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Executive Summary 
The Borrego Springs Groundwater Subbasin (Subbasin) of the Borrego Valley Groundwater Basin 
(BVGB) has been determined to be in “overdraft”1, 2. Recent studies estimate that water users 
within the Borrego Springs Groundwater Subbasin of the BVGB currently withdraw 
approximately 13,064 acre-feet per year3 (AFY) and that the “sustainable yield” of the Borrego 
Springs Groundwater Subbasin is 5,700 AFY4. Thus, the current estimated “overdraft” rate is 
approximately 7,364 AFY. The Sustainable Groundwater Management Act (SGMA) mandates that 
the Subbasin achieve a long-term withdrawal rate less than or equal to the sustainable yield by 
the end of the prescribed 20-year water reduction period, in this case, by the year 20405. 

This Technical Memorandum (TM) has been prepared to assess the potential risk associated with 
temporal changes in groundwater quality that may result in exceedances of California drinking 
water maximum contaminant levels (MCLs) in Borrego Water District (BWD) production wells. 
This risk is attributed to the long-standing critical overdraft and implementation of the Physical 
Solution, which includes the rampdown of pumping to achieve a balanced water budget by 2040. 
Thus, this TM assesses current and historical groundwater quality data and their inter-
relationship with groundwater levels and groundwater production. Based on our current 
understanding of groundwater quality conditions, the main constituents of concern (COCs) are 
arsenic, nitrate, sulfate, fluoride, and total dissolved solids (TDS). In addition, the BWD is in the 
process of conducting Per- and polyfluoroalkyl substances (PFAS) sampling, as required by the 
State Water Resources Control Board (SWRCB), to evaluate whether these emerging constituents 

 
1  The overdraft of the BVGB was definitively established by the U.S. Geological Survey (USGS) work 

conducted in 1982 for San Diego County.  
2  The Department of Water Resources approved BWD’s request for a scientific internal modification of the 

BVGB into the Borrego Springs Subbasin (7-024.01) and Ocotillo Wells Subbasin (7-024.02) in October 2016. 
3  Water Year 2022 Annual Report for the Borrego Springs Subbasin Prepared for the Borrego Springs 

Watermaster. Prepared by West Yost. March 10, 2023. 
4  Draft Final Groundwater Management Plan for the Borrego Springs Subbasin. January 2020. 
5  The 20-year water reduction period is promulgated in CWC Section 10727.2(b). 
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of concern are detected within the aquifer. Of primary concern is the potential for water quality 
degradation and the relative risk that the groundwater supply will exceed drinking water MCLs.  

The U.S. Geological Survey (USGS), in cooperation with the BWD, published Scientific 
Investigation Report 2015–5150 that evaluated available groundwater quality data in Borrego 
Springs and Ocotillo Wells Groundwater Subbasins of the BVGB (Faunt et al. 2015). The USGS 
found that concentrations of TDS and nitrate exceed their respective water quality standard 
thresholds in portions of the upper aquifer of the Subbasin (for reference regarding depth, the 
Borrego Springs Groundwater Subbasin is comprised of three aquifers: upper, middle, and lower). 
The highest concentrations of both constituents were generally found in the northern portion of 
the Subbasin, with TDS concentration increasing as groundwater levels decline. Sulfate, another 
COC, was also found to increase in concentration as groundwater levels decline. In addition to 
nitrate, TDS, and sulfate, other potential COCs in the BVGB include arsenic and gross alpha 
radiation, though the latter appears to be confined to the Ocotillo Wells Groundwater Subbasin. 

The Groundwater Management Plan (GMP) for the Borrego Springs Groundwater Subbasin6 
reports that the most extensive water quality monitoring data within the Subbasin comes from 
reporting by public water supply systems to the SWRCB Division of Drinking Water to ensure 
adequate drinking water quality. As of spring of 2023, there are 29 wells in the current 
groundwater-quality monitoring network7. BWD routinely monitors approximately nine active 
production wells to test groundwater for general minerals, aggregate properties, solids, metals, 
and nutrients at least every 3 years. In addition to historical water quality data available within 
the Subbasin, Table 1 shows the wells included in the monitoring network for groundwater 
quality. Constituents to be monitored have been selected based on the results of prior 
monitoring activities in the Subbasin conducted primarily by DWR, USGS, and BWD. These 
monitoring activities along with USGS publications (USGS 2014, 2015) have summarized 
groundwater quality conditions in sufficient detail to identify arsenic, nitrate, sulfate, fluoride, 
and TDS as the Subbasin’s main COCs. Radionuclides were not explored in this Groundwater 
Quality Risk Assessment Update because available radionuclide data indicates that gross alpha 
and gross beta results are below MCLs and not a current COC for the Subbasin. 

