum nitrate concentrations in Very Shallow Groundwater. Limited data are 
available for this zone; however, the majority of the nitrate concentrations are below the nitrate MCL of 
10 mg/L. The few wells that do exceed the MCL do not have a consistent spatial pattern.   

Similar spatial patterns are evident in Figure 5-9 presenting the most recent nitrate concentrations in 
Very Shallow Groundwater zone wells, although several wells near Los Banos and Patterson indicate 
improved recent nitrate concentrations. Most recent concentrations of nitrate in the very shallow zone 
are lower at many sample locations in the area northeast and east of Los Banos. 

 Upper Aquifer  5.3.1.2
Considerably more data are available relating to nitrate concentrations in the Upper Aquifer than for the 
Very Shallow Groundwater zone.  However, in contrast to the Very Shallow Groundwater, many more 
wells interpreted to be in the Upper Aquifer have maximum nitrate concentrations exceeding the MCL 
(Figure 5-10). The majority of these exceedances extend from south of Los Banos northwestward to 
north of Patterson. Wells in the Upper Aquifer around Dos Palos and southeastward to Tranquillity tend 
to have lower concentrations of nitrate, typically <2.5 mg/L. Figure 5-11 shows the most recent nitrate 
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concentrations for wells in the Upper Aquifer. These most recent nitrate concentrations show the same 
pattern; however, a fewer number of the Upper Aquifer wells have concentrations exceeding 10 mg/L.   

 Lower Aquifer  5.3.1.3
Less data are available relating to nitrate concentrations in the Lower Aquifer compared to the Upper 
Aquifer. This is because most irrigation wells in the region are completed in the Upper Aquifer. Figure 5-
12 displays the maximum nitrate concentrations in wells interpreted to be in the Lower Aquifer and 
shows the lack of data southwest of Los Banos. As is evident in Figure 5-12, most wells in the Lower 
Aquifer, from Gustine to north of Patterson and west of Highway 33, have a maximum nitrate 
concentration above 5 mg/L. However, in the most recent nitrate data, a fewer number of the Lower 
Aquifer wells have concentrations exceeding 10 mg/L (Figure 5-13). Limited and scattered wells south of 
Gustine show a maximum nitrate concentration of less than 5 mg/L.  Clusters of higher nitrate 
concentrations in the Lower Aquifer are generally concentrated in areas where the Corcoran Clay is 
either thin or non-existent as seen in Figure 2-11, most notably to the west and northwest of Gustine. 

 Composite Wells  5.3.1.4
As seen in Figure 5-14, the maximum nitrate concentrations in the composite wells, which are 
interpreted to be screened across the Corcoran Clay in both the Upper and Lower Aquifers, are mostly 
above 5 mg/L. The maximum nitrate concentration data in composite wells are similar to the most 
recent data (Figure 5-15) with a few wells with recent results showing improved nitrate concentrations. 

 Wells of Unknown Depth 5.3.1.5
Many of the wells for which nitrate data are available could not be classified into a depth category 
because of the lack of information relating to well construction and type. The spatial distribution of 
nitrate concentrations in these wells of unknown depth is shown in Figures 5-16 and 5-17. The majority 
of these wells have maximum nitrate concentrations below 5 mg/L, although a greater density of wells 
with maximum nitrate concentrations exceeding 10 mg/L can be seen in the area south of Los Banos 
(Figure 5-16) and extending northwest along Highway 33 to north of Patterson. This area also exhibits 
elevated nitrate concentrations in the Upper and Lower Aquifer zones (Figure 5-10 through Figure 5-13). 
Other wells exceeding 10 mg/L are more sparsely distributed in the area between Dos Palos and 
Tranquility. As shown in Figure 5-5 the majority of nitrate data comes from the years 2000 to 2009. 

 TDS Concentrations   5.3.2
Figure 5-18 through Figure 5-29 present the maximum and most recent TDS concentrations in wells by 
depth zone within the Coalition region and indicate the general salinity of groundwater. The 
concentration of TDS in drinking water is regulated as a Secondary Drinking Water Standard and the 
standards are established for aesthetic reasons such as taste, odor, and color and not based on public 
health concerns. TDS concentrations in groundwater, as shown in Figure 5-18 through Figure 5-29, are 
symbolized by four classes related to the Secondary MCL (SMCL): less than 500 mg/L, a concentration 
which is equivalent to the recommended SMCL; 500 to 1,000 mg/L (1,000 mg/L is equivalent to the 
upper level of the SMCL; 1,000 to 1,500 mg/L; and greater than 1,500 mg/L equivalent to the short-term 
level of the SMCL. The spatial distribution of available TDS data is similar in density to the nitrate data. 
The majority of wells within the Coalition region have maximum TDS concentrations below 1,000 mg/L, 
and a general spatial pattern of lower TDS from north of Dos Palos to Mendota is evident in Figure 5-18 
and Figure 5-19. An apparent higher density of wells with TDS concentrations greater than 1,500 mg/L is 
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evident in wells from southwest of Dos Palos northwestward to north of Patterson (Figure 5-18). The 
most recent TDS concentrations (Figure 5-19) are generally below 1,500 mg/L indicating a slight 
improvement in some wells since the maximum TDS sample was taken.  About 30 percent of the nearly 
1,700 wells with TDS samples have results since 2005 (Table 5-1b). 

 Very Shallow Groundwater  5.3.2.1
As seen in Figure 5-20, although the data are somewhat sparse the majority of the wells in the Very 
Shallow Groundwater zone have TDS concentrations that are below 1,500 mg/L. The majority of these 
wells are located near Los Banos and east of Dos Palos. Although, the very shallow wells with TDS 
concentrations above 1,500 mg/L are scattered between the area south of Dos Palos to north of 
Patterson. The most recent TDS concentration data show a similar pattern (Figure 5-21) with a few very 
shallow wells near Los Banos with improving TDS concentrations. About 60 percent of very shallow wells 
with TDS concentration data have data obtained since 2005 (Tables 5-1a and b). No TDS data for the 
Very Shallow Groundwater zone are available for the Mendota and Tranquillity area. 

 Upper Aquifer  5.3.2.2
As is observed for nitrate data, TDS concentration data for wells interpreted to be in the Upper Aquifer 
are the most widely distributed across the Central Valley Floor of the Coalition region (Figure 5-22). 
Higher TDS concentrations (>1,500 mg/L) in the Upper Aquifer are observed in the area south of Los 
Banos and to the north and along the San Joaquin River where poor drainage conditions may exist.  TDS 
concentrations in the remaining Coalition area are largely below 1,500 mg/L. Available TDS data for over 
half of the Upper Aquifer wells include data that have been collected since 2005 (Table 5-1b). The most 
recent data (Figure 5-23) show very similar patterns as the maximum concentration data for this zone 
with some wells showing improved TDS concentrations. 

 Lower Aquifer 5.3.2.3
As seen in Figure 5-24 and Figure 5-25, TDS concentration data for wells in the Lower Aquifer are limited 
compared to the Upper Aquifer well data and are notably scarce between Los Banos and Tranquillity.  
However, TDS concentrations north of Los Banos indicate overall lower salinity in the Lower Aquifer 
than is evident in the Upper Aquifer groundwater. A majority of the wells in the Lower Aquifer show 
maximum TDS concentrations below 1,500 mg/L with maximum TDS concentrations below 1,000 mg/L 
in most wells along the northwestern edge of the Coalition region (Figure 5-24). A few wells with TDS 
concentrations above 1,500 mg/L are scattered between Los Banos and north of Patterson. The most 
recent data (Figure 5-25) highlight the same patterns evident in the maximum concentration data. Few 
TDS concentration data exist southeast of Los Banos for the Lower Aquifer, although the minimally 
available data suggest deeper TDS concentrations in these areas are mostly less than 1,500 mg/L. 

 Composite Wells  5.3.2.4
Figure 5-26 depicts maximum TDS concentration data for composite wells screened in both the Upper 
and Lower Aquifers, whereas Figure 5-27 presents the most recent concentration data for composite 
wells. Very few TDS concentrations are available for the composite well category, but most results are 
below 1,500 mg/L.   
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 Wells of Unknown Depth 5.3.2.5
As shown in Figure 5-28 and Figure 5-29, much TDS concentration data exist for wells of unknown 
depth. These figures show a similar pattern to the Upper Aquifer TDS Concentration maps (Figures 5-22 
and 5-23) with the exception of a band of wells that exceed 1,500 mg/L south of Dos Palos and also 
south of Mendota that may be related to the saline front originating in the Coast Range. Several areas 
with higher densities of wells with lower TDS concentrations can be seen in Figure 5-28 and Figure 5-29. 
The area north of Dos Palos and also the area between Dos Palos and Mendota have a particularly high 
density of wells of unknown depth with lower TDS concentrations that are mostly less than 1,000 mg/L.  

 Pesticides  5.3.3
Pesticide concentration data for this GAR were limited to data obtained from DPR. Pesticide data 
available from DPR are for wells, but locations are only provided at the spatial resolution of the PLSS 
section in which the well is located. Figure 5-30 shows the locations of sections where wells have been 
sampled for pesticides and where pesticide test results are reported by DPR and include sections that 
may only be partially within the Coalition region. Because well locations are not provided with these 
pesticide data, it is possible that wells in sections that are only partly within the Coalition region actually 
fall outside of the Coalition region. Sections with detected concentrations of pesticides exceeding levels 
provided in the SWRCB Water Quality Goals Online Database 
(http://www.waterboards.ca.gov/water_issues/programs/water_quality_goals/#data_downloads) are 
symbolized red in Figure 5-30, sections where pesticide detections have occurred at concentrations 
below the identified exceedance threshold are symbolized as orange, and green sections signify areas 
where pesticides were not detected. Figure 5-30 shows all available pesticide sample data from DPR 
within the Western San Joaquin River Watershed area. Table 5-2 summarizes pesticides that have been 
detected in wells that are in sections that overlap with the Coalition region completely or partially, as 
reported in the DPR database. The threshold values used as a basis for identifying pesticide exceedances 
are also included in Table 5-2. The thresholds used to define pesticide exceedances were based first on a 
California Primary MCL, and otherwise the California Notification (action) Level and U.S. EPA Health and 
Water Quality advisory concentrations were used, as available.  

Data for a total of 452 wells (in 240 PLSS sections) tested for pesticides in the study area were available 
from DPR. Of the 452 wells tested, five unique wells had detectable concentrations of a pesticide (Table 
5-2). As shown in Table 5-2, 272 instances of pesticide detections were recorded within the Coalition 
region; however, some wells had detectable concentrations of multiple pesticides. Of the 240 sections 
that had wells tested, 59 sections had wells with detectable concentrations of a pesticide and 5 sections 
had wells with exceedances. As shown in Figure 5-30, a higher density of pesticide detections and 
exceedances has occurred in the northern part of the Coalition region, from south of Gustine to north of 
Patterson. 

5.4 Temporal Trends in Groundwater Quality 
Evaluating historical temporal trends in groundwater quality is an important part of understanding the 
natural and anthropogenic influences on water quality. Temporal trends in groundwater quality were 
evaluated through plotting and comparison of graphs of time-series data for nitrate and TDS 
concentrations, and statistical testing was used to identify significant temporal trends in groundwater 
quality in wells within the Western San Joaquin River Watershed area. Select graphs of time-series 
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nitrate and TDS concentration data for wells within the Coalition region are presented in Figure 5-31 
through Figure 5-34 and Figure 5-40 through Figure 5-43. 

Basic statistical analyses were conducted on available time-series data for wells to identify significant 
trends in nitrate and TDS concentrations through time. Separate statistical tests were performed on 
nitrate and TDS data to determine if there was a significant relationship between time and 
concentration for nitrate and TDS concentrations detected in well samples. This was done to assist in 
identifying notable patterns and trends in groundwater quality based on data from numerous wells 
throughout the Coalition region. Both parametric and non-parametric statistical methods were used to 
evaluate the data for temporal trends. Non-parametric analysis included the Mann-Kendall, whereas 
parametric testing consisted of ordinary least squares linear regression. 

For the linear regression trend analyses, the correlation coefficients (using date and concentration pairs) 
were calculated for each well and then evaluated for significance. The significance of a calculated 
correlation coefficient is dependent on the size of the sample and the magnitude of the correlation 
coefficient. A t-value was determined from the calculated correlation coefficient and also the number of 
degrees of freedom (n-2; n representing the number of samples for a well). The t-value was then 
compared to the t-distribution to determine a corresponding probability (p-value) which will determine 
if the trend is significant. A p-value of 0.05 was used as a threshold for defining significance. Following 
the determination of significance for a well’s correlation coefficient for concentration and time, the 
linear regression slope was calculated for each well using ordinary least squares regression. 

The statistical significance of trends can only be determined for wells with three or more samples. The 
Mann-Kendall and linear regression methods produced very similar results although the linear 
regression analysis indicated a notably greater number of wells with statistically significant temporal 
trends. Consequently, only the results from the linear regression method are presented in this report. 
Figure 5-35 through Figure 5-39 and Figure 5-44 through Figure 5-48 present the results of significant 
trend analyses for nitrate and TDS concentrations based on the linear regression method. The sign and 
magnitude of any statistically significant trends in concentration are indicated on the figures. In the 
figures displaying trends, significant nitrate concentration trends greater than 0.1 mg/L per year 
(mg/L/yr) and less than 1 mg/L/yr are indicated as mildly increasing, while trends in nitrate 
concentrations greater than 1 mg/L/yr are considered increasing. Conversely, nitrate trends between -
0.1 and -1 mg/L/yr are considered mildly decreasing and trends less than -1 mg/L/yr are considered 
decreasing with trends from -0.1 to 0.1 to are considered a very small change. For TDS, significant 
temporal trends are considered mildly increasing for values between 10 mg/L/yr and 50 mg/L/yr and 
increasing for values greater than 50 mg/L/yr. Mildly decreasing TDS trends are rates of change between 
-10 mg/L/yr and -50 mg/L/yr and decreasing trends are indicated by values less than -50 mg/L/yr. Rates 
of TDS trends between -10 and 10 mg/L/yr are considered very small change. 

 Time-Series Nitrate Concentrations 5.4.1
Figure 5-31 through Figure 5-34 display temporal trends in nitrate concentrations in groundwater within 
the Coalition region by depth zone. Selected graphs show nitrate concentrations through time with 
nitrate plotted on the vertical axis in units of mg/L as nitrogen. 

 Very Shallow Groundwater  5.4.1.1
Limited available data exist with which to evaluate temporal trends in nitrate concentrations in 
individual wells. Figure 5-31 shows a limited number of graphs showing time-series data for nitrate 
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concentrations in wells in the Very Shallow Groundwater.  None of the wells have values prior to 1985, 
but the data show relatively low and stable values in most wells in the northern Coalition area and 
slightly increasing values in the two wells near Los Banos though both are below the MCL of 10 mg/L. 

 Upper Aquifer 5.4.1.2
Figure 5-32 presents select time-series graphs for nitrate concentrations in wells in the Upper Aquifer. 
The data shown suggest that nitrate concentrations in these select wells are generally low and relatively 
stable below the MCL of 10 mg/L from 1985 to present.  The exceptions to this are the well near 
Tranquillity with stable nitrate concentrations at around 10 mg/L and the well south of Dos Palos with 
an increasing trend from the around 1985 until 2007 when it stabilized at around 15 mg/L.  

 Lower Aquifer 5.4.1.3
Data is limited for wells in Figure 5-33 that presents select graphs of time series nitrate concentrations 
in the Lower Aquifer. However, despite data limitations, the graphs for these wells show relatively low 
nitrate concentrations exhibiting overall stable long-term trends in nitrate concentration. 

 Composite Wells 5.4.1.4
Figure 5-34 shows time series graphs for nitrate concentrations in composite wells. Time-series data for 
composite wells are limited to the Coalition area between Dos Palos and Patterson and much of the 
available data are from 1995 to present. Though the temporal range is limited the wells with data are 
generally stable or decreasing in nitrate concentration. 

 Notable Temporal Trends in Nitrate Concentrations 5.4.2
Figure 5-35 illustrates statistical temporal trends in nitrate concentrations in all wells within the 
Coalition region. Because of the minimum data requirement of three sampling events for the statistical 
temporal trend analysis, this reduces the number of wells for which statistically significant temporal 
trends in nitrate concentrations are indicated. Most wells showing statistically significant nitrate trends 
are located north of Gustine, around Los Banos, and are scattered southeast of Dos Palos. A greater 
number of wells show statistically significant increasing temporal trends in nitrate concentrations 
compared to those that show decreasing trends. The mildly increasing to increasing nitrate 
concentrations are located around Los Banos and from Gustine to north of Patterson (Figure 5-35). The 
area northeast of Los Banos shows a very small change or decreasing nitrate concentrations, and 
southeast of Dos Palos shows mixed results with either increasing or decreasing trends. 

 Very Shallow Groundwater  5.4.2.1
As seen in Figure 5-36, few very shallow wells have statistically significant trends in nitrate 
concentrations; however, many of those wells with statistically significant trends indicate both 
increasing and decreasing nitrate concentrations. Four of these wells clustered around Los Banos show 
nitrate concentrations mildly increasing at a rate of 0.1 to 1 mg/L/yr, while most other locations indicate 
very small change to decreasing nitrate concentrations, particularly northeast of Los Banos. 

 Upper Aquifer   5.4.2.2
The Upper Aquifer has more wells than the Very Shallow Groundwater for which significant trends are 
indicated (Figure 5-37).  Most of these wells show either mild or increasing nitrate trends and are 
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scattered over the coalition area. Some wells show very small change in nitrate concentrations while 
only a few wells show a mildly decreasing trend. 

 Lower Aquifer   5.4.2.3
Figure 5-38 also has limited wells with three or more nitrate values, and the wells that have more values 
are located north of Gustine.  This limited spatial distribution shows mildly increasing to increasing 
nitrate concentration in most wells and only a few wells with mild decreasing to decreasing trend in the 
Coalition area.   

 Composite Wells  5.4.2.4
Only two composite wells (Figure 5-39) had statistically significant trends in nitrate concentration.  One 
well located near Dos Palos had mildly increasing nitrate concentration, and the other well located south 
of Gustine had mildly decreasing nitrate concentrations.   

 Time-Series TDS Concentrations  5.4.3
Figure 5-40 through Figure 5-43 present temporal trends in TDS concentrations in groundwater within 
the study area by depth zone. In these figures, selected graphs show TDS concentrations through time 
with TDS plotted on the vertical axis in units of mg/L. The range of TDS concentrations shown on the 
vertical axis varies between depth zones. 

 Very Shallow Groundwater  5.4.3.1
Graphs of TDS concentrations for select Very Shallow Groundwater zone wells are displayed in Figure 5-
40. For two out of these 13 wells, data are available from the mid-1980s through the present and show a 
stable trend near or below 1,000 mg/L. Trends in other wells are inconclusive, but four wells have TDS 
concentrations above 1,500 mg/L. 

 Upper Aquifer  5.4.3.2
Extensive TDS data, both temporally and spatial distribution, are available for wells in the Upper Aquifer. 
Figure 5-41 presents graphs of time-series TDS concentration data for 14 Upper Aquifer wells located 
within the Central Valley Floor area of the Coalition region. The TDS concentrations in most wells with 
long-term results are slightly increasing; a few wells exhibit a stable general trend.  Most wells have 
concentrations below 1,500 mg/L but four wells scattered over the Coalition area have concentrations 
exceeding 1,500 mg/L.  

 Lower Aquifer  5.4.3.3
TDS concentrations in the Lower Aquifer appear to be largely stable since sampling began in 1990 for 
the area north of Los Banos where nine wells have time-series TDS concentration data, as seen in Figure 
5-42. However, similar to the other figures of TDS concentrations for the Lower Aquifer (Figures 5-24 
and 5-25), well data are absent for the area south of Los Banos. One exception to this is one well located 
east of Dos Palos that, similar to northern wells, shows stable conditions from 1995 to present with TDS 
concentrations below 1,000 mg/L throughout the period.  
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 Composite Wells  5.4.3.4
Two of the eight graphs of TDS concentrations in composite wells (Figure 5-43) show trends consistent 
with the Lower Aquifer wells. These wells are located south of Gustine and near Dos Palos and show 
stable trends from about 1990 to present with TDS concentrations around 1,000 mg/L.   

 Notable Temporal Trends in TDS Concentrations  5.4.4
Figure 5-44 through Figure 5-48 show the statistically significant temporal trends in TDS concentrations 
for wells within the study area. Figure 5-44 presents those trends identified for all wells, regardless of 
depth zone. In contrast to the nitrate data, many more statistically significant temporal trends were 
identified for TDS concentrations. As shown in Figure 5-44, the greatest density of TDS statistically 
significant trends data are in the area ranging from south of Los Banos northwest toward the northern 
edge of the Coalition boundary. Furthermore, a notably higher number of wells with increasing TDS 
trends are also apparent in this area. However, wells with statistically significant decreasing TDS 
concentration trends are also interspersed with those showing increasing trends. Near and south of Dos 
Palos, more of the statistically significant trends indicate stable or decreasing TDS concentrations. 

 Very Shallow Groundwater  5.4.4.1
The statistically significant temporal trends in TDS concentrations in very shallow groundwater are 
shown in Figure 5-45. All of the wells with statistically significant trends are located near Los Banos and 
north along and near the San Joaquin River. The number of wells that exhibit statistically significant 
increasing trends in TDS compared with decreasing TDS concentrations is about equal. Wells with 
increasing trends are interspersed with wells with decreasing trends.  

 Upper Aquifer 5.4.4.2
Many wells exhibited statistically significant trends in TDS concentrations and those are shown on Figure 
5-46. Most of the wells in the Upper Aquifer have a mild to increasing trend in TDS concentrations and 
are located from Los Banos to north of Patterson.  A few wells with very small change to mildly 
decreasing TDS concentrations are scattered near Dos Palos and Mendota. Wells located southwest of 
Los Banos to Mendota show roughly an equal number with decreasing and increasing trends. 

 Lower Aquifer 5.4.4.3
Very few Lower Aquifer wells exhibited statistically significant trends (Figure 5-47) in TDS 
concentrations. No obvious patterns are evident from these few data, but four of the five wells located 
along Highway 33 between Los Banos and Patterson showed mildly increasing trends with one well 
showing a very small change.   

 Composite Wells 5.4.4.4
Only one composite well exhibited statistically significant TDS trends and it is shown in Figure 5-48. The 
well is located near Patterson and shows a very small change in the TDS concentration. 

5.5 Additional Groundwater Quality Data  
The focus of this GAR was on acquiring and summarizing general groundwater quality in the Coalition 
region based on chemical constituent data that are widely available and most commonly associated with 
impacts from irrigated agricultural practices. As a result, the acquisition and summary of groundwater 
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quality data for this GAR focused on nitrate, TDS, and pesticides. Other published reports were reviewed 
to document groundwater quality characteristics other than nitrate, TDS, and pesticides within the 
Western San Joaquin River Watershed area. As discussed in Section 2.2.2, groundwater types within the 
Coalition region vary by location and depth and are characterized as transitional (e.g. predominantly 
chloride, bicarbonate, or sulfate. Concentrations of trace metals and numerous chemical constituents in 
groundwater were investigated across the Coalition region by the USGS in 2013 as part of the SWRCB 
GAMA Program’s Priority Basin Project and the results are summarized by Mathany et al. (2013). Water 
quality analyses conducted on samples from 45 wells within the Coalition region indicate that most 
inorganic constituents in groundwater are present at concentrations below primary and secondary 
MCLs.  The primary MCL (either set by the USEPA or the CDPH) is designed to protect public health by 
limiting the levels of contaminants in public drinking water systems. 

Table 5-3 summarizes the notable water quality results for the 45 wells within the Coalition region 
sampled as part of the USGS GAMA study and reported by Mathany et al. (2013). As shown in Table 5-3, 
a few wells sampled as part of this study had concentrations above the Primary MCL for the respective 
inorganic constituents. However, more commonly, wells sampled had groundwater exceeding SMCL 
thresholds, which are not health-based standards and are applied to constituents that affect the 
aesthetic qualities of drinking water, such as taste, odor, and color, or the physical qualities of drinking 
water, such as scaling and staining. The most common constituents detected above the SMCL included 
sulfate, manganese, and chloride.  Also shown on Table 5-3 are results from a study of the Northern Part 
of the Western San Joaquin Valley (Dubrovsky, 1991). Areas that are poorly drained are generally more 
susceptible to the accumulation of trace elements such as arsenic, boron, and selenium in the shallow 
subsurface (Randolph, 2003) and a few exceedances of arsenic and boron were reported in the 
Dubrovsky study. Historically in the Coalition area southeast of Gustine at the Kesterson Reservoir, high 
amounts of selenium concentrated in wetlands receiving agricultural drainage causing fish mortality and 
deformities in birds and many studies exist related to this event. 

5.6 Summary of Groundwater Quality 
The presence of natural salinity conditions in groundwater throughout much of the Coalition region has 
existed historically as a result of the natural hydrogeologic setting. Natural conditions of groundwater 
salinity exist throughout all zones of the groundwater system as a result of the contribution of salts from 
recharge off of the Coast Range mountains. Areas of the Coalition region are underlain by low-
permeability, fine-grained floodplain sediments and clays which impede vertical movement of 
groundwater, often resulting in poor drainage conditions, shallow groundwater stagnation, and 
associated accumulation of salts.  

To characterize groundwater quality within the Coalition region, as it relates to impacts from irrigated 
agriculture, over 7,000 nitrate test results were compiled from over 1,600 wells (Table 5-1a) distributed 
throughout the Central Valley Floor area of the Coalition region.  

Limited data are available for the Very Shallow Groundwater zone, but the majority of nitrate 
concentrations are below the nitrate MCL of 10 mg/L. It is difficult to draw any conclusions based on this 
limited information. In contrast to the Very Shallow Groundwater zone, many more wells from the 
Upper Aquifer have nitrate results with some concentrations exceeding the MCL. The majority of these 
exceedances are located in the northwestern portion of the study area on the Central Valley Floor. Wells 
in the Upper Aquifer in more southeastern parts of the Coalition region tend to have lower 
concentrations of nitrate, typically below 5 mg/L. Data available relating to nitrate concentrations in the 
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Lower Aquifer are limited in comparison to the Upper Aquifer data.  Data that are available are 
concentrated in the area north of Los Banos. Most wells northwest of Gustine in the Lower Aquifer have 
a maximum nitrate concentration above 5 mg/L with only eight wells classified as Lower Aquifer having 
maximum nitrate concentrations exceeding 10 mg/L. Furthermore, in the most recent nitrate data, a 
fewer number of the Lower Aquifer wells have concentrations exceeding 10 mg/L. In contrast to data in 
the Very Shallow Groundwater and Upper Aquifer zones, much of the nitrate data in the Lower Aquifer 
are more recent, since 2005. The few occurrences of high concentrations of nitrate in the Lower Aquifer 
wells near Los Banos suggest the continued role of the Corcoran Clay as an impediment to vertical 
migration of constituents into the Lower Aquifer. Clusters of higher nitrate concentrations in the Lower 
Aquifer are generally concentrated in areas where the Corcoran Clay is less than 50 feet thick, most 
notably to the northwest of Gustine. 

The numbers of wells with TDS concentrations in the Very Shallow Groundwater are limited but the 
majority of these wells have TDS levels below 1,500 mg/L. The few wells that do exceed 1,500 mg/L TDS 
are located along or near the San Joaquin River in areas of poor soil drainage. TDS concentration data 
for wells in the Upper Aquifer are greater than for the Very Shallow Groundwater zone, with most data 
scattered over the Coalition area on the Central Valley floor. Higher TDS concentrations (>1,500 mg/L) in 
the Upper Aquifer are observed in a band stretching from Los Banos northward along the San Joaquin 
River, where poor drainage conditions exist resulting in high salinity in the very shallow zone.  A notable 
area occurs in the southeast where TDS concentrations are largely below 1,000 mg/L, likely indicative of 
higher-quality groundwater in sediments derived from Sierran sources.   

Pesticide concentration data for this GAR were limited to data obtained from DPR. Pesticide data 
available from DPR are for wells, but locations are only provided at the spatial resolution of the Public 
Land Survey System (PLSS) section in which the well is located. Data for a total of 452 wells (in 240 PLSS 
sections) tested for pesticides in the study area were available from DPR. As shown in Table 5-2, 272 
instances of pesticide detections were recorded within the Coalition region; however, some wells had 
detectable concentrations of multiple pesticides. Of the 240 sections that had wells tested, 59 sections 
had wells with detectable concentrations of a pesticide and 5 sections had wells with exceedances. A 
higher density of pesticide detections and exceedances has occurred in the northern part of the 
Coalition region, from south of Gustine to north of Patterson. 

Graphical evaluation and basic statistical analyses were conducted with available time-series data for 
wells to identify significant trends in nitrate and TDS concentrations through time. Separate statistical 
tests were performed on nitrate and TDS data to determine if there was a significant relationship 
between time and concentration for nitrate and TDS concentrations detected in well samples.  

Very shallow wells with three or more nitrate sampling events are sparse and only a few of those have 
meaningful time-series nitrate graphs.  Most data show relatively low and stable values in the northern 
Coalition area with slightly increasing values in two wells near Los Banos though both are below the MCL 
of 10 mg/L. Despite data limitations, graphs for wells in the Upper and Lower Aquifers appear to indicate 
relatively low nitrate concentrations exhibiting overall stable long-term trends in nitrate concentration 
with a few exceptions.  

Because of the minimum data requirement for the statistical temporal trend analysis, there are also 
relatively few wells for which statistically significant temporal trends in nitrate concentrations are 
indicated. The majority of the wells showing statistically significant nitrate trends are located north of 
Gustine and around and southwest of Los Banos. A slightly greater number of wells show statistically 
significant increasing temporal trends in nitrate concentrations compared to those that show decreasing 
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trends. The mildly increasing to increasing nitrate concentrations are located around Los Banos and 
from Gustine to north of Patterson. The area northeast of Los Banos shows a very small change or 
decreasing nitrate concentrations and southeast of Dos Palos shows mixed wells with either increasing 
or decreasing trends. Wells in the Upper Aquifer, for which statistically significant trends are indicated, 
exhibit either mild or increasing nitrate trends and are scattered over the Coalition area. Most wells 
show mildly increasing to increasing nitrate concentrations for wells north of Gustine in the Lower 
Aquifer for which a statistically significant trend could be identified. 

Two out of 13 wells with graphs of TDS concentration in the very shallow groundwater show data from 
mid-1980s through the present with a stable trend near or below 1,000 mg/L. Trends in other wells are 
inconclusive, but four wells have TDS concentrations above 1,500 mg/L. The number of wells that exhibit 
statistically significant trends in TDS are limited to the area near Los Banos and northwestward along the 
San Joaquin River.   The number of wells with increasing and decreasing trends is equal, and those with 
increasing trends are interspersed with wells with decreasing trends. 

Wells in the Upper Aquifer tend to have longer periods of record for TDS than those wells in other depth 
zones and most of these wells indicate slightly increasing TDS concentrations for the 1990s to the 
present, though concentrations remain below 1,500 mg/L.  A few wells scattered over the Coalition 
region have TDS concentrations above 1,500 mg/L.  A greater number of Upper Aquifer wells exhibit 
statistically significant increasing trends in TDS compared with decreasing TDS concentrations.  Most of 
the Upper Aquifer wells with increasing trends are located near Los Banos and northwestward.  Wells 
located southwest of Los Banos to Mendota show roughly an equal number with decreasing and 
increasing trends.  

Wells in the Lower Aquifer exhibit to be largely stable TDS concentrations since sampling began in 1990 
for the area north of Los Banos and for one well near Dos Palos with most concentrations below 1,500 
mg/L. Very few Lower Aquifer wells exhibited statistically significant trends in TDS concentrations.  No 
obvious patterns are evident from these few data, but four of the five wells all located along Highway 33 
between Los Banos and Patterson showed mildly increasing trends with one well showing a very small 
change. 

The focus of this GAR was on acquiring and summarizing general groundwater quality in the Coalition 
region based on chemical constituent data that are widely available and most commonly associated with 
impacts from irrigated agricultural practices. As a result, the acquisition and summary of groundwater 
quality data for this GAR focused on nitrate, TDS, and pesticides. Other published reports were reviewed 
to document groundwater quality characteristics other than nitrate, TDS, and pesticides within the 
Western San Joaquin River Watershed area. Concentrations of trace metals and numerous chemical 
constituents in groundwater were investigated across the Coalition region by the USGS in 2010 as part 
of the SWRCB GAMA Program’s Priority Basin Project and the results as summarized by Mathany et al. 
(2013) are included in this GAR (Table 5-3). Water quality analyses conducted on samples from 45 wells 
within the Coalition area indicate that most inorganic constituents in groundwater are present at 
concentrations below Primary and Secondary MCLs. 
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6 GROUNDWATER VULNERABILITY AND PRIORITIZATION 
One major component of the GAR is the identification of high vulnerability areas for more focused 
management and monitoring of agriculture practices and groundwater conditions. Few specifics on 
methods for determining groundwater vulnerability are provided in the WDR; however, the WDR states 
that “vulnerability designations will be made by the third-party using a combination of physical 
properties (soil type, depth to groundwater, known agricultural impacts to beneficial uses, etc.) and 
management practices (irrigation method, crop type, nitrogen application and removal rates, etc.)”. The 
definition of high vulnerability areas is provided in Attachment E of the WDR.10 This section outlines 
different methods for assessing groundwater vulnerability, including approaches applied to evaluate 
vulnerability in California, and presents the method developed for determining high vulnerability areas 
in this GAR. To determine high vulnerability areas, a model for assessing groundwater vulnerability was 
developed following an index/overlay methodology utilizing a combination of statistical approaches 
based on observed groundwater quality and hydrogeologic characteristics and incorporation of overlays 
of other important physical considerations. The results from the groundwater vulnerability assessment 
were reviewed and evaluated with respect to locations of observed exceedances of groundwater quality 
standards for nitrate, TDS, and pesticides. 

6.1 Overview of Groundwater Vulnerability Assessment 
The term groundwater vulnerability has been interpreted and defined in different ways within the 
scientific and water resource community. Common definitions of groundwater vulnerability couple the 
roles of intrinsic physical hydrogeologic properties with anthropogenic land use activities to provide a 
measure of groundwater vulnerability. The National Research Council (1993) defines groundwater 
vulnerability as “The tendency or likelihood for contaminants to reach a specified position in the 
ground water system after introduction at some location above the uppermost aquifer.” Within this 
definition, groundwater vulnerability assessments generally fall into two different types: assessments of 
specific vulnerability and assessments of intrinsic vulnerability. Specific vulnerability is a measure of 
vulnerability with respect to a specific contaminant or anthropogenic activity, whereas intrinsic 
vulnerability describes vulnerability without consideration of the characteristics or behavior of a 
contaminant. In this way, intrinsic vulnerability is a relative measure of the tendency or likelihood for 
groundwater contamination based on the physical properties and characteristics of an area. Well 
vulnerability is distinct from groundwater vulnerability and depends on human land use factors and 
natural physical conditions, but also considers influences related to specific well characteristics and the 

10 Definition of high vulnerability area from Attachment E of WDR: High vulnerability area (groundwater) – Areas 
identified in the approved Groundwater Quality Assessment Report “…where known groundwater quality impacts 
exist for which irrigated agricultural operations are a potential contributor or where conditions make groundwater 
more vulnerable to impacts from irrigated agricultural activities.” (see section IV.A.3 of the MRP) or areas that 
meet any of the following requirements for the preparation of a Groundwater Quality Management Plan (see 
section VIII.H of the Order): (1) there is a confirmed exceedance (considering applicable averaging periods) of a 
water quality objective or applicable water quality trigger limit (trigger limits are described in section VIII of the 
MRP) in a groundwater well and irrigated agriculture may cause or contribute to the exceedance; (2) the Basin Plan 
requires development of a groundwater quality management plan for a constituent or constituents discharged by 
irrigated agriculture; or (3) the Executive Officer determines that irrigated agriculture may be causing or 
contributing to a trend of degradation of groundwater that may threaten applicable Basin Plan beneficial uses. 
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presence of preferential contaminant flow pathways that result in the mixture of water present in a well 
(Eberts et al., 2013). 

Approaches used in groundwater vulnerability assessments can range in complexity from highly 
subjective evaluations to detailed transport models and can generally be grouped into three different 
types of methods: index or overlay methods, process-based methods, and statistically-based methods. 
Each of these types of groundwater vulnerability assessment methods has advantages and limitations.  

Index methods typically involve subjective approaches to combining spatial data layers describing the 
physical characteristics of the hydrogeologic setting (e.g., geology, depth to water, topography) and 
from these data deriving relative groundwater vulnerability at all locations within a study area. Index 
methods such as the DRASTIC method developed by USEPA employ a semi-quantitative element to the 
vulnerability assessment wherein physical attributes are numerically scored and weighted according to 
the perceived importance of each physical factor (Aller et al., 1987). However, the scoring and weighting 
system applied to the physical factors is subjectively based and is typically not adjusted for specific local 
or regional circumstances.  

Process-based methods seek to integrate the many physical, chemical, and biological processes and 
interactions that affect groundwater vulnerability within the framework of a model that attempts to 
simulate the transport of contaminants. Process-based methods often require a large number of 
datasets, many of which may not be directly or as readily available, and have other potential limitations 
related to scaling of processes. However, these methods do not necessarily provide results that are any 
more reliable than vulnerability assessments resulting from other approaches. 

Statistical methods have sought to quantitatively relate multiple physical characteristics to observed 
groundwater quality in order to develop a statistically-based relationship to describe the relative 
likelihood for groundwater to be contaminated across a study area. These methods do not seek to 
identify cause-effect relationships, but rather they are intended to provide a relative measure of 
likelihood of groundwater contamination occurring under defined circumstances. Statistically-based 
methods rely on datasets representing the locations and concentrations of water quality observations in 
addition to spatial data for the independent variables of interest. These data serve as the basis with 
which to evaluate and quantify relationships between characteristics of the physical setting and the 
observed water quality. 

As mentioned above, one of the most widely used methods to date for assessing intrinsic groundwater 
vulnerability has been the DRASTIC method developed by the USEPA. The original DRASTIC approach is a 
semi-quantitative index method that incorporates seven hydrogeologic parameters in calculating a 
groundwater vulnerability rating: Depth to water, Net Recharge, Aquifer media, Soil media, Topography 
(slope), Impact of vadose zone media and Conductivity (hydraulic) of the aquifer. With DRASTIC, these 
parameters are scored and weighted across the study area in accordance with specific criteria, which 
were subjectively determined during the original development of the method (Aller et al.,1987). The 
scores and weights for all the hydrogeologic parameters are then used to calculate a DRASTIC 
groundwater vulnerability rating. Table 6-1 shows the scoring and weighting of parameters for the 
assessment of intrinsic groundwater vulnerability as outlined by Aller at al. (1987). More recently, 
various modified DRASTIC approaches have been employed for “calibrating” the scoring and weighting 
values of parameters in the DRASTIC method using observed groundwater quality data and statistical 
analyses. In this way, more objective and quantitatively-based relationships among the hydrogeologic 
parameters and groundwater vulnerability can be established.  
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The concept of the Nitrate Groundwater Pollution Hazard Index (NHI) similarly utilizes an index method 
for calculating a risk value based on the combination of crop, irrigation, and soils. In the NHI concept, 
separate indices for crop type (incorporating nitrogen application and uptake rates), irrigation method, 
and soil type characteristics are determined with values assigned based on perceived level of risk for 
nitrate contamination associated with each. The combination of these values, either through summing 
or multiplying, is then used as a measure for risk to nitrate contamination resulting from the specified 
crop and soil conditions.  

A variety of statistical approaches have been used to assess groundwater vulnerability and relate 
groundwater quality to natural and anthropogenic variables. One statistical method that has been used 
in this way is logistic regression, which can be used to predict the presence of a selected water quality 
parameter exceeding a specified concentration threshold (Antonakos and Lambrakis, 2007; Greene et 
al., 2004; Nolan et al., 2002; Nolan, 2001; Tesoriero et al., 1998; Tesoriero and Voss, 1997). Logistic 
regression can be useful in assessing the probability of exceeding a specified water quality concentration 
threshold; however, the dependent variable must be binary (in two categories). Non-linear regression 
methods have been used to predict nitrate contamination at a national scale using spatial averaging of 
observed water quality data to reduce local variability (Nolan and Hitt, 2006). Recently, a method using 
a random forest classifier was used to predict nitrate and arsenic concentrations in basin-fill aquifers in 
the southwestern United States (Anning et al., 2012). The random forest classifier is a rule-based 
method which follows a classification tree (decision tree) that fits a conceptual model. Many of the 
statistical approaches to assessing groundwater vulnerability have focused on nitrate contamination and 
have used nitrate groundwater quality observations as the response variable.  

 Previous Assessments of Groundwater Vulnerability in the Western San 6.1.1
Joaquin River Watershed Area 

Although very little specific guidance on determining groundwater vulnerability is provided in the WDR, 
it does call specific attention to and consideration of previous assessments of Hydrogeologically 
Vulnerable Areas conducted by the SWRCB and Groundwater Protection Areas identified by DPR. 
Furthermore, the WDR specifies that should the third party fail to submit a GAR by the required 
deadline, the Executive Officer will designate default areas of high and low groundwater vulnerability 
considering these studies (and other approaches), together with areas of exceedances of groundwater 
quality objectives for which irrigated agricultural waste discharges are a contributing factor. The 
referenced assessments were performed using different methods with varying factors of consideration 
and degrees of complexity. The methods used in these approaches are described below. 

 SWRCB Hydrogeologically Vulnerable Areas 6.1.1.1
A map of Hydrogeologically Vulnerable Areas was created in 2000 by the SWRCB in response to 
Executive Order D-5-99 and in order to identify areas where published literature suggest the presence of 
soil or rock conditions that may make groundwater more vulnerable to contamination. Figure 6-1 shows 
the extent of the areas designated Hydrogeologically Vulnerable Areas by the SWRCB in 2011 that fall 
within the Coalition region (J. Hartman, personal communication). This map was originally created in 
2000 at a scale of 1:250,000 (1 inch = 4 miles) based on DWR and USGS published information and 
delineates Hydrogeologically Vulnerable Areas where geologic conditions include generally more 
permeable units, enabling higher recharge rates, than in areas where lower permeability or confining 
layers exist (SWRCB, 2013b). There are relatively few areas designated as Hydrogeologically Vulnerable 
Areas by SWRCB within the Western San Joaquin River Watershed and all are located along the western 
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edge of the Central Valley Floor where less consolidated continental geologic units exist outside the 
extent of the Corcoran Clay adjacent to more consolidated rocks of the Coast Range (Figure 2-7). Much 
of this area falls outside of the extent of the irrigated land within the Coalition region (Figure 4-1).   

 DPR Groundwater Protection Areas  6.1.1.2
The DPR developed the California Vulnerability (CALVUL) approach to delineate Groundwater Protection 
Areas (GWPAs) to fulfill parts of an USEPA mandate for states to develop Pesticide Management Plans, 
including the development of a statewide vulnerability assessment. The CALVUL method is applied at a 
PLSS section (one square mile) spatial scale and relies on an empirically developed approach to 
identifying select soil conditions and characteristics that are common among sections of land where 
pesticides have been detected. Additionally, sections with depth to groundwater of less than 70 feet 
were also determined to have a higher probability of having pesticide detections (Troiano et al., 1999a 
and 1999b). From these associations, GWPAs are identified where soil and depth to water conditions 
suggest a greater potential for contamination. Ultimately, DPR’s CALVUL method identifies GWPAs at 
the section level where soil characteristics in a section are generally coarse or hardpan and if the depth 
to groundwater is less than 70 feet. DPR’s GWPAs are categorized as leaching, runoff, or leaching or 
runoff according to likely mechanisms for contamination. Coarse soils with depth to water less than 70 
feet are designated vulnerable to leaching, whereas hardpan soils are designated vulnerable to runoff. 
Sections where pesticide residue has been detected but where soil or depth to groundwater conditions 
do not suggest a vulnerability to contamination through either leaching or runoff mechanisms are 
designated as leaching or runoff GWPAs. Figure 6-2 shows the extent of the areas designated by DPR as 
GWPAs (DPR, 2013). There are also relatively few areas designated as GWPAs by DPR within the 
Western San Joaquin River Watershed area. The GWPAs that do fall within the Coalition region are 
primarily located along the San Joaquin River and on the east side of the River (Figure 6-2).  

 Other Evaluations of Potential for Groundwater Contamination 6.1.1.3
Additional studies have characterized parts of the Western San Joaquin River Watershed area and other 
nearby areas within the Central Valley based on statistical relationships derived from national studies of 
groundwater quality (Nolan et al., 2002) and also through standardized techniques such as application of 
the NHI  as performed by Dzurella et al.(2012). In the analysis conducted by Nolan et al. (2002) logistic 
regression was used to evaluate the statistical relationships between shallow groundwater quality 
observations and multiple variables representing land use and physical conditions. Nolan et al. (2002) 
used a threshold nitrate concentration value of 4 mg/L (as N) for conducting the logistic regression 
analysis. Results from this national study indicated significant positive statistical relationships between 
locations with observed nitrate concentrations above 4 mg/L and applied nitrogen, population density, 
presence of well drained soils, depth to water, and presence of unconsolidated sand and gravel aquifers. 
These relationships derived at a national scale were then applied to the Coalition region to provide a 
groundwater risk assessment as shown in Figure 6-3. Although the application of the logistic regression 
model was successful in predicting locations with nitrate concentrations below the 4 mg/L (96 percent) 
across the entire national study area, the success rate of predicting locations with nitrate concentrations 
above 4 mg/L was relatively low (16 percent). These results suggest a strong need for consideration of 
variables at a more local scale, particularly as they relate to the physical hydrogeologic setting. 
Additionally, it is also not known to what degree valuable information relating to the magnitude of 
nitrate concentrations at levels above 4 mg/L may not have been considered through use of the logistic 
regression approach. 
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The application of the NHI presents similar challenges as it utilizes a standard matrix for calculating a risk 
value based on the combination of crop, irrigation, and soils without regard to many other aspects of 
the local physical setting. Dzurella et al. (2012) produced a map of risk for nitrate contamination for 
some parts of the Central Valley based on application of the NHI. In contrast to the SWRCB and DPR 
studies which determined Hydrogeologically Vulnerable Areas and GWPAs based largely on physical 
characteristics of the location, the relative “risk” results generated by Nolan et al. (2002) using statistical 
relationships derived from a national study and the application of the NHI, such as was conducted by 
Dzurella et al. (2012), are heavily dependent on the specified characteristics associated with the land 
use. This presents additional challenges for identifying high vulnerability areas as discussed below. It is 
notable in Figure 6-3 that the risk assessment by Nolan et al. (2002) indicates higher risk areas along 
much of the western margins of the Central Valley Floor area.  

Both of these methods derive risk measures for nitrate contamination based on land use factors with 
relatively lesser consideration of hydrogeologic conditions. The only physical characteristics considered 
in the NHI are the soils whereas Nolan et al. (2002) incorporates soil drainage characteristics and depth 
to groundwater, but neither method considers other aspects of the hydrogeologic system. It is 
particularly notable that both methods are also specific to potential for contamination from nitrate and 
only under the mapped land use at the time of the analysis. Consequently, areas associated with land 
uses having generally high nitrate application rates, are indicated relatively higher risk, although actual 
land uses and land use practices can and do change. Furthermore, the risk of potential contamination 
from chemical constituents other than nitrate is largely not considered in these methods for assessing 
risk.    

6.2 Western San Joaquin River Watershed Area Groundwater Vulnerability 
Approach 

The approach for determining groundwater vulnerability in this GAR is modeled after the definition of 
intrinsic vulnerability as defined and discussed above and focuses on determining the vulnerability of 
groundwater to contaminants based on the intrinsic physical properties of the area. Intrinsic physical 
properties remain relatively static over time and represent conditions that are generally beyond control 
from management decisions. In contrast, influences from human activities as a result of land use are 
subject to major changes in trends over short periods of time. Consequently, a measure of groundwater 
vulnerability that is based on intrinsic physical properties independent of land use conditions is 
advantageous because physical characteristics of the watershed are less likely to undergo such rapid and 
major shifts in characteristics. From a practical standpoint, an assessment of groundwater vulnerability 
that is tied to land use would need to be adjusted in response to changes in land use. Land use 
considerations were incorporated throughout the process of determining high vulnerability areas as 
discussed in detail later in the section. 

To determine the groundwater vulnerability of the Western San Joaquin River Watershed Area for this 
GAR, statistical methods for assessing groundwater vulnerability were utilized in an effort to identify and 
quantitatively describe relationships between physical characteristics of the study area and observed 
groundwater quality. This approach involved using multiple linear regression (hereinafter referred to as 
multiple regression) statistical analyses to identify relationships between multiple potential independent 
(explanatory) variables characterizing the physical setting and the dependent (response) variable of 
observed groundwater quality. This approach is a type of index method for assessing groundwater 
vulnerability, but it minimizes subjective aspects inherent in index methods by determining groundwater 
vulnerability using statistical relationships with actual observations of groundwater quality within the 
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watershed. A method of determining groundwater vulnerability irrespective of land use was used by 
accounting for differences in land use in order to decipher differences in groundwater quality that are 
related to hydrogeologic variables as opposed to differences in groundwater quality that are related to 
land use. Snapshots of past land use conditions at different points in time were used to consider how 
land use has influenced water quality. 

Multiple regression was chosen over logistic regression for statistical analyses because the dependent 
variable in the analysis is water quality concentration with values reported on a continuous scale. 
Therefore, a statistical method capable of considering the full range of values in the dependent variable 
was desired and in logistic regression the dependent variable must be binary (in two categories). It is 
possible that important information would be lost in an analysis using logistic regression by converting 
the dependent variable from continuous concentration values into two categories based on a specified 
threshold. 

Informed by the statistical analyses, select datasets for physical properties and conditions interpreted to 
be important factors in the potential for contaminants to migrate from the ground surface into the 
groundwater were used to assess the vulnerability of areas throughout the Coalition region.  

 Conceptual Model 6.2.1
The groundwater vulnerability assessment for the GAR is grounded on a conceptual model in which the 
observed groundwater quality is the result of interactions between land use practices at the surface and 
the presence of physical hydrogeologic characteristics and processes occurring at a location. Under this 
conceptual model, the presence of hydrogeologic characteristics that enable potential contaminants to 
reach the groundwater surface faster make a location more vulnerable to groundwater contamination 
than a location with hydrogeologic characteristics that impede the ability of contaminants to reach 
groundwater or attenuate the contamination. Accordingly, hydrogeologic processes and characteristics 
such as soil properties, the water transmitting properties of subsurface materials, presence of flow 
barriers (clay layers) to vertical or lateral movement of water, and other physical factors are expected to 
influence the vulnerability of a location to groundwater contamination.  

As discussed in Section 2, the hydrogeology of the area consists of three distinct depth zones where 
groundwater occurs (Very Shallow Groundwater, Upper Aquifer, and Lower Aquifer) each with distinct 
groundwater quality characteristics resulting from a combination of natural and anthropogenic 
influences. The potential for groundwater contamination of each of these zones is different. Figure 2-8 
presents a conceptual illustration of the hydrogeologic system. An unconfined zone of Very Shallow 
Groundwater exists in some areas with deeper groundwater aquifers (Upper and Lower Aquifers) below. 
The E Clay Member of the Tulare Formation, referred to as the Corcoran Clay Member, is a prominent 
subsurface feature in the Western San Joaquin River Watershed Area that is believed to provide 
hydraulic separation between the Upper and Lower Aquifers throughout much of the Coalition region. 
Several shallower clay members of the Tulare Formation, and a white clay layer mapped by Hotchkiss 
and Balding (1971), are less extensive than the Corcoran Clay, but exist in parts of the area and 
represent potential impediments to vertical movement of groundwater below and within the Very 
Shallow Groundwater zone and Upper Aquifer. The potential for vertical hydraulic communication 
between the surface and groundwater is the primary consideration in understanding the vulnerability of 
groundwater to impacts from irrigated agriculture. Consequently, characterization of the nature of 
vertical hydraulic relationships and relating physical conditions that affect (increase or decrease) vertical 
hydraulic communication between the surface and the subsurface and within the subsurface was the 
focus of the groundwater vulnerability evaluation conducted for the Coalition region.   
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 Groundwater Quality in the Context of the Physical Conceptual Model 6.2.2
Nitrate is a widespread contaminant in groundwater in the United States which has been primarily 
associated with anthropogenic influences, including agricultural fertilization activities, leaching from 
septic tanks and sewer facilities, confined animal feeding operations, discharge to land of wastewater, 
food processor waste, unprotected wellheads, improperly abandoned wells, and lack of backflow 
prevention on wells. Nitrate contamination is also one of the primary groundwater quality concerns in 
areas of irrigated agriculture in the Western San Joaquin River Watershed Area. As an essential nutrient 
for plant growth, nitrogen is a component in many fertilizers that has been applied in agricultural areas 
for many decades. Nitrate is the dominant form of nitrogen in groundwater, and nitrate concentrations 
are regulated throughout the State of California. Naturally-occurring concentrations of nitrate in 
groundwater are typically relatively low in most environments; although, research indicates that 
localized sources of organic nitrogen and nitrate in geologic materials within Coast Ranges rocks can 
result in high nitrate concentrations in sediments of the Tulare Formation along the western San Joaquin 
Valley (Strathouse and Sposito, 1980; Sullivan et al., 1979). Despite this potential for naturally-sourced 
nitrate to affect groundwater quality in areas, for the purposes of this groundwater vulnerability 
analysis, observations of nitrate in the groundwater are considered to be primarily a function of the 
application of nitrogen through fertilization practices (where applicable) at the surface and subsequent 
processes of transporting the contaminant through the subsurface into the groundwater. Nitrate 
concentrations are a useful indicator of influence from irrigated agriculture, when compared with other 
commonly available groundwater quality measures such as TDS or EC, which indicate general water 
salinity and are known to occur naturally in high concentrations in many areas within the Coalition 
region.  

 Comparison of Trends in Nitrate Concentrations and Salinity by Aquifer 6.2.2.1
Spatial and temporal trends and patterns in groundwater quality characteristics within each of the three 
depth zones are presented and discussed in detail in Section 5. Figure 6-4 through Figure 6-17 are the 
same geologic cross-sections presented in Section 2 with groundwater quality observations within one 
mile of the cross-section shown by well depth. Only those wells for which a well depth could be 
interpreted based on available data are shown on this cross-sections. These figures more directly 
illustrate differences in groundwater quality between the depth zones and relative to subsurface 
characteristics and configuration. Data presented in these figures suggest that each of the groundwater 
zones has unique groundwater quality characteristics that vary by location and depth within the 
Coalition region.  

 Very Shallow Unconfined Groundwater Zone  6.2.2.1.1
Somewhat higher concentrations of nitrate in very shallow wells can be seen in some parts of the 
Coalition region, particularly in western and northern areas as illustrated in cross-sections D, F, and G 
shown on Figures 6-7, 6-9, and 6-10. The concentrations of TDS in very shallow wells shown on cross-
sections also indicate some areas where Very Shallow Groundwater is relatively high in TDS, although 
the pattern is different from that apparent for nitrate. Higher TDS concentrations in the Very Shallow 
Groundwater tend to occur in more eastern areas of the Coalition region with a notable pattern of 
increasing concentrations to the south. These patterns are particularly apparent in cross-sections B 
through G shown on Figures 6-12 through Figure 6-17.  As discussed above, the poor drainage 
conditions in soils and shallow sediments have resulted in a zone of Very Shallow Groundwater across 
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much of the Coalition region, and these areas have experienced concentration of salts within the soil 
column and Very Shallow Groundwater zone. 

 Semi-Confined Upper Aquifer (above Corcoran Clay) 6.2.2.1.2
As was evident in water quality maps discussed in Section 5, the number of wells in the Upper Aquifer 
plotted on the cross-sections is greater than for either the Very Shallow Groundwater or Lower Aquifer 
zones. Most of the nitrate and TDS concentrations in the Upper Aquifer displayed on these figures 
suggest that groundwater quality in the Upper Aquifer is similar to the Very Shallow Groundwater zone 
and the frequency and magnitude of wells with similar patterns in concentrations of nitrate or TDS as 
the very shallow zone. Several locations exist where great differences exist between nitrate and TDS 
concentrations in Very Shallow Groundwater and groundwater in the Upper Aquifer. These differences 
are most apparent for concentrations of nitrate as illustrated by cross-sections B, D, and in segments of 
G (Figures 6-5, 6-7, 6-9, 6-10); however, the limited available groundwater quality data that can be 
attributed to the Very Shallow Groundwater zone makes it difficult to draw comparisons of groundwater 
quality between the Very Shallow zone and the Upper Aquifer.  

 Confined Lower Aquifer (below Corcoran Clay) 6.2.2.1.3
The confined Lower Aquifer also exhibits notable patterns in nitrate and TDS concentrations that vary 
across the Coalition region. In the far northern area, nitrate concentrations in the Lower Aquifer appear 
to be similar to the Upper Aquifer, with somewhat higher concentrations in both zones (Figures 6-4 and 
6-5), although there are remarkable differences in nitrate concentrations across these zones further 
south (Figures 6-6 and 6-9) likely because of the generally increasing depth and thickness of the 
Corcoran Clay.  The Lower Aquifer exhibits TDS concentrations that appear to increase to the south with 
somewhat high TDS concentrations apparent in both the Upper and Lower Aquifers (Figures 6-11, 6-12, 
6-13, and 6-16). Groundwater quality data shown in cross-section F (Figures 6-9 and 6-16) illustrate the 
areas where greater differences in groundwater quality characteristics of nitrate and TDS concentrations 
within the Lower Aquifer exist. Although TDS concentrations along cross-section F are relatively high in 
the Lower Aquifer because of the naturally present salinity in the area, nitrate concentrations are low.   

 Approach to Assessing Groundwater Vulnerability  6.2.2.2
Numerous challenges exist for evaluating groundwater vulnerability in this hydrogeologic setting. The 
intent of the groundwater vulnerability assessment in this GAR is to detect signals in the groundwater 
system that can be used to objectively evaluate the vulnerability. The naturally high salinity present 
throughout the groundwater system makes the detection and identification of influences from irrigated 
agriculture difficult. Furthermore, the existence of three distinct groundwater zones, ranging from a very 
shallow unconfined zone to a deep confined zone (Lower Aquifer) below a considerable aquitard, 
complicates the assessment of vulnerability in the region. Nitrate concentrations in groundwater are a 
more conservative indicator of influences from irrigated agriculture than TDS and the availability of 
these data were much more limited than for TDS which limited interpretations made based on statistical 
comparisons of nitrate data very difficult.  

Statistical methods were used to quantify important relationships between the characteristics and 
mechanisms of the hydrogeologic system and the observed groundwater quality at a location.  
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 Statistical Analyses of Associations Between Observed Water Quality and 6.2.3
Physical Hydrogeologic Conditions 

Multiple regression is a statistical analysis that models the relationship between two or more 
independent (explanatory) variables and an observed dependent (response) variable with a linear 
equation. In determining groundwater vulnerability, the statistical relationship between observed 
groundwater quality and different aspects of the physical hydrogeologic characteristics of the area were 
used to model the relative likelihood of groundwater contamination in all areas of the watershed based 
on the hydrogeologic conditions present. As discussed above, nitrate concentrations in groundwater are 
a better indicator of anthropogenic influences than are TDS concentrations, including in the Coalition 
region where there is documented natural and historical occurrence of high salinity water in all 
groundwater zones. Furthermore, nitrate data are more broadly available than most other contaminants 
associated with irrigated agricultural practices such as pesticides. For these reasons, nitrate was used as 
measure for groundwater quality impacts from irrigated agriculture for the purposes of assessing the 
intrinsic groundwater vulnerability of areas within the Coalition area. Groundwater quality observations 
of nitrate were used as the dependent variable, and physical hydrogeologic characteristics were used as 
independent variables in multiple regression analyses used to evaluate relationships between 
hydrogeologic characteristics and observed water quality. As discussed in Section 5, available data for 
observations of nitrate concentrations in groundwater in the Western San Joaquin River Watershed 
Area were compiled from various sources for use in the analysis. Multiple regression analyses were 
conducted using ArcGIS 10.2 software and Spatial Statistics toolset (ESRI, 2014). Results from the 
multiple regression analysis were used to inform the assessment of groundwater vulnerability, including 
through comparison with observed nitrate concentrations, as discussed later in this section.   

Using the dataset representing locations of wells with observed nitrate concentrations, spatial datasets 
representing hydrogeologic characteristics across the entire study area were used to designate the 
properties for each of the independent hydrogeologic variables of interest in the vicinity of each nitrate 
observation location. The hydrogeologic properties selected for investigation through multiple 
regression were chosen based on several factors: 1) professional judgment and conceptual 
interpretation of important physical characteristics and mechanisms for transport of contamination into 
the groundwater, 2) approaches and results from other groundwater vulnerability studies, and 3) 
availability of data at compatible spatial scales. Land use conditions in the vicinity of each nitrate 
observation point were determined for three different time periods between the 1990s and 2013 based 
on land use surveys conducted by DWR and USDA and described above in Section 4. The resultant 
dataset was used to perform multiple regression analyses to detect relationships between the 
independent hydrogeologic variables and the dependent variable (nitrate concentration) in order to 
assess groundwater vulnerability across the entire study area, including areas where groundwater 
quality data are limited or non-existent. This was done separately for each land use time period. The 
relationships among hydrogeologic variables and observed nitrate concentration were investigated 
through multiple regression analysis as part of this groundwater vulnerability assessment in order to 
inform the understanding of potential mechanisms and processes that influence groundwater 
vulnerability, although statistical relationships identified between hydrogeologic variables and the 
observed nitrate concentration do not necessarily indicate a cause-and-effect relationship. Land use was 
incorporated into the analysis by including land use conditions at different time periods to recognize 
differences in past and present land uses across the study area.  
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The following hydrogeologic variables were used in this analysis:  

• soil characteristics including hydraulic conductivity and drainage class;  

• deeper subsurface sediment textures from CVHM;  

• depth to groundwater;  

• topographic slope; and  

• characteristics of the Corcoran Clay, including depth and thickness.  

Year of observation was also included in analyses as an independent variable. Land use characteristics 
were investigated and controlled for based on several mapped land use time snapshots and data 
sources. This analysis assumes 1) the amount of nitrogen applied is similar within each land use category 
across the analysis area, 2) the length of time over which applications have occurred is similar across the 
analysis area, and 3) subsurface microbial degradation rates are similar across the analysis area.  

A large portion of the Western San Joaquin River Watershed Area lies within the Delta-Mendota 
Subbasin of the San Joaquin Valley Groundwater Basin (Figure 1-3) as defined by DWR (DWR, 2003) and 
greater than 98 percent of the irrigated acreage identified within the Coalition region (based on 2012 
FMMP and 2013 USDA data) occurs within the extent of the San Joaquin Valley Groundwater Basin. The 
Western San Joaquin River Watershed Area also encompasses the Los Banos Creek Valley Groundwater 
Basin, although irrigated land is mapped outside the San Joaquin Valley Groundwater Basin. The 
groundwater vulnerability assessment for the Western San Joaquin River Watershed Area focusses on 
the irrigated lands within the Central Valley Floor. The Central Valley Floor area within the Coalition 
region is consistent with the San Joaquin Valley Groundwater Basin which generally represents the 
extent of less consolidated geologic materials consisting of alluvial and other valley fill sediments with 
some sandstones and conglomerates along the western margin. This is where the greatest impacts from 
irrigated agriculture have occurred in the past and are most likely to occur in the future. More highly 
consolidated geologic units of marine origin with lower permeability and water-bearing potential 
underlie the western Coalition region areas, outside of the DWR-designated groundwater basins, where 
slopes are typically very steep with little or no agricultural development. Such physical characteristics 
suggest that these areas have a lower vulnerability to groundwater quality impacts from irrigated 
agriculture. The Central Valley Floor extent also coincides with the domain of the CVHM model in the 
area, which is a source of spatial data on several hydrogeologic variables investigated through the 
statistical analysis. As a result, all multiple regression analyses, and the vulnerability assessment, were 
limited to the extent of the Central Valley Floor area within the Coalition region, although Los Banos 
Creek Valley Groundwater Basin was included in the vulnerability evaluation.  

 Groundwater Quality Characteristics Variables (Dependent Variable) 6.2.3.1
The observed maximum concentration of nitrate (as nitrogen) from samples of wells at specified 
locations within the Central Valley Floor was used as the dependent variable in the multiple regression 
analysis. Available data on nitrate observations were compiled for the study area as discussed above. 
These data span the timeframe from the early 1900s to 2014 as shown in Figures 5-3 and 5-5. The 
spatial distribution of available nitrate data cover much of the Central Valley Floor, however, the date of 
observations are unique and are highly variable. Because groundwater quality changes with time, the 
relative point in time at which the nitrate concentration was measured is important. Controlling for 
differences in timing between water quality observations is especially critical when using these 
observations as a means of assessing the groundwater vulnerability or likelihood for groundwater to be 
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contaminated based on hydrogeologic conditions. Investigation of the temporal and spatial distribution 
of the data showed that the spatial richness of the dataset would be greatly diminished through 
implementation of filtering on the data based on limited time periods. Instead, to account for the 
consideration of time without loss of valuable data, only the maximum observed nitrate concentration 
in a given well  was used in the multiple regression analysis and the year of the maximum observation 
was included as an independent variable to control for time-dependency in the analysis. This approach 
enabled the use of a greater amount of data, with a greater spatial distribution, while also accounting 
for differences in timing between observations. Additional analyses of average nitrate concentration by 
decade within cells of the CVHM were also conducted to evaluate potential bias in analyses resulting 
from clustering of data.  

 Hydrogeologic Variables of Interest (Independent Variables) 6.2.3.2

 Soil Characteristics 6.2.3.2.1
Conceptually, the soil properties are expected to influence the observed groundwater quality in areas of 
irrigated agriculture because higher conductivity soils or soils with better drainage characteristics may 
enable more rapid infiltration of applied nitrogen into the groundwater. However, salt and nitrate may 
also tend to accumulate in soils with characteristics that cause stagnating water conditions and prevent 
flushing. Such conditions have been previously documented throughout areas of the Coalition region 
which can lead to natural evapoconcentration of salt and nitrate within shallow groundwater. Several 
different soil properties were investigated, including soil conductivity, soil drainage class, and soil 
salinity, to identify any notable relationships between the properties of shallow surficial geologic 
materials and potential for accumulation of nitrate in the groundwater. Natural Resource Conservation 
Service (NRCS) Soils Survey Geographic database (SSURGO) of soil mapping was used as the basis for 
developing shallow soil characteristics data for use in the analysis. The spatial distribution of soil 
characteristics within the Coalition region are presented in Figures 2-24 through 2-27. Soil drainage class 
was identified by Nolan et al. (2002) as having a statistically significant correlation with nitrate 
concentrations at a national scale; in the Eastern San Joaquin River Watershed, a statistically significant 
positive relationship was observed between soil hydraulic conductivity nitrate concentrations (LSCE, 
2014) The weighted (based on thickness of soil layers) harmonic mean of the saturated hydraulic 
conductivity for the soil profile, as derived from the SSURGO dataset, was calculated for the Central 
Valley Floor area. The harmonic mean is a method of averaging in which low values are more heavily 
weighted and is commonly used for averaging soil conductivities where flow is perpendicular to layering. 
Use of the harmonic mean as a representative averaging method for hydraulic conductivities of 
stratified geologic materials has been widely used and is consistent with methods used in the derivation 
of hydraulic conductivity data for groundwater flow models in the area (Faunt et al., 2009; Phillips et al., 
2007, Belitz et al., 1993). Figures 2-24 and 2-25 show the spatial distribution of physical soil 
characteristics of saturated hydraulic conductivity and drainage class throughout the Coalition region 
(where available). Data for chemical characteristics of soils, including soil salinity and pH are shown in 
Figures 2-26 and 2-27. From the soil data, the soil properties at each well location were extracted for the 
multiple regression analysis. 

 Deeper Subsurface Properties 6.2.3.2.2
Characteristics of deeper subsurface geologic materials within cells of the CVHM, were also included for 
investigation through statistical analyses. The conceptual model for groundwater vulnerability holds that 
the hydraulic conductivity of deeper subsurface materials is likely to influence the observed 
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groundwater quality and the ability of chemicals to move vertically into and through the groundwater 
zones or between groundwater zones; the vertical movement of chemicals is expected to occur more 
readily in subsurface sediments that are hydraulically conductive. Various measures of the conductivity 
of subsurface materials were investigated, including vertical hydraulic conductivity data from CVHM 
model layers and also from the sediment texture model developed for the CVHM. The CVHM sediment 
texture data were originally derived from approximately 8,500 well drillers’ logs throughout the Central 
Valley and represent the percentage of coarse geologic materials in 50 foot intervals across the Central 
Valley Floor. Vertical hydraulic conductivity values for layers in CVHM were derived from the sediment 
texture data and aggregated by model layer (Faunt et al., 2009). Consequently, the CVHM sediment 
texture dataset is advantageous because it retains a higher level of vertical resolution (50 feet intervals) 
as compared to the CVHM vertical hydraulic conductivity data, which have been aggregated within each 
of the model layers. Both sediment texture and vertical hydraulic conductivity data are available at a cell 
size of one-square mile for CVHM cells within the Coalition region as shown on Figures 2-28 through 
Figure 2-34. 

Different measures of subsurface sediment texture, in percent coarse (PC) of sediments, were 
considered and evaluated. In accordance with the conceptual model and the hydrogeologic system, the 
focus was on evaluating whether the sediment texture in the upper several hundred feet, as 
characterized in the CVHM sediment texture model, exhibits a relationship with nitrate concentrations 
in the groundwater. Variables representing the minimum PC of subsurface sediments and average PC 
within the depth intervals from 0 to 100 feet, 0 to 200 feet, and 0 to the top of the Corcoran Clay were 
considered in analyses. The minimum PC (MIN PC) of sediments represents the lowest PC value from 
among all of the 50-foot vertical sections making up the depth interval. The notion that the MIN PC 
would be an important measure is based on the concept that the presence of many clay layers or a thick 
clay layer within an interval, as represented by intervals with low PC sediments, would be the restrictive 
interval that most influences the vertical movement of water through the subsurface. The average PC 
(AVG PC) represents the average PC value of all 50-foot intervals within a depth zone and may represent 
an important variable that accounts for the ability of water to move both vertically and laterally.  

 Corcoran Clay 6.2.3.2.3
The Corcoran Clay member of the Tulare Formation geologic unit represents a prominent 
hydrostratigraphic feature in the Western San Joaquin River Watershed Area with varying extent, depth, 
and thickness. The Corcoran Clay is a low-permeability stratigraphic unit present throughout most of the 
Central Valley Floor area. However, the depth and thickness of the unit in the area are spatially variable 
(Figures 2-10 and 2-11) and it does not fully extend to the western edge of the Central Valley Floor, 
including not into the Little Panoche Creek Valley. Several properties of the Corcoran Clay, as derived 
from CVHM datasets, were investigated as independent variables in statistical analysis. Variables 
representing the extent (presence/absence), depth, and thickness of the Corcoran Clay were considered 
in the statistical analyses; however, the investigation of some of these variables was constrained 
primarily to analyses of the Lower Aquifer, and the subset of water quality data interpreted to be in the 
Lower Aquifer, based on the conceptual model and the interpreted influence of the Corcoran Clay on 
groundwater flow and transport. The spatial datasets from CVHM representing these properties of the 
Corcoran Clay are shown in Figure 2-10 and Figure 2-11.  
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 Depth to Groundwater 6.2.3.2.4
From a conceptual standpoint, depth to the groundwater surface might be expected to be correlated 
with observed nitrate concentration. A relationship might exist because in the conceptual model for 
groundwater vulnerability, the depth to groundwater represents the distance that infiltrating water 
must travel before it reaches the groundwater surface. As a result, because of factors relating to the 
attenuation of the chemical in time and concentration, the observed nitrate concentration could be 
expected to be less with greater depth to groundwater. In the neighboring Eastern San Joaquin River 
Watershed, a negative relationship existed between depth to water and observed nitrate concentrations 
(LSCE, 2014). However, in some studies a positive relationship between depth to groundwater and 
nitrate concentration has been noted in evaluating relationships in shallow groundwater (Nolan et al., 
2002; Burkart et al., 1999). It has been suggested that this might be because of denitrification processes 
occurring in very shallow groundwater.  