 

 

 

 
6  The Groundwater Management Plan for the Borrego Springs Subbasin is provided as Exhibit 1 to the Stipulated 

Judgment.  
7  Groundwater Monitoring Plan for the Borrego Springs Subbasin Prepared for the Borrego Springs Watermaster. 

April 11, 2023. 
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Table 1. Wells in the Current Groundwater-Quality Monitoring Network 

Well Name Well Owner Well 
Use 

Well 
Status 

Well 
Depth 

(ft-bgs) 

Screened 
Interval (ft-

bgs) 

Principal 
Aquifer(s) 
Screened 

Monitoring 
Entity 

North Management Area 

ID4-18 BWD MUN Active 570 240 - 560 Upper/Middle BWD 

ID4-9 BWD MUN Active 916 460 - 800 Middle/Lower BWD 

MW-1 BWD OBS - 900 800 - 890 Middle/Lower Watermaster 

Horse Camp 
CA Dept of 
Parks and 

Rec 
DeMIN Active 350 150 - 350 Upper Watermaster 

Auxiliary 2 
CA Dept of 
Parks and 

Rec 
MUN Active 490 no data Lower Watermaster 

Central Management Area 

BSR Well 6 Borrego 
Nazareth L IRR Active no data no data no data Watermaster 

County Yard 
(SD DOT) 

County of 
San Diego DeMIN Active 280 no data Upper/Middle Watermaster 

ID1-10 BWD MUN Active 392 162 - 372 Middle/Lower BWD 

ID1-12 BWD MUN Active 580 248 - 568 Middle/Lower BWD 

ID1-16 BWD MUN Active 705 160 - 540 Upper/Middle/Lower BWD 

ID4-11 BWD MUN Active 770 450 - 750 Middle/Lower BWD 

ID5-5 BWD OBS - 700 400 - 700 Middle/Lower BWD 

MW-4 BWD OBS - 390 85 - 390 Upper/Middle Watermaster 

Terry Well Private DeMIN Active 920 450 - 620 Lower Watermaster 
ID4-20 

(Wilcox) BWD MUN Active 502 252 - 502 Upper/Middle/Lower BWD 

South Management Area 
Air Ranch 

Well 4 
Borrego Air 

Ranch MUN Active 380 120 - 300 Middle/Lower Watermaster 
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Table 1. Wells in the Current Groundwater-Quality Monitoring Network 

Well Name Well Owner Well 
Use 

Well 
Status 

Well 
Depth 

(ft-bgs) 

Screened 
Interval (ft-

bgs) 

Principal 
Aquifer(s) 
Screened 

Monitoring 
Entity 

Army Well Unknown OBS - 690 no data Lower Watermaster 

ID1-8 BWD MUN Active 850 72 - 830 Upper/Middle/Lower BWD 

La Casa CWC Casa 
del Zorro  IRR Active 500 no data no data Watermaster 

MW-3 BWD OBS - 325 175 - 325 Middle/Lower Watermaster 

MW-5A 
(East-Lower) BWD OBS - 345 45 - 155 Middle Watermaster 

MW-5B 
(West-Upper) BWD OBS - 160 200 - 340 Upper Watermaster 

RH-1 (ID1-1) T2 Borrego  IRR Active 600 180 - 580 Middle/Lower Watermaster 

RH-2 (ID1-2) T2 Borrego IRR Active 740 120 - 720 Upper/Middle/Lower Watermaster 

RH-3 T2 Borrego  IRR Active 890 295 - 885 Middle/Lower Watermaster 

RH-4 T2 Borrego  IRR Active 675 280 - 420 Middle/Lower Watermaster 

RH-5 T2 Borrego  IRR Active 815 270 - 480 Lower Watermaster 

RH-6 T2 Borrego  IRR Active 948 238 - 938 Middle/Lower Watermaster 

WWTP-1 BWD OBS - 100 60 - 100 Upper/Middle Watermaster 

Notes: BWD = Borrego Water District, DeMIN = de minimis, IRR = irrigation, MUN = municipal, OBS = observation 