There are considerations specific to the Western San Joaquin River Watershed Area concerning the 
potential relationships between depth to groundwater and groundwater quality that are important to 
recognize. These include the presence of very shallow depth to water and poor drainage of some areas 
that in part has led to reduced crop productivity and other problems for irrigated agriculture. 
Additionally, the presence of three groundwater depth zones, with varying degrees of confinement 
(causing differences in groundwater levels), is an important recognition when evaluating relationships 
between groundwater quality and depth to water. Spatial datasets representing the depth of recent 
spring groundwater levels within each of the depth zones throughout the Central Valley Floor area were 
developed from the best available water level data as part of this GAR and for use in the groundwater 
vulnerability assessment, as discussed earlier. These depth to groundwater datasets were generated in 
an effort to represent typical recent groundwater level conditions. The availability of recent 
groundwater level data in some areas of the Coalition region was limited. A hierarchical approach was 
employed by considering recent groundwater level measurements first and incorporating gradually 
older water levels only as necessary to fill gaps in available recent groundwater level data. Figures 3-4 
through Figure 3-9 show the most recent depth to groundwater datasets for spring and fall that were 
generated as part of this GAR. However, in part because of the variability in confinement of different 
zones and in the nature and degree of the hydraulic communication between different depth zones 
across the Coalition region, consideration of depth to groundwater in the groundwater vulnerability 
assessment was challenging. 

 Topographic Slope 6.2.3.2.5
The topographic slope might influence groundwater vulnerability because of its potential relationship 
with groundwater recharge. Precipitation runoff is relatively higher in areas of higher slope which results 
in less groundwater recharge; conversely, infiltration of precipitation, hence natural groundwater 
recharge, is expected to be higher in low topographic slope areas. Topographic slope throughout the 
study area was calculated from the USGS NED 10 meter resolution DEM. Figure 2-2 illustrates the slope 
characteristics throughout the Coalition region. From this spatial dataset, slope values were extracted at 
each nitrate observation location for evaluation as an independent variable in the multiple regression 
analysis. 
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 Accounting for Land Use 6.2.3.3

 Land Use Conditions 6.2.3.3.1
The objective of the groundwater vulnerability assessment for this GAR was to develop statistical 
relationships to use in describing the intrinsic groundwater vulnerability independent of land use 
conditions. However, the observed groundwater quality is a function of past land use practices and 
hydrogeologic conditions. In the context of determining intrinsic groundwater vulnerability, land use is a 
confounding factor on the observed groundwater quality. Therefore, a statistical method of determining 
groundwater vulnerability irrespective of land use must account for differences in land use among the 
observations in order to decipher differences in groundwater quality that are related to hydrogeologic 
variables as opposed to differences in groundwater quality that are related to land use. Spatial data 
representing land use conditions mapped at three different snapshots in time from the 1990s to 2013 
were utilized in the analyses to account for different land use conditions. Three different land use 
snapshots were evaluated, as it was not known if the observed groundwater quality is most 
representative of land use during any specific time period. 

Mapped land use in the vicinity of each datapoint for time periods representing the 1990s, 2000s, and 
2013, as developed in accordance with the discussion above in Section 4, were included and evaluated 
in statistical analyses as independent variables to control for different land uses and practices that 
potentially affect the groundwater quality outcome. These land use variables were also evaluated as 
independent explanatory variables of secondary interest since they are not intrinsic physical 
characteristics of the hydrogeologic system. 

Mapped land use crop types and descriptions were grouped into categories based largely on published 
typical nitrogen application rates for crops and in accordance with criteria described above in Section 4. 
The percent of each land use category was determined for one-square mile cells, consistent with the 
CVHM cell structure, for the Coalition region. This process was done separately for mapped land use 
conditions in the 1990s, 2000s, and 2013 for evaluation through statistical analyses. Each nitrate 
observation datapoint was assigned the land use attributes for the cell within which the point was 
located.  

 Year of Nitrate Observation 6.2.3.3.2
The dataset of nitrate observations used in this analysis includes observations spanning multiple 
decades. The year of each maximum nitrate observation was included as an independent variable in the 
multiple regression analysis in order to control for differences between the timing of observations and 
evaluate temporal trends in the regression. Filtering of the data by decadal time periods was also 
explored, although subsets of data resulting from such filtering were greatly diminished in terms of 
spatial distribution.  

 Description of Statistical Analyses 6.2.4

 Assumptions 6.2.4.1
Multiple regression models using standard estimation techniques make several primary assumptions 
that should be recognized: 

Linearity: the relationship between dependent and independent variables is linear. 
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Constant variance (homoscedasticity): the spread of dependent variable values around the mean 
(variance in error) is the same regardless of values of the independent variables. 

Normality: residuals (errors) are normally distributed. 

Independence: errors of the dependent variables are not correlated with each other; the location of any 
dependent variable in relation to its mean cannot be predicted. 

Although some of the assumptions implicit in the multiple regression analysis many not be fully 
satisfied, it is important to consider the overall objective of the analysis and context for the use of this 
analysis in assessing relative groundwater vulnerability. Although a multiple regression model that does 
not fully meet all of the assumptions could potentially have a greater error in predicted values, the 
results developed through these analyses were compared and evaluated in qualitative and quantitative 
ways to confirm that any conclusions derived from these results are reasonable and consistent with the 
conceptual model, observed groundwater quality data, and hydrogeologic and land use conditions. 

 Data Investigation and Statistical Analyses 6.2.4.2

 Preliminary Data Investigation 6.2.4.2.1
The data were explored prior to and during the multiple regression analysis process in order to 
characterize the data and evaluate approaches to analyzing the data and determining groundwater 
vulnerability. Select transformations of the dependent variable and independent hydrogeologic 
variables were investigated during the process of conducting multiple regression analyses as part of 
evaluating how well the data meet the main assumptions of multiple regression analysis. The frequency 
distribution of untransformed values for the dependent variable (observed nitrate concentration) is 
shown in Figure 6-18. These data exhibit a positively skewed distribution with a greater frequency of 
observations at low nitrate concentrations than at higher concentrations; this is a common pattern in 
water quality datasets, especially for water quality characteristics that are heavily influenced by local 
conditions. Transformations of the dependent variable were performed on the dependent variable in an 
attempt to make the distribution of the dependent variable more symmetrical prior to conducting the 
multiple regression analysis. Natural logarithm transformation of the dependent variable greatly 
reduced the amount of positive skew of the data as illustrated in Figure 6-18. A model that does not 
fully meet all of the assumptions of linearity could lead to error in predicted values; however, in this 
assessment the primary objective is to determine a relative prediction of groundwater vulnerability. 
Some degree of spatial clustering (spatial autocorrelation) of the dependent variable is present in the 
data (as indicated by somewhat high Global Moran’s I values) suggesting that nitrate concentrations are 
spatially autocorrelated and may not fully meet the assumption of independence in the model. This 
spatial clustering is not surprising because land use and hydrogeologic characteristics, which are 
expected to influence nitrate concentrations, are also spatially clustered. Although the assumption of 
independence in the model may not be fully met, it is important to consider the context of this analysis 
recognizing that the multiple regression analysis is intended to provide an objective evaluation of the 
relationships between hydrogeologic factors and observed nitrate concentrations that can be used to 
assign weights to different hydrogeologic variables. As noted above, additional analyses of average 
nitrate concentration by decade for wells within cells of the CVHM were also conducted to evaluate 
potential bias in analyses resulting from clustering of data.  

Throughout all analyses, results were evaluated for reasonableness using professional judgment and 
with respect to the conceptual model for groundwater vulnerability. Additionally, qualitative and 
quantitative evaluations of the results were conducted based on groundwater quality observations to 
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identify physical conditions that most reasonably assess the vulnerability of groundwater. Diagnostic 
plots of residuals and predicted values from the model results were inspected to evaluate how well the 
models met the assumptions of independence and constant variance of errors (residuals), as discussed 
later in this report.   

Data outliers and their influence on the analyses were also considered. Outliers have the potential to 
greatly affect the multiple regression results. Obvious outliers resulting from erroneous data entry or 
other factors related to the collecting and assembling of the data were discarded early in the data 
preparation and quality control process. Additional outliers in the data were evaluated based on 
comparison of model residuals (predicted minus observed value) and through data transformations. 
Independent variable outliers were considered through evaluation of the frequency distribution of data. 
Notable independent variable outliers, in areas where data were lacking or non-existent or where 
notably anomalous values existed, were also evaluated with respect to their potential influence on 
observed relationships across the analysis area. No dependent variable outliers were removed from the 
dataset used in analyses, although the effect of exclusion of independent variable outlier datapoints was 
investigated. On the whole, the model residuals for analyses were relatively normally distributed, 
suggesting that the multiple regression model assumption of normal distribution of the error in 
predicted values is satisfied.  

The presence of multicollinearity between independent hydrogeologic variables was also considered in 
analyses. The presence of multicollinearity between independent variables was taken into consideration 
during performance of the multiple regression analyses, and using professional judgment; some 
independent variables were excluded from analyses because they exhibited high correlation with 
another independent variable or were conceptually believed to be collinear.  

 Accounting for Different Land Use Conditions, Groundwater Depth 6.2.4.2.2
Zones, and Local Relationships 

Multiple regression analyses were conducted for all of the land use time periods and the results for the 
different time periods produced similar results. Data subsets by depth zone and location with respect to 
geologic conditions were also evaluated in accordance with the hydrogeologic system within the area 
and the groundwater vulnerability conceptual model. Data subsets included by depth zone category 
(Very Shallow Groundwater, Upper Aquifer, and Lower Aquifer) and also by location with respect to 
mapped geomorphic unit regions. Geomorphic units used in this evaluation were defined in accordance 
with the soil drainage classes mapped by NRCS (Figure 2-25), which more precisely represent the extent 
of the geomorphic units and descriptions in Hotchkiss and Balding (1971) and Davis et al. (1959). For this 
analysis, the geomorphic units were grouped into two areas based on common soil drainage 
characteristics: 1) overflow lands and 2) alluvial fans and plains/dissected uplands. Overflow lands are 
defined as areas where soils are classified as relatively poorly drained (somewhat poorly drained, poorly 
drained, and very poorly drained classes), whereas the alluvial fans and plains/dissected uplands 
geomorphic unit area is represented by areas of relatively better drainage characteristics (moderately 
well drained to excessively drained)(Figure 2-25). The geomorphic units represent areas of distinct 
geologic environments. These analyses were also conducted to evaluate potential non-stationarity 
(changing relationship across space) in the observed relationships across the study area. The overflow 
lands geomorphic unit is located in the southeastern portion of the Coalition region and is dominated by 
finer-grained floodplain deposits that are the result of historical episodic flooding of this low-land area. 
This has formed poorly draining soils with generally low hydraulic conductivity characteristics. In 
contrast, the alluvial fans and plains/dissected uplands geomorphic unit, located along the western 
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margins of the Coalition region at the base of the Coast Range, and are comprised of somewhat coarser-
grained materials deposited by higher-energy streams, which exhibit well-drained conditions. 
Evaluations by well depth category and geomorphic unit included separate multiple regressions 
performed using different data subsets. The following well depth class combinations were investigated 
in the analysis:  

• Very Shallow Groundwater wells only; 
• Upper Aquifer wells only; 
• Very Shallow Groundwater wells and Upper Aquifer wells; 
• Very Shallow Groundwater wells, Upper Aquifer wells, and wells of unknown depth; and 
• Lower Aquifer wells. 

 

During the analysis of well data and process of assigning wells to depth zones (as described in Sections 3 
and 5), it was observed that a high percentage of wells in the Coalition region are screened in either the 
Very Shallow Groundwater zone or the Upper Aquifer. Consequently, grouping wells of unknown depth 
zone with Very Shallow Groundwater and Upper Aquifer wells, for the purpose of evaluating 
vulnerability, was consistent with this observed pattern. Most analyses evaluated the combined dataset 
of nitrate concentrations for wells in the very shallow zone and Upper Aquifer because no laterally 
continuous confining layer is known to separate these zones; and therefore, some degree of hydraulic 
communication is likely to occur between these zones.  

 Performing the Multiple Regression Analyses 6.2.4.2.3
Numerous multiple regression analyses were conducted for evaluation and comparison of results. 
Multiple regression analyses were performed by selecting independent variables representing 
characteristics interpreted to be potentially important physical variables that are based on the 
conceptual model for groundwater vulnerability. A stepwise backward elimination process of the 
independent hydrogeologic variable having the highest p value, until all remaining independent 
hydrogeologic variables have p values of less than 0.1 was followed as needed. A p value level of 0.1 was 
used in this study to define statistical significance. P values provide a measure of assessing the 
probability that the result is to have occurred by chance, assuming the null hypothesis is true. A p value 
below 0.1 indicates that the result is unlikely to be a product of random chance alone and is considered 
statistically significant in this evaluation. During the multiple regression analyses, colinearity between 
independent variables was also considered to inform the variable elimination process. Professional 
judgment was also exercised to evaluate whether variables with a high degree of colinearity should be 
retained based on results from the multiple regression analyses and consistency with the conceptual 
model for groundwater vulnerability.  

The spatial correlation between soil hydraulic conductivity and drainage class is observed to be generally 
high in Figures 2-24 and 2-25, although soil drainage class incorporates different characteristics, 
including the presence of wetting conditions, which are not considered in soil hydraulic conductivity. 
Some early results from multiple regression analyses conducted using both of these variables suggested 
relationships for these variables which were inconsistent with one another and with the conceptual 
model for groundwater vulnerability. During many analyses, removal or inclusion of soil hydraulic 
conductivity in the model, while including soil drainage class, resulted in little change in the overall 
model performance, as measured by R-squared values.  For these reasons, soil drainage class was 
included as an independent variable in lieu of soil saturated hydraulic conductivity in many multiple 
regression analyses while exercising professional judgment.  
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Characteristics of the Corcoran Clay were difficult to incorporate into the conceptual model for 
groundwater vulnerability because the Corcoran Clay relative to the depth of the well in which 
observations were made is generally not known because of constraints on available well information. 
This fact also was evident through multiple regression analyses using Corcoran Clay thickness and depth, 
which resulted in counterintuitive and confusing relationships with the dependent variable (i.e., the sign 
of the coefficient was opposite of what is expected based on the conceptual model). Furthermore, 
thickness of the Corcoran Clay was highly positively correlated with depth to water. Largely due to the 
limitation on the availability of specific well depth and construction information in conjunction with 
nitrate observations, characteristics of the Corcoran Clay were excluded in the development of all 
multiple regression models.  

 Multiple Regression Results  6.2.5
Following the stepwise backward elimination process outlined above, multiple regression analyses using 
different land use snapshots, variable transformations, and subsets of the data were performed to 
construct models for assessing groundwater vulnerability. Through these analyses, results for several 
notable analyses were identified for evaluation and comparison as models based on a combination of 
conceptual groundwater vulnerability considerations and output from the multiple regression analyses. 
Three primary statistical analysis models were evaluated and compared in greater detail, as discussed 
below. These models include the following: 

1. Coalition-wide Analysis Model 

2. Geomorphic Units Analysis Model 

3. Soil Drainage Class Model 

Each of these models is derived from analyses conducted on data subsets for Very Shallow Groundwater 
wells, Upper Aquifer wells, and wells of unknown depth. The multiple regression analyses identified 
relationships to observed nitrate concentration with respect to various physical characteristics of the 
hydrogeologic system and setting and these variables were used in models in order to understand 
groundwater vulnerability. The Coalition-wide analysis results are based on analyses of data across the 
entire Coalition region; the Geomorphic Unit Analysis Model was developed from results of evaluations 
conducted on spatially constrained subsets of the data based on location relative to the geomorphic 
units in the Coalition region. Both the Coalition-Wide and Geomorphic Units Model are based on 
analyses conducted using natural-log transformed values of nitrate concentrations. The Soil Drainage 
Class Model is based on an assessment of vulnerability across the entire Coalition region using soil 
drainage class only.   

The results from multiple regression analyses used in development of the models are summarized in 
Table 6-2. Statistical models were developed using separate multiple regression analyses on circa-1990s, 
circa-2000s, and 2013 land use conditions. Accordingly, the results from analyses using the different 
land use snapshots are reported as a range of values as shown in Table 6-2. The results of the multiple 
regression analyses show overall statistical significance (defined at a value of less than 0.1 in this 
assessment) to all of the model regression equations, with all models having an overall p value of less 
than 0.0005. Furthermore, Table 6-2 illustrates patterns in statistical significance of independent 
variables with several hydrogeologic variables consistently exhibiting significant relationships with 
observed nitrate concentrations. Soil drainage class, soil hydraulic conductivity, and sediment texture 
(percent coarseness) were most commonly found to have statistically significant relationships 
throughout the course of the many multiple regression analyses. Although the multiple regression 
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analyses indicate statistical significance to some relationships between independent variables and the 
dependent variable, it is important to note that these results indicate a correlation but not necessarily a 
cause-and-effect relationship between the variables. Some of the correlations identified to be 
statistically significant were not consistent with the conceptual model for groundwater vulnerability, as 
discussed below.   

The R-squared values for the regression models, which provide a measure of the amount of variance in 
the dependent variable that is explained by independent variables, range between 0.33 and 0.37 (based 
on different land use conditions) for the Coalition-Wide Model and from 0.23 to 0.34 for the overflow 
lands Geomorphic Units Model, with notably lower R-squared values between 0.10 and 0.11 for the 
alluvial fans and plains/dissected uplands Geomorphic Units Model. The R-squared values for the Soil 
Drainage Class Model range from 0.30 to 0.34, explaining a similar amount of variance in the dataset as 
the Coalition-Wide Model. In output from a regression analysis, R-squared values have a possible range 
from zero to one. The R-squared values for all of the multiple regression models suggest that there is a 
considerable amount of variance in the dependent variable that is not explained by the independent 
variables included in the multiple regression analyses. The results also indicate that soil drainage class 
(Soil Drainage Class Model) alone explains nearly as much of the variance in the data as the Coalition-
Wide Model, which also includes subsurface sediment texture. Similarly, the relatively lower R-squared 
values for the alluvial fans and plains/dissected uplands Geomorphic Units Model are likely a result of 
the absence of soil drainage class as an independent variable because of the similar soil drainage 
characteristics across this geomorphic unit area. Most interestingly, the results of the analyses suggest 
that there are statistically significant relationships between some hydrogeologic independent variables 
and observed nitrate concentrations in groundwater. The somewhat low R-squared values exhibited by 
some of the multiple regression models are not particularly surprising because there are numerous 
potential sources of variability inherent in the data used in the multiple regression data that are unable 
to be accurately characterized. This groundwater vulnerability assessment has attempted to consider 
some of the hydrogeologic characteristics that are most likely to affect groundwater quality and for 
which data are available. There are many complex hydrogeologic characteristics and interactions that 
influence groundwater quality and not all of these factors are known or measured in the study area, and 
therefore are not available for evaluation in the multiple regression analyses.  

Among the statistical models, there are some similarities in results from all multiple regression analyses 
conducted using different subsets of data and slightly different independent variables. Similar 
independent variables exhibit statistically significant relationships with the dependent variable, although 
the R-squared values for the overall regressions showed some variability among the different models. 
Additionally, results from analyses using different land use conditions (circa-1990s, circa-2000s, and 
2013) show similar statistical relationships although results from analyses using the different land use 
conditions have slightly different R-squared values.  

 Hydrogeologic Independent Variables 6.2.5.1
Significant relationships between hydrogeologic variables and the observed nitrate concentration 
detected in the multiple regression models are discussed below as shown in Table 6-2. The sign (positive 
or negative) of the coefficient for an independent variable indicates the direction of the relationship 
between that variable and the dependent variable. A positive coefficient means that for any given 
increase in the value for the independent variable, the predicted value for the dependent variable will 
increase, holding all other variables constant. Conversely, a negative coefficient means that for a given 
increase in the value for the independent variable, the predicted value for the dependent variable will 
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decrease (holding all other variables constant). The results from multiple regression analyses were used 
to evaluate physical conditions and processes that influence vulnerability to assess the relative 
vulnerability of groundwater. As discussed below, the consistency between results from different 
multiple regression analyses and the consistency of multiple regression results with the conceptual 
model for groundwater vulnerability were of primary consideration during the vulnerability assessment. 

 Soil Characteristics 6.2.5.1.1
The conceptual model for groundwater vulnerability suggests that a positive relationship between the 
ability of soils to transmit water and the observed nitrate concentration in groundwater might be 
expected. Soil drainage class is statistically significant in the Coalition-wide model and was consistently 
identified as being statistically significantly positively correlated with observed nitrate concentrations. 
This means that the more well-drained soils correlate with higher observed nitrate concentrations 
across the analysis conducted for the entire Coalition region. However, soil hydraulic conductivity is also 
a significant variable and negatively correlated with observed nitrate concentrations, which is somewhat 
counterintuitive. Due to the presence of very shallow groundwater in some areas within the Coalition 
region where soils are also of lower hydraulic conductivity, some of these areas might also exhibit 
conditions of higher nitrate conditions, although potentially not because of the soil properties. Such 
confounding issues present considerable challenges in understanding the associations between physical 
characteristics and groundwater quality; although, the analyses conducted as part of the Geomorphic 
Units Model attempted to evaluate such unique aspects associated with the respective environments 
within areas of the geomorphic units. Both the drainage class and hydraulic conductivity of shallow soils 
(generally within 6 feet of the surface) were statistically significant in different models, including the 
Coalition-wide models and the Geomorphic Units Model. However, these variables have a strong 
correlation and colinearity because they measure some of the same soil characteristics, and therefore 
only the soil variable of greatest significance was retained in a given model. In the Geomorphic Units 
Model, the relationship between soil drainage class is positive for the alluvial fans and plains/dissected 
uplands geomorphic unit area; whereas, the soil saturated hydraulic conductivity is more statistically 
significantly correlated with the dependent variable within the overflow lands geomorphic unit and this 
relationship was negative. Under the conceptual model for groundwater vulnerability, the soils with 
better drainage characteristics are expected to be more vulnerable to vertical movement of water from 
the surface, although locations with soils of lower hydraulic conductivity might tend to exhibit higher 
nitrate concentrations because these soils do not drain as readily and therefore salts and nutrients tend 
to accumulate in these soils through evapoconcentration and limited flushing. 

 Deeper Subsurface Sediment Texture 6.2.5.1.2
The relationship between the percentage of coarse materials in the deeper subsurface as represented 
by the CVHM sediment texture model (Faunt et al., 2009 and 2010) and the observed nitrate 
concentration in groundwater would likely be positive with coarser materials correlating with higher 
nitrate observations. High percent coarseness indicates higher hydraulic conductivity, which would be 
expected to enable greater vertical movement of nitrate in the subsurface; in contrast, low percentages 
of coarse materials could indicate the presence of barriers to vertical hydraulic movement that could 
potentially prevent flushing of the hydrogeologic system resulting in build-up of salt and nutrient 
concentrations in the groundwater system. Many different measures of deeper subsurface sediment 
texture were evaluated during the assessment, including for different depth profiles up to the depth of 
the Corcoran Clay. Through the course of multiple regression analyses, use of the average percentage of 
coarse materials in the upper 200 feet (AVG PC 0-200) provided a particularly meaningful and useful 
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measure of subsurface sediment texture that captures deeper subsurface sediment composition in a 
manner that is consistent with the hydrostratigraphy in the area and the vulnerability conceptual model. 
The Corcoran Clay is greater than 200 feet deep throughout the majority of the Coalition region (Figure 
2-10); therefore, this measure of deeper subsurface texture represents a characterization of a thick 
section of the subsurface that overlies the Corcoran Clay. In the separate analyses as part of the 
construction of the primary models being evaluated and compared, the deeper subsurface sediment 
texture variable, as represented by both AVG PC 0-200 and MIN PC 0-200, are statistically significant 
variables, although the sign of the coefficients is consistently negative. This indicates a correlation 
between increasing percent coarse sediments and higher observed nitrate concentrations, which is 
counterintuitive to mechanisms and processes relating overlying land use activities with observed 
groundwater quality based on the groundwater vulnerability conceptual model.  Based on the 
conceptual model for groundwater vulnerability, it is unlikely that these results are indicative of real 
conditions and processes associated with finer-textured subsurface materials that lead to higher 
concentrations of nitrate in groundwater as a result of influences from land use practices. Although 
there are conceivable processes and conditions through which this correlation may exist, it is not 
believed to be an indicator of groundwater vulnerability.   

 Depth to Groundwater 6.2.5.1.3
The conceptual model for groundwater vulnerability holds that any relationship between depth to water 
and observed nitrate concentration in groundwater is expected to be negative; the likelihood of 
encountering higher nitrate concentrations in groundwater is expected to decrease as depth to 
groundwater increases. However, Nolan et al. (2002) found a positive relationship between depth to 
water and nitrate concentrations at a national scale, meaning that as depth to water increases the 
predicted nitrate concentration increases, and attributed this to potential biodegradational processes 
that occur in groundwater at shallow depths. Although this relationship is generally counterintuitive for 
other reasons, depth to water was not significantly corelated with the dependent variable in the primary 
models evaluated. Groundwater occurs at relatively shallow depths across large areas of the Coalition 
region which may make any potential relationship between observed groundwater quality and depth to 
water insignificant or difficult to detect.    

 Non-Hydrogeologic Variables of interest 6.2.5.2
Although land use independent variables were used primarily to control for influences of spatial 
variability in land use treatments on the observed concentration of nitrate in groundwater, notable 
statistically significant relationships for different land uses were observed through the multiple 
regression analyses. Not surprisingly, this suggests that land use practices likely influence the 
groundwater quality, in addition to hydrogeologic characteristics that make certain locations intrinsically 
more vulnerable. Table 6-3 summarizes ranges of values for notable results relating to the land use 
control variables used in the multiple regression analyses. In the statistical analyses conducted, land use 
was used as a control variable in order to quantify statistical relationships between the intrinsic 
hydrogeologic properties and observed groundwater quality characteristics, irrespective of differences 
in land use. The results summarized in Table 6-3 include the range of p-values and coefficients for each 
of the land use control variables used in the multiple regression analyses based on land use snapshots 
from circa-1990s, circa-2000s, and 2013. A p-value of 0.1 or less is considered as significant and only the 
coefficients for land uses with p-values of less than 0.1 are presented in Table 6-3. The coefficients 
represent the mean predicted natural log of the nitrate concentration at a location for each land use 
category relative to a non-agricultural land use and holding all other variables constant. The sign 
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(positive or negative) of the land use coefficient indicates the nature of the relationship exhibited 
between the land use and the observed nitrate concentration; the magnitude of the relationship is 
indicated by the coefficient value. It is important to note that the statistically significant results 
presented in Table 6-3 indicate correlation between variables, but do not suggest a cause-effect 
relationship between the land use and the dependent variable.  

Year of maximum observed concentration was statistically significant in all analyses with a positive 
coefficient indicating relatively higher concentrations in more recent years, when all other variables are 
held constant. 

 Multiple Regression Equation Development 6.2.5.3
From the results of each of the multiple regression analyses, unique linear equations were developed to 
represent different models for relative groundwater vulnerability based on the intrinsic hydrogeologic 
characteristics identified as having statistically significant correlations. The complete linear equation for 
calculation of the relative vulnerability based on these statistical models takes the form of: 

Ŷ = (bHG1HG1 + bHG2HG2 + … + bHGXHGX) 

where,  

Ŷ  relative vulnerability 

b is a coefficient from the multiple regression (multiplier of a statistically 
significant independent variable) 

HG   is a known statistically significant hydrogeologic independent variable 

Observation year and land use were included as independent variables in the multiple regression 
analyses, but their function was first and foremost to account for effects of time and land use practices 
on the dependent variable so that the relationship between hydrogeologic variables and the observed 
nitrate concentration could be discerned. The groundwater vulnerability approach in this GAR was 
aimed at assessing intrinsic groundwater vulnerability across the entire study area based only on 
measured hydrogeologic characteristics. Therefore, vulnerability values were calculated holding land use 
and time constant across the entire study area and the vulnerability scores were generated as relative 
values scaled between the lowest predicted result and the highest predicted result. In this way, relative 
groundwater vulnerability results could be calculated for the entire Central Valley Floor area of the 
Coalition region.  

 Multiple Regression Results Diagnostics 6.2.5.4
Figures 6-19 presents plots of residuals for the different statistical models based on analyses conducted 
using circa-1990s land use conditions. Although only residuals from the circa-1990s land use analyses 
are shown in Figure 6-19, all models exhibited similar residual trends across the three different land use 
snapshots analyzed. The graphs in Figure 6-19 show the distribution of residuals (model-predicted value 
minus observed value) for models. A normal distribution of error (residuals) is a central assumption of 
multiple regression analysis. Residuals from the Coalition-Wide Analysis Model exhibit a relatively 
normal distribution with a reasonably normal distribution across a range of residual values from 
approximately -3 to 3. In the residual plots for the Geomorphic Units Analysis Model (Figure 6-19), the 
distribution of residuals for the overflow lands geomorphic unit is relatively normal whereas the 
residuals for the alluvial fans and plains/dissected uplands geomorphic unit is skewed towards higher 
values. The residuals for the Soil Drainage Class Model exhibit a similar pattern as the Coalition-Wide 
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Model, with a reasonably normal distribution. Plots of residuals versus the predicted value are displayed 
in Figure 6-20 (a-c) and provide an indication of potential biases present in the models. Residual values 
shown in Figure 6-20 are presented as the observed values for a datapoint minus the model predicted 
value. Negative residuals indicate that the relationship identified in the model are over predicting the 
result, whereas positive residuals indicate that the model is under predicting for a location. Linear 
features apparent in these plots, both as diagonal and vertical patterns, represent datapoints sharing 
the same dependent variable value but having different independent variable values (diagonal pattern) 
or datapoints with similar independent variables but different dependent variable values (vertical 
pattern). The most notable diagonal pattern in the plots represents dependent variable values relating 
to the non-detectable concentrations of nitrate, which have been assigned the same untransformed 
value of 0.225 mg/L (as N) in the dataset. Different patterns are notably between the different models 
although the general patterns are very similar. The plots of residuals versus predicted values are 
discussed below with respect to each of the models.    

Global Moran’s I values for the residuals in the models indicate some degree of spatial clustering. This 
may indicate that the assumption of spatial independence of data in the models is not fully met. 
Although this is noteworthy, it is also important to consider the overall objective of the analysis and 
context for the use of this analysis in assessing relative groundwater vulnerability. Although a multiple 
regression model that does not fully meet all of the assumptions could potentially have a greater error 
in predicted values, the results from the models developed in this assessment were compared and 
evaluated in qualitative and quantitative ways to confirm that the results from the model are reasonable 
and consistent with observed groundwater quality data, conceptual understanding of hydrogeologic 
characteristics and potential vulnerability mechanisms, and land use conditions. The main intent of the 
multiple regression analysis is to provide a quantitative assessment of important physical characteristics 
that influence groundwater vulnerability and recognize the local hydrogeologic setting within the 
Coalition region.  

 Groundwater Vulnerability Model Evaluation and Characterization 6.2.6
As described above, several multiple regression analysis models were identified for assessing 
groundwater vulnerability using significant hydrogeologic independent variables. These models were 
compared and evaluated based on quantitative and qualitative (conceptual) performance measures. 
Separate vulnerability equations were developed for each model based on the results from multiple 
regression analyses conducted using the circa-1990s, circa-2000s, and 2013 land use conditions. The 
results from each model equation were compared using graphical presentations of residuals and 
calculated relative groundwater vulnerability values. Using the spatial datasets for the hydrogeologic 
variables, in a GIS grid format at a cell size of 30 meters by 30 meters, model equations were applied to 
the entire Central Valley Floor area within the Coalition region to calculate the relative groundwater 
vulnerability for each model equation. For each model, separate groundwater vulnerability results were 
calculated for each cell based on the multiple regression equations developed from analyses using the 
three different land use conditions. The maximum groundwater vulnerability value calculated from 
these equations for each model was selected for each cell in the Central Valley Floor area of the 
Coalition region. The relative groundwater vulnerability value for a given model represents the 
maximum value selected from the results of three separate calculations using the circa-1990s, circa-
2000s, and 2013 regression equations for each model. The maximum groundwater vulnerability values 
for each model were used to evaluate and compare results through various performance measures.  

 

LSCE, DAVIDS ENGINEERING, and LWA  72 



MARCH, 2015                                       GROUNDWATER QUALITY ASSESSMENT REPORT  
                                                  WESTERN SAN JOAQUIN RIVER WATERSHED              
 

 

Based on preliminary evaluations of the models, results from the different models indicated inconsistent 
and counterintuitive relationships among some independent variables with varying degrees to the 
statistical significance of relationships observed. Numerous analyses, including the Coalition-Wide 
Model, indicated a high statistical significance to the relationship between soil drainage class and 
observed nitrate concentrations. This statistical relationship identified in multiple regression analyses in 
conjunction with the spatial associations evident in patterns of soil drainage and nitrate concentrations 
in groundwater, suggest that drainage class represents characteristics of the landscape that correspond 
with the groundwater vulnerability. The Geomorphic Units Model was used to evaluate whether 
additional variables are significant when analyses are constrained within geomorphic units that 
represent similar environmental conditions. The comparison below summarizes the results and 
performance of these models.  

 Coalition-Wide Model 6.2.6.1
The hydrogeologic independent variables included in the Coalition-Wide Model are soil drainage class 
and deeper subsurface sediment texture (AVG PC 0-200). As discussed above, in Coalition-wide multiple 
regression analyses, soil drainage class exhibits a consistent and statistically significant correlation with 
the dependent variable with a sign that fits the conceptual model for groundwater vulnerability.  Soil 
saturated hydraulic conductivity was also significant in Coalition-wide analyses; however, it was not 
retained in the Coalition-Wide Model because of the counterintuitive sign on the variable coefficient 
and because of potential colinearity with soil drainage class, which has a more conceptually consistent 
relationship with the dependent variable. Table 6-2 shows the range of coefficients and p values for 
these variables in the circa-1990s, circa-2000s, and 2013 model equations. The relationship between 
independent variables and the dependent variable identified in the Coalition-Wide Model indicate the 
presence of some potential confounding influences on groundwater vulnerability that are challenging. 
As shown in Table 6-2, the relationship between soil drainage class and maximum observed nitrate 
concentration is positive indicating that nitrate concentrations tend to be higher in locations with more 
well-drained soils. Meanwhile, the AVG PC 0-200 of subsurface sediments is negatively correlated with 
observed nitrate concentrations. The relationship identified with AVG PC 0-200 suggests a 
counterintuitive relationship with nitrate concentrations wherein the higher nitrate concentrations tend 
to be located where deeper subsurface sediments interpreted to have finer material characteristics 
which likely limit the movement of water. The frequency distribution of residuals for the circa-1990s, 
circa-2000s, and 2013 Coalition-Wide Model equations show a relatively normal distribution as 
displayed in Figure 6-19a.  

Figure 6-20a shows plots of the residuals versus predicted values for each of the Coalition-Wide Model 
equations. These figures illustrate general trends and patterns in the model performance. Overall, these 
plots show data scattered in a generally random pattern, suggestive of limited model bias, although 
there is a general pattern of more positive residuals indicating a general tendency for the model to 
under predict. Interestingly, observed and predicted values are most similar, and the corresponding 
residuals are therefore lowest, for locations where predicted values tend to be lower or higher than 
average. Furthermore, these plots show that although the model has a tendency to under predict across 
the entire dataset, there is a general pattern of over predicting where predicted values are either lower 
or higher than average. The residual patterns exhibited by the model are interesting and make sense 
because in practicality, many of the very high observed values are likely a result of unique and localized 
conditions relating to past land use practices in an area, that are not fully captured in the model. In 
contrast, the model appears to be capturing variables that relate to the vulnerability of some of 
locations, although it is over predicting values at these locations. This suggests that the model is able to 

 

LSCE, DAVIDS ENGINEERING, and LWA  73 



MARCH, 2015                                       GROUNDWATER QUALITY ASSESSMENT REPORT  
                                                  WESTERN SAN JOAQUIN RIVER WATERSHED              
 

 

identify the vulnerability areas in a relative and unbiased manner, although the predicted values are 
generally and consistently below the observed values across much of the range of predicted values. 
Conceptually, this may indicate that observed values can be low in higher vulnerability areas if the land 
use conditions have not greatly impacted the groundwater quality; likewise, this pattern appears to 
suggest that higher observed concentrations tend to be primarily where there are intrinsically more 
vulnerable conditions, as predicted by the model.  