Since the compilation of available groundwater quality data for the GMP, the BWD has collected 
additional data for its 15 active production and monitoring wells, and the Borrego Springs 
Watermaster has gathered data for an additional 14 wells included in the monitoring network. 
These recent data indicate that arsenic concentrations exceed the California drinking water MCL 
of 10 micrograms per liter (µg/L) in portions of the lower aquifer in the South Management Area 
(SMA). Additionally, a review of historical arsenic data for wells located in the SMA indicates an 
increasing arsenic trend in wells RH-2 (ID1-2) and RH-5. A linear regression analysis was 
conducted for all wells located in the SMA. A positive correlation was found between arsenic 
concentrations and declining groundwater levels at RH-5, but this correlation was not observed 
for the remaining wells in the SMA. Information regarding the timing of sampling was not 



 

 

Geoff Poole 
October 17, 2023 
Page 5 

available, causing variability among the analytical results. Arsenic concentrations cannot be 
predicted solely based on a linear regression approach using annual groundwater production and 
declining groundwater levels. Due to limited groundwater quality data for the Subbasin, further 
data collection (including the timing of sampling) and evaluation are required to predict 
exceedances of arsenic drinking water standards in ID1-8 and arsenic or other COC drinking water 
standards for other wells in the Subbasin.  

In August 2023, BWD began to monitor several non-potable irrigation wells located in the NMA 
associated with the acquisition of Baseline Pumping Allocation (BPA) and property from William 
Bauer. Preliminary results of sampling four wells on the Bauer Farms properties indicate elevated 
levels of nitrate and TDS detected in the wells. One of the four Bauer wells has a nitrate 
concentration above the drinking water standard. One of the four Bauer wells was sampled for 
PFAS substances with no detections above the laboratory reporting limits.  

Introduction 
The Subbasin is in the northeastern part of San Diego County (Figure 1). The boundary of the 
Subbasin is generally defined by the contact of unconsolidated deposits with plutonic and 
metamorphic basement deposits. The trace of the Coyote Creek fault, which trends northwest-
southeast to the north and east of the Subbasin, and the San Felipe Wash to the south, which is 
approximately co-located with a basement high known as the Yaqui Ridge/San Felipe anticline 
and San Felipe fault, are recognized barriers to flow that form additional boundaries of the 
subbasin (Figure 1).  

Groundwater pumped from the Subbasin is the sole source of supply to meet agricultural, 
municipal, and recreational water demands for the community of Borrego Springs. Since the 
1950s when intensive groundwater pumping began8, extraction has exceeded recharge. 
Approximately 555,646 acre-feet of groundwater has been permanently removed from 
groundwater storage, and groundwater levels have dropped by more than 100 feet in portions 
of the Subbasin (Faunt et al. 2015, West Yost 2022). Today, groundwater extraction continues to 
exceed recharge. Water users within the Subbasin currently withdraw approximately 13,064 AFY 
of groundwater, and the “sustainable yield” is 5,700 AFY. Thus, the current estimated overdraft 
is 7,364 AFY. Approximately a 56% pumping reduction would be required to balance extraction 
with long-term average recharge. 

The SGMA was passed in September 2014 as a means of regulating groundwater use throughout 
the State of California. On April 8, 2021, the honorable Judge Peter Wilson of the California 
Superior Court for the County of Orange granted the motion for entry of the Stipulated 

 
8  Agricultural expansion of the Subbasin proceeded rapidly after World War II. On October 19, 1945, DiGiorgio 

switched on the first electric well pump—the same day that San Diego Gas & Electric established electricity in 
the Borrego Valley (Brigandi 1959). 
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Judgment9. As stated in Section II.F of the Judgment, the Court found that the Physical Solution 
for the Basin, which is comprised of the Judgment and GMP, is consistent with California Water 
Code (CWC) Section 10737.8 and is a prudent, legal, and durable means to achieve sustainable 
groundwater management within the Subbasin as intended by SGMA.  