Additional methods of model assessment were performed to evaluate the model performance with 
respect to assessing groundwater vulnerability across the entire study area. The performance of each 
model was evaluated with regard to the spatial relationship between relative groundwater vulnerability 
and the observed groundwater quality. Figure 6-21 shows the relative groundwater vulnerability 
calculated from the Coalition-Wide Model. The spatial distribution of calculated groundwater 
vulnerability was compared with the locations of an historical observed nitrate concentration above the 
MCL standard (“exceedances”) and also locations of historical observations greater than 5 mg/L 
exhibiting a statistically significant increasing trend in concentration, as shown in Figure 6-21. 
Qualitatively, the groundwater vulnerability for the Coalition-Wide Model appears to be reasonable and 
shows quite similar spatial trends in vulnerability as indicated by the observed exceedances. Most of the 
nitrate exceedances are located within areas of higher predicted groundwater vulnerability. Visually, 
results from the Coalition-Wide Model indicate the higher vulnerability areas are in locations dominated 
by high soil drainage conditions. The influence of soil drainage characteristics is illustrated and apparent 
in Figure 6-21. The largest areas of higher vulnerability values within the Coalition region are 
concentrated along the western margins of the Central Valley Floor portion of the Coalition region 
where the near-surface geology consists of alluvial fan deposits in closer proximity to the Coast Range 
sediments source, resulting in soils and subsurface sediments which tend to be of coarser texture with 
higher hydraulic conductivity characteristics. The negative relationship between sediment texture (as 
percent coarse) and observed nitrate concentrations is difficult to detect in Figure 6-21, because of the 
strong influence of soil drainage class in the model results.  

Additional evaluations of model performance more quantitatively using measures based on “capturing” 
of nitrate exceedances and wells with nitrate concentrations greater than 5 mg/L, by vulnerability value 
were also conducted. A high percentage of the nitrate exceedances are captured at the relatively higher 
groundwater vulnerability levels suggesting the model is reasonably assessing the areas of highest 
nitrate concentrations. Similar patterns are exhibited in performance of the model with respect to 
locations with observations greater than 5 mg/L.  

 Geomorphic Units Model 6.2.6.2
As discussed above, the Geomorphic Units Model was developed to consider potential unique 
relationships that may exist between variables within each of the distinctly different geomorphic 
environments present within the Coalition region. The hydrogeologic independent variable included in 
the Geomorphic Units Model for the alluvial fans and plains/dissected uplands geomorphic unit area is 
deeper subsurface sediment texture (AVG PC 0-200), whereas the significant hydrogeologic independent 
variables for the overflow lands geomorphic unit area are soil saturated hydraulic conductivity and 
deeper subsurface sediment texture. Table 6-2 shows the coefficients and p values for these variables for 
the two different geomorphic units. The relationships between independent variables and the 
dependent variable identified in the Geomorphic Units Model do indicate minor differences in variable 
correlations within each of the geomorphic unit areas. As shown in Table 6-2, the relationship between 
sediment texture (AVG PC 0-200) and maximum observed nitrate concentration is negative in results for 
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geomorphic unit areas. This indicates that nitrate concentrations within both geomorphic units tend to 
be higher in locations where the CVHM sediment texture data indicate the presence of overall finer-
grained deeper subsurface materials (from 0 to 200 feet deep). Similarly, the negative correlation of soil 
saturated hydraulic conductivity also indicates that higher nitrate concentrations tend to occur where 
soils have lower capacity to transmit water. Although these correlations are counterintuitive in the 
context of the groundwater vulnerability conceptual model and their indication of real physical 
relationships relating to the vulnerability of groundwater are uncertain, there are conceivable 
mechanisms and conditions wherein this observed correlation could also be attributed to vulnerability 
processes. Intrinsic groundwater vulnerability is largely believed to be driven by characteristics of the 
soils and deeper subsurface sediments that enable water to move vertically into the groundwater at a 
location; however, low conductivity materials may also result in nutrients being retained within parts of 
the aquifer system. The relationship detected for soil saturated hydraulic conductivity may in part be a 
result of the generally low hydraulic conductivity of soils throughout the Coalition region and the 
relationship of deeper subsurface sediment texture may be partly a result of a lower sensitivity of 
groundwater vulnerability to the subsurface sediment texture because of the shallow groundwater 
present across much of the Coalition region. However, particularly in the overflow lands, where soils are 
generally poorly draining and of fine-texture (low hydraulic conductivity), the relative vulnerability may 
be partly influenced by the capacity of soils to transmit water, but also the ability of salts and nutrients 
to be flushed from the subsurface. In the overflow lands, where groundwater is generally shallow, soils 
and subsurface sediments characterized by poor hydraulic conductivity properties tend to experience 
stagnation of water at the surface and in the shallow surface which results in evapoconcentration of 
salts and nutrients in the groundwater. Nevertheless, from the standpoint of intrinsic vulnerability of the 
groundwater system, the causes of these relationships are uncertain. 

The frequency distributions of residuals for the Geomorphic Units Model equations (Figure 6-19b) show 
a relatively normal distribution for the overflow lands geomorphic unit although the distribution of 
residuals for the alluvial fans and plains/dissected uplands unit model is more skewed. Figure 6-20b 
shows plots of the residuals versus predicted values for each of the Geomorphic Units Model equations 
and illustrate general trends and patterns in the model performance. Overall, these plots show generally 
similar results as those from the Coalition-Wide Model with data scattered in a somewhat random 
pattern, suggestive of limited model bias, although there is an overall pattern of more positive residuals 
indicating a greater tendency for both the alluvial fans and plains/dissected uplands and overflow lands 
geomorphic unit models to under predict. Again, observed and predicted values are most similar, and 
the corresponding residuals are lowest, for locations where predicted values tend to be lower or higher 
than average. Futhermore, these plots show that although the model has a tendency to under predict 
across the entire dataset, there is a general pattern of over predicting for both high and low predicted 
values. As with the Coalition-Wide Model, the residual patterns exhibited by the model make sense 
because many of the very high observed values are likely a result of unique and localized conditions 
relating to past land use practices in an area, which are not fully captured in the model. In contrast, the 
model appears to be capturing variables that relate to the vulnerability of some of locations, although it 
is over predicting values at these locations. As with the Coalition-Wide Model, this suggests that the 
model is able to identify the vulnerability areas in a relative manner, although the predicted values are 
generally and consistently below the observed values across much of the range of predicted values. 
Conceptually, this may indicate that observed values can be low in higher vulnerability areas if the land 
use conditions have not greatly impacted the groundwater quality; likewise, this pattern appears to 
suggest that higher observed concentrations tend to be primarily where there are intrinsically more 
vulnerable conditions, as predicted by the model.  

 

LSCE, DAVIDS ENGINEERING, and LWA  75 



MARCH, 2015                                       GROUNDWATER QUALITY ASSESSMENT REPORT  
                                                  WESTERN SAN JOAQUIN RIVER WATERSHED              
 

 

The performance of the Geomorphic Units Model was further evaluated with respect to assessing 
groundwater vulnerability across the entire study area, with the multiple regression equation developed 
for each geomorphic unit area applied only within the respective geomorphic unit. Figure 6-22 shows 
the maximum calculated groundwater vulnerability from equations developed for the Geomorphic Units 
Model. The spatial distribution of calculated groundwater vulnerability was compared with the locations 
of an historical observed nitrate concentration above the MCL standard (“exceedances”) and also 
locations of historical observations greater than 5 mg/L, which also exhibited a statistically significant 
increasing trend in concentration, as shown in Figure 6-22. Qualitatively, the groundwater vulnerability 
for the Geomorphic Units Model appears to be reasonable and shows spatial trends in vulnerability that 
generally are very similar to spatial patterns in the observed exceedances. Most of the nitrate 
exceedances are located within areas of higher predicted groundwater vulnerability. Locations with 
higher predicted vulnerability within the alluvial fans and plains/dissected uplands geomorphic unit area 
appear to be dominated by areas with well-drained soil conditions; whereas, within overflow lands, the 
areas of higher predicted vulnerability tend to be areas with finer-textured subsurface sediments. The 
influence of the characteristics associated with these variables is illustrated and apparent in Figure 6-22. 
As depicted in the other vulnerability models discussed above, higher vulnerability values within the 
Coalition region are concentrated along the western margins of the Central Valley Floor portion of the 
Coalition region where the near-surface geology consists of alluvial fan deposits in closer proximity to 
the Coast Range sediments source, resulting in soils and subsurface sediments which tend to be of 
coarser texture with higher hydraulic conductivity characteristics. Quantitative performance 
assessments also indicate  an overall good model performance, using measures based on “capturing” of 
nitrate exceedances and wells with nitrate concentrations greater than 5 mg/L, by vulnerability value.  

Overall, the Geomorphic Units Model results show a clear pattern between groundwater vulnerability 
percentile and the observed nitrate at locations as shown in Figure 6-20b. This figure shows that the 
calculated groundwater vulnerability is relatively higher in areas where observed nitrate is higher; 
however, as described above, there are areas where the groundwater vulnerability is high even though 
the nitrate concentrations in groundwater are still relatively low. Although it is many of these areas of 
low observed nitrate that have the largest residuals in the model, this pattern is expected and these 
areas likely represent areas where past land use practices have resulted in less contamination of 
groundwater despite the hydrogeologic conditions that make the areas more vulnerable. Nevertheless, 
because of the counterintuitive correlations in the model, it is questionable whether the Geomorphic 
Units Model is assessing vulnerability based on real mechanistic-based relationships that influence 
vulnerability.   

 Soil Drainage Class Model 6.2.6.3
The Soil Drainage Class Model assesses groundwater vulnerability based on the soil drainage class. As 
discussed above, in Coalition-wide multiple regression analyses, soil drainage class exhibits a consistent 
and statistically significant correlation with the dependent variable with a sign that fits the conceptual 
model for groundwater vulnerability.  Other independent hydrogeologic variables evaluated at the 
Coalition-wide scale indicate counterintuitive relationships with observed nitrate concentrations making 
their influence on groundwater vulnerability questionable. Table 6-2 shows the range of coefficients and 
p values for soil drainage class in the circa-1990s, circa-2000s, and 2013 model equations. As shown in 
Table 6-2, the relationship between soil drainage class and maximum observed nitrate concentration is 
positive indicating that nitrate concentrations tend to be higher in locations with more well-drained 
soils. As with the Coalition-Wide Model, the frequency distribution of residuals for the circa-1990s, circa-
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2000s, and 2013 Soil Drainage Class Model equations show a relatively normal distribution as displayed 
in Figure 6-19c.  

Figure 6-20c shows plots of the residuals versus predicted values for each of the Soil Drainage Class 
Model equations. These figures illustrate general trends and patterns in the model performance that are 
nearly identical to those exhibited by the Coalition-Wide Model. As with the Coalition-Wide Model, 
points are scattered in a somewhat random pattern, suggestive of limited model bias, although as with 
the other models, there is an overall pattern of more positive residuals indicating a general tendency for 
the model to under predict. Observed and predicted values are most similar for locations where 
predicted values tend to be lower or higher than average. Although the model has a tendency to under 
predict across the entire dataset, there is a general pattern of over predicting where predicted values 
are either lower or higher than average. The residual patterns exhibited by the model suggest that many 
of the very high observed values are more likely a result of unique and localized conditions relating to 
past land use practices in an area than they are a result of such high vulnerability. The Soil Drainage 
Class Model appears to capture conditions that relate to the vulnerability of some of locations, although 
it is also over predicting values at many of these locations. This suggests that the model is able to 
identify the vulnerability of areas, although the predicted values are generally and consistently below 
the observed values across much of the Coalition region. As noted above for other models, this pattern 
may indicate that observed values can be low in higher vulnerability areas if the intensity of land use 
conditions at location has not been as great as other areas of similar land use resulting in a lesser impact 
on the groundwater quality. Higher observed concentrations tend to be primarily where there are 
intrinsically more vulnerable conditions, as predicted by the model.  

Because the Soil Drainage Class Model is based solely on the hydrogeologic variable of mapped soil 
drainage class, the spatial distribution of relative groundwater vulnerability resulting from this model is 
the same as the soil drainage class, as presented previously in Figure 2-26. The spatial distribution of 
calculated groundwater vulnerability was compared with the locations of an historical observed nitrate 
concentration above the MCL standard (“exceedances”) and also locations of historical observations 
greater than 5 mg/L exhibiting a statistically significant increasing trend in concentration, as shown in 
Figure 6-23. Qualitatively, the groundwater vulnerability based on the Soil Drainage Class Model shows 
quite similar spatial trends in vulnerability as indicated by the observed exceedances. Most notably, a 
large fraction of the nitrate exceedances and wells with nitrate concentrations greater than 5 mg/L with 
a statistically significant increasing trend in concentration, are located within areas of more well drained 
soil conditions, which represent areas of relatively higher predicted groundwater vulnerability. These 
areas are located generally along the western side of the Central Valley Floor of the Coalition region, 
which coincides with the extent of the alluvial fans and plains geomorphic unit, where coarser-grained 
alluvial fan deposits form along the base of the Coast Range resulting in soils that more readily transmit 
water vertically into and within the subsurface.  

Figure 6-24a shows the overall good model performance more quantitatively using measures based on 
“capturing” of nitrate exceedances and wells with nitrate concentrations greater than 5 mg/L, by soil 
drainage class. Nitrate exceedances shown and discussed are for all wells, regardless of depth category, 
(i.e., Very Shallow Groundwater, Upper Aquifer, Lower Aquifer, Composite, and unknown depth) in 
which any past measurement of nitrate concentration has exceeded the MCL of 10 mg/L. As shown in 
Figure 6-24a, a notably high percentage of the nitrate exceedances occur where soils have relatively 
better drainage characteristics ranging from moderately well drained to excessively drained. Equally 
notable is relatively fewer exceedances that occur in areas where soils have relatively poor drainage 
characteristics. This suggests that the model based on soil drainage class reasonably assesses the areas 
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of highest nitrate concentrations. Similar patterns are exhibited in performance of the model with 
respect to locations with observations greater than 5 mg/L (Figure 6-24b). The generally strong 
agreement between soil drainage class and observed maximum nitrate concentration is also confirmed 
by a plot of distance of exceedances to the highest vulnerability areas (Figure 6-24c), as defined by soils 
with drainage classes of moderately well drained, well drained, somewhat excessively drained, and 
excessively drained. This figure shows that exceedances that are not within the higher vulnerability soils 
based on soil drainage class are generally in close proximity to the area with a high percentage (60 
percent) of these outlier exceedances occurring within one-half mile and 53 percent located within one-
quarter mile of higher predicted vulnerability areas based on soil drainage class.   

 Defining the High Vulnerability Area Using the Soil Drainage Class Model 6.2.7
Overall, each of the models investigated predicted very similar patterns in groundwater vulnerability 
within the Coalition region, although based on different equations. Ultimately, review of the model 
output and the significant variables indicated that soil drainage class alone was the most meaningful 
variable with which to assess vulnerability, based on several factors: 

• statistical results indicating significance and a reasonable conceptual relationship with 
vulnerability,  

• quantitative measures with respect to nitrate exceedances, and  
• visual comparison with observed nitrate concentrations in groundwater.  

As shown in Figure 6-24a, a high percentage of exceedance wells and wells with nitrate concentrations 
of 5 mg/L or greater with increasing trends, are captured within the more well drained soil classes 
suggesting their relatively higher groundwater vulnerability areas based on the Soil Drainage Class 
Model. Additionally, a great number of exceedance wells are within close distance to the areas mapped 
as moderately well drained, well drained, and somewhat excessively drained soil drainage classes. 
Figure 6-24a shows the notable decrease in exceedance wells or wells with nitrate concentrations of 5 
mg/L or greater with increasing trends that occur within areas with soils of relatively poor drainage 
characteristics.  All models evaluated showed similar performance in assessing vulnerability, but 
qualitative and quantitative evaluation of the models, with consideration of the conceptual aspects of 
each, suggested that the Soil Drainage Class Model was the most reasonable model for use in assessing 
groundwater vulnerability within the Coalition region.  

Based on selection of the Soil Drainage Class Model for use in identifying high vulnerability areas, a 
Hydrogeologic High Vulnerability Area (HHVA) was identified for areas mapped as moderately well 
drained, well drained, somewhat excessively drained, and excessively drained. These soil drainage 
classes were identified as indicating high vulnerability conditions because a notable break in the capture 
rate for exceedance wells and wells with nitrate concentrations of 5 mg/L or greater with increasing 
trends (including wells of all depths) exists between the moderately well drained soils and somewhat 
poorly drained soils, as shown in Figure 6-24a.  Figure 6-24c shows that most exceedances occur within 
or in close proximity to areas characterized by these soil drainage characteristics. To account for some of 
the ambiguity associated with the high vulnerability cutoff based on mapped soils, and because of the 
gradational nature (transition from coarse to fine deposits) and potential intrinsic heterogeneity and 
discontinuity of soils and other subsurface materials, a buffer of up to 0.5 miles was extended around 
the high vulnerability soil drainage classes to enclose areas where an observed exceedance has 
historically occurred. These exceedance locations represent areas where groundwater has already been 
impacted and the buffer takes into consideration the presence of exceedances in proximity to soils 
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identified to have higher vulnerability characteristics. Additional areas with nitrate exceedances 
occurring within more poorly-drained soils were investigated with respect to the timing, frequency, and 
general nature of the exceedances in order to assess whether exceedances were suggestive of more 
vulnerable conditions at a location or were more likely to be anomalous occurrences. Among the 
exceedance wells not previously enclosed in the HHVA based on location relative to soil drainage class, a 
relatively higher number occurred where subsurface sediment texture is coarser, as shown in Figure 6-
25. Several additional HHVAs were outlined where exceedances were identified at a greater density and 
where subsurface materials indicated a greater potential for vertical movement of water into and 
through the subsurface.  

 Additional Assessment of Vulnerability in the Southwestern Coalition 6.2.7.1
Region 

Review of available data relating to the hydrogeologic conditions and groundwater quality conditions in 
the southwestern portion of the Central Valley Floor within the Coalition region, suggested a need for 
unique treatment of this area. There are notably few wells within this area, which directly abuts the 
Coast Range, and no identified nitrate exceedances in groundwater. The subsurface sediment texture 
model from CVHM also has very limited point control in this area. Consequently, additional review of 
hydrogeologic information was conducted in this area in order to evaluate whether the Soil Drainage 
Class Model is a reasonable tool for assessing vulnerability in this area. This evaluation consisted of a 
focused review of additional available data sources including mapped geology, lithologic logs from wells 
and testholes, and groundwater level and quality data within this area. This area is characterized by 
relatively lower-permeability alluvial fan deposits (Croft, 1972) shown in Figure 2-7, and lithologic logs 
indicate the presence of considerable clay deposits throughout the vertical profile at many locations. 
Additionally, available data representing groundwater levels in the area indicate that depth to 
groundwater is great over much of this area, with some shallower groundwater levels occurring only in 
the vicinity of the California Aqueduct, likely resulting from leakage by the canal. These factors, in 
conjunction with the generally high slopes, which also constrain the locations of irrigated agriculture and 
irrigation practices to high efficiency methods, suggest this area is largely lower vulnerability. A small 
area, where mapped surficial geology, lithology from boring logs, and CVHM data indicate the presence 
of relatively coarser subsurface sediments and where groundwater is relatively shallower, is identified as 
an area of high vulnerability.  

 High Vulnerability Areas on the Eastern Side of the San Joaquin River 6.2.7.2
The Westside Coalition region extends across to the eastern side of the San Joaquin River in several 
areas, in part because of member affiliations. Although these areas are within the extent of the 
Westside Coalition boundary, the hydrogeologic setting in these areas is more similar to other areas 
within the Eastern San Joaquin River Watershed. Therefore, relationships between intrinsic 
hydrogeologic factors and groundwater vulnerability developed for the Eastern San Joaquin River 
Watershed, and outlined in the GAR for the East San Joaquin Water Quality Coalition (LSCE, 2014), are 
more appropriately applied to these areas. The high vulnerability areas in the Eastern San Joaquin River 
Watershed were identified based on hydrogeologic characteristics of soil hydraulic conductivity, depth 
to water, and slope. High vulnerability areas within the Coalition region falling on the eastern side of the 
San Joaquin River were identified based on the assessment conducted as part of the GAR for the Eastern 
San Joaquin River Watershed (LSCE, 2014).   
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The combined areas identified as HHVAs include areas with soils having relatively well drained 
characteristics, with specific local considerations applied to the area in the southwestern part of the 
Coalition and on the eastern side of the San Joaquin River, as discussed above. The complete HHVA for 
the Westside Coalition region is shown in Figure 6-26 and defines the area where groundwater is most 
likely to be vulnerable to contamination based on identified hydrogeologic characteristics in accordance 
with the Soil Drainage Class Model and based on additional professional interpretations.  

Figure 6-26 also illustrates the locations of historical observed nitrate concentrations of 10 mg/L or 
greater or above 5 mg/L (as N) in groundwater relative to the extent of the HHVA. A considerable 
fraction of wells with observed nitrate concentrations of 10 mg/L or greater or above 5 mg/L with an 
increasing trend in nitrate concentration fall within the HHVA; similarly, most of the wells with observed 
nitrate concentrations above 10 mg/L also are located within the HHVA. A total of 90 percent of all 
exceedances within the Coalition region fall within the HHVA and any exceedances falling outside these 
areas are addressed below. Table 6-4 characterizes wells with nitrate concentrations of 5 mg/L (as N) or 
greater and their locations with respect to the extent of the HHVA. Out of 311 wells with nitrate 
concentrations between 5 and 10 mg/L, 253 wells (81 percent) are within the HHVA and only 58 are 
located outside; of the 40 wells exhibiting a nitrate concentration above 5 mg/L (as N) and a statistically 
significant increasing trend in concentration, 22 are located within the HHVA. Similarly, 335 (90 percent) 
of the 374 wells with nitrate concentrations of 10 mg/L or more are located within the HHVA; 39 of 
these wells are located outside the HHVA (Table 6-4). Of a total of 685 wells with historical nitrate 
concentrations greater than or equal to 5 mg/L (as N), 588 (86 percent) of these wells are located within 
the HHVA.  

 High Well Vulnerability Areas 6.2.7.3
Areas where exceedances have occurred but which fall outside the HHVA, without any indication of 
hydrogeologic factors or greater areal extent to the exceedances, were designated as High Well 
Vulnerability Areas (HWVA) because they have been added to capture wells with nitrate exceedances, 
although there are no other indicators of hydrogeologic vulnerability at these locations. As indicated in 
Table 6-4, 39 wells with a maximum nitrate concentration of 10 mg/L or greater are located outside of 
the HHVA. Two regulated facilities within the Coalition region account for 22 of these wells. One site is 
an agricultural chemical distribution facility at which contaminants of concern include nitrate in addition 
to various pesticides. Nitrate concentrations ranging from 20 mg/L (as N) to 670 mg/L have been 
observed in 18 wells at the site, with an average nitrate concentration of 156 mg/L (as N). The other 
facility is a landfill located outside the Central Valley Floor where high nitrate concentrations have been 
observed in conjunction with extremely high concentrations of TDS (>13,000 mg/L) and numerous heavy 
metals and volatile organic compounds as a result of leaching of landfill waste into the groundwater. 
The high nitrate concentrations at these sites are not likely to be a result of irrigated agriculture; 
therefore, these wells were not considered as HWVAs. A 0.5-mile buffer was included around the 
remaining outlier wells to define each HWVA; this buffer was used because it represents the proximity 
to the more vulnerable soil drainage classes where most exceedances occurred, suggesting a potential 
for source areas to influence water quality at a distance. The HWVAs are also identified on Figure 6-26 
illustrating the locations of exceedances resulting in the HWVAs. The HWVAs are included as part of the 
high vulnerability area designated in this GAR, but are distinct from the HHVA because they are not in 
areas of predicted high vulnerability based on hydrogeologic conditions. In the future, the Coalition may 
seek to obtain additional information to address whether these HWVAs are appropriately designated as 
high vulnerability. There may be unique characteristics of the vulnerability outlier wells within the 
HWVAs with regard to potential contaminant sources or well construction that have contributed to the 
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elevated nitrate concentration. Additionally, closer evaluation of water quality trends in all wells in 
these areas may help evaluate the general groundwater quality in the immediate area of any 
exceedances and identify whether the exceedances are a result of a spurious and anomalously high 
results or possibly because of some other localized impact. The combined areas of the HHVAs and 
HWVAs represent the Westside High Vulnerability Area (Westside HVA) as defined for this GAR. The 
individual components comprising the Westside High Vulnerable Area are presented in Figure 6-27. The 
extent of the Westside HVA within the irrigated lands area of the Coalition region is also displayed in 
Figure 6-27.  

Table 6-8 summarizes and compares the vulnerability areas as developed in this GAR. The total number 
of acres in the HHVA is approximately 285,159 acres. Approximately 202,000 acres of the HHVA occur 
within the irrigated lands portion of the Coalition region representing about 47 percent of the irrigated 
acres. The addition of the HWVAs increases the high vulnerability area by 7,012 acres to a total of 
292,171 acres within the Coalition region. Of these 292,171 acres of the Westside HVA, 207,567 acres 
are identified as irrigated lands.   

 Comparison of the Westside High Vulnerability Area (Westside HVA) 6.2.8
A visual comparison of the Westside HVA developed in this GAR with results from Nolan et al. (2002), as 
presented in Figure 6-3¸illustrates general agreement across most of the Coalition region. Soil drainage 
class is a statistically significant variable included in the analysis by Nolan et al. (2002), although that 
analysis also included an inverse relationship with depth to water in addition to a basic mapped geology 
and land use considerations. Areas identified by Nolan et al. (2002) as having higher probability of 
having nitrate concentrations above 4 mg/L are also generally identified as part of the Westside HVA 
(Figure 6-27). Among the many differences between methods employed by Nolan et al. (2002) and 
those used in determining the Westside HVA in this GAR, one of the main aspects that differentiates the 
method used in this assessment is its focus on the physical hydrogeologic characteristics and conditions 
as they relate to vulnerability. Although variability in land use was considered and controlled for in 
statistical analyses used to identify significant relationships between physical conditions and 
groundwater quality, land use was not used as an input to define the vulnerability in this assessment like 
it was in the assessment by Nolan et al. (2002) and as it is in the NHI method. As discussed above, this is 
important because the HVA represents an area with intrinsically higher groundwater vulnerability, 
regardless of the land use, which is a variable that can, and is likely to, change in time.  

When compared with areas identified as GWPAs by DPR (Figure 6-2) and SWRCB Hydrogeologically 
Vulnerable Areas (Figure 6-1), very few areas designated by DPR or SWRCB as having higher vulnerability 
characteristics are located within the Coalition region. The SWRCB identified 37,286 acres of 
Hydrogeologically Vulnerable Areas within the Coalition region, all of which fall along the far western 
edge of the Central Valley Floor. This area only encompasses 6 out of 396 (<2 percent) of the historical 
observed nitrate exceedances within the Coalition region. The GWPAs mapped by DPR are identified by 
PLSS one-square mile section and include approximately 25,000 acres of area within the Coalition 
region, all of which are different from the SWRCB Hydrogeologically Vulnerable Areas. The DPR GWPAs 
represent areas where soil and depth to groundwater conditions within a section are similar to 
conditions in sections in which pesticides have been detected. Only 3 out of 396 (<1 percent) of 
historical observed nitrate exceedances are located within the DPR GWPAs. The Westside HVA includes 
about 61 percent of the area mapped by SWRCB as Hydrogeologically Vulnerable Areas and covers 
about 29 percent of the sections identified as GWPAs by DPR; however, the Westside HVA encapsulates 
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all known nitrate exceedances within the Coalition region for which irrigated agriculture is potentially 
the cause.  

A comparison of TDS concentrations relative to the Westside HVA is shown in Figure 6-28 and 
summarized in Table 6-4. Many potential confounding factors unrelated to irrigated agriculture exist 
with observed TDS concentrations in groundwater. Accordingly, while the Westside HVA also captures 
many wells exhibiting high salinity as is illustrated in Table 6-4, the presence of naturally occurring high 
salinity in areas makes this comparison less meaningful as an indicator of groundwater vulnerability to 
impacts from irrigated agriculture within the Coalition region. Approximately 51 percent of the wells 
with TDS concentrations between 1,500 and 3,000 mg/L are located within the HHVA. Of the wells with 
TDS concentrations of at least 3,000 mg/L, 36 percent of these wells are inside the HHVA. Most of the 
wells with the highest observed TDS concentrations are in areas of poor drainage conditions and outside 
of the extent of the irrigated lands (Figure 4-1). More notably, as shown on Figure 6-29, the Westside 
HVA overlaps with all of the sections within which a historical pesticide exceedance has occurred, with 
approximately 71 percent of the area of sections with a historical pesticide exceedance encapsulated by 
the Westside HVA. Additionally, of the sections within which a historical pesticide detection occurred 
(Figure 5-30), about 64 percent of the area of these sections is within the Westside HVA, and greater 
than 93 percent of the 59 sections with a detection are overlapped by a part of the Westside HVA. In 
contrast, DPR and SWRCB areas capture none of the sections with pesticide exceedances and the DPR 
area covers only 8 percent of the sections with pesticide detections while the SWRCB’s area captures 
only 3 percent of sections with a pesticide detection. As discussed in Section 5, pesticide data available 
from DPR are only provided by the section in which the well is located. 

 Summary of the Western San Joaquin River Watershed High Vulnerability 6.2.9
Area 

The approach to determining groundwater vulnerability developed in this GAR is based on adaptations 
to index- and overlay- based methods and incorporates identification of important input physical 
variables based on the results from statistical analyses. Bivariate comparisons were used to evaluate 
potential relationships between physical characteristics and groundwater quality. Multiple regression 
analyses were used to detect significant relationships between hydrogeologic characteristics and 
observed groundwater quality conditions across the Coalition region, while controlling for different land 
use types. Analyses were conducted to identify relationships between physical characteristics and 
vulnerability within the context of the hydrogeologic system present within the Coalition region 
consisting of three groundwater zones (a Very Shallow Groundwater zone, a semi-confined Upper 
Aquifer, and a confined Lower Aquifer below the Corcoran Clay). Hydrogeologic variables investigated 
focused on soil drainage class, soil hydraulic conductivity, deeper subsurface sediment texture, depth to 
water, and Corcoran Clay characteristics including thickness. Only hydrogeologic variables that could be 
evaluated in a manner consistent with the conceptual model were considered in the vulnerability 
assessment. Evaluating vulnerability within the Coalition region was challenging due to the complex 
hydrogeologic setting. Multiple regression analyses were conducted using observed nitrate 
concentrations as the dependent variable and evaluation of correlations with physical hydrogeologic 
independent variables. Land use categories as mapped for three time periods (circa-1990s, circa-2000s, 
and 2013) were evaluated as controlling independent variables during the assessment. 

Using multiple regression, significant (p-value < 0.1) independent variables were identified and selected 
for further comparison and evaluation from quantitative and qualitative standpoints as vulnerability 
models. The three models evaluated were as follows:  
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• Coalition-Wide Analysis Model –includes significant hydrogeologic independent variables of soil 
drainage class and subsurface sediment texture (AVG PC 0-200); 

• Geomorphic Units Analysis Model – two separate analyses conducted within unique 
geomorphic unit areas; overflow lands unit includes soil hydraulic conductivity and subsurface 
sediment texture (AVG PC 0-200); alluvial fans and plains/dissected uplands unit includes 
subsurface sediment texture (AVG PC 0-200);  

• Soil Drainage Class Model – based on mapped soil drainage class only. 

The vulnerability areas indicated by each of these assessments were compared and evaluated. 
Thresholds indicating high vulnerability for significant variables were determined and adjusted using 
qualitative assessments based on professional judgment and using comparisons of areas relative to 
observed nitrate concentrations, especially exceedances. Following this process, a high vulnerability 
area defined on hydrogeologic characteristics (HHVA) and represented largely by soils with relatively 
well draining characteristics, was identified. Because of the limited available data relating to 
groundwater and hydrogeologic conditions in the southwestern part of the Coalition region, assessment 
of groundwater vulnerability in this area was conducted through review of additional information 
relating to more local groundwater and subsurface conditions in this area. In areas within the Coalition 
region located on the eastern side of the San Joaquin River, where hydrogeologic conditions are more 
similar to other areas on the east side of the River, the analysis of vulnerability for the Eastern San 
Joaquin River Watershed was used as the basis for identifying high vulnerability areas. The HHVA 
encompasses most wells with elevated nitrate concentrations. The locations of wells with maximum 
historical nitrate concentrations of 10 mg/L (as N) or greater and also wells with maximum 
concentrations greater than or equal to 5 mg/L that exhibit statistically significant increasing trends in 
concentrations were incorporated through delineation of HWVAs through inclusion of a 0.5-mile radius 
around outlier wells when they are located away from the HHVA. The high vulnerability area defined for 
the Coalition region (Westside HVA) includes the combined HHVA and HWVA areas and totals 292,171 
acres, of which 207,567 acres are irrigated land (Figure 6-27). 

6.3 Prioritization of High Vulnerability Area 
For planning of future monitoring and management efforts focused on the Westside HVA and to fulfill 
requirements of the WDR, all areas within the HVA were prioritized. In Attachment E the WDR identifies 
a number of factors to be considered in prioritizing high vulnerability areas. These factors include the 
following: 

• Identified exceedances of water quality objectives, 

• Proximity to areas contributing recharge to urban and rural communities that rely on groundwater 
as a source of supply, 

• Existing field and operational practices identified to be associated with irrigated agricultural waste 
discharges that are the cause or source of groundwater quality degradation, 

• The largest acreage commodity types comprising up to at least 80 percent of irrigated agriculture in 
the high vulnerability areas, 

• Legacy or ambient groundwater conditions, 

• Groundwater basins currently proposed to be under review by CV-SALTS, and 
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• Identified constituents of concern. 

In an effort to objectively incorporate the many factors identified for consideration as part of the 
prioritization, a system was developed with which to calculate priority values across the high 
vulnerability area. From these priority calculations, priority areas ranging from priority 1 (high priority) 
to priority 4 (low priority) were identified to inform groundwater monitoring and management efforts.  

 Prioritization Calculation Approach 6.3.1
In order to capture the prioritization factors identified in the WDR, a prioritization matrix was developed 
in which various components of the prioritization scheme are ranked and weighted in order to calculate 
continuous priority values across the HVA. Table 6-6 describes the prioritization matrix used in detail, 
including all of the factors identified in the WDR and how they are accounted for in the matrix. Many of 
the prioritization components identified in the WDR overlap with and relate to common conditions. For 
example, there is overlap in consideration of legacy conditions of the groundwater, locations of MCL 
exceedances, and identified constituents of concern since they all represent measures of groundwater 
quality conditions. In order to understand the overall weighting of the general conditions measured by 
these components, Table 6-6 shows how components were grouped into categories and how weighting 
of individual components was treated in the priority calculation. Some additional components not 
identified in the WDR were included in the prioritization matrix, including measures of groundwater 
vulnerability and temporal trends in groundwater quality.  

Using the parameters identified in the prioritization matrix, a priority value was calculated for all 
locations (on a 30-meter cell scale, or 900 square meter cell size) within the HVA. For each component 
considered in the priority calculation, all locations within the HVA received a ranking value of zero to ten 
(from low to high) based on the measures of each specific component at the location. This was 
performed for all components included in the prioritization matrix (Table 6-6). After all components 
were ranked for each location, a weighting of the components was applied based on the relative 
importance of each component in the prioritization calculation. Factors of greater importance in the 
priority calculation were weighted higher. In this way, a priority value was calculated for all locations 
within the HVA from which high priority areas could be identified. The components and groupings 
included in the prioritization matrix are detailed in Table 6-6 and further discussed below. In rankings of 
all components, if no data were available with which to perform the ranking for a location, then a 
neutral ranking value of five was assigned to the location. This was done to minimize potential biasing of 
the prioritization as a result of limitations in data availability.   

The prioritization matrix components were grouped into four main categories for understanding and 
context of the overall weighting of factors. These four categories include: hydrogeologic groundwater 
vulnerability, existing groundwater quality conditions, land use, and other factors, including proximity to 
communities reliant on groundwater. The hydrogeologic groundwater vulnerability component was 
used as a way of incorporating a measure of intrinsic vulnerability at locations based on factors 
identified to represent vulnerable conditions in the determination of groundwater vulnerability 
described above. The hydrogeologic groundwater vulnerability component was ranked according to two 
different physical factors that are identified or believed to influence the vulnerability of groundwater. 
These include soil drainage class and subsurface sediment texture. These measures were assigned a 
combined weight of 15 percent as shown in Table 6-6. 