In addition to developing a water quantity path to sustainability, it is essential to evaluate 
groundwater quality to ensure the availability of suitable water quality for domestic, municipal 
and irrigation supply. This TM has been prepared to perform an updated assessment of the 
potential risk associated with temporal and spatial changes in groundwater quality that may 
result in exceedances of California drinking water MCLs in BWD production wells due to the long-
standing critical overdraft of the Subbasin. To date, the BWD has been able to supply customers 
with groundwater without the need for any additional treatment other than disinfection by 
chlorination as required by the SWRCB’s Division of Drinking Water (DDW). The potable 
groundwater served by the BWD currently meets all drinking water standards, and no water 
quality violations have been identified in active BWD wells.  

Degradation of water quality is of concern for the Subbasin from both anthropogenic and 
naturally occurring COCs. Potential anthropogenic sources include agricultural return flows, 
septic tank treatment and disposal systems, and percolation of treated wastewater from the 
Rams Hill Wastewater Treatment Facility. For domestic and municipal wells, this TM evaluates 
water quality results in relation to potable drinking water standards specified in Title 17 and Title 
22 of the California Code of Regulations (CCR). For irrigation wells, water quality should be 
suitable for agricultural use, which depending on the crop type, soil conditions on other factors 
may be sensitive to a particular water quality constituent (e.g., elevated salts in the root zone 
may affect plant health). While this TM focuses on potable water quality of for BWD active 
production wells, additional data is evaluated for irrigation wells and monitoring wells to identify 
areas of poor water quality in the Subbasin. 

Stratigraphy and Hydrogeologic Conceptual Model 
The groundwater system is generally subdivided by the USGS into three aquifers denoted as the 
upper, middle, and lower.10 The upper aquifer is comprised of coarse sediments sourced from 
the Coyote Creek watershed. The thickness of the upper aquifer thins from a maximum thickness 
of about 643 feet, where Coyote Creek enters the basin, to about 50 feet near the Borrego Sink 
(Faunt et al. 2015) and becomes mostly unsaturated south of the Desert Lodge anticline near 

 
9  Borrego Water District v. All Persons and Legal Entities Who Claim a Right to Extract Groundwater from the 

Borrego Valley Groundwater Subbasin No. 7.024-01 Whether Based on Appropriation, Overlying Right, or 
Other Basis of Right, and/or Who Claim a Right To Use of Storage Space in the Subbasin; et al., (Orange 
County Super Ct. Apr. 8, 2021). 

10  The upper, middle, and lower aquifers represent a generalized description of the Borrego Springs Subbasin 
stratigraphy based on work performed by Moyle (1982) and described in detail in Faunt et al. (2015). The 
aquifers are not separated by distinct confining layers. Aquifer testing and review of long-term groundwater 
level data, lithologic logs and geophysical logs indicate that confining downward conditions are present in much 
of the Subbasin. In addition, many wells are screened over multiple aquifers providing a direct pathway for 
vertical migration of water among the three aquifers in many locations of the Subbasin.  
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Rams Hill. The upper aquifer yields as much as 2,000 gallons per minute and has been extensively 
dewatered. The middle aquifer contains finer sediments thought to originate from lower energy 
sediment sources prior to the initiation of slip along the Coyote Creek fault (Faunt et al. 2015). 
The middle aquifer like the upper aquifer thins from the northeast to southwest and varies in 
thickness from about 1,000 feet to 50 feet. “The middle aquifer yields moderate quantities of 
water to wells, but is considered a non-viable source of water south of San Felipe Creek because 
of its diminished thickness” (Mitten 1988). The lower aquifer is comprised of partly consolidated 
continental sediments up to 3,831 feet thick and is thickest in the eastern part of the basin near 
the Borrego Airport. The lower aquifer yields smaller quantities of water to wells than the upper 
and middle aquifers. Understanding the spatial distribution of the upper, middle, and lower 
aquifers, as well as faulting and folding in the basin, is important to evaluate groundwater quality.  

Production wells in the Subbasin are generally screened in the upper, middle, or lower aquifers 
or cross-screened in multiple aquifers. Due to the variable thickness of the individual aquifers 
(i.e., thickness of aquifers generally thin to the south), BWD production wells are predominantly 
cross-screened in the upper, middle, and lower aquifers in the northern part of the subbasin; 
cross-screened in the middle and lower aquifers in the central part of the subbasin; and cross-
screened in the middle and lower aquifers in the southern part of the subbasin (see Figures 2, 3, 
and 4).  