Legacy or ambient conditions of groundwater quality were incorporated through measures of the 
observed groundwater quality and from temporal trends in groundwater quality. Groundwater nitrate 
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concentrations in the Very Shallow Groundwater and Upper Aquifer zones were considered 
independently with different weighting factors applied, as shown in Table 6-6. These measures were 
ranked from zero to ten based on average nitrate concentration and average temporal trend in nitrate 
in any zone within one half mile. The nitrate data used in ranking these measures are shown in Figures 
5-9, Figure 5-11, and Figure 5-13. Factors related to MCL exceedances were incorporated through a 
ranking based on distance from the nearest nitrate exceedance. Ranking value for distance from an MCL 
exceedance decreased with distance from the exceedance location following guidelines outlined in 
Table 6-6. The data shown in Figure 5-9, Figure 5-11, and Figure 5-13 were used in this ranking and a 
relatively low weighting of 2.5 percent was applied because a measure of extreme nitrate 
concentrations was also included through incorporation of average nitrate concentration. The last 
component identified in the WDR relating to existing groundwater quality conditions is identified 
constituents of concern. Pesticide detection data from DPR were used to represent this measure for 
ranking in the prioritization calculation. The ranking for this factor was conducted based on percent of 
wells with a detection occurring in a section. This component was also weighted relatively low at 2.5 
percent because data from DPR are only provided to a section spatial resolution. Data used for ranking 
of this component are shown in Figure 5-30. 

The components identified in the WDR, including existing field or operational practices and the largest 
acreage commodities comprising up to at least 80 percent of irrigated agriculture within the HVA, were 
considered as general measures related to land use. To incorporate these factors, the prioritization 
matrix used typical applied nitrogen rates, typical irrigation method, and top 80 percent commodities 
within the HVA as ranking measures. Typical applied nitrogen rate by land use category was ranked at 
locations following applied nitrogen value ranges for 2005 shown in Table 4-2. Land use was determined 
from USDA 2013 land use data as shown in Figure 4-4. Accordingly, ranking values for applied nitrogen 
were assigned to land uses and it was weighted at 7.5 percent. Typical irrigation method by land use 
category was based on data from DWR circa-2000s land use surveys and as shown in Table 4-5 and was 
ranked by location using the 2013 USDA land use data. Land use categories were ranked zero to ten 
based on percentage of different types of irrigation methods used in the circa-2000s land use time 
period. Irrigation method was weighted at 12.5 percent in the priority calculation. Whether a 
commodity represents one of the commodities that comprise the top 80 percent of the HVA was also 
incorporated as a yes/no factor based on land use category and was weighted at 2.5 percent. The top 
land use categories are shown in Table 4-4. 

Other prioritization factors identified in the WDR such as proximity to contributing areas to communities 
reliant on groundwater and groundwater basins currently under review by CV-SALTS were also 
incorporated. Proximity to contributing areas for communities reliant on groundwater was included 
based on the calculated contributing groundwater to locations of the communities identified, as 
described in Section 3 and shown on Figure 3-21 and listed in Table 3-2. The ranking system was based 
on distance from the community boundary with a greater weighting on locations within a contributing 
area to a community reliant on groundwater. This factor was weighted high at 30 percent because these 
communities rely on groundwater as a significant source of supply. Initial Analysis Zones (IAZ) from CV-
SALTS and the preliminary prioritization determined by CV-SALTS for each IAZ with respect to nitrate in 
groundwater were used as a prioritization factor (LWA, LSCE et al., 2013). Priority IAZs were identified as 
those with a priority value of 3 or 4 assigned by CV-SALTS. The weighting of this factor was relatively low 
at 2.5 percent. 

 

LSCE, DAVIDS ENGINEERING, and LWA  85 



MARCH, 2015                                       GROUNDWATER QUALITY ASSESSMENT REPORT  
                                                  WESTERN SAN JOAQUIN RIVER WATERSHED              
 

 

From applying this prioritization matrix, priority values ranging from zero to ten (low to high priority) 
were calculated for the entire Westside HVA. The calculated priority levels within the Westside HVA are 
shown on Figure 6-30. 

 Identified Priority Areas 6.3.2
Figure 6-30 presents the prioritization of areas within the Westside HVA. Four priority levels are 
assigned in order of highest (Priority 1) to lowest (Priority 4). Because the proximity to communities 
reliant on groundwater has a high weighting in the prioritization matrix, some high priority areas are 
focused around mapped communities, including in the vicinity of Los Banos, Patterson, Mendota, 
Gustine and others. Areas where groundwater vulnerability factors more heavily influence the 
prioritization rank (i.e., soil drainage class and sediment texture) are apparent in parts of the Coalition 
region, although this influence is not as notable as some other prioritization factors because there is 
relatively little variability in soil drainage class within the high vulnerability area. Higher priority ranking 
values relating to groundwater quality (e.g., nitrate concentrations and exceedances) are also evident in 
Figure 6-30 as generally higher priority areas located away from communities, particularly notable in the 
area to the east and southeast of Patterson.  

Table 6-7 summarizes the acreages designated as part of the Westside HVA by priority level. 
Approximately 54,978 acres of the HVA are located within the highest priority area (Priority 1) and of 
those acres about 93 percent (51,382 acres, based on 2012 FMMP data) are irrigated lands. Almost -
59,000 acres of the HVA are Priority 2 of which about 51,663 acres are irrigated lands (based on 2012 
FMMP data). The remaining 178,341 acres of the Westside HVA are in the relatively lower priority areas 
(Priority 3 and 4) and include approximately 104,000 acres of irrigated lands (based on 2012 FMMP 
data). Although all of the HVA has been prioritized and summarized in Table 6-7 and shown in Figure 6-
30, prioritization intended for implementation of management and monitoring of agricultural practices 
as part of the LTILRP, will only be implemented on irrigated lands within the Coalition region. The 
prioritization of irrigated lands within the Westside HVA is presented in Figure 6-31. 

As shown in Table 6-8, based on 2013 USDA land use data, nut trees and vegetables currently represent 
the largest agricultural land use categories by area across each of the top three priority area types. 
According to 2013 USDA land use data, agricultural land use categories make up nearly 50,000 acres of 
the total Priority 1 area. Field crops cover 12,935 acres within the Priority 1 area, which is about 26 
percent of the agricultural lands within the Priority 1 area. Pasture and alfalfa represent the next largest 
agricultural land use category within the Priority 1 area with a total of 10,983 acres and nut trees 
comprise 9,831 acres within the Priority 1 area. Approximately 4,500 acres within the Priority 1 area are 
categorized as non-agricultural lands based on 2013 USDA land use data. Within the Priority 2 area, nut 
trees represent the largest agricultural land use category encompassing 12,149 acres with nearly as 
many acres of pasture and alfalfa (11,875 acres). Field crops and grain are the next most frequent 
agricultural land use category within the Priority 2 area with about 8,600 and 8,100 acres, respectively. A 
total of about 9,000 acres (based on 2013 USDA data) of the Priority 2 area are non agricultural lands. 
The dominant land use category in the Priority 3 area is nut trees (20,212 acres), which makes up about 
36 percent of the Priority 3 area with also a large number of acres of pasture and alfalfa (13,726 acres) 
within the Priority 3 area. Most of the non-agricultural and unirrigated lands within the HVA are within 
Priority 4 areas with non-agricultural lands representing over 80,000 acres of the Priority 4 area. The 
Priority 4 area includes 123,525 acres and only about 34 percent (about 41,923 acres) of this area is 
agricultural land, according to 2013 USDA data, although 2012 FMMP data suggest that about 51,000 
acres of Priority 4 area are irrigated lands. The identified communities reliant on groundwater within the 
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Coalition region are shown in relation to the prioritization of the Westside HVA in Figure 6-32. Although 
some communities reliant on groundwater are located outside the Westside HVA, those communities 
within the Westside HVA are located in areas designated primarily as Priority 1.   

 Summary of Prioritization 6.3.3
All areas within the HVA were prioritized for planning of future monitoring and management efforts. In 
accordance with factors identified in the WDR, prioritization incorporated many considerations 
including, but not limited to, the following: 

• Identified exceedances of water quality objectives, 

• Proximity to communities reliant on groundwater,  

• Existing land uses, and 

• Legacy or ambient groundwater conditions. 

Additional factors were included to incorporate the vulnerability of areas. To objectively incorporate the 
many factors to be considered, a prioritization system was developed with which to calculate priority 
values across the high vulnerability area. From these priority calculations, priority areas ranging from 
priority 1 (high priority) to priority 4 (low priority) were identified to inform groundwater monitoring 
and management efforts. The priority areas for irrigated lands within the HVA are presented in Figure 6-
34 and summarized in Table 6-8. 
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7 GROUNDWATER MONITORING PROGRAMS 

7.1 Groundwater Monitoring Programs 
As indicated in earlier report sections, many entities have conducted groundwater monitoring in the 
Coalition region, including monitoring on the Central Valley Floor and also in the peripheral areas. The 
WDR specifies that within one year from the approval of the GAR, the Coalition shall develop a workplan 
for conducting trend monitoring that meets the objectives and minimum requirements of the 
Monitoring and Reporting Program (MRP). The objectives for the trend monitoring program include: 

• Determine current water quality conditions of groundwater relevant to irrigated agriculture. 

• Develop long-term water quality information that can be used to evaluate the regional effect 
(i.e., no site-specific effects) of irrigated agriculture and its practices. 

The design and implementation of the trend monitoring program will include (among other 
considerations) a groundwater monitoring network that will address: 

• High and low groundwater vulnerability areas in the Coalition region. 

• Use of shallow wells “but not necessarily wells completed in the uppermost zone of first 
encountered groundwater” (WDR R5-2014-0001, Attachment B, IV, C). 

• The potential suitability of existing monitoring networks such as those developed for purposes 
of groundwater management plans. 

• The rationale for the distribution of the trend monitoring wells. 

This section summarizes the groundwater monitoring networks that have been developed by federal, 
state, and local entities to preliminarily assess the distribution of existing monitoring wells that may 
potentially be used for purposes of the Coalition’s trend monitoring program. As indicated in previous 
sections, well construction data are lacking for many monitored wells. Therefore, as part of the trend 
monitoring workplan, additional examination of available records for existing monitoring wells, which 
are potential candidates for inclusion in the trend network, will be needed in many cases to determine 
the construction of the candidate wells. Table 7-1 and Figures 7-1 through 7-10 summarize the 
availability of historical monitoring within the Coalition region and indicate potential wells for 
consideration as part of a monitoring program. Wells monitored recently (since 2005) are summarized in 
Table 7-2 and Table 7-3 and Figure 7-11 and Figure 7-12 by the entity from which data were available 

 California Department of Water Resources  7.1.1
DWR monitors groundwater levels throughout the state. These data are available publically through the 
DWR California Statewide Groundwater Elevation Monitoring (CASGEM) web portal. Within the 
Coalition area, 1,458 wells were identified in the DWR CASGEM database. These data consist of 46,531 
useable water level measurements taken over the last century. Most of these wells were of unknown 
type and unknown depth. Of those wells for which the aquifer could be identified, most wells were in 
the upper aquifer or screened in the Very Shallow Groundwater. These measurements were collected 
throughout the last 100 years, with a significant increase in sampling effort during the 1990s. This was 
the largest dataset available for interpretation of groundwater levels. 

DWR data for groundwater quality included 603 wells sampled 1,040 times for nitrate, and 883 wells 
sampled 2,771 times for TDS. Nearly all of these were of unknown well type and depth. Most of the 
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DWR water quality data were collected prior to the 1970s, with some wells sampled for water quality in 
more recent decades. 

 State Water Resources Control Board 7.1.2
Several sampling programs whose data are made available by the SWRCB programs exist within the 
study area, providing 707 wells with 10,008 groundwater level measurements (Table 7-1). None of these 
were of known well type, but depth was known for 125. Nearly all of these measurements were made 
after the year 2000. 

SWRCB groundwater quality data included 268 wells sampled 1,164 times for nitrate, and 245 wells 
sampled 1,301 times for TDS. Well depth was not known for these wells, but well type was known for all 
of them. All of these samples were collected after the year 2000. 

 United States Geological Survey  7.1.3
It was determined that the USGS groundwater level wells in the area were included in the groundwater 
levels dataset provided by DWR and therefore the USGS National Water Information System (NWIS) 
groundwater levels dataset was not included to avoid duplication of water level results. 

For groundwater quality, USGS data included 190 wells sampled 840 times for nitrate and 266 wells 
sampled 1,476 times for TDS (Table 7-1). Well type was not available, but well depths were available for 
most of these wells. USGS data collection efforts have been punctuated rather than consistent. The 
majority of the data in this dataset was collected during the 1980s with another set of data collected 
before 1970, and several sampling efforts conducted in the 2000s and 2010s. 

 California Department of Public Health 7.1.4
Community water systems are required to report water quality parameters on a triennial or more 
frequent schedule, pending location of the system and specific circumstances that may require more 
frequent testing and reporting. CDPH data for the Coalition region include 140 wells tested 3,415 times 
for nitrate and 112 wells tested 1,856 times for TDS. Well depth was found for some of these wells 
based on investigation of other available data sources. All wells are assumed to be public drinking water 
supply wells. No correct location coordinates are available for these wells. Coordinates available through 
the SWRCB Geotracker website are deliberately obfuscated to be up to 1 mile distant from the actual 
locations of the wells. CDPH water quality data were available from the 1980s to present. 

 California Department of Pesticide Regulation 7.1.5
As a requirement of the Pesticide Contamination Prevention Act (PCPA), DPR maintains a database of 
results from sampling of wells for pesticides that are submitted to DPR from local, county, and state 
agencies. Multiple agencies report groundwater testing data to DPR, including CDPH and SWRCB. In the 
past, the SWRCB has also collected groundwater quality data through the GAMA program, and these 
results are reported to DPR. Some sampling of wells for pesticides is also conducted by DPR as part of 
groundwater monitoring programs aimed at delineating GWPAs and also to determine if pesticides 
classified as potential contaminants have reached groundwater as a result of their legal use. 

When DPR receives a result indicating a pesticide detection, the detection is investigated to determine if 
it was the result of legal agricultural practices, and whether additional sampling is necessary. However, 
DPR does not conduct additional sampling if any of the following circumstances exist: 1) the pesticide is 
no longer sold in California, 2) follow-up samples do not detect the pesticide, 3) the pesticide is 
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regulated as a groundwater contaminant and located within a GWPA, or 4) the pesticide is naturally 
occurring, although DPR will consider additional sampling if there is evidence that the detection is the 
result of pesticidal use of the compound. When pesticide detections are located outside of the GWPAs, 
DPR will determine if the GWPAs need to be expanded to include new areas. 

Data provided by DPR for use in this GAR were only available at a spatial resolution accurate to the 
section (approximately one square mile) in which the well is located. DPR provided well pesticide test 
data for 452 wells (1,087 samples), with a total of 19,411 test results. 

 Central California Irrigation District 7.1.6
CCID has provided data from 398 wells in the Coalition area with 27,287 groundwater level 
measurements. Of these wells, none had known well depth, and about 370 were of known well type 
(Table 7-1). These wells were located to the center of the quarter-quarter section identified in the State 
Well Number for each well. Small numbers of well water level data were collected prior to the 1980s 
with much more data collected since then. 

Groundwater quality data from CCID included 74 wells with 223 nitrate samples, and 73 wells with 179 
TDS samples. Well depth data were provided for 18 of the wells sampled for nitrate and TDS. All of these 
wells are irrigation wells. Nitrate samples were collected in the 1990s and later, while TDS samples were 
collected only since the 2000s. 

 Regional Water Quality Control Board – Dairy Monitoring Programs 7.1.7
Within the Coalition region, the RWQCB provided data for 245 wells from the dairy monitoring program, 
with 304 test results for nitrate. No depth data were provided for these wells. All were assumed to be 
irrigation wells. All of these samples were collected in the 2000s. Location coordinate accuracy for these 
wells is unknown, but likely of poor, quality. 

 Del Puerto Water District 7.1.8
DPWD provided groundwater levels data for 11 wells, with one measurement from each. Depth data 
were provided for all 11 wells, all of which were irrigation wells. Location coordinates were available 
from well logs for these wells. All of these measurements were collected in the 2010s. 

DPWD also provided nitrate test results for 24 wells and TDS test results for 27 wells. Depth and well 
type were available for 3 of these wells. These wells were located by mile markers along the Delta 
Mendota Canal. The accuracy of these locations is unknown, but likely to be within 1 mile of the correct 
locations. All of these data were collected in the 2000s and 2010s. 

 Patterson irrigation District 7.1.9
PID provided 101 groundwater level measurements from 10 wells. Depths and well types were provided 
for 6 of these wells. Location coordinates were provided by PID. Most of these data were collected in 
the 2010s. 

Nitrate and TDS test results for 7 wells (tested a total of 35 times) were provided as well. Well type was 
reported for all 7 wells, but depth was provided for only 3. All of these measurements were collected in 
the 1990s and 2000s. Location coordinates were provided by PID.  
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 San Luis Canal Company 7.1.10
Groundwater level data for 21 wells measured 59 times were provided by SLCC. Well type was unknown 
for these wells, but, well depth data were available for 18. All of these data were collected in the 2000s 
and 2010s. Location coordinates were provided by SLCC. 

Nitrate and TDS data for 51 wells tested 142 times were provided by SLCC. Well depth was provided for 
15 wells, but well type was unknown for all of them. These data were all collected in the 2000s and 
2010s. Location coordinates were provided by SLCC. 

 West Stanislaus Irrigation District 7.1.11
WSID provided groundwater level data for 4 wells measured 28 times in the 2000s and 2010s. All of 
these wells were irrigation wells, but well depth data were not available. Location coordinates were 
provided by WSID. 

 San Luis and Delta-Mendota Water Authority 7.1.12
SLDMWA provided nitrate and DTS data from 14 wells sampled once each. Locations were available only 
as SWNs.  Well depths and well types were not available for these data.  All of these data were collected 
in the 1980s. 

 San Luis Water District 7.1.13
SLWD provided nitrate and TDS data from a total of 8 tests, from 5 wells. Depth and well type data were 
not available. Most of these data were collected in the 2010s. Locations were available as mileage along 
the Delta Mendota Canal.  

7.2 Summary of Existing Groundwater Monitoring Programs 
There are several ongoing monitoring programs in the Western San Joaquin River Watershed Area. 
DWR, DPR, CDPH, and the RWQCB all maintain databases that are regularly updated with new 
information obtained from wells in the study area. The largest and most widespread data are available 
in the CDPH and DWR datasets. The CDPH water quality dataset has the widest range and longest record 
of water quality parameters. 

 Recent Monitoring Programs 7.2.1
Table 7-3 summarizes the recent groundwater monitoring since 2005 by location relative to high 
groundwater vulnerability areas. Since 2005 in the Coalition region, 382 wells in the HVA have been 
monitored for groundwater level. The primary entities from which recent groundwater data are 
available in the HVAs are SWRCB, CCID, and DWR. 

Since 2005, 178 wells within the HVAs have been sampled for nitrate and 158 have been sampled for 
TDS (Table 7-3). The largest water quality datasets available in the HVAs come from CDPH, RWQCB, and 
SWRCB. 

 Data Gaps 7.2.2
Although there are a large number of data available, the more recent groundwater level data available 
for wells with known depth, or other information relating to the aquifer in which these wells are 
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screened, are poorly distributed spatially. In particular, data are lacking for the Upper and Lower Aquifer 
(Table 7-2). It is possible that many of the wells assigned to the Very Shallow Groundwater are more 
correctly located in the Upper Aquifer, but this would have to be determined through further 
investigation of the well construction information or through other methods. 

Many of the wells for which data are available were assigned to a depth zone based on their use type, 
when well depth information is not known. Identification of well construction information will be 
important for any wells chosen as part of a future monitoring program to ensure the program is properly 
designed to meet its objectives. If depth or other construction information is not readily known, it may 
be advantageous to obtain this information through construction logs or other well records, in order to 
consider a well for inclusion as part of a monitoring program. 

For the groundwater levels database, the lack of depths or perforated intervals for many wells, 
particularly in the DWR and SWRCB datasets, presents challenges in interpreting data. Similarly, more 
complete attribution of well uses in the SWRCB and DWR groundwater levels datasets would enable 
better identification of candidate wells for monitoring. 

From available groundwater quality data, there were many wells monitored for nitrate; accurate 
location information is notably missing for all of the CDPH wells in the Coalition region. CDPH well 
locations are purposely obfuscated by the State with regards to location, up to a mile away from their 
actual location. An effort was made to obtain better location coordinates for the CDPH wells. Specifically 
a request was made to the SWRCB on July 11, 2014 regarding authorization to access accurate location 
coordinates and well construction information CDPH wells. As of February 21, 2015 this request is still 
outstanding. Similarly, many data from local water purveyors would be more useful if the locations of 
wells were more precisely determined. 

Very few recent water quality data are available from the Very Shallow Groundwater in the HVAs, 
particularly in the northern portion of the Coalition region. These areas of poor coverage include the 
majority of the Priority 1 areas (Figure 7-14). 

Recently monitored Upper Aquifer wells were more common, and better distributed, than in the Very 
Shallow Groundwater; however, the northernmost portion of the Coalition region does include a large 
area without recently monitored Upper Aquifer wells (Figure 7-14). 

Recent water quality data from the Lower Aquifer are well distributed in the northern HVAs, but 
generally lacking in the portion of the HVA south of Dos Palos (Figure 7-15).  

Composite Wells sampled recently for nitrate or TDS (Figure 7-16) were poorly distributed in the HVAs 
and in the Coalition region in general. These wells were typically clustered in smaller areas within the 
Coalition region.  Very few groundwater level data were available from Composite Wells.  

Wells of unknown depth were present throughout the Coalition region, with the exception of the region 
south of highway 140 between Gustine and the San Joaquin River (Figure 7-16). If these wells can be 
assigned to Very Shallow Groundwater, or to the Upper or Lower Aquifers, they could significantly 
increase the available datasets for groundwater quality and groundwater levels. 

 Potential Monitoring Wells 7.2.3
The best candidates for monitoring wells will be wells for which the depths and lengths of perforated 
intervals and casings are available and that are accurately located with GPS or other coordinate 
information. Well completion reports and drillers’ logs should be acquired for all monitoring wells. For 
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the purposes of future trend monitoring, monitoring wells should not be assigned to an aquifer based 
on well-use only. Ideally, these wells should also have an existing record of groundwater quality and 
level data.  

The overall construction of potential monitoring wells should also be considered. Poorly constructed 
wells with pathways for water to travel between aquifers can produce inaccurate monitoring results. 
Driller’s logs and well completion reports can be used to identify wells that are suitable for sampling one 
aquifer without mixing water from aquifers above or below the target aquifer. 

Wells in the Upper Aquifer and Very Shallow Groundwater zone within the HVAs (Figure 7-14) will be 
important for monitoring networks as these wells will be best suited for characterizing the impact of 
changing irrigation practices; however, as described above, there is a lack of recently monitored wells, 
particularly for Very Shallow Groundwater in the HVAs. Older Very Shallow Groundwater data exist for a 
handful of wells, as shown in Figure 7-6; but some of these wells have not been recently monitored, and 
may be destroyed, abandoned, lost, or inaccessible. Further investigation of historically, but not 
recently, monitored wells may increase the coverage of wells for monitoring the Very Shallow 
Groundwater zone. 
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Table 1-1
Cross-Reference Table between GAR Outline and WDR General Order R5-2014-0002

Addressed in 

GAR Outline

1. Objectives
A. Provide an assessment of available, applicable and relevant data and information to determine the high 

and low vulnerability areas where discharges from irrigated lands may result in groundwater quality 
degradation.

Throughout

B. Establish priorities for implementation of monitoring and studies within high vulnerability areas. Sections 5 & 6

C. Provide a basis for establishing workplans to assess groundwater quality trends. Throughout

D. Provide a basis for establishing workplans and priorities to evaluate the effectiveness of agricultural 
management practices to protect groundwater quality.

Throughout

E. Provide a basis for establishing groundwater quality management plans in high vulnerability areas and 
priorities for implementation of those plans.

Throughout

2. Components
A. Detailed land use information with emphasis on land uses associated with irrigated agricultural 

operations. The information shall identify the largest acreage commodity types in the third‐party area, 
including the most prevalent commodities comprising up to at least 80% of the irrigated agricultural 
acreage in the third‐party area.

Section 4

B. Information regarding depth to groundwater, provided as a contour map(s). Section 3

C. Groundwater recharge information, including identification of areas contributing recharge to urban and 
rural communities where groundwater serves as a significant source of supply.

Section 3

D. Soil survey information, including significant areas of high salinity, alkalinity and acidity. Section 3

E. Shallow groundwater constituent concentrations (potential constituents of concern include any material 
applied as part of the agricultural operation, including constituents in irrigation supply water [e.g., 
pesticides, fertilizers, soil amendments, etc.] that could impact beneficial uses or cause degradation).

Section 5

F. Information on existing groundwater data collection and analysis efforts relevant to this Order (e.g., 
Department of Pesticide Regulation [DPR] United States Geological Survey [USGS] State Water Board 
Groundwater Ambient Monitoring and Assessment [GAMA], California Department of Public Health, local 
groundwater management plans, etc.). This groundwater data compilation and review shall include readily 
accessible information relative to the Order on existing monitoring well networks, individual well details, 
and monitored parameters.  For existing monitoring networks (or portions thereof) and/or relevant data 
sets, the third‐party should assess the possibility of data sharing between the data‐collecting entity, the 
third‐ party, and the Central Valley Water Board.

Sections 5 & 7

3. Data Review and Analysis
A. Determine where known groundwater quality impacts exist for which irrigated agricultural operations are 

a potential contributor or where conditions make groundwater more vulnerable to impacts from irrigated 
agricultural activities.

Section 5

B. Determine the merit and feasibility of incorporating existing groundwater data collection efforts, and their 
corresponding monitoring well systems for obtaining appropriate groundwater quality information to 
achieve the objectives of and support groundwater monitoring activities under this Order. This shall 
include specific findings and conclusions and provide the rationale for conclusions.

Section 7

C. Prepare a ranking of high vulnerability areas to provide a basis for prioritization of workplan activities. Section 6
D. The GAR shall discuss pertinent geologic and hydrogeologic information for the third‐party area(s) and 

utilize GIS mapping applications, graphics, and tables, as appropriate, in order to clearly convey pertinent 
data, support data analysis, and show results.

Sections 3, 5 & 6

4. Groundwater Vulnerability Designations
A. Designate high/low vulnerability areas for groundwater in consideration of high and low vulnerability 

definitions provided in Attachment E of the Order.
Section 6

B. The vulnerability  designations will be made by the third‐party using a combination of physical properties 
(soil type, depth to groundwater, known agricultural impacts to beneficial uses, etc.) and management 
practices (irrigation method, crop type, nitrogen application and removal rates, etc.).

Section 6

C. The third‐party shall provide the rationale for proposed vulnerability determinations. Section 6

5. Considerations for Prioritization of High Vulnerability Groundwater Areas
A. Identified exceedances of water quality objectives for which irrigated agriculture waste discharges are the 

cause, or a contributing source.
Section 6

B. The proximity of the high vulnerability area to areas contributing recharge to urban and rural communities 
where groundwater serves as a significant source of supply.

Section 6

C. Existing field or operational practices identified to be associated with irrigated agriculture waste 
discharges that are the cause, or a contributing source (i.e., practices as currently known and available).

Section 6

D. The largest acreage commodity types comprising up to at least 80% of the irrigated agricultural acreage in 
the high vulnerability areas and the irrigation and fertilization practices employed by these commodities.

Section 6

E. Legacy or ambient conditions of the groundwater. Sections 5 & 6

F. Identified constituents of concern, e.g., relative toxicity, mobility. Sections 5 & 6

GAR Items Identified in Monitoring and Reporting Program (Appendix B) of the 

Western San Joaquin River Watershed WDR General Order
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TABLE 3-1
Summary of Assembled Groundwater Level Data

Monitoring 

Entity

Number of 

Wells

Number of 

Measurements

Wells with 

Known Depth

Irrigation 

Wells

Monitoring 

Wells

Domestic 

Wells

Unknown 

Well Type

Very Shallow 

Groundwater

Upper 

Aquifer

Lower 

Aquifer

Composite 

Wells

Unknown 

Depth Zone

Measurements

Pre‐1970s

Measurements 

in 1970s

Measurements 

in 1980s

Measurements 

in 1990s

Measurements 

in 2000s

Measurements 

in 2010s

CCID 398 27,287 0 58 312 0 28 339 45 2 12 0 141 362 5,325 9,095 7,791 4,573

DPWD 11 11 11 11 0 0 0 0 0 11 0 0 0 0 0 0 0 11

DWR 1,458 46,531 139 53 106 1 1,298 674 412 71 2 299 17,532 6,046 7,039 9,732 4,473 1,709

PID 10 101 6 3 3 0 4 0 4 2 0 4 0 0 0 0 1 100

SLCC 21 59 18 0 0 0 21 0 18 0 0 3 0 0 0 0 30 29

SWRCB 707 10,008 125 0 0 0 707 574 132 0 0 1 0 0 0 45 6,770 3,193

WSID 4 28 0 4 0 0 0 0 0 4 0 0 0 0 0 0 8 20

Total 2,609 84,025 299 129 421 1 2,058 1,587 611 90 14 307 17,673 6,408 12,364 18,872 19,073 9,635
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Table 3-2
Boundaries for Designation of Communities Reliant on Groundwater

Name of Boundary Source of Original Boundary DAC if CDP
Final Boundary Status as

Community Reliant on Groundwater
Information Sources Reviewed/Contacted

Crows Landing CDP Census Designated Place Yes Included ‐ limited extent to Crows Landing CSD DRINC ‐ 5000005
Dos Palos Y CDP Census Designated Place No Included Darrell Fonseca, Dos Palos PWS

Firebaugh city Census Designated Place Yes Included DRINC ‐ 1010005
Grayson CDP Census Designated Place Yes Included DRINC ‐ 5010033
Gustine city Census Designated Place Yes Included DRINC ‐ 2410003
Los Banos city Census Designated Place No Included DRINC ‐ 2410005
Mendota city Census Designated Place Yes Included DRINC ‐ 1010021
Newman city Census Designated Place Yes Included DRINC ‐ 5010013; Koosun Kim, City of Newman

Patterson city Census Designated Place No Included DRINC ‐ 5010017; Maria Encinas, City of Patterson
Santa Nella CDP Census Designated Place Yes Included ‐ limited extent to Santa Nella County WD DRINC ‐ 2410018; Amy Montgomery, Santa Nella Co. WD

Tranquillity CDP Census Designated Place Yes Included DRINC ‐ 1010030
Volta CDP Census Designated Place Yes Included DRINC ‐ 2400201
Westley CDP Census Designated Place Yes Included DRINC ‐ 5010007
Grayson Disadvantaged Unincorporated Community N/A Included ‐ part of Grayson CDP Comparison in ArcGIS
Hills Ferry Disadvantaged Unincorporated Community N/A Included Aerial Imagery, discussion with County of Stanislaus
Newman Disadvantaged Unincorporated Community N/A Included ‐ part of Newman PWS Comparison in ArcGIS
Santa Nella Village Disadvantaged Unincorporated Community N/A Included ‐ part of Santa Nella CDP Comparison in ArcGIS
Timba Disadvantaged Unincorporated Community N/A Included ‐ merged with Newman City Aerial Imagery

Tranquillity Disadvantaged Unincorporated Community N/A Included ‐ part of Tranquility CDP Comparison in ArcGIS
Westley Disadvantaged Unincorporated Community N/A Included ‐ part of Westley CDP Comparison in ArcGIS
City of Newman Water Department EHIB System Boundary N/A Included ‐ limited extent to Residential Areas DRINC ‐ 5010013; Koosun Kim, City of Newman

Crows Landing CSD EHIB System Boundary N/A Included ‐ merged with Crows Landing CDP DRINC ‐ 5000005
East Acres Mutual WC EHIB System Boundary N/A Included DRINC ‐ 2000512
Firebaugh City EHIB System Boundary N/A Included ‐ merged with Firebaugh City CDP DRINC ‐ 1010005; Aerial Imagery

Los Banos City EHIB System Boundary N/A Included ‐ merged with Los Banos City CDP DRINC ‐ 2410005
Mahal Apartments EHIB System Boundary N/A Included DRINC ‐ 2000800
Mendota City EHIB System Boundary N/A Included ‐ merged with Mendota City CDP DRINC ‐ 1010021
Santa Nella County WD EHIB System Boundary N/A Included ‐ limited extent to Santa Nella CDP Aerial Imagery; Amy Montgomery, Santa Nella Co. WD

Tranquillity ID EHIB System Boundary N/A Included ‐ limited extent to Tranquillity CDP Aerial Imagery

Diablo Grande CDP Census Designated Place No Excluded ‐ served by Western Hills WD DRINC ‐ 5010039; Patrick Garvey WHWD

Dos Palos city Census Designated Place Yes Excluded ‐ not reliant on groundwater DRINC ‐ 2410002; Darrell Fonseca, Dos Palos PWS

South Dos Palos CDP Census Designated Place Yes Excluded ‐ not reliant on groundwater DRINC ‐ 2410002; Darrell Fonseca, Dos Palos PWS

Dos Palos Disadvantaged Unincorporated Community N/A Excluded ‐ not reliant on groundwater DRINC ‐ 2410002; Darrell Fonseca, Dos Palos PWS

South Dos Palos Disadvantaged Unincorporated Community N/A Excluded ‐ not reliant on groundwater DRINC ‐ 2410002; Darrell Fonseca, Dos Palos PWS

Cal Trans Erreca Rest Area EHIB System Boundary N/A Excluded ‐ no residences DRINC ‐ 2400057; Aerial Imagery

Dos Palos City EHIB System Boundary N/A Excluded ‐ not reliant on groundwater DRINC ‐ 2410002; Darrell Fonseca, Dos Palos PWS

Jack's Bayou Resort EHIB System Boundary N/A Excluded ‐ PWS Class = Transient DRINC ‐ 2410005

Landale Mutual WC EHIB System Boundary N/A Excluded ‐ error in placement, not within Coalition area
DRINC ‐ 1900809; 
http://www.lacountyland.com/antelope_valley_utility_companies.htm

Patterson City EHIB System Boundary N/A Excluded ‐ incorrect boundary (this is Patterson ID) Maria Encinas, City of Patterson
San Joaquin Valley National Cemetery EHIB System Boundary N/A Excluded ‐ no residences Aerial Imagery

SJR Farming Erreca Turner Island EHIB System Boundary N/A Excluded ‐ no residences Aerial Imagery

Spreckles Sugar Co. EHIB System Boundary N/A Excluded ‐ no residences Aerial Imagery

Western Hills WD EHIB System Boundary N/A
Excluded ‐ emergency groundwater use only, well located in 
Central Valley floor (per operator)

DRINC ‐ 5010039; Patrick Garvey WHWD
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Table 4-1 
Land Use Classification System

GAR Group
Codes Land Use Description Circa‐1990a Circa‐2000a Codes Land Use Description 2013

% of Valley 
Floor Land 
Cover

b

% of Valley 
Floor Land 
Cover

b

% of Valley 
Floor Land 
Cover

b

1973 2005

Citrus/ 
Subtropical

All "C" codes
Oranges, Grapefruit, 
Lemons, Eucalyptus

0.1% 0.1% 211, 212 Olives, Oranges 0.1% 65 ‐ 166 95 ‐ 123

Dairy/ 
Farmsteads

All "S" codes
Farmstead, Dairy, 
Feedlot, Poultry

1.0% 1.0% ‐ ‐ ‐ ‐ ‐

Field Crops
F1, F5, F6, 
F7, F8, F11

Cotton (14.2%), Corn 

(3.1%), Misc. Field, 
Sugar Beets, Sudan

21.7% 19.3%

1, 2, 4, 
12, 41, 

225, 226, 
229, 236, 
237, 238

Cotton (6.8%), Corn (2.9%), Dbl 
Crop Oats/Corn, Dbl Crop 
WinWht/Corn, Sweet Corn, 

Sorghum, Dbl Crop 
WinWht/Cotton/Pumpkins, Dbl 
Crop Barley/Corn, Dbl Crop 

WinWht/Sorghum, Sugerbeets

12.4%

Cotton
d
:

109

Corn
d
:

145

Cotton
d
:

174

Corn
d
:

213

Fruit Trees

All "D" 
codes 

except D12, 
D13, D14

Apricots (1.7%), 
Cherries, Prunes, 

Apples, Peaches and 
Nectarines, Plums, Misc. 

Deciduous

2.2% 1.9%

66, 67, 
71, 77, 

217, 220, 
223

Cherries (0.2%), Pomegranates, 
Apricots, Plums, Peaches, Other 

Tree Crops, Pears
0.5% 95 ‐ 133 102 ‐ 130

Grain All "G" codes
Grain (3.7%), Misc. 