Three management areas were adopted in the GMP to better support groundwater management 
within the subbasin: the north management area (NMA), central management area (CMA), and 
south management area (SMA)11. The boundaries of these areas are based on the distribution of 
the three aquifers, geologic controls on groundwater movement, and differences in overlying 
land uses and associated groundwater pumping depressions (GMP 2020). The two primary 
geologic features that define the boundaries between the management areas are the West 
Salton detachment fault (between the NMA and the CMA) and the Desert Lodge anticline 
(between the CMA and the SMA). These features appear to have influenced deposition of 
sediments in the Subbasin, faulting and folding of sediments, and hydrologic communication 
between the northern, central, and southern parts of the Subbasin. Due to the variable thickness 
of the individual aquifers, extraction wells are predominantly cross-screened in the upper, 
middle, and lower aquifers in the NMA, and cross-screened in the middle and lower aquifers in 
the CMA and SMA.  

The NMA is dominated by agricultural land use but also includes domestic uses, with 
groundwater production occurring from primarily the upper and middle aquifers. Subsequently, 
the NMA has the greatest overall groundwater level declines when compared to the CMA and 
SMA. The primary land uses in the CMA are municipal and recreational (golf courses) but also 
include substantial undeveloped areas. The CMA is the primary production area for municipal 

 
11  “Management area” refers to an area within a basin for which the Plan may identify different minimum 

thresholds, measurable objectives, monitoring, or projects and management actions based on differences in 
water use sector, water source type, geology, aquifer characteristics, or other factors (CCR Title 23, Division 2, 
Chapter 1.5. subchapter 2, Article 2, Section 351). 
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supply with groundwater production from the upper, middle, and lower aquifers. Like the NMA, 
water quality is generally good, and historical groundwater level declines are high. The SMA is 
compartmentalized effectively from the CMA by the Desert Lodge anticline. Land use in the SMA 
is undeveloped open space, except for the Rams Hill Country Club and Air Ranch. The SMA 
includes limited municipal and domestic pumping and is currently dominated by pumping for 
recreational use that only occurs in the middle and lower aquifers. Unlike the NMA and CMA, 
arsenic exceeds the MCL in groundwater and several wells that tap the lower semi-confined 
groundwater aquifer12 and is the primary COC in the SMA. 

General Regulatory Drinking Water Requirements 
As a public water system, the BWD is regulated by the SWRCB’s DDW. California regulations 
related to drinking water can be found in the CCR Title 17 and Title 22. California drinking water 
MCLs that shall not be exceeded in the water supplied to the public are listed in CCR Title 22 
Chapter 15. The BWD samples groundwater quality from water wells at intervals required by the 
DDW. While bacteriological sampling of the water system occurs frequently, sampling for general 
minerals, aggregate properties, solids, metals, and nutrients occurs every 3 years13. The BWD 
groundwater quality data reviewed for the analysis includes data through the 2022 DDW’s 
regulatory sampling event and the spring 2023 Watermaster semi-annual monitoring event. The 
period of record of available water quality is unique to each well depending on the date of 
construction or when the well was first monitored. Sampling of the BWD water wells for general 
minerals, aggregate properties, solids, metals, and nutrients is not required again until 2025. In 
addition, the Borrego Springs Watermaster in coordination with BWD samples BWD wells semi-
annually for COCs as part of the Borrego Springs Groundwater Monitoring Network14. 

DDW Ongoing MCL Review  

Health and Safety Code Section 116365(g) requires the SWRCB review its MCLs at least once 
every five years. In the review, the SWRCB's MCLs are to be consistent with criteria of Health and 
Safety Code Section 116365(a) and (b). Those criteria state that the MCLs cannot be less stringent 
than federal MCLs and must be as close as is technically and economically feasible to the Public 
Health Goals (PHGs)15 established by Office of Environmental Health Hazard Assessment 
(OEHHA). Consistent with those criteria, the SWRCB is to amend any standard if any of the 
following occur: (1) Changes in technology or treatment techniques that permit a materially 
greater protection of public health or attainment of the PHG, or (2) New scientific evidence 

 
12  Review of lithologic logs, geophysical logs, long-term water level hydrographs and aquifer testing for multiple 

wells completed in the SMA indicate semi-confined and confining downwards conditions.  
13  The BWD water quality data set also includes non-regulatory samples that are periodically collected by BWD 

and researchers to evaluate water quality trends. 
14  Groundwater Monitoring Plan Borrego Springs Subbasin Prepared for Borrego Springs Watermaster. Prepared 

by West Yost. March 2023.  
15  Public health goals (PHGs) are concentrations of drinking water contaminants that pose no significant health 

risk if consumed for a lifetime, based on current risk assessment principles, practices, and methods. OEHHA 
establishes PHGs pursuant to Health & Safety Code Section 116365(c) for contaminants with MCLs, and for 
those for which MCLs will be adopted. 
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indicates that the substance may present a materially different risk to public health than was 
previously determined. The SWRCB is required to identify each MCL it intends to review for that 
year by March 1st of that same year. 