Grain and Hay, Wheat, 
Barley

3.8% 2.6%

21, 22, 
23, 24, 
28, 37, 
205, 224

Winter Wheat (3.6%), Oats 

(1.4%), Other Hay/Non Alfalfa, 
Barley, Triticale, Durum Wheat, 

Spring Wheat, Vetch

6.1% 88 177

Idle All "I" codes Idle 1.1% 0.5% 61 Fallow/Idle Cropland 2.9% ‐ ‐

Native
g NB, NR, NV, 

NW

Native (34.5%), Water, 
Riparian

35.5% 38.4%

111, 131, 
141, 142, 
143, 152, 
190, 195

Grassland/Pasture (16.3%), 

Herbaceous Wetlands (11.9%), 
Open Water, Woody Wetlands, 

Barren, Shrubland, Mixed 
Forest, Evergreen Forest, 

Deciduous Forest

35.6% ‐ ‐

Nut Trees
D12, D13, 

D14

Almonds (2.5%), 

Walnuts (1.6%), 
Pistachios

4.1% 6.4%
75, 76, 
204

Almonds (10.7%), Walnuts 

(1.3%), Pistachios
12.5% 120 ‐ 148 138 ‐ 179

Pasture and 
Alfalfa

All "P" codes
Alfalfa, Mixed Pasture, 
Native Pasture, Turf, 

Clover

14.2% 14.1%

27, 36, 
58, 59, 
176

Alfalfa (12.1%), 

Grassland/Pasture (3.4%), 
Clover/Wildflowers, Sod/Grass 

Seed, Rye

15.5% 22
e 12e

Rice All "R" codes Rice 0.6% 0.6% 3 Rice 0.2% 86 130

Seeds/Beans
F2, F3, F9, 
F10, F12

Dry Beans (5.1%), 
Safflower

5.5% 3.2%
6, 26, 33, 

42

Dry Beans (0.4%), Safflower, 
Sunflower, Dbl Crop 
WinWht/Soybeans

0.5% 51 91

Urban
All "U" 
codes

Urban 2.4% 3.0%
121, 122, 
123, 124

Developed/Open Space (4.5%), 

Developed/Low Intensity 

(1.4%), Developed/Med 
Intensity, Developed/High 

Intensity

7.1% ‐ ‐

Vegetables All "T" codes

Tomatoes (4.2%), 

Cucurbits (2.7%), 
Cauliflower, Onions and 

Garlic, Peppers, 
Asparagus, Misc. 

Vegetables, Celery, Cole 
Crops, Nursery, Lettuce, 
Carrots, Bush Berries, 

Sweet Potatoes

7.7% 8.7%

44, 46, 
47, 48, 
49, 50, 
53, 54, 
57, 206, 
207, 208, 
209, 213, 
214, 221, 
222, 227, 
242, 243

Tomatoes (5.3%), Onions, 
Cantaloupes, Honeydew 

Melons, Peas, Lettuce, Sweet 
Potatoes, Watermelons, 

Asparagus, Other Crops, Herbs, 
Carrots, Garlic, Blueberries, 
Cabbage, Strawberries, 

Broccoli, Squash, Misc Vegs & 
Fruits, Cucumbers

5.7%

Tomatoes
f:

142

Others
f:

95 ‐ 287

Tomatoes
f:

180

Others
f:

151 ‐ 346

Vineyards All "V" codes Vineyards 0.2% 0.3% 69 Grapes 0.8% 53 ‐ 57 27 ‐ 44
Total: 100% 100% 100.0%

b.  Land cover values are shown as a percent of the Central Valley floor portion of the Coalition region.

d.  From 2013 USDA land use data, approximately 99% of Field Crops group is made up of cotton or corn, including double crops with corn or cotton as the summer crop.

f.  From 2013 USDA land use data, approximately 92% of Vegetables group is made up of tomatoes.

g.  Central Valley floor native vegetation for the 2013 USDA land use data includes areas delineated as being cropped but not irrigated based on the 2012 FMMP irrigated area.  These areas likely 
include a combination of dryland farming and misclassification of native vegetation as cropland.

a.  Circa‐1990 DWR land use combines data for Fresno County (1986), Madera County (1995), Merced County (1995), San Joaquin County (1988), and Stanislaus County (1996); Circa‐2000 DWR land 
use combines data for Fresno County (2000), Madera County (2001), Merced County (2002), San Joaquin County (1996), and Stanislaus County (2004).

c.  Source of applied nitrogen rates, unless otherwise noted, is Rosenstock, T.S. et al., 2013, Nitrogen fertilizer use in California:  assessing the data, trends and a way forward, California Agriculture, Vol. 
67(1), pp. 68‐79.

e.  Source of applied nitrogen rates for alfalfa, 1975 and 2005:  Viers, J.H. et al., 2012, Nitrogen Sources and Loading to Groundwater, Technical Report 2, Assessing Nitrate in California's Drinking Water 
with a focus on Tulare Lake Basin and Salinas Valley Groundwater, Center for Watershed Sciences, University of California, Cavis, prepared for the California State Water Resources
Control Board.

DWR USDA Applied Nitrogenc

Group 
Description

(lbs nitrogen/ac/year)
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TABLE 4-2
Top Agricultural Crops by Acreage

Crop

2013 USDA

Acres

Cumulative 

Percent

Top 80 Percent 

Crop Category

Alfalfa 84,854 21.8% Yes

Almonds 75,578 41.2% Yes

Cotton 47,925 53.5% Yes

Corna 38,475 63.3% Yes

Tomatoes 37,169 72.9% Yes

Wheatb 25,207 79.3% Yes

Pasture 24,245 85.6% No

Oats 9,955 88.1% No

Walnuts 8,991 90.4% No

Vineyards 5,682 91.9% No

a. Includes double‐cropping with corn as the summer crop.

b. Includes single‐cropped winter wheat and spring wheat.
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TABLE 4-3
Top Agricultural Crops by Value

Crop

2013 Crop

Value

Cumulative 

Percent

Top 80 Percent 

Crop Category

Almonds $516,904,893 42.7% Yes

Tomatoes $153,763,040 55.4% Yes

Alfalfa $148,692,646 67.7% Yes

Cotton $117,971,573 77.5% Yes

Corna $65,647,510 82.9% Yes

Walnuts $60,120,544 87.9% No

Vineyards $29,494,719 90.3% No

Pistachios $20,450,559 92.0% No

Wheatb $18,249,311 93.5% No

Pasture $15,055,352 94.7% No

a. Includes double‐cropping with corn as the summer crop.

b. Includes single‐cropped winter wheat and spring wheat.
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TABLE 4-4
Decadal Land Use Within Coalition Region

Circa‐1990 Circa‐2000 2013

Citrus/Subtropical 673 822 937

Field Crops 153,846 137,227 86,942

Fruit Trees 15,652 13,102 3,463

Grain 28,549 19,191 46,849

Idle 8,099 3,413 20,652

Native 811,735 832,828 801,334

Nut Trees 29,644 45,381 87,940

Pasture and Alfalfa 100,339 99,446 112,294

Rice 4,220 4,192 1,483

Seeds/Beans 38,845 22,900 3,637

Urbana 23,510 28,488 59,157

Vegetables 53,987 61,395 40,463

Vineyards 1,736 2,449 5,685

Irrigated Cropland 427,491 406,105 389,692

Idle Cropland 8,099 3,413 20,652

Non‐Irrigated or 
Non‐Agricultural 843,343 864,730 881,143

GRAND TOTAL 1,270,835 1,270,835 1,270,835

a.  Includes Dairy/Farmsteads for DWR survey years.

GAR Group

Coalition Region Acres (DWR and USDA)
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TABLE 4-5
Cropping by Decade in Valley Floor Area

Circa‐1990 Circa‐2000 2013

Citrus/Subtropical 657 803 937

Field Crops 152,686 135,600 86,941

Fruit Trees 15,240 13,041 3,433

Grain 26,419 18,022 42,767

Nut Trees 29,115 44,727 87,748

Pasture and Alfalfa 100,208 99,297 109,419

Rice 4,217 4,186 1,483

Seeds/Beans 38,818 22,869 3,637

Vegetables 53,897 61,282 40,463

Vineyards 1,386 2,408 5,682

TOTAL 422,643 402,235 382,508

a.  Includes Dairy/Farmsteads for DWR survey years.

GAR Group

Valley Floor Acres (DWR and USDA)
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TABLE 4-6
Valley Floor Crop Acreage Change

Acres Percent Acres Percent Acres Percent

Citrus/Subtropical 146 22% 134 16% 280 43%

Field Crops ‐17,086 ‐11% ‐48,660 ‐35% ‐65,745 ‐43%
Fruit Trees ‐2,199 ‐14% ‐9,608 ‐73% ‐11,807 ‐77%
Grain ‐8,396 ‐29% 24,744 129% 16,348 62%

Nut Trees 15,611 53% 43,021 95% 58,632 201%

Pasture and Alfalfa ‐911 ‐1% 10,122 10% 9,211 9%

Rice ‐31 ‐1% ‐2,703 ‐64% ‐2,733 ‐65%
Seeds/Beans ‐15,950 ‐41% ‐19,232 ‐84% ‐35,181 ‐91%
Vegetables 7,384 14% ‐20,819 ‐34% ‐13,435 ‐25%
Vineyards 1,022 59% 3,274 134% 4,296 310%

TOTAL ‐20,407 ‐2% ‐19,727 ‐2% ‐40,134 ‐9%

GAR Group

Valley Floor Crop Acreage Change

1990 to 2000 2000 to 2013 1990 to 2013
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TABLE 4-7
Irrigation Method by Percent of Cropped Area

Microirrigation Sprinkler Gravity

Citrus/Subtropical 803 97.7% 0.0% 2.3%

Field Crops 135,600 0.7% 4.5% 94.8%

Fruit Trees 13,041 55.8% 13.6% 30.6%

Grain 18,022 0.0% 3.7% 96.3%

Nut Trees 44,727 66.0% 17.8% 16.2%

Pasture and Alfalfa 99,297 0.0% 1.7% 98.3%

Rice 4,186 0.0% 0.0% 100.0%

Seeds/Beans 22,869 0.0% 1.2% 98.8%

Vegetables 61,282 2.4% 7.6% 90.0%

Vineyards 2,408 56.2% 0.0% 43.8%

Overall Circa‐2000 From DWR 402,235 10.3% 5.7% 84.0%

Microirrigation Sprinkler Gravity

Circa‐2000 324,308 10.6% 7.2% 82.2%

Circa‐2010 316,200 35.9% 5.4% 58.7%

a.  Based on data from Coalition Members representing 83 percent of the Valley Floor irrigated crop area.

GAR Group

Decade

From Circa‐2000 Land Use Survey (DWR)

Acres

Irrigation Method Percent of Cropped Area

From Coalition Members

Acres

Irrigation Method Percent of Cropped Area
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TABLE 5-1A
Summary of Assembled Groundwater Quality Data: All Data

Monitoring 

Entity

Number of 

Wells

Number of 

Samples

Wells with 

Known Depth

Irrigation 

Wells

Monitoring 

Wells

Public 

Supply 

Wells

Unknown 

Well Type

Very Shallow 

Groundwater
Upper Aquifer Lower Aquifer

Composite 

Wells

Unknown 

Depth Zone

Wells with

Results Over

5 mg/L

(as N)

Wells with

Results Over

10 mg/L

(as N)

Wells with

Results Over

20 mg/L

(as N)

Samples 

Tested

Pre‐1970s

Samples 

Tested in 

1970s

Samples 

Tested in 

1980s

Samples 

Tested in 

1990s

Samples 

Tested in 

2000s

Samples 

Tested in 

2010s

CCID 74 223 18 74 0 0 0 0 58 2 13 1 20 8 1 0 0 0 46 113 64

CDPH 140 3,415 78 0 0 140 0 13 60 41 10 16 65 20 3 0 0 64 557 1,971 823

DPWD 24 24 3 3 0 0 21 0 0 24 0 0 18 2 1 0 0 0 0 3 21

DWR 603 1,040 4 0 2 4 597 0 6 1 0 596 151 70 23 747 66 102 104 21 0

PID 7 35 3 7 0 0 0 0 0 2 3 2 7 4 1 0 0 0 4 31 0

RWQCB 245 304 0 245 0 0 0 0 76 4 75 90 173 102 32 0 0 0 0 304 0

SLCC 51 142 15 0 0 0 51 33 15 0 0 3 15 5 0 0 0 0 0 48 94

SLDMWA 14 14 0 0 0 0 14 0 0 0 0 14 11 6 0 0 0 14 0 0 0

SLWD 5 8 0 0 0 0 5 0 0 0 0 5 2 0 0 0 0 0 0 1 7

SWRCB 268 1,164 0 0 226 42 0 2 18 8 1 239 153 118 56 0 0 0 0 949 215

USGS 190 840 147 0 0 0 190 35 82 30 0 43 70 39 19 113 0 215 2 430 80

Total 1,621 7,209 268 329 228 186 878 83 315 112 102 1,009 685 374 136 860 66 395 713 3,871 1,304

Monitoring 

Entity

Number of 

Wells

Number of 

Samples

Wells with 

Known Depth

Irrigation 

Wells

Monitoring 

Wells

Public 

Supply 

Wells

Unknown 

Well Type

Very Shallow 

Groundwater
Upper Aquifer Lower Aquifer

Composite 

Wells

Unknown 

Depth Zone

Wells with

Results Over

500 mg/L

Wells with

Results Over

1,000 mg/L

Wells with

Results Over

1,500 mg/L

Samples 

Tested

Pre‐1970s

Samples 

Tested in 

1970s

Samples 

Tested in 

1980s

Samples 

Tested in 

1990s

Samples 

Tested in 

2000s

Samples 

Tested in 

2010s

CCID 73 179 18 73 0 0 0 0 57 2 13 1 68 18 4 0 0 0 0 115 64

CDPH 112 1,856 70 0 0 112 0 11 53 28 9 11 102 49 21 0 0 65 287 1,026 478

DPWD 27 28 3 3 0 0 24 0 0 27 0 0 21 1 0 0 0 0 0 7 21

DWR 883 2,771 4 0 3 4 876 0 6 1 0 876 727 404 205 2,197 116 199 214 45 0

PID 7 35 3 7 0 0 0 0 0 2 3 2 7 3 2 0 0 0 4 31 0

SLCC 51 142 15 0 0 0 51 33 15 0 0 3 47 16 7 0 0 0 0 48 94

SLDMWA 14 14 0 0 0 0 14 0 0 0 0 14 13 6 2 0 0 14 0 0 0

SLWD 5 8 0 0 0 0 5 0 0 0 0 5 4 0 0 0 0 0 0 1 7

SWRCB 245 1,301 0 0 201 44 0 2 19 9 1 214 232 141 67 0 0 0 0 847 454

USGS 266 1,476 218 0 0 0 266 53 119 46 0 48 229 136 89 280 0 566 4 432 194

Total 1,683 7,810 331 83 204 160 1,236 99 269 115 26 1,174 1,450 774 397 2,477 116 844 509 2,552 1,312

Note: Summary of well sample data includes 33 tile and agricultural drain sample points. 

Wells With Historical Total Dissolved Solids (TDS) Samples

Wells With Historical Nitrate Samples
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TABLE 5-1B
Summary of Assembled Groundwater Quality Data: Recent Data Since 2005

Monitoring 

Entity

Number of 

Wells

Number of 

Samples

Wells with 

Known Depth

Irrigation

Wells

Monitoring 

Wells

Public Supply 

Wells

Unknown 

Well Type

Very Shallow 

Groundwater

Upper 

Aquifer

Lower 

Aquifer

Composite 

Wells

Unknown 

Depth Zone

Wells with

Results Over

5 mg/L

(as N)

Wells with

Results Over

10 mg/L

(as N)

Wells with

Results Over

20 mg/L

(as N)

CCID 64 119 13 64 0 0 0 0 49 2 12 1 20 6 0

CDPH 131 1,902 76 0 0 131 0 13 57 38 9 14 60 13 1

DPWD 24 24 3 3 0 0 21 0 0 24 0 0 18 2 1

DWR 1 2 0 0 0 0 1 0 0 0 0 1 0 0 0

PID 7 27 3 7 0 0 0 0 0 2 3 2 7 4 1

RWQCB 245 304 0 245 0 0 0 0 76 4 75 90 172 102 32

SLCC 51 142 15 0 0 0 51 33 15 0 0 3 15 5 0

SLWD 5 8 0 0 0 0 5 0 0 0 0 5 2 0 0

SWRCB 198 732 0 0 156 42 0 2 18 8 1 169 89 71 31

USGS 58 508 57 0 0 0 58 14 29 14 0 1 12 9 2

Total 784 3,768 167 319 156 173 136 62 244 92 100 286 395 212 68

Monitoring 

Entity

Number of 

Wells

Number of 

Samples

Wells with 

Known Depth

Irrigation

Wells

Monitoring 

Wells

Public Supply 

Wells

Unknown 

Well Type

Very Shallow 

Groundwater

Upper 

Aquifer

Lower 

Aquifer

Composite 

Wells

Unknown 

Depth Zone

Wells with

Results Over

500 mg/L

Wells with

Results Over

1,000 mg/L

Wells with

Results Over

1,500 mg/L

CCID 64 119 13 64 0 0 0 0 49 2 12 1 60 11 1

CDPH 103 1,138 66 0 0 103 0 11 49 26 8 9 95 37 14

DPWD 27 28 3 3 0 0 24 0 0 27 0 0 20 0 0

DWR 1 4 0 0 0 0 1 0 0 0 0 1 0 0 0

PID 7 27 3 7 0 0 0 0 0 2 3 2 7 3 2

SLCC 51 142 15 0 0 0 51 33 15 0 0 3 47 16 7

SLWD 5 8 0 0 0 0 5 0 0 0 0 5 4 0 0

SWRCB 175 1,006 0 0 131 44 0 2 19 9 1 144 163 100 55

USGS 59 622 58 0 0 0 59 14 30 14 0 1 51 33 23

Total 492 3,094 158 74 131 147 140 60 162 80 24 166 447 200 102

Note: Summary of well sample data includes 33 tile and agricultural drain sample points. 

Wells with Nitrate Samples Since 2005

Wells with Total Dissolved Solids (TDS) Samples Since 2005
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Table 5-2
Summary of Pesticide Detections and Exceedances

Average Minimum Maximum

1,2‐Dichloropropane (Propylene 
Dichloride) 204 1 1 0 129 1 0 0.039 0.039 0.039 5

CA Primary MCL

2,6‐Diethylaniline 45 1 1 0 34 1 0 0.005 0.005 0.005 ‐ ‐

2‐Hydroxycyclohexyl Hexazinone 8 1 1 0 6 1 0 0.126 0.126 0.126 ‐ ‐

3,4‐Dichloro Aniline 45 5 5 0 34 4 0 0.048 0.004 0.215 ‐ ‐

3,5‐Dichloro Aniline 40 1 1 0 30 1 0 0.004 0.004 0.004 ‐ ‐

ACET (Deisopropylatrazine) 68 1 1 0 46 1 0 0.052 0.052 0.052 ‐ ‐

Alachlor ESA 36 17 22 0 24 10 0 0.526 0.050 1.380 ‐ ‐

Alachlor OXA 36 1 2 0 24 1 0 0.051 0.050 0.051 ‐ ‐

Atrazine 294 9 12 0 172 7 0 0.063 0.006 0.200 1 CA Primary MCL

Carbon Disulfide 64 3 3 0 43 3 0 0.373 0.030 1.060 160

California State Notif‐
ication (Action) Level

Chlorthal‐Dimethyl 52 1 1 0 40 1 0 0.004 0.004 0.004 ‐ ‐

DBCP (Dibromochloropropane) 202 14 83 1 115 9 1 0.234 0.005 10.100 0.2 CA Primary MCL

Deethyl‐Atrazine (DEA) 113 11 11 0 80 9 0 0.012 0.005 0.028 ‐ ‐

Diaminochlorotriazine (DACT) 60 1 1 0 38 1 0 0.091 0.091 0.091 ‐ ‐

Diuron 165 7 17 0 104 7 0 0.204 0.070 0.730 2

USEPA Health Advisory‐
Cancer 2

EPTC 49 4 4 0 37 4 0 0.026 0.008 0.074 ‐ ‐

Ethylene Dibromide 158 3 6 3 98 3 3 0.266 0.080 0.480 0.05 CA Primary MCL

Hexazinone 148 10 11 0 94 9 0 0.047 0.009 0.094 ‐ ‐

Metalaxyl 47 2 2 0 36 1 0 0.035 0.015 0.054 ‐ ‐

Metolachlor 133 4 4 0 73 2 0 0.024 0.013 0.045 44

U.S.EPA Water Quality 
Advisory Concentration3

Metolachlor ESA 36 25 31 0 24 17 0 2.928 0.050 24.000 ‐ ‐

Metolachlor OXA 36 11 15 0 24 8 0 0.473 0.050 2.650 ‐ ‐

Molinate 103 2 2 0 52 2 0 0.007 0.007 0.007 20 CA Primary MCL

Prometon 236 8 8 0 157 8 0 4.413 0.021 13.400 ‐ ‐

Prometryn 217 2 2 0 136 2 0 0.004 0.001 0.006 ‐ ‐

Simazine 309 22 24 1 183 19 1 0.590 0.004 6.800 4 CA Primary MCL

Tebuthiuron 60 1 1 0 48 1 0 0.011 0.011 0.011 ‐ ‐
Total 272 5 5

2. USEPA Health Advisory, Cancer Risk Level. Likely to be carcinogenic to humans.

"‐" No threshold established or identified

3. National Recommended Ambient Water Quality Criteria to protect human health from consumption of water and aquatic organisms, cancer risk level. 

1. Source of threshold: California Environmental Protection Agency, State Water Resources Control Board, Compilation of Water Quality Goals
     (http://www.waterboards.ca.gov/water_issues/programs/water_quality_goals/#data_downloads)

Sections 

with 

Detection

Sections 

with 

Exceedance

Concentration in Samples with 

Detections (µg/L)

Exceedance 

Threshold
1

(µg/L)

Basis for Exceedance 

Threshold1
Sections 

SampledPesticide

Wells

Sampled

Wells with 

Detection

Number

of Sample

Detections

Wells with 

Exceedance
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TABLE 5-3
Summary of General Groundwater Quality Results from Other Studies

Water Quality Constituent Detections Exceedances
Exceedance Threshold 

(µg/L) Threshold Type

Arsenic -- 5 10 Primary MCL
Molybdenum -- 3 40 Primary MCL

Nitrite plus Nitrate
(as Nitrogen) -- 9 10* Primary MCL
Perchlorate 19 0 6 Primary MCL
Selenium -- 1 50 Primary MCL
Uranium 43 2 30 Primary MCL

Pesticides 19 0 Various Various
Volatile Organic Compounds 16 0 Various Various

Chloride -- 19 250* Secondary MCL
Iron -- 5 300 Secondary MCL

Manganese -- 19 50 Secondary MCL
Sulfate -- 26 250* Secondary MCL

Strontium -- 3 4,000 USEPA lifetime health advisory level
1,2,3-Trichloropropane 1 19 40 USEPA lifetime health advisory level

Boron -- 22 1,000 CDPH Notification level

Semi-
Confined 

Zone

Confined
Zone

Arsenic 3 2 10 Primary MCL
Molybdenum 0 0 40 Primary MCL

Nitrite plus Nitrate
(as Nitrogen) 6 3 10* Primary MCL

Selenium 0 0 50 Primary MCL

Chloride 8 7 250* Secondary MCL
Iron 2 0 300 Secondary MCL

Manganese 7 9 50 Secondary MCL
Sulfate 7 10 250* Secondary MCL

Boron 5 11 1,000 CDPH Notification level

* Units are expressed in mg/L.
1. CDPH Notification (Action) Level; Health-based notification level established by CDPH for some constituents in drinking water that lack MCLs.  If the 
constituent is detected in drinking water at concentrations greater than the action level local governing bodies must be notified.

Delta-Mendota Subbasin USGS GAMA Study from Mathany et al. (2013)
(Total wells sampled in 2010 = 45)

Northern Part of the Western San Joaquin Valley from Dubrovsky et al. (1991)
(Wells sampled by zone in 1985:  semi-confined [upper] = 21, confined [lower]= 23)

Exceedances
Exceedance Threshold 

(µg/L) Threshold TypeWater Quality Constituent
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TABLE 6-1
Summary of DRASTIC Parameter Weighting and Ranking System

(after Aller et al, 1987)
Range of Values/Description Units Rating Weight

0‐5 10

5‐15 9

15‐30 7

30‐50 5

50‐75 3

75‐100 2

>100 1

0‐2 1

2‐4 3

4‐7 6

7‐10 8

>10 9

Massive Shale 1‐3
Metamorphic/Igneous 2‐5
Weathered Metamorphic/Igneous 3‐5
Glacial Till 4‐6
Bedded Sandstone, Limestone, and Shale  5‐9
Massive Sandstone 4‐9
Massive Limestone 4‐9
Sand and Gravel 4‐9
Basalt 2‐10
Karst Limestone 9‐10

Thin or Absent 10

Gravel 10

Sand 9

Peat 8

Shrinking and/or Aggregated Clay 7

Sandy Loam 6

Loam 5

Silty Loam 4

Clay Loam 3

Muck 2

Nonshrinking and Nonaggregated Clay 1

0‐2 10

2‐6 9

6‐12 5

12‐18 3

>18 1

Confining Layer 1

Silt/Clay 2‐6
Shale 2‐5
Limestone 2‐7
Sandstone 4‐8
Bedded Limestone, Sandstone, Shale 4‐8

Sand and Gravel with significant Silt and Clay 4‐8
Metamorphic/Igneous 2‐8
Sand and Gravel 6‐9
Basalt 2‐10
Karst Limestone 8‐10

1‐100 1

100‐300 2

300‐700 4

700‐1,000 6

1,000‐2,000 8

>2,000 10

Parameter

T Topography (Slope) 1% slope

inches per year

A Aquifer Media

S Soil Media 2

3

Gallons per day/
feet squared

Depth to WaterD 5

R Net Recharge 4

feet

C Conductivity (Hydraulic) of the Aquifer 3

I Impact of the Vadose Zone Media 5
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Table 6-2              
Summary of Results from Multiple Regression Analyses

Dependent Variable

Range of
Model

R-Squared 
Values

Hydrogeologic Independent Variable* p-Value Range of 
Coefficients

Sample 
Size Comment/Explanation

Coalition-Wide Analysis Model 0.33 - 0.37 1285

Soil Drainage Class <0.005 0.267 - 0.378
Statistically significant positive correlation consistent with well 
draining soils having higher nitrate concentrations.

Subsurface Sediment Texture <0.005 -0.022- -0.027
AVG PC 0-200

Geomorphic Units Analysis Model

Overflow Lands Unit 0.23 - 0.34 Soil Saturated Hydraulic Conductivity 0.014 - 0.028 -0.040 - -0.062 680
Statistically significant negative correlation indicating higher nitrate 
concentrations where soils have lower hydraulic conductivity.

Subsurface Sediment Texture <0.005 -0.024 - -0.038
AVG PC 0-200

Alluvial Fans and Plains/
Dissected Uplands Unit 0.10 - 0.11 Subsurface Sediment Texture <0.005 -0.011 - -0.016 717

AVG PC 0-200

Soil Drainage Class Model 0.30 - 0.34 1294

Soil Drainage Class <0.005 0.387 - 0.486

Statistically significant negative correlation indicating higher nitrate 
concentrations where subsurface sediment texture is finer‐grained.

Statistically significant negative correlation indicating higher nitrate 
concentrations where subsurface sediment texture is finer‐grained.

Statistically significant negative correlation indicating higher nitrate 
concentrations where subsurface sediment texture is finer‐grained.

Statistically significant positive correlation consistent with well 
draining soils having higher nitrate concentrations.

Note: All results are reported as ranges for multiple regression analyses conducted using circa-1990, circa-2000, and 2013 land use conditions. 
* AVG PC 0-200 = average percent coarse sediments for depth interval of 0 to 200 feet below ground surface. 
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Table 6-3
Summary of Multiple Regression Results Relating to Land Use Control Variables

p-value Coefficient p-value Coefficient p-value Coefficient p-value Coefficient p-value Coefficient p-value Coefficient p-value Coefficient p-value Coefficient p-value Coefficient p-value Coefficient p-value Coefficient

Coalition-Wide Model >0.1 N/A >0.1 N/A <0.005 -0.54 - -
1.20

<0.005 - 
>0.1 2.49 - 2.61 0.021 - 

>0.1 1.10 <0.005 - 
>0.1 1.61 <0.005 - 

>0.1 1.40 <0.005 6.75 - 
22.80 <0.005 1.52 - 2.92 <0.005 - 

>0.1 1.41 - 2.40 0.006 - 
>0.1 -5.41

Geomorphic Units Model

Overflow Lands >0.1 N/A >0.1 N/A <0.005 - 
>0.1

-0.91 - -
1.31 >0.1 N/A <0.005 - 

>0.1 2.45 >0.1 N/A <0.005 - 
>0.1 1.98 <0.005 7.21 - 

22.25 >0.1 N/A <0.005 - 
>0.1 2.02 - 2.99 >0.1 N/A

Alluvial Fans and Plains/
Dissected Uplands >0.1 N/A 0.012 - 

>0.1 6.06 >0.1 N/A <0.005 - 
>0.1 1.84 - 1.91 >0.1 N/A <0.005 - 

0.022 0.85 - 1.27 >0.1 N/A >0.1 N/A <0.005 1.49 - 3.35 0.006 - 
>0.1 0.88 - 1.38 >0.1 N/A

Soil Drainage Class Model >0.1 N/A >0.1 N/A <0.005 -0.72 - -
1.50

<0.005 - 
>0.1 2.07 - 2.15 <0.005 - 

>0.1 1.74 <0.005 1.48 <0.005 - 
>0.1 1.60 <0.005 - 

0.007
5.81 - 
23.16 <0.005 1.47 - 5.28 <0.005 - 

>0.1 1.29 - 2.14 <0.005 - 
>0.1 -6.87

Vineyards**Multiple Regression Model

Land Use Category Control Variables*

Citrus/
Subtropics

Dairy/Livestock/
Poultry Field Crops Fruit Trees Grains/Cotton

Note: Reported value ranges are for multiple regression analyses conducted using circa-1990, circa-2000, and 2013 land use conditions.
* The reported coefficients represent the increase/decrease in dependent variable value for each land use category relative to a non-agricultural land use, holding all other variables constant. N/A denotes that the coefficient was not significant at a p-value of greater 
than 0.1. Only coefficients for statistically significant variables are reported.
** Vineyard land use category was not present in data analyzed for 1990s land use snapshot.  

Nut Trees Pasture Rice Seeds/Beans Vegetables
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Table 6-4
Summary of Nitrate and TDS Concentrations Relative to High Vulnerability Areas

253 22 335 58 0 39 138 9 47 130 8 82

81% 100% 90% 19% 0% 10% 51% 53% 36% 49% 47% 64%

Very Shallow 9 4 5 3 0 2 5 0 6 11 1 11

Upper 50 8 59 9 0 1 17 1 5 16 1 8

Lower 44 3 18 2 0 0 5 0 1 9 0 0

Composite 17 0 43 13 0 0 2 0 0 1 0 0

Unknown 133 7 210 31 0 36 109 8 35 93 6 63

Total Number of 
Wells 0 0 16 58 0 22** 13 2 0 117 6 82

Percent of Total 0% 0% 4% 19% 0% 6% 5% 12% 0% 44% 35% 64%

Very Shallow 0 0 6 3 0 0 5 0 0 11 1 11

Upper 0 0 1 9 0 0 1 0 0 15 1 8

Lower 0 0 0 2 0 0 0 0 0 9 0 0

Composite 0 0 0 13 0 0 0 0 0 1 0 0

Unknown 0 0 9 31 0 22** 7 2 0 81 4 63

Well Locations Relative to Hydrogeologic High Vulnerability Area

1,500-3,000 
mg/L

1,500-3,000 
mg/L and
Increasing 

Trend

>=3,000 
mg/L

 
>=10 mg/L 

(as N)

 
>=10 mg/L 

(as N)

>5 mg/L (as N) 
and

Increasing 
Trend

>=3,000 
mg/L

Well
Depth

Category

Wells by Nitrate Concentration
Relative to High Vulnerability Areas

Wells by TDS Concentration
Relative to High Vulnerability Areas

Wells Inside Area Wells Remaining Outside Area(s) Wells Inside Area Wells Remaining Outside Area(s)

5-10 mg/L 
(as N)

>5 mg/L (as N) 
and

Increasing 
Trend

1,500-3,000 
mg/L

1,500-3,000 
mg/L and
Increasing 

Trend

5-10 mg/L 
(as N)

* Wells with statistically significant increasing trend in nitrate or TDS concentration. 

Total Number of Wells

Percent of Total

Well Locations Outside of Hydrogeologic High Vulnerability Area Relative to High Well Vulnerability Areas

** 22 remaining wells outside the high vulnerability areas are located at two regulated facilities where observed high nitrate concentrations are not likely a result of impacts from irrigated agriculture; one site (with 4 wells) is a landfill facility 
located outside the irrigated land area with numerous groundwater contaminants including heavy metals, VOCS, and extremely high salinity (13,000 mg/L TDS) observed in monitoring wells; the other site (with 18 wells) is an agricultural bulk 
chemical distribution facility at which nitrate is a consituent of concern along with the many herbicides, pesticides, and VOCs that have been detected in the groundwater as a result of contamination from the facility.  
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Table 6-5
Summary of Acreages for High Vulnerability Area

Vulnerability Area Description

Total Coalition 

Region

(Acres)

Irrigated Area
1

(Acres)

Hydrogeologic High Vulnerability Area 285,159 202,139

High Well Vulnerability Area 7,012 5,428

High Vulnerability Area (Total) 292,171 207,567

1 Includes irrigated land as identified from 2012 FMMP data.
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Table 6-6
Matrix for Prioritization of Westside High Vulnerability Area

Ranking Metric Range of Ranking Percent Comments

Soil Vulnerability

Includes ranking of the vulnerability based on soil 
hydraulic conductivity.

Soil drainage class 0 to 10 (low to high) based on 
soil drainage class; (drainage 
class: very poorly drained=0, 
poorly drained=2, somewhat 
poorly drained=4, moderately 
well drained=6, well drained=8, 
somewhat excessively 
drained=9, excessively 
drained=10)

7.5%

Subsurface Sediment Vulnerability

Includes ranking of the vulnerability based on 
subsurface sediment texture.

Average percentage 
of coarse sediments 
indicated for the 
upper 200 feet, based 
on CVHM sediment 
texture model

0 to 10 (low to high) based on 
average percent coarse for 0 to 
200 feet (AVG PC 0‐200); 5 
(neutral) for locations outside 
Central Valley Floor; (AVG PC 0‐
200: <30 = 0, 30‐35=1, 35‐40=2, 
40‐45=3, 45‐50=4, 50‐55=5, 55‐
60=6, 60‐65=7, 65‐70=8, 70‐
75=9, >75=10)

7.5%

Observed Groundwater Quality Concentrations

Includes an evaluation and ranking of areas based on 
recent observed groundwater NO3 concentrations.

Average 
concentration for 
location based on 
wells within 1/2 mile

0 to 10 (low to high) based on 
average concentration; 
5 (neutral) for locations without 
any concentration data within 
1/2 mile; (NO3 [mg/L as N]: 
<1=0, 1‐2=1, 2‐3=2, 3‐4=3, 4‐5=4, 
5‐6=5, 6‐7=6, 7‐8=7, 8‐9=8, 9‐
10=9, >10=10)  

15% High

Temporal Trend in Groundwater Quality

Includes evaluation and ranking of areas based on 
recent trend (degrading, improving, etc.) in 
groundwater NO3 concentration.

Average trend for 
location based on 
wells within 1/2 mile

0 to 10 (low to high) based on 
average water quality trend; 
5 (neutral) for locations without 
any trend data within 1/2 mile 
(mg/L/yr: <‐1=0, ‐1‐‐0.5=1, ‐0.5‐‐
0.1=2, ‐0.1‐0.1=5, 0.1‐0.5=8, 0.5‐
1=9, >1=10)

10% Moderate

Identified exceedances of water 
quality objectives for which 
agricultural waste discharges are 
the cause, or a contributing 
source. 

MCL Exceedances

Includes evaluation and ranking of areas according to 
presence/absence of NO3 concentrations 
observations that are above the drinking water MCL.  

Distance from nearest 
NO3 MCL Exceedance

0 to 10 (low to high) inversely 
related to distance from nearest 
NO3 exceedance; 
5 (neutral) for locations without 
any WQ observations within 
specified distance; (miles: >2=0, 
1.5‐2=2, 1‐1.5=4, 0.5‐1=6, 0.25‐
0.5=8, <0.25=10) 

2.5% Low ‐ weighting is low to 
avoid double‐counting 
since measured 
concentration is 
considered in ambient 
water quality component

Identified constituents of concern. Pesticide Detections

Includes evaluation and ranking of areas based on 
presence/absence of detectable concentrations of 
pesticides in groundwater samples.

Percent of wells with 
a pesticide detection 
within a section

0 to 10 (low to high) based on 
percent of wells with a pesticide 
detection; 
5 (neutral) for sections without 
any pesticide observations; 
(percent: 0%=0, 0.1‐10%=2, 10‐
20%=4, 20‐30%=6, 30‐40%=8, 
>40=10)

2.5% Low ‐ Pesticide detection 
data from DPR are at 
coarse spatial accuracy

Typical Nitrogen Application Rate

Includes evaluation and ranking of areas based on 
typical nitrogen application rates for land uses 
(Rosenstock and others, 2013; Viers and others, 
2012) using 2013 USDA land use designation.

Typical nitrogen 
application rate for 
land use

0 to 10 based on typical nitrogen 
application rate;  (lbs/ac/yr: 
<50=0, 50‐100=3, 100‐150=7, 
>150=10)

7.5% Low‐Moderate

Typical Irrigation Method

Includes ranking of areas based on typical irrigation 
method for land uses (using 2013 USDA land use 
designation) in accordance with irrigation method 
statistics derived from circa‐2000s DWR land use 
survey irrigation method data.

Typical irrigation 
method for land use

0 to 10 based on typical 
irrigation method;

(micro=3, sprinkler=6, 
gravity=10)

12.5% Moderate‐High

The largest acreage commodity 
types comprising up to at least 
80% of the irrigated agricultural 
acreage in the Coalition region and 
the irrigation and fertilization 
practices employed by these 
commodities.

Top Commodities

Includes evaluation and ranking of areas based on 
percent of land area that is of a land use category 
comprising 80% of the irrigated acreage within 
Coalition region (based on 2013 USDA land use 
designation).

Presence/absence of 
top 80% land use 
category

0 = Absent
10 = Present; (Top 80% land use 
category=10, Other land use 
category=0)

2.5% Low

Proximity of high vulnerability 
areas to areas contributing 
recharge to urban and rural 
communities where groundwater 
serves as a significant source of 
supply.

Proximity to Public Groundwater Supply

Includes evaluation and ranking of areas by proximity 
to public water systems and communities reliant on 
groundwater.

Distance, within 1 
mile, from public 
water system or 
community reliant on 
groundwater

Within Contributing 
Area/Not Within 
Contributing Area 

0 to 10 (low to high) inversely 
related to distance from public 
supply system reliant on 
groundwater; 
multiplier of 1 for locations 
within contributing area and 
multiplier of 0.5 for locations 
outside of contributing area; 
(miles: >2=0, 1.5‐2=2, 1‐1.5=4, 
0.5‐1=6, 0.25‐0.5=8, <0.25=10) 

30% High

Groundwater basins currently or 
proposed to be under review by 
CV‐SALTS.

CV‐SALTS Priority Areas

Includes Initial Analysis Zones (IAZ) that were 
identified by CV‐SALTS as being high priority with 
respect to nitrate in groundwater. 

Location within or not 
within IAZ identified 
as high priority by CV‐
SALTS

0 = Not within priority IAZ
10 = Within priority IAZ

2.5% Low

Other Factors

Component Weighting

Existing 

Groundwater 

Quality 

Conditions

Prioritization 

Component 

Category

Prioritization Component Identified 

in the Order  (Att. B)

Land Use

Existing field or operational 
practices identified to be 
associated with irrigated 
agriculture water discharges that 
are the cause, or a contributing 
source. 

Legacy or ambient conditions of 
the groundwater.

Ranking FactorsDescription of Component Used in 

Prioritization Method

Hydrogeologic 

Groundwater 

Vulnerability

Additional component not directly 
specified in order for prioritization 
purposes

High ‐ Collectively 
represents weighting of 
importance of 
hydrogeologic 
characteristics
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Table 6-7
Summary of Acreages for Priority Areas within Westside High Vulnerability Area

Area Description

Total

Coalition Region

(Acres)

Irrigated Area1

(Acres)

High Vulnerability Area 292,172 207,566

Prioritization of High Vulnerability Area2

Priority 1 54,978 51,382

Priority 2 58,854 51,663

Priority 3 54,816 53,188

Priority 4 123,525 51,333

1 Includes irrigated land as identified from 2012 FMMP data.
2 Priority areas are in order from highest (1) to lowest (4). 
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Table 6-8
Summary of Land Uses within Priority Areas

High Vulnerability Area 54,978 58,853 54,816 123,525 292,172

Irrigated Lands Within HVA*
(from 2012 FMMP) 51,382 51,663 53,188 51,333 207,566

Land Use Category Within HVA*
(2013 USDA land use data)

Agricultural Land Use Categories 49,506 49,601 50,358 43,105 192,570
Field Crops 12,924 8,620 4,451 1,580 27,574
Pasture and Alfalfa 10,954 11,856 13,670 14,932 51,412
Nut Trees 9,814 12,141 19,308 13,972 55,235
Grain 7,828 8,110 4,620 1,848 22,406
Vegetables 6,118 6,375 4,881 1,580 18,954
Seeds/Beans 825 647 1,051 668 3,191
Idle 688 1,170 945 4,747 7,549
Vineyards 216 310 454 2,063 3,042
Fruit Trees 113 306 745 1,177 2,342
Citrus/Subtropical 24 66 214 488 791
Rice 2 1 20 51 75

Non Agricultural 5,472 9,252 4,458 80,419 99,601

* Irrigated lands area calculations are based on FMMP 2012 data; land use category calculations are based on USDA 2013 cropscape 
data. Due to differences between FMMP and USDA datasets, total crop acres from USDA are different than irrigated acres from FMMP.

Description
Priority 1

(Acres)

Priority 3

(Acres)

Priority 4

(Acres)

Total

(Acres)

Priority 2

(Acres)
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TABLE 7-1 
Summary of Historical Groundwater Monitoring

Monitoring 

Entity

Number of 

Wells

Number of 

Measurements

Wells with 

Known Depth

Irrigation 

Wells

Monitoring 

Wells

Domestic 

Wells

Unknown 

Well Type

Very Shallow 

Groundwater
Upper Aquifer Lower Aquifer

Composite 

Wells

Unknown 

Depth Zone

Wells 

Measured

Pre‐1970s

Wells 

Measured in 

1970s

Wells 

Measured in 

1980s

Wells 

Measured in 

1990s

Wells 

Measured in 

2000s

Wells 

Measured in 

2010s

CCID 398 27,287 0 58 312 0 28 339 45 2 12 0 37 40 345 361 377 397

DPWD 11 11 11 11 0 0 0 0 0 11 0 0 0 0 0 0 0 11

DWR 1,458 46,531 139 53 106 1 1,298 674 412 71 2 299 988 592 515 429 339 275

PID 10 101 6 3 3 0 4 0 4 2 0 4 0 0 0 0 1 10

SLCC 21 59 18 0 0 0 21 0 18 0 0 3 0 0 0 0 21 16

SWRCB 707 10,008 125 0 0 0 707 574 132 0 0 1 0 0 0 8 612 471

WSID 4 28 0 4 0 0 0 0 0 4 0 0 0 0 0 0 4 4

Total 2,609 84,025 299 129 421 1 2,058 1,587 611 90 14 307 1,025 632 860 798 1,354 1,184

Monitoring 

Entity

Number of 

Wells

Number of 

Samples

Wells with 

Known Depth

Irrigation 

Wells

Monitoring 

Wells

Public Supply 

Wells

Unknown 

Well Type

Very Shallow 

Groundwater
Upper Aquifer Lower Aquifer

Composite 

Wells

Unknown 

Depth Zone

Wells 

Sampled

Pre‐1970s

Wells 

Sampled in 

1970s

Wells 

Sampled in 

1980s

Wells 

Sampled in 

1990s

Wells 

Sampled in 

2000s

Wells 

Sampled in 

2010s

CCID 74 223 18 74 0 0 0 0 58 2 13 1 0 0 0 46 67 64

CDPH 140 3,415 78 0 0 140 0 13 60 41 10 16 0 0 25 39 125 109

DPWD 24 24 3 3 0 0 21 0 0 24 0 0 0 0 0 0 3 21

DWR 603 1,040 4 0 2 4 597 0 6 1 0 596 431 65 93 87 18 0

PID 7 35 3 7 0 0 0 0 0 2 3 2 0 0 0 3 7 0

RWQCB 245 304 0 245 0 0 0 0 76 4 75 90 0 0 0 0 245 0

SLCC 51 142 15 0 0 0 51 33 15 0 0 3 0 0 0 0 48 48

SLDMWA 14 14 0 0 0 0 14 0 0 0 0 14 0 0 14 0 0 0

SLWD 5 8 0 0 0 0 5 0 0 0 0 5 0 0 0 0 1 5

SWRCB 268 1,164 0 0 226 42 0 2 18 8 1 239 0 0 0 0 228 68

USGS 190 840 147 0 0 0 190 35 82 30 0 43 32 0 112 1 23 38

Total 1,621 7,209 268 329 228 186 878 83 315 112 102 1,009 463 65 244 176 765 353

Monitoring 

Entity

Number of 

Wells

Number of 

Samples

Wells with 

Known Depth

Irrigation 

Wells

Monitoring 

Wells

Public Supply 

Wells

Unknown 

Well Type

Very Shallow 

Groundwater
Upper Aquifer Lower Aquifer

Composite 

Wells

Unknown 

Depth Zone

Wells 

Sampled

Pre‐1970s

Wells 

Sampled in 

1970s

Wells 

Sampled in 

1980s

Wells 

Sampled in 

1990s

Wells 

Sampled in 

2000s

Wells 

Sampled in 

2010s

CCID 73 179 18 73 0 0 0 0 57 2 13 1 0 0 0 0 68 64

CDPH 112 1,856 70 0 0 112 0 11 53 28 9 11 0 0 21 38 100 78

DPWD 27 28 3 3 0 0 24 0 0 27 0 0 0 0 0 0 7 21

DWR 883 2,771 4 0 3 4 876 0 6 1 0 876 746 65 91 88 18 0

PID 7 35 3 7 0 0 0 0 0 2 3 2 0 0 0 3 7 0

SLCC 51 142 15 0 0 0 51 33 15 0 0 3 0 0 0 0 48 48

SLDMWA 14 14 0 0 0 0 14 0 0 0 0 14 0 0 14 0 0 0

SLWD 5 8 0 0 0 0 5 0 0 0 0 5 0 0 0 0 1 5

SWRCB 245 1,301 0 0 201 44 0 2 19 9 1 214 0 0 0 0 198 72

USGS 266 1,476 218 0 0 0 266 53 119 46 0 48 82 0 137 1 24 38

Total 1,683 7,810 331 83 204 160 1,236 99 269 115 26 1,174 828 65 263 130 471 326

Note: Summary of well sample data includes 33 tile and agricultural drain sample points. 

Wells With Historical Groundwater Level Measurements

Wells With Historical Nitrate Samples

Wells With Historical Total Dissolved Solids (TDS) Samples
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TABLE 7-2
Summary of Recent Groundwater Monitoring

(since 2005)

Monitoring 

Entity
Number of Wells

Number of 

Measurements

Wells with 

Known Depth

Irrigation 

Wells

Monitoring 

Wells

Domestic 

Wells

Unknown 

Well Type

Very Shallow 

Groundwater
Upper Aquifer Lower Aquifer

Composite 

Wells

Unknown 

Depth Zone

CCID 397 9,458 0 58 311 0 28 338 45 2 12 0

DPWD 11 11 11 11 0 0 0 0 0 11 0 0

DWR 395 3,633 89 47 63 1 284 150 127 40 0 78

PID 10 101 6 3 3 0 4 0 4 2 0 4

SLCC 16 41 13 0 0 0 16 0 13 0 0 3

SWRCB 604 8,303 120 0 0 0 604 549 54 0 0 1

WSID 4 28 0 4 0 0 0 0 0 4 0 0

Total 1,437 21,575 239 123 377 1 936 1,037 243 59 12 86

Monitoring 

Entity
Number of Wells

Number of 

Samples

Wells with 

Known Depth

Irrigation

Wells

Monitoring 

Wells

Public Supply 

Wells

Unknown 

Well Type

Very Shallow 

Groundwater
Upper Aquifer Lower Aquifer

Composite 

Wells

Unknown 

Depth Zone

Wells with

Results Over

5 mg/L

(as N)

Wells with

Results Over

10 mg/L

(as N)

Wells with

Results Over

20 mg/L

(as N)

CCID 64 119 13 64 0 0 0 0 49 2 12 1 20 6 0

CDPH 131 1,902 76 0 0 131 0 13 57 38 9 14 60 13 1

DPWD 24 24 3 3 0 0 21 0 0 24 0 0 18 2 1

DWR 1 2 0 0 0 0 1 0 0 0 0 1 0 0 0

PID 7 27 3 7 0 0 0 0 0 2 3 2 7 4 1

RWQCB 245 304 0 245 0 0 0 0 76 4 75 90 172 102 32

SLCC 51 142 15 0 0 0 51 33 15 0 0 3 15 5 0

SLWD 5 8 0 0 0 0 5 0 0 0 0 5 2 0 0

SWRCB 198 732 0 0 156 42 0 2 18 8 1 169 89 71 31

USGS 58 508 57 0 0 0 58 14 29 14 0 1 12 9 2

Total 784 3,768 167 319 156 173 136 62 244 92 100 286 395 212 68

Monitoring 

Entity
Number of Wells

Number of 

Samples

Wells with 

Known Depth

Irrigation

Wells

Monitoring 

Wells

Public Supply 

Wells

Unknown 

Well Type

Very Shallow 

Groundwater
Upper Aquifer Lower Aquifer

Composite 

Wells

Unknown 

Depth Zone

Wells with

Results Over

500 mg/L

Wells with

Results Over

1,000 mg/L

Wells with

Results Over

1,500 mg/L

CCID 64 119 13 64 0 0 0 0 49 2 12 1 60 11 1

CDPH 103 1,138 66 0 0 103 0 11 49 26 8 9 95 37 14

DPWD 27 28 3 3 0 0 24 0 0 27 0 0 20 0 0

DWR 1 4 0 0 0 0 1 0 0 0 0 1 0 0 0

PID 7 27 3 7 0 0 0 0 0 2 3 2 7 3 2

SLCC 51 142 15 0 0 0 51 33 15 0 0 3 47 16 7

SLWD 5 8 0 0 0 0 5 0 0 0 0 5 4 0 0

SWRCB 175 1,006 0 0 131 44 0 2 19 9 1 144 163 100 55

USGS 59 622 58 0 0 0 59 14 30 14 0 1 51 33 23

Total 492 3,094 158 74 131 147 140 60 162 80 24 166 447 200 102

Note: Summary of well sample data includes 33 tile and agricultural drain sample points. 

Groundwater Level Measurements Since 2005

Wells with Nitrate Samples Since 2005

Wells with Total Dissolved Solids (TDS) Samples Since 2005
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TABLE 7-3
Summary of Recent Groundwater Monitoring by Vulnerability Area

(since 2005)

Monitoring Entity
Number of 

Wells

Wells in High 

Vulnerability Areas

(Westside HVA)

Wells Outside of 

High Vulnerability 

Areas (within 

Central Valley 

Floor)

CCID 397 161 236

DPWD 11 11 0

DWR 395 167 228

PID 10 5 5

SLCC 16 0 16

SWRCB 604 34 570

WSID 4 4 0

Total 1,437 382 1,055

Monitoring Entity
Number of 

Wells

Wells in High 

Vulnerability Areas

(Westside HVA)

Wells Outside of 

High Vulnerability 

Areas (within 

Central Valley 

Floor)

CCID 64 34 30

CDPH 131 41 90

DPWD 24 22 2

DWR 1 0 1

PID 7 3 4

RWQCB 245 27 218

SLCC 51 8 43

SLWD 5 4 1

SWRCB 198 30 168

USGS 58 9 49

Total 784 178 606

Monitoring Entity
Number of 

wells

Wells in High 

Vulnerability Areas

(Westside HVA)

Wells Outside of 

High Vulnerability 

Areas (within 

Central Valley 

Floor)

CCID 64 34 30

CDPH 103 29 74

DPWD 27 25 2

DWR 1 0 1

PID 7 3 4

SLCC 51 8 43

SLWD 5 4 1

SWRCB 175 46 129

USGS 59 9 50

Total 492 158 334

Note: Summary of well sample data includes 33 tile and agricultural drain sample points. 

Wells with Total Dissolved Solids (TDS) Samples Since 2005

Wells with Groundwater Level Measurements Since 2005

Wells with Nitrate Samples Since 2005
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FIGURE 1-1
Western San Joaquin River Watershed
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FIGURE 1-2
Westside San Joaquin River Watershed
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Westside San Joaquin River Watershed Coalition
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X:\2014 Job Files\14-033\GIS_WESTSIDE\FIGURES_GIS\Figure 01-03 Map of DWR Groundwater Basins and Subbasins.mxd

FIGURE 1-3
Map of DWR-Designated Groundwater

Basins and Subbasins
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Groundwater Basins
San Joaquin Valley Subbasins
San Joaquin Valley Groundwater
Basin (Central Valley Floor)
Westside Coalition Boundary
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X:\2014 Job Files\14-033\GIS_WESTSIDE\FIGURES_GIS\Figure 02-01 Elevation 150105.mxd

FIGURE 2-1
Map of Ground Surface Elevation

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report

Explanation
Ground Surface
Elevation
(feet above mean sea
level)

< 100
100 - 199
200 - 399
400 - 599
600 - 999
>= 1,000
Westside Coalition Boundary

Data sources
USGS National Elevation Dataset (NED)
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X:\2014 Job Files\14-033\GIS_WESTSIDE\FIGURES_GIS\Figure 02-02 Slope 150105.mxd

FIGURE 2-2
Map of Topographic Slope

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report

Explanation
Topographic Slope
(percent)

< 1
1 - 2
2 - 5
5 - 10
> 10
Westside Coalition Boundary

Data sources
USGS National Elevation Dataset (NED)
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X:\2014 Job Files\14-033\GIS_WESTSIDE\FIGURES_GIS\Figure 02-03 Precipitation 150105.mxd

FIGURE 2-3
Map of Average Annual Precipitation

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report

Explanation
Average Annual
Precipitation
(inches)

< 7
7 - 8
9 - 10
11 - 12
13 - 14
>= 15

!> Precipitation Station
Westside Coalition Boundary

Data sources
PRISM Climate Group, Oregon State University
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   FIGURE 2-4 
Average Monthly and Annual Precipitation 

 Westside San Joaquin River Watershed Coalition 
  Groundwater Quality assessment Report 
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X:\2014 Job Files\14-033\GIS_WESTSIDE\FIGURES_GIS\Figure 02-05 Map of Surface Water Features 150105.mxd

FIGURE 2-5
Map of Surface Water Features

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report

Explanation
Surface Waterway
Lake or Reservoir
Westside Coalition Boundary

Data sources
USGS National Hydrography Dataset (NHD)
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X:\2014 Job Files\14-033\GIS_WESTSIDE\FIGURES_GIS\Figure 02-06 General Geologic Map 150105.mxd

FIGURE 2-6
Generalized Geologic Map

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report

Explanation
General Rock Type

Dune Sand
Alluvium
Sandstone and Conglomerate
Other Sedimentary Rocks and
Metamorphic Rocks
Volcanic and Metavolcanic
Rocks
Plutonic Rocks
Melange

Geomorphic Unit
(from Hotchkiss and Balding
[1971]; Davis et al. [1959])

Overflow lands
Alluvial fans and plains
Dissected uplands
Diablo Range
Westside Coalition Boundary

Data sources
US Geological Survey; California Geological Survey
Hotchkiss and Balding (1971); Davis et al. (1959)
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Can tua Creek

UV152

Explanation
DWR-Designated
Groundwater Basins and
Subbasins
Westside Coalition Boundary

Geologic mapping data sources and
geologic units are identified on
accompanying Geologic Map Explanation

San Francisco/
San Jose

Quadrangle

Santa Cruz
Quadrangle

Index of
Geologic Maps

X:\2014 Job Files\14-033\GIS_WESTSIDE\FIGURES_GIS\Figure 02-07 Geologic Map of the Westside San Joaquin River Watershed 150105.mxd

FIGURE 2-7
Geologic Map of the Western

San Joaquin River Watershed Area
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report
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Figure X.X (Explanation)
Geologic Map

Westside San Joaquin River Watershed Coalition

X:\2014 Job Files\14-033\Maps\GeologicMap(explanation).ai

Compiled Geologic Map Explanation

Geologic Map compiled from:
1. Wagner, D.L., Bortugno, E.J. , and Mc Junkin, R.D., 1991

Geologic Map of the San Francisco - San Jose Quadrangle
California Geological Survey, Regional Geologic Map No. 5A, 1:250,000 scale.

2. Jennings, C.W. and Strand, R.G. , 1958
Geologic Atlas of California - Santa Cruz Quadrangle
California Geological Survey, Geologic Atlas of California Map No. 020, 1:250,000 scale.

Santa Cruz Quadrangle

San Francisco-San Jose Quadrangle

KJf Franciscan Group
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X:\2014 Job Files\14-033\GIS_WESTSIDE\FIGURES_GIS\Figure 02-08 3D Conceptual Illustration of the Hydrogeologic System.mxd

FIGURE 2-8
Conceptual Illustration of the Hydrogeologic System

in the Western San Joaquin River Watershed
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Very Shallow Groundwater Zone: Ground surface to 50 feet deep
thickness range = 50 feet
Upper Aquifer: From 50 feet to top of Corcoran Clay
thickness range = less than 50 feet to greater than 500 feet 

Corcoran Clay: E Clay member of the Tulare Formation, from Faunt et al. (2009) 
depth range = 25 feet to greater than 500 feet
thickness range = 20 feet to greater than 125 feet  
Lower Aquifer: Below Corcoran Clay
depth range = less than 200 feet to greater than 600 feet

Very Shallow Groundwater Zone (<50 ft)

Upper Aquifer

Corcoran Clay

Lower Aquifer

±

Not drawn
to scale
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X:\2014 Job Files\14-033\GIS_WESTSIDE\FIGURES_GIS\Figure 02-09 Map of Historical TDS Concentrations in the Western San Joaquin River Watershed.mxd

FIGURE 2-9
Map of Historical TDS Concentrations in the

Western San Joaquin River Watershed
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Historical (Pre-1916) TDS
Concentrations Based on Data
from Mendenhall et al. (1916)
(mg/L)

< 500
500 - 999
1,000 - 1,499
1,500 - 1,999
>= 2,000
Westside Coalition Boundary

Data sources
Mendenhall et al., 1916

´
0 4 8

Miles



!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

MERCED COUNTY

FRESNO COUNTY

SAN
BENITO

COUNTY
FRESNO

COUNTY

SAN BENITO COUNTY

MERCED COUNTY

STANISLAUS COUNTY

SANTA
CLARA COUNTY

SAN JOAQUIN COUNTY

STANISLAUS COUNTY

MADERA
COUNTY

Fresno River

Fresno Slough

Panoche Creek

Californ ia Aque duct

California Aqueduct

Chowchilla River

Owens Creek

Merced River

Del Pu erto Canyon

O restimba Cr eek

Los Ba n os Creek

Tuolum ne River

San Joa quin River

Stanislaus River

San J oaquin River

San Luis
Reservoir

§̈¦5

£¤99

UV152

UV49

§̈¦5

UV152

UV140

UV165

UV33

UV132

UV25

UV33

UV33

Manteca

Tracy

Modesto

Patterson
Turlock

Gustine

Merced

Los
Banos

Tranquillity

Mendota

Dos
Palos

Hollister

X:\2014 Job Files\14-033\GIS_WESTSIDE\FIGURES_GIS\Figure 02-10 Corcoran Clay Depth150114.mxd

FIGURE 2-10
Map of Corcoran Clay 

Characteristics: Extent and Depth
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Depth to Top of
Corcoran Clay (feet)
(CVHM 1 square mile grid
cells)

< 150
150 - 200
200 - 250
250 - 300
300 - 350
> 350
Extent of the Corcoran Clay
Westside Coalition Boundary

Data sources
Central Valley Hydrologic Model, Faunt (2009)
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FIGURE 2-11
Map of Corcoran Clay 

Characteristics: Thickness
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Corcoran Clay
Thickness (ft)

< 25
25 - 50
50 - 75
75 - 100
> 100
Westside Coalition Boundary

Data sources
Central Valley Hydrologic Model, Faunt (2009)
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X:\2014 Job Files\14-033\GIS_WESTSIDE\FIGURES_GIS\Figure 02-12 Map of Other Clay Layers (non-Corcoran Clay) Within the Upper Tulare Formation.mxd

FIGURE 2-12
Map of Other Clay Layers (non-Corcoran Clay)

Within the Upper Tulare Formation
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Mapped Extent of White Clay
(from Hotchkiss and Balding,
1971)

Extent of White Clay Layer
(30-60 ft thick)

Mapped Extent and
Elevation of the "A" Clay
(from Croft, 1972)

Extent of the "A" Clay
Elevation of the Base of "A" Clay
(dashed indicates uncertainty)

Mapped Extent and
Elevation of the "C" Clay
(from Croft, 1972)

Extent of the "C" Clay
Elevation of the Base of "C" Clay
(dashed indicates uncertainty)
Westside Coalition Boundary

Data sources
Hotchkiss and Balding, 1971
Croft, 1972
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X:\2014 Job Files\14-033\GIS_WESTSIDE\FIGURES_GIS\Figure 02-13 Map of Geologic Cross-Section Locations.mxd

FIGURE 2-13
Map of Geologic Cross-Section Locations

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report

Explanation
New Cross-Section
(Based on CVHM data)

Cross-Sections by Others
Cross-Section from
Hotchkiss and Balding (1971)
Cross-Section from
Miller et al. (1971)
Westside Coalition Boundary
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FIGURE 2-14
Geologic Cross-Section A-A'

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report
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FIGURE 2-15
Geologic Cross-Section B-B'

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report
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FIGURE 2-16
Geologic Cross-Section C-C'

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report
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FIGURE 2-17
Geologic Cross-Section D-D'

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report
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FIGURE 2-18
Geologic Cross-Section E-E'

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report
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FIGURE 2-19
Geologic Cross-Section F-F'

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report
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FIGURE 2-20
Geologic Cross-Section G-G'

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report
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FIGURE 2-21
Hotchkiss and Balding (1971) Geologic Cross-Sections A and B

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report
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FIGURE 2-22
Hotchkiss and Balding (1971) Geologic Cross-Sections C, D, and E

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report
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FIGURE 2-23
Miller et al. (1971) Geologic Cross-Section B

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report
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FIGURE 2-24
Map of Soil Hydraulic Conductivity
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Soil Hydraulic
Conductivity (feet/day)

< 0.5
0.5 - 1.0
1.0 - 2.0
2.0 - 4.0
> 4.0
Westside Coalition Boundary

Data sources
National Resources Conservation Service (NRCS)
Soil Survey Geographic Database (SSURGO)
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FIGURE 2-25
Map of Soil Drainage Characteristics

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report

Explanation
Soil Drainage Class

Excessively drained
Somewhat excessively drained
Well drained
Moderately well drained
Somewhat poorly drained
Poorly drained
Very poorly drained
Westside Coalition Boundary

Data sources
National Resources Conservation Service (NRCS)
Soil Survey Geographic Database (SSURGO)
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FIGURE 2-26
Map of Soil Salinity

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report

Explanation
Electrical Conductivity
(dS/m)

< 1.0
1.0 - 2.0
2.0 - 4.0
4.0 - 8.0
> 8.0
Westside Coalition Boundary

Data sources
National Resources Conservation Service (NRCS)
Soil Survey Geographic Database (SSURGO)
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FIGURE 2-27
Map of Soil pH

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report

Explanation
Soil pH

< 5.5
5.5 - 6.5
6.5 - 7.5
7.5 - 8.5
> 8.5
Westside Coalition Boundary

Data sources
National Resources Conservation Service (NRCS)
Soil Survey Geographic Database (SSURGO)
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FIGURE 2-28
Map of Vertical Hydraulic Conductivity:

Very Shallow Groundwater Zone
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Vertical Hydraulic
Conductivity: Very Shallow
Zone (CVHM 0-50 ft)
(feet/day)

< 0.20
0.20 - 0.25
0.25 - 0.30
0.30 - 0.35
> 0.35
Westside Coalition Boundary

Data sources
US Geological Survey (CVHM)
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FIGURE 2-29
Map of Horizontal Hydraulic Conductivity:

Very Shallow Groundwater Zone
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Horizontal Hydraulic
Conductivity: Very Shallow
Zone (CVHM 0-50 ft)
(feet/day)

< 150
150 - 250
250 - 350
 350 - 450
> 450
Westside Coalition Boundary

Data sources
US Geological Survey (CVHM)
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FIGURE 2-30
Map of Vertical Hydraulic Conductivity:

Upper Aquifer
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Vertical Hydraulic
Conductivity: Very Shallow
Zone (CVHM below 50 ft and
above Corcoran Clay)
(feet/day)

< 0.20
0.20 - 0.25
0.25 - 0.30
0.30 - 0.35
> 0.35
Westside Coalition Boundary

Data sources
US Geological Survey (CVHM)
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FIGURE 2-31
Map of Horizontal Hydraulic Conductivity:

Upper Aquifer
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Horizontal Hydraulic
Conductivity: Very Shallow
Zone (CVHM below 50 ft and
above Corcoran Clay)
(feet/day)

< 150
150 - 250
250 - 350
350 - 450
> 450
Westside Coalition Boundary

Data sources
US Geological Survey (CVHM)
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FIGURE 2-32
Map of Vertical Hydraulic Conductivity:

Corcoran Clay
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Vertical Hydraulic
Conductivity: Corcoran Clay
(CVHM Layers 4&5)
(feet/day)

< 0.00048
0.00048 - 0.00050
0.00050 - 0.00052
0.00052 - 0.00054
> 0.00054
Westside Coalition Boundary

Data sources
US Geological Survey (CVHM)
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FIGURE 2-33
Map of Horizontal Hydraulic Conductivity:

Lower Aquifer
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Horizontal Hydraulic
Conductivity: Lower Aquifer
(CVHM Layers 6-8)
(feet/day)

< 10
10 - 15
15 - 20
20 - 25
> 25
Westside Coalition Boundary

Data sources
US Geological Survey (CVHM)
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Explanation
Sediment Texture -
Percent Coarse
(shown in 50 foot intervals
from CVHM texture model)

0 - 25
26 - 50
51 - 75
76 - 100
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FIGURE 2-34A
CVHM Sediment Texture Model 0 to 700 Feet

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report
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Explanation
Sediment Texture -
Percent Coarse
(shown in 50 foot intervals
from CVHM texture model)

0 - 25
26 - 50
51 - 75
76 - 100
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FIGURE 2-34B
CVHM Sediment Texture Model 700 to 1,400 Feet

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report
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FIGURE 3-1
Map of Groundwater Level Data by Source

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report

Explanation
Groundwater Level Data
By Data Source Entity
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! DPWD
! PID
! WSID
! DWR
! SWRCB

Westside Coalition Boundary

Data sources
National Resources Conservation Service (NRCS)
USGS CVHM
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FIGURE 3-2
Map of Groundwater Level Data by Year

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report

Explanation
Groundwater Level Data
By Most Recent Year

! pre-1970s
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! 1990s
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! 2010s

Westside Coalition Boundary
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   FIGURE 3-3 
Summary of Groundwater Level Data by Year 

 Westside San Joaquin River Watershed Coalition 
  Groundwater Quality Assessment Report 
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FIGURE 3-4
Map of Recent Spring Depth to Groundwater:

Very Shallow Groundwater
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Generalized Recent Spring
Depth to Groundwater

Contours of Depth to
Groundwater (10-ft interval)

Depth to Groundwater
(feet bgs)

High : 50
Low : 0

Westside Coalition Boundary
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FIGURE 3-5
Map of Recent Fall Depth to Groundwater:

Very Shallow Groundwater
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Generalized Recent Fall
Depth to Groundwater

Contours of Depth to
Groundwater (10-ft interval)

Depth to Groundwater
(feet bgs)

High : 50
Low : 0

Westside Coalition Boundary
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X:\2014 Job Files\14-033\GIS_WESTSIDE\FIGURES_GIS\Figure 03-06 Map of Recent Spring Depth to Potentiometric Groundwater Upper Aquifer.mxd

FIGURE 3-6
Map of Recent Spring Depth to Groundwater

Potentiometric Surface: Upper Aquifer
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Generalized Recent Spring
Depth to Groundwater
Potentiometric Surface

Contours of Depth to
Groundwater Potentiometric
Surface (10-ft interval)

Depth to Groundwater
Potentiometric
Surface
(feet bgs)

High : 100

Low : 0

Westside Coalition Boundary
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FIGURE 3-7
Map of Recent Fall Depth to Groundwater

Potentiometric Surface: Upper Aquifer
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Generalized Recent Fall
Depth to Groundwater
Potentiometric Surface

Contours of Depth to
Groundwater Potentiometric
Surface (10-ft interval)

Depth to Groundwater
Potentiometric Surface

(feet bgs)
High : 100
Low : 0

Westside Coalition Boundary
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FIGURE 3-8
Map of Recent Spring Depth to Groundwater

Potentiometric Surface: Lower Aquifer
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Generalized Recent Spring
Depth to Groundwater
Potentiometric Surface

Contours of Depth to
Groundwater Potentiometric
Surface (20-ft interval)

Depth to Groundwater
Potentiometric Surface
(feet bgs)High : 200

Low : 0

Westside Coalition Boundary
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FIGURE 3-9
Map of Recent Fall Depth to Groundwater

Potentiometric Surface: Lower Aquifer
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Generalized Recent Fall
Depth to Groundwater
Potentiometric Surface

Contours of Depth to
Groundwater Potentiometric
Surface (20-ft interval)

Depth to Groundwater
Potentiometric Surface
(feet bgs)High : 200

Low : 0

Westside Coalition Boundary
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FIGURE 3-10
Select Graphs of Groundwater Elevations:

Very Shallow Groundwater
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
!(

Very Shallow Well with Graph of
Groundwater Elevation (feet, msl
Westside Coalition Boundary
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FIGURE 3-11
Select Graphs of Groundwater Elevations:

Upper Aquifer
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
!(

Upper Aquifer Well with Graph of
Groundwater Elevation (feet, msl)
Westside Coalition Boundary
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FIGURE 3-12
Select Graphs of Groundwater Elevations:

Lower Aquifer
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation

!(
Lower Aquifer Well with Graph of
Groundwater Elevation (feet, msl)

Westside Coalition Boundary
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X:\2014 Job Files\14-033\GIS_WESTSIDE\FIGURES_GIS\Figure 03-13 Map of Recent Spring Groundwater Elevation Very Shallow Groundwater.mxd

FIGURE 3-13
Map of Recent Spring Groundwater Elevation:

Very Shallow Groundwater
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Generalized Recent Spring
Groundwater Level

Contours of Groundwater
Elevation (variable interval)

Groundwater Elevation
(feet msl)

200
30

Westside Coalition Boundary
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FIGURE 3-14
Map of Recent Fall Groundwater Elevation:

Very Shallow Groundwater
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Generalized Recent Fall
Groundwater Level

Contours of Groundwater
Elevation (variable interval)

Groundwater Elevation
(feet msl)

170
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Westside Coalition Boundary
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FIGURE 3-15
Map of Recent Spring Groundwater Potentiometric

Surface Elevation: Upper Aquifer
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Generalized Recent Spring
Groundwater Level

Contours of Groundwater
Potentiometric Surface Elevation
(variable interval)

Groundwater Elevation
(feet msl)

High : 250
Low : 0

Westside Coalition Boundary
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FIGURE 3-16
Map of Recent Fall Groundwater Potentiometric

Surface Elevation: Upper Aquifer
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Generalized Recent Fall
Groundwater Elevation

Contours of Groundwater
Potentiometric Surface Elevation
(variable interval)

Groundwater Elevation
(feet msl)

High : 250
Low : 0

Westside Coalition Boundary
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FIGURE 3-17
Map of Recent Spring Groundwater Potentiometric

Surface Elevation: Lower Aquifer
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Generalized Recent Spring
Groundwater Level

Contours of Groundwater
Potentiometric Surface
Elevation (variable interval)

Groundwater Elevation
(feet msl)

>=150
-60

Westside Coalition Boundary
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FIGURE 3-18
Map of Recent Fall Groundwater Potentiometric

Surface Elevation: Lower Aquifer
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Generalized Recent Fall
Groundwater Level

Contours of Groundwater
Potentiometric Surface
Elevation (variable interval)

Groundwater Elevation
(feet msl)

>=160
-80

Westside Coalition Boundary
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X:\2014 Job Files\14-033\GIS_WESTSIDE\FIGURES_GIS\Figure 03-19 Map of Areas with Higher Potential for Groundwater Recharge.mxd

FIGURE 3-19
Map of Areas with Higher Potential for Groundwater

Recharge within the Central Valley Floor
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Higher Soil Hydraulic
Conductivity

Saturated Hydraulic Conductivity
> 1 ft/day

Higher Percentage
Coarse Sediments
Minimum Percent Coarse
Materials in Upper 100 Feet

50 - 60
> 60
Extent of Corcoran Clay
(Area of Low Recharge Potential to
Lower Aquifer)
Extent of San Joaquin Valley
Groundwater Basin
Westside Coalition Boundary

Data sources
National Resources Conservation Service (NRCS)
USGS CVHM
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FIGURE 3-20
Map of Communities Reliant on Groundwater

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report

Explanation
Groundwater Reliant DUC's
Groundwater Reliant CDP's
Groundwater Dependent PWS's
Communities Reliant on
Groundwater
Westside Coalition Boundary
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FIGURE 3-21
Map of Contributing Groundwater Areas

for Communities Reliant on Groundwater
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Communities Reliant on
Groundwater
Contributing Areas
Westside Coalition Boundary
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X:\2014 Job Files\14-033\GIS_WESTSIDE\FIGURES_GIS\Figure 03-22 Map of Areas for Potential Evapoconcentration in Very Shallow Groundwater.mxd

FIGURE 3-22
Map of Areas for Potential Evapoconcentration

in Very Shallow Groundwater
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Area for Potential Evapoconcentration
in Groundwater

Depth to Water <10 Feet
Westside Coalition Boundary
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FIGURE 3-23
Map of Known Tile Drain Locations
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
!(

Tile and Agricultural Drain Locations
or Sample Points
DWR Study Areas for Tile Drain
Locations
Westside Coalition Boundary

Data sources
National Resources Conservation Service (NRCS)
USGS CVHM
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X:\2014 Job Files\14-033\GIS_WESTSIDE\FIGURES_GIS\Figure 04-01 Map of FMMP 2012 Coalition Region Irrigated Area.mxd

FIGURE 4-1
Map of FMMP 2012

Coalition Region Irrigated Area
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Irrigated Lands
(based on FMMP 2012)
Westside Coalition Boundary

Data sources
FMMP, 2012
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X:\2014 Job Files\14-033\GIS_WESTSIDE\FIGURES_GIS\Figure 04-02 Map of DWR Circa-1990 Coalition Region Land Use.mxd

FIGURE 4-2
Map of DWR Circa-1990

Coalition Region Land Use
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
DWR Land Use:
Circa-1990

Citrus/Subtropical
Dairy/Farmsteads
Field Crops
Fruit Trees
Grain
Nut Trees
Pasture and Alfalfa
Rice
Seeds/Beans
Vegetables
Vineyards
Idle
Native
Urban
Westside Coalition Boundary

Data sources
DWR
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FIGURE 4-3
Map of DWR Circa-2000

Coalition Region Land Use
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
DWR Land Use:
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FIGURE 4-4
Map of USDA 2013

Coalition Region Land Use
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
USDA Land Use: 2013
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   FIGURE 4-5 
Top Crops by Acreage within Coalition Region 

  Westside San Joaquin River Watershed Coalition 
  Groundwater Quality Assessment Report 
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   FIGURE 4-6 
Top Crops by Value within Coalition Region 

       Westside San Joaquin River Watershed Coalition 
        Groundwater Quality Assessment Report 
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   FIGURE 4-7 
Cropping by Decade in Valley Floor Area 
  Westside San Joaquin River Watershed Coalition 

   Groundwater Quality Assessment Report 
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   FIGURE 4-8 
Cropping by Decade in Valley Floor Area (Coalition Member Data) 

  Westside San Joaquin River Watershed Coalition 
   Groundwater Quality Assessment Report 
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FIGURE 4-9
Map of DWR Circa-2000

Coalition Region Irrigation Methods
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
DWR Irrigation Method:
Circa-2000
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   FIGURE 4-10 
Irrigation Method by Crop in Valley Floor Area 

  Westside San Joaquin River Watershed Coalition 
   Groundwater Quality Assessment Report 
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   FIGURE 4-11 
Irrigation Method by Decade in Valley Floor Area 

(Coalition Member Data) 
 Westside San Joaquin River Watershed Coalition 

  Groundwater Quality Assessment Report 
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   FIGURE 4-12 
Diagram of the Nitrogen Cycle 

 Westside San Joaquin River Watershed Coalition 
   Groundwater Quality Assessment Report 

From Rosenstock et al., 2013, courtesy of Southwest Hydrology 



   FIGURE 4-13 
Trends in Nitrogen Fertilizer Use (Gronberg and Spahr 2012) 

  Westside San Joaquin River Watershed Coalition 
   Groundwater Quality Assessment Report 
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FIGURE 5-1
Map of Groundwater Quality Data by Source:

Nitrate
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Wells with Nitrate Data
By Data Source Entity
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Explanation
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! 1970 - 1979
! 1980 - 1989
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FIGURE 5-4
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Westside San Joaquin River Watershed Coalition
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   FIGURE 5-5 
Summary of Groundwater Quality Data by Decade 

 Westside San Joaquin River Watershed Coalition 
  Groundwater Quality Assessment Report 
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FIGURE 5-6
Map of Maximum Nitrate Concentrations:

All Wells
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Maximum Nitrate
Concentration
(mg/L as N)

! < 2.5
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! 5.0 - 10.0
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FIGURE 5-7

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report

Explanation
Most Recent Nitrate
Concentration
(mg/L as N)

! < 2.5
! 2.5 - 5.0
! 5.0 - 10.0
! > 10.0

Westside Coalition Boundary

´
0 4 8

Miles

Map of Most Recent Nitrate Concentrations:
All Wells
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FIGURE 5-8
Map of Maximum Nitrate Concentrations:

Very Shallow Groundwater
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Maximum Nitrate
Concentration
(mg/L as N)

! < 2.5
! 2.5 - 5.0
! 5.0 - 10.0
! > 10.0

Westside Coalition Boundary
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FIGURE 5-9
Map of Most Recent Nitrate Concentrations:

Very Shallow Groundwater
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Most Recent Nitrate
Concentration
(mg/L as N)

! < 2.5
! 2.5 - 5.0
! 5.0 - 10.0
! > 10.0

Westside Coalition Boundary

´
0 4 8
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FIGURE 5-10
Map of Maximum Nitrate Concentrations:

Upper Aquifer
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Maximum Nitrate
Concentration
(mg/L as N)

! < 2.5
! 2.5 - 5.0
! 5.0 - 10.0
! > 10.0

Westside Coalition Boundary
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FIGURE 5-11
Map of Most Recent Nitrate Concentrations:

Upper Aquifer
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Most Recent Nitrate
Concentration
(mg/L as N)

! < 2.5
! 2.5 - 5.0
! 5.0 - 10.0
! > 10.0

Westside Coalition Boundary
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FIGURE 5-12
Map of Maximum Nitrate Concentrations:

Lower Aquifer
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Maximum Nitrate
Concentration
(mg/L as N)

! < 2.5
! 2.5 - 5.0
! 5.0 - 10.0
! > 10.0

Westside Coalition Boundary
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FIGURE 5-13
Map of Most Recent Nitrate Concentrations:

Lower Aquifer
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report
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Map of Maximum Nitrate Concentrations:

Composite Wells
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Groundwater Quality Assessment Report
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FIGURE 5-15
Map of Most Recent Nitrate Concentrations:

Composite Wells
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Most Recent Nitrate
Concentration
(mg/L as N)

! < 2.5
! 2.5 - 5.0
! 5.0 - 10.0
! > 10.0

Westside Coalition Boundary

´
0 4 8

Miles



!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!

!!

!

! !

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

! !

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!!

!

!

!

!

!

!

!!!!

!!
!!

!
!

!
!

!!!

!
!
!

!!

!

!!!!
!

!

!

!

!

!

!

!

!

!!!!!!!!!!!!!!!!!!!!!!

!!!

!!!!!!!!!

!!!!!!!!!!

!
!!

!!!!!

!!!

!

!!!

!!

!!

!!!

!
!

!
!

!

!
! !

!

!

!

!

!

!

!!
!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

! !

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!!

!

!!

!!

!

!

!

!

!

!

!

!
!!

!

!

!!!

!!!!!!

!!!!

!!!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!!!

!

!!

!
!!

!

!!!

!

!

!
!!

!!!

!!

!

!!
!

!!!

!!

!!!
!!!

!!

!

!!!!!!

!!!!!!!!!!!

!

!!
!

!

!

!

!
!

!

!

!

! !

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!
!

!

!
!

!

!

!

!

!

!!

! !

!

!

!

!

!!

!

!

!

!
!

!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

!!

!

!

!!

!

!!

!

!

!

!

!

!
!

!
!

!!
!

!!!
!

!

!

!

!!

!

!!!

!

!!!!!!!!
!!

!!!!

!!!!!!!!!!!!!!!!!!

!!!!!!!!

!!!

!!

!!!!!!!!!!!!!

!!

!
!!!!!!!!

!!
!!!!!!!!!!!!!!!!!!!!!!!!
!!!!!!!!!!!

!

!

!

!

!

!

!

!

!
!

!

!

!

!

!!

!

!

!

!

!

!

!

!

!

!

!

!

!

!

MERCED COUNTY

FRESNO COUNTY

SAN BENITO COUNTY
FRESNO COUNTY

SAN BENITO COUNTY

MERCED COUNTY

STANISLAUS COUNTY

SANTA
CLARA COUNTY

SAN JOAQUIN COUNTY

STANISLAUS COUNTY

MADERA
COUNTY

Fresno River

Fresno Slough

Panoche Creek

Californ ia Aque duct

California Aqueduct

Chowchilla River

Owens Creek

Merced River

Del Pu erto Canyon

O restimba Cr eek

Los Ba n os Creek

Tuolum ne River

San Joa quin River

Stanislaus River

San J oaquin River

San Luis
Reservoir

§̈¦5

£¤99

UV152

UV49

§̈¦5

UV152

UV140

UV165

UV33

UV132

UV25

UV33

UV33

Manteca

Tracy

Modesto

Patterson
Turlock

Gustine

Merced

Los
Banos

Tranquillity

Mendota

Dos
Palos

Hollister

X:\2014 Job Files\14-033\GIS_WESTSIDE\FIGURES_GIS\Figure 05-16 Map of Maximum Nitrate Concentrations Wells of Unknown Depth.mxd

FIGURE 5-16
Map of Maximum Nitrate Concentrations:

Wells of Unknown Depth
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report
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FIGURE 5-17
Map of Most Recent Nitrate Concentrations:

Wells of Unknown Depth
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report
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FIGURE 5-18

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report
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FIGURE 5-19

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report

Explanation
Most Recent TDS
Concentration
(mg/L)

! < 500
! 500 - 999
! 1,000 - 1,499
! >= 1,500

Westside Coalition Boundary

´
0 4 8

Miles

Map of Most Recent TDS Concentrations:
All Wells
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FIGURE 5-20

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report

Explanation
Maximum TDS
Concentration
(mg/L)

! < 500
! 500 - 999
! 1,000 - 1,499
! >= 1,500

Westside Coalition Boundary

´
0 4 8

Miles

Map of Maximum TDS Concentrations:
Very Shallow Groundwater
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FIGURE 5-21

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report

Explanation
Most Recent TDS
Concentration
(mg/L)

! < 500
! 500 - 999
! 1,000 - 1,499
! >= 1,500

Westside Coalition Boundary

´
0 4 8

Miles

Map of Most Recent TDS Concentrations:
Very Shallow Groundwater
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FIGURE 5-22

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report

Explanation
Maximum TDS
Concentration
(mg/L)

! < 500
! 500 - 999
! 1,001 - 1,499
! >= 1,500

Westside Coalition Boundary

´
0 4 8

Miles

Map of Maximum TDS Concentrations:
Upper Aquifer
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FIGURE 5-23

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report

Explanation
Most Recent TDS
Concentration
(mg/L)

! < 500
! 500 - 999
! 1,000 - 1,499
! >= 1,500

Westside Coalition Boundary

´
0 4 8

Miles

Map of Most Recent TDS Concentrations:
Upper Aquifer
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FIGURE 5-24

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report

Explanation
Maximum TDS
Concentration
(mg/L)

! < 500
! 500 - 999
! 1,000 - 1,499
! >= 1,500

Westside Coalition Boundary

´
0 4 8

Miles

Map of Maximum TDS Concentrations:
Lower Aquifer
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FIGURE 5-25

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report

Explanation
Most Recent TDS
Concentration
(mg/L)

! < 500
! 500 - 999
! 1,000 - 1,499
! >= 1,500

Westside Coalition Boundary

´
0 4 8

Miles

Map of Most Recent TDS Concentrations:
Lower Aquifer
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FIGURE 5-26

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report

Explanation
Maximum TDS
Concentration
(mg/L)

! < 500
! 500 - 999
! 1,000 - 1,499
! >= 1,500

Westside Coalition Boundary

´
0 4 8

Miles

Map of Maximum TDS Concentrations:
Composite Wells
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FIGURE 5-27

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report

Explanation
Most Recent TDS
Concentration
(mg/L)

! < 500
! 500 - 999
! 1,000 - 1,499
! >= 1,500

Westside Coalition Boundary

´
0 4 8

Miles

Map of Most Recent TDS Concentrations:
Composite Wells
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FIGURE 5-28

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report

Explanation
Maximum TDS
Concentration
(mg/L)

! < 500
! 500 - 999
! 1,000 - 1,499
! >= 1,500

Westside Coalition Boundary
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Miles

Map of Maximum TDS Concentrations:
Wells of Unknown Depth
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FIGURE 5-29

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report

Explanation
Most Recent TDS
Concentration
(mg/L)

! < 500
! 500 - 999
! 1,000 - 1,499
! >= 1,500

Westside Coalition Boundary
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Map of Most Recent TDS Concentrations:
Wells of Unknown Depth
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FIGURE 5-30
Map of Pesticide Detections and

Exceedances By Section
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Sections with Wells Tested for
Pesticides

No Detections
Detections - No Exceedances
Exceedances Found
Westside Coalition Boundary

Data sources
Department of Pesticide Regulation
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FIGURE 5-31
Select Graphs of Nitrate Concentrations:

Very Shallow Groundwater
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
!(

Very Shallow Well with Graph of
Nitrate Concentrations (mg/L as N)
Westside Coalition Boundary
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FIGURE 5-32
Select Graphs of Nitrate Concentrations:

Upper Aquifer
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
!(

Upper Aquifer Well with Graph of
Nitrate Concentrations (mg/L as N)
Westside Coalition Boundary
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FIGURE 5-33
Select Graphs of Nitrate Concentrations:

Lower Aquifer
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
!(

Lower Aquifer Well with Graph of
Nitrate Concentrations (mg/L as N)
Westside Coalition Boundary
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FIGURE 5-34
Select Graphs of Nitrate Concentrations:

Composite Wells
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
!(

Composite Well with Graph of
Nitrate Concentrations (mg/L as N)
Westside Coalition Boundary
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FIGURE 5-35
Map of Significant Temporal Trends in

Nitrate Concentrations: All Wells
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Trend in Nitrate
Concentration
(from linear regression)

Decreasing
Mildly Decreasing
Very Small Change
Mildly Increasing
Increasing
Westside Coalition Boundary
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FIGURE 5-36
Map of Significant Temporal Trends in

Nitrate Concentrations: Very Shallow Groundwater
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Trend in Nitrate
Concentration
(from linear regression)

Decreasing
Mildly Decreasing
Very Small Change
Mildly Increasing
Increasing
Westside Coalition Boundary
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FIGURE 5-37
Map of Significant Temporal Trends in
Nitrate Concentrations: Upper Aquifer

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report

Explanation
Trend in Nitrate
Concentration
(from linear regression)

Decreasing
Mildly Decreasing
Very Small Change
Mildly Increasing
Increasing
Westside Coalition Boundary
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FIGURE 5-38
Map of Significant Temporal Trends in
Nitrate Concentrations: Lower Aquifer

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report

Explanation
Trend in Nitrate
Concentration
(from linear regression)

Decreasing
Mildly Decreasing
Very Small Change
Mildly Increasing
Increasing
Westside Coalition Boundary

´
0 4 8

Miles



!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

!(

MERCED COUNTY

FRESNO COUNTY

SAN BENITO COUNTY

MERCED COUNTY

STANISLAUS COUNTY

SANTA
CLARA COUNTY

SAN JOAQUIN COUNTY

STANISLAUS COUNTY

MADERA
COUNTY

Fresno River

Fresno Slough

Panoche Creek

Californ ia Aque duct

California Aqueduct

Chowchilla River

Owens Creek

Merced River

Del Pu erto Canyon

O restimba Cr eek

Los Ba n os Creek

Tuolum ne River

San Joa quin River

Stanislaus River

San J oaquin River

San Luis
Reservoir

§̈¦5

£¤99

UV152

§̈¦5

UV152

UV140

UV165

UV33

UV132

UV25

UV33

UV33

Tracy

Modesto

Patterson
Turlock

Gustine

Merced

Los
Banos

Tranquillity

Mendota

Dos
Palos

Hollister

X:\2014 Job Files\14-033\GIS_WESTSIDE\FIGURES_GIS\Figure 05-39 Map of Significant Temporal Trends in Nitrate Concentrations Composite Wells.mxd

FIGURE 5-39
Map of Significant Temporal Trends in

Nitrate Concentrations: Composite Wells
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Trend in Nitrate
Concentration
(from linear regression)

Decreasing
Mildly Decreasing
Very Small Change
Mildly Increasing
Increasing
Westside Coalition Boundary
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FIGURE 5-40
Select Graphs of TDS Concentrations:

Very Shallow Groundwater
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
!(

Very Shallow Well with Graph of
TDS Concentrations (mg/L)
Westside Coalition Boundary
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FIGURE 5-41
Select Graphs of TDS Concentrations:

Upper Aquifer
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
!(

Upper Aquifer Well with Graph
of TDS Concentrations (mg/L)
Westside Coalition Boundary
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FIGURE 5-42
Select Graphs of TDS Concentrations:

Lower Aquifer
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
!(

Lower Aquifer Well with Graph
of TDS Concentrations (mg/L)
Westside Coalition Boundary
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FIGURE 5-43
Select Graphs of TDS Concentrations:

Composite Wells
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
!(

Composite Well with Graph of
TDS Concentrations (mg/L)
Westside Coalition Boundary
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FIGURE 5-44
Map of Significant Temporal Trends in

TDS Concentrations: All Wells
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Trend in TDS
Concentration
(from linear regression)

Decreasing
Mildly Decreasing
Very Small Change
Mildly Increasing
Increasing
Westside Coalition Boundary
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FIGURE 5-45
Map of Significant Temporal Trends in

TDS Concentrations: Very Shallow Groundwater
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Trend in TDS
Concentration
(from linear regression)

Decreasing
Mildly Decreasing
Very Small Change
Mildly Increasing
Increasing
Westside Coalition Boundary
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FIGURE 5-46
Map of Significant Temporal Trends in

TDS Concentrations: Upper Aquifer
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Trend in TDS
Concentration
(from linear regression)

Decreasing
Mildly Decreasing
Very Small Change
Mildly Increasing
Increasing
Westside Coalition Boundary
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FIGURE 5-47
Map of Significant Temporal Trends in

TDS Concentrations: Lower Aquifer
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Trend in TDS
Concentration
(from linear regression)

Decreasing
Mildly Decreasing
Very Small Change
Mildly Increasing
Increasing
Westside Coalition Boundary
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X:\2014 Job Files\14-033\GIS_WESTSIDE\FIGURES_GIS\Figure 05-48 Map of Significant Temporal Trends in TDS Concentrations Composite Wells.mxd

FIGURE 5-48
Map of Significant Temporal Trends in
TDS Concentrations: Composite Wells

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report

Explanation
Trend in TDS
Concentration
(from linear regression)

Decreasing
Mildly Decreasing
Very Small Change
Mildly Increasing
Increasing
Westside Coalition Boundary
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FIGURE 6-1
Map of SWRCB Hygrologically

Vulnerable Areas
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
SWRCB Hydrogeologically
Vulnerable Area
Westside Coalition Boundary

Data sources
SWRCB
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X:\2014 Job Files\14-033\GIS_WESTSIDE\FIGURES_GIS\Figure 06-02 DPR Groundwater Protection Areas.mxd

FIGURE 6-2
Map of DPR Groundwater Protection Areas

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report

Explanation
DPR Groundwater
Protection Areas

Leaching
Runoff
Runoff or Leaching
Westside Coalition Boundary

Data sources
DPR
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X:\2014 Job Files\14-033\GIS_WESTSIDE\FIGURES_GIS\Figure 06-03 Map of Groundwater Risk Assessment from Nolan et al. (2002).mxd

FIGURE 6-3
Map of Groundwater Risk Assessment

from Nolan et al. (2002)
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Groundwater Risk
(from Nolan et al., 2002)
Probability of Nitrate
Concentration >4 mg/L (as N)

0-0.17
0.17-0.33
0.33-0.5
0.5-0.67
0.67-0.83
0.83-1.0
Westside Coalition Boundary

Data sources
Nolan, 2002

´
0 4 8

Miles



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

0 20000 40000 60000 80000
-1300

-1200

-1100

-1000

-900

-800

-700

-600

-500

-400

-300

-200

-100

0

100

200

300

400

500

600

700

800

900

1000

1100

1200

     

A A'

Ele
va

tio
n (

ft, 
ms

l)

(WEST) (EAST)

FIGURE 6-4
Nitrate Concentrations by Depth Along Geologic Cross-Section A-A'

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report
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FIGURE 6-5
Nitrate Concentrations by Depth Along Geologic Cross-Section B-B'

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report
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FIGURE 6-6
Nitrate Concentrations by Depth Along Geologic Cross-Section C-C'

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report
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FIGURE 6-7
Nitrate Concentrations by Depth Along Geologic Cross-Section D-D'

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report
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FIGURE 6-8
Nitrate Concentrations by Depth Along Geologic Cross-Section E-E'

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report
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FIGURE 6-9
Nitrate Concentrations by Depth Along Geologic Cross-Section F-F'

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report

X:\2014 Job Files\14-033\GIS_WESTSIDE\FIGURES_GIS\Figure 06-09 Nitrate Concentrations by Depth Along Geologic Cross-Section F-F'.mxd

Vertical Exaggeration: 20x

Distance (ft)
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0 20000 40000 60000 80000 100000 120000 140000
-2500
-2400
-2300
-2200
-2100
-2000
-1900
-1800
-1700
-1600
-1500
-1400
-1300
-1200
-1100
-1000

-900
-800
-700
-600
-500
-400
-300
-200
-100

0
100
200
300
400
500
600

        

Explanation
Maximum Nitrate
Concentration by
Interpreted Depth Zone
(mg/L as N; displayed by
known or interpreted well
perforated interval)

< 5.0
5.0 - 9.9
>= 10.0

Sediment Texture -
Percent Coarse
(shown in 50 foot intervals
from CVHM texture model)

0 - 25
25 - 50
50 - 75
75 - 100
Corcoran Clay

F
F'

Cross-Section
Location

Fining

Coarsening

LOWER AQUIFER

UPPER AQUIFER

VERY SHALLOWGROUNDWATER ZONE

§̈¦5

G-G' San Joaquin
River

California
Aqueduct

Westside
Coalition

Area
Westside
Coalition

Area



 
 
 
 
 
 
 
 
 
 
 
 
 
 

300000 320000 340000 360000 380000 400000 420000 440000 460000 480000 500000 520000 540000 560000
-2400
-2200
-2000
-1800
-1600
-1400
-1200
-1000

-800
-600
-400
-200

0
200

              

 
 
 
 
 
 
 
 
 
 
 
 
 
 

0 20000 40000 60000 80000 100000 120000 140000 160000 180000 200000 220000 240000 260000 280000
-2400
-2200
-2000
-1800
-1600
-1400
-1200
-1000

-800
-600
-400
-200

0
200

               

G

G'

Ele
va

tio
n (

ft, 
ms

l)
(NORTH)

(SOUTH)

FIGURE 6-10
Nitrate Concentrations by Depth Along Geologic Cross-Section G-G'

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report
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FIGURE 6-11
TDS Concentrations by Depth Along Geologic Cross-Section A-A'

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report
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FIGURE 6-12
TDS Concentrations by Depth Along Geologic Cross-Section B-B'

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report
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FIGURE 6-13
TDS Concentrations by Depth Along Geologic Cross-Section C-C'

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report
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FIGURE 6-14
TDS Concentrations by Depth Along Geologic Cross-Section D-D'

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report
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FIGURE 6-15
TDS Concentrations by Depth Along Geologic Cross-Section E-E'

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report
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FIGURE 6-16
TDS Concentrations by Depth Along Geologic Cross-Section F-F'

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report

X:\2014 Job Files\14-033\GIS_WESTSIDE\FIGURES_GIS\Figure 06-16 TDS Concentrations by Depth Along Geologic Cross-Section F-F'.mxd

Vertical Exaggeration: 20x

Distance (ft)
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

0 20000 40000 60000 80000 100000 120000 140000
-2500
-2400
-2300
-2200
-2100
-2000
-1900
-1800
-1700
-1600
-1500
-1400
-1300
-1200
-1100
-1000

-900
-800
-700
-600
-500
-400
-300
-200
-100

0
100
200
300
400
500
600

        

Explanation
Maximum Nitrate
Concentration by
Interpreted Depth Zone
(mg/L; displayed by known or
interpreted well perforated
interval)

< 500
500 - 999
>= 1,000

Sediment Texture -
Percent Coarse
(shown in 50 foot intervals
from CVHM texture model)

0 - 25
25 - 50
50 - 75
75 - 100
Corcoran Clay

F
F'

Cross-Section
Location

Fining

Coarsening

LOWER AQUIFER

UPPER AQUIFER

VERY SHALLOWGROUNDWATER ZONE

§̈¦5

G-G' San Joaquin
River

California
Aqueduct

Westside
Coalition

Area
Westside
Coalition

Area



 
 
 
 
 
 
 
 
 
 
 
 
 
 

300000 320000 340000 360000 380000 400000 420000 440000 460000 480000 500000 520000 540000 560000
-2400
-2200
-2000
-1800
-1600
-1400
-1200
-1000

-800
-600
-400
-200

0
200

              

 
 
 
 
 
 
 
 
 
 
 
 
 
 

0 20000 40000 60000 80000 100000 120000 140000 160000 180000 200000 220000 240000 260000 280000
-2400
-2200
-2000
-1800
-1600
-1400
-1200
-1000

-800
-600
-400
-200

0
200

               

G

G'

Ele
va

tio
n (

ft, 
ms

l)
(NORTH)

(SOUTH)

FIGURE 6-17
TDS Concentrations by Depth Along Geologic Cross-Section G-G'

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report
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   FIGURE 6-18 
Frequency Distributions 

of Maximum Nitrate Concentrations by Well
Westside San Joaquin River Watershed Coalition    

 Groundwater Quality Assessment Report 
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   FIGURE 6-19 
Standardized Residuals 

for Multiple Regression Models 
   Westside San Joaquin River Watershed Coalition 

 Groundwater Quality Assessment Report 

 
 

Alluvial fans and plains/dissected uplands 

a. Coalition‐Wide Analysis Model:

Circa‐1990s Land Use 

b. Geomorphic Units Analysis Model: Circa‐1990s Land Use
Overflow lands 

c. Soil Drainage Class Model:
Circa‐1990s Land Use 

Note: Only results from models based on 1990s 
land use conditions are shown to illustrate 
residual trends. 



   FIGURE 6-20a 
Plots of Residuals versus Predicted Values 

for Multiple Regression Models 
 Westside San Joaquin River Watershed Coalition 

  Groundwater Quality Assessment Report 
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   FIGURE 6-20b 
Plots of Residuals versus Predicted Values 

for Multiple Regression Models 
 Westside San Joaquin River Watershed Coalition 

  Groundwater Quality Assessment Report 
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   FIGURE 6-20c 
Plots of Residuals versus Predicted Values 

for Multiple Regression Models 
 Westside San Joaquin River Watershed Coalition 

  Groundwater Quality Assessment Report 

Soil Drainage Class Model: Circa‐1990s Land Use Soil Drainage Class Model: Circa‐2000s Land Use

Soil Drainage Class Model: 2013 Land Use
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FIGURE 6-21
Map of Relative Vulnerability Results

from Coalition-Wide Model
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report
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FIGURE 6-22
Map of Relative Vulnerability Results

from Geomorphic Units Model
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report
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FIGURE 6-23
Map of Relative Vulnerability Results

from Soil Drainage Class Model
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

´
0 4 8

Miles

Explanation
!

Wells With Maximum Nitrate
Concentration >= 10 mg/L (as N)

!(

Wells With Maximum Nitrate
Concentration >= 5 mg/L (as N)
With Increasing Trend

Relative Vulnerability
Results from Soil Drainage
Class Model

High

Low

Westside Coalition Boundary



   FIGURE 6-24 
Wells with Nitrate Concentrations of 5 mg/L or Greater 

Relative to Soil Drainage Class 
 Westside San Joaquin River Watershed Coalition 

  Groundwater Quality Assessment Report 

 
a. Wells with a Maximum Nitrate Concentration of 10 mg/L (as N) or Greater or 5 mg/L and an
Increasing Trend By Soil Drainage Class

b. Wells with a Maximum Nitrate Concentration of 5 mg/L (as N) By Soil Drainage Class

c. Distance of Outlier Wells (Wells with Nitrate Concentrations >= 10 mg/L or >=5 mg/L and
Increasing Trend) from Soils with High Vulnerability Drainage Characteristics 

Nitrate Concentration >=10 mg/L or 
>=5 mg/L and Increasing Trend  

Total Number of Wells 

Nitrate Concentration >=5 mg/L  

Total Number of Wells 



   FIGURE 6-25 
Soil Drainage Class High Vulnerability Outlier Wells 

By Subsurface Sediment Texture 
 Westside San Joaquin River Watershed Coalition 

  Groundwater Quality Assessment Report 

Plot shows subsurface sediment texture (in percent coarse 0-200 feet) for soil drainage class high 
vulnerability outlier wells. Soil drainage class high vulnerability outliers are wells with a maximum nitrate 
concentration of 10 mg/L (as N) or greater or above 5 mg/L with an increasing trend that do not fall 
within the high vulnerability area defined based on soil drainage class.  

Outlier Wells as Percent of All Wells 
Outside Soil Drainage Class High 
Vulnerability Area By Sediment Texture 

Number of Outlier 
Wells By Sediment 
Texture 
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FIGURE 6-26
Map of Hydrogeologic High Vulnerability Areas

and High Well Vulnerability Areas
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report
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Note: Includes areas for Coalition 
       members and non-members
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FIGURE 6-27
Map of High Vulnerability Area Components

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report
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FIGURE 6-28
Map of Westside High Vulnerability Area

within Irrigated Lands
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report
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Note: Includes areas for Coalition
       members and non-members
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FIGURE 6-29
Map of TDS Concentrations

Relative to the Westside High Vulnerability Area
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report
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FIGURE 6-30
Map of Pesticide Exceedances

Relative to the Westside High Vulnerability Area
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Sections With a Pesticide
Exceedance
High Vulnerability Areas within
Irrigated Lands
Westside Coalition Boundary

Data sources
California Department of Pesticide Regulation
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FIGURE 6-31
Map of Prioritization of Westside

High Vulnerability Area
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report
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FIGURE 6-32
Map of Priority Levels for Westside High
Vulnerability Area within Irrigated Lands

Westside San Joaquin River Watershed Coalition
Groundwater Quality Assessment Report
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FIGURE 6-33
Map of Communities Reliant on Groundwater

Relative to Priority Areas
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report
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FIGURE 7-1
Map of Wells Monitored Historically for Groundwater

Levels: Very Shallow Groundwater
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
!

Very Shallow Wells Monitored
Historically for Groundwater
Levels
Westside Coalition Boundary
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FIGURE 7-2
Map of Wells Monitored Historically for Groundwater

Levels: Upper Aquifer
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
!

Wells in the Upper Aquifer
Monitored Historically for
Groundwater Levels
Westside Coalition Boundary
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FIGURE 7-3
Map of Wells Monitored Historically for Groundwater

Levels: Lower Aquifer
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
!

Wells in the Lower Aquifer
Monitored Historically for
Groundwater Levels
Westside Coalition Boundary
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FIGURE 7-4
Map of Wells Monitored Historically for Groundwater

Levels: Composite Wells
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
!

Composite Wells Monitored
Historically for Groundwater
Levels
Westside Coalition Boundary
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FIGURE 7-5
Map of Wells Monitored Historically for Groundwater

Levels: Wells of Unknown Depth
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
!

Wells of Unknown Depth
Monitored Historically for
Groundwater Levels
Westside Coalition Boundary
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FIGURE 7-6
Map of Wells Monitored Historically for Groundwater

Quality: Very Shallow Groundwater 
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
!

Very Shallow Wells Monitored
Historically for Groundwater
Quality
Westside Coalition Boundary
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FIGURE 7-7
Map of Wells Monitored Historically for Groundwater

Quality: Upper Aquifer
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
!

Wells in the Upper Aquifer
Monitored Historically for
Groundwater Quality
Westside Coalition Boundary
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X:\2014 Job Files\14-033\GIS_WESTSIDE\FIGURES_GIS\Figure 07-08 Map of Wells Monitored Historically for Groundwater Quality Lower Aquifer.mxd

FIGURE 7-8
Map of Wells Monitored Historically for Groundwater

Quality: Lower Aquifer
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
!

Wells in the Upper Aquifer
Monitored Historically for
Groundwater Quality
Westside Coalition Boundary
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X:\2014 Job Files\14-033\GIS_WESTSIDE\FIGURES_GIS\Figure 07-09 Map of Wells Monitored Historically for Groundwater Quality Composite Wells.mxd

FIGURE 7-9
Map of Wells Monitored Historically for Groundwater

Quality: Composite Wells
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
!

Composite Wells Monitored
Historically for Groundwater
Quality
Westside Coalition Boundary
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X:\2014 Job Files\14-033\GIS_WESTSIDE\FIGURES_GIS\Figure 07-12 Map of Wells Monitored Recently for Groundwater Quality by Entity.mxd

FIGURE 7-12
Map of Wells Monitored Recently for

Groundwater Quality by Entity
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Data Source Entity

! CCID
! Del Puerto WD
! Patterson ID
! San Luis CC
! San Luis WD
! SLDMWA
! CDPH
! SWRCB
! USGS
! CDWR
! RWQCB

Westside Coalition Boundary
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FIGURE 7-13
Map of Sections with Wells

Recently Sampled for Pesticides
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Sections with Wells
Recently Sampled for
Pesticides

Sections with Wells Sampled for
Pesticides Since 2005
Westside Coalition Boundary

Data sources
California Department of Pesticide Regulation
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X:\2014 Job Files\14-033\GIS_WESTSIDE\FIGURES_GIS\Figure 07-14 Map of Wells Monitored Recently Very Shallow Groundwater and Upper Aquifer.mxd

FIGURE 7-14
Map of Wells Monitored Recently:

Very Shallow Groundwater and Upper Aquifer
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
Wells with Water Quality
Data Since 2005
!( Very Shallow Groundwater
!( Upper Aquifer

Wells with Water Level
Data Since 2005
! Very Shallow Groundwater
! Upper Aquifer

High Vulnerability Area
Priority Level

1
2
3
4
Westside Coalition Boundary
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X:\2014 Job Files\14-033\GIS_WESTSIDE\FIGURES_GIS\Figure 07-15 Map of Wells Monitored Recently Lower Aquifer.mxd

FIGURE 7-15
Map of Wells Monitored Recently:

Lower Aquifer
Westside San Joaquin River Watershed Coalition

Groundwater Quality Assessment Report

Explanation
!(

Wells with Water Quality Data
Since 2005: Lower Aquifer

!
Wells with Water Level Data
Since 2005: Lower Aquifer

High Vulnerability
Area Priority Level

1
2
3
4
Westside Coalition Boundary
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