Arsenic 

The California arsenic MCL is 0.010 milligrams per liter (mg/L) (equivalent to 10 micrograms per 
liter [μg/L]) and became effective on November 28, 2008, while the federal MCL for arsenic of 10 
μg/L has been in effect since January 2006. Previous California and federal MCLs for arsenic were 
50 μg/L. The California PHG for arsenic is 4 parts per trillion based on lung and bladder cancer in 
studies of hundreds of thousands of people in communities in Taiwan, Chile, and Argentina 
associated with arsenic-contaminated drinking water. Exposure to the PHG level in drinking 
water results in a risk of less than one additional case of these forms of cancer in a population of 
one million people drinking two liters daily of the water for 70 years. While the PHG is based 
primarily on data from cancer studies, no other adverse health effects are expected to arise from 
arsenic at the level of the PHG (OEHHA 2004). 

The SWRCB’s DDW is currently investigating the technological and economic feasibility of 
lowering the MCL below the current MCL and closer to the PHG as part of ongoing Regulatory 
Proposal SWRCB-DDW-23-002 Arsenic MCL.  The DDW held a pre-rulemaking workshop to lower 
the detection limits for purposes of reporting (DLR)16 for several metals, including arsenic on 
November 3, 2022. To adequately evaluate health risk and technological feasibility in 
consideration of a revised MCL, a DLR should, where feasible, be set at concentrations at or below 
the corresponding public health goals. The current DLR for arsenic is 0.002 mg/L compared to the 
PHG of 0.000004 mg/L. SWRCB staff have developed a draft proposal for revisions to the metal 
DLRs in two phases. Phase II would lower the DLR for arsenic with a three-year compliance 
schedule to provide time for the laboratories to procure equipment and develop sufficient 
analytical capacity. The proposed DLR for arsenic is 0.0005 mg/L (SWRCB 2022). The SWRCB has 
not provided a long-term schedule for Regulatory Proposal SWRCB-DDW-23-002 Arsenic MCL; 
however, based on the need to lower the DLR to collect additional data to better evaluate health 
risk and technological feasibility, it is speculated that it will take more than 5 years to develop a 
revised MCL for arsenic.  

Nitrate 

The MCL for nitrate is 10 mg/L as nitrate-nitrogen (NO3-N). This concentration is approximately 
equivalent to the World Health Organization (WHO) guideline of 50 mg/L as NO3 or 11.3 mg/L 
NO3-N (multiply NO3 mg/L by 0.2258). The PHG for nitrate from the State of California Office of 
Environmental Health Hazard Assessment (OEHHA) is also 10 mg/L NO3-N. The nitrate MCL was 

 
16  A detection limits for purposes of reporting (DLR) is the designated minimum levels at or above which an 

analytical finding of a contaminant in drinking water must be reported. 
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set to protect against infant methemoglobinemia (blue baby syndrome)17; however, other health 
effects including cancer and adverse reproductive outcomes were not considered. 

A review of available studies to date by Ward (2018), documented the strongest evidence for a 
relationship between drinking water nitrate ingestion and adverse health outcomes (besides 
methemoglobinemia) is for colorectal cancer, thyroid disease, and neural tube defects. Four of 
the five published studies of colorectal cancer found evidence of an increased risk of colorectal 
cancer or colon cancer associated with water nitrate levels that were mostly below the respective 
regulatory limits. 

The Ward (2018) study concluded that the number of well-designed studies of individual health 
outcomes is still too few to draw firm conclusions about risk from drinking water nitrate 
ingestion. Significant research and health risk assessment are needed to further evaluate other 
health effects including cancer and adverse reproductive outcomes from drinking water with 
elevated nitrate levels. It is unlikely that the MCL will be revised downward in the next decade, 
but it is possible if new scientific evidence indicates that the nitrate may present a materially 
different risk (i.e. cancer and reproductive harm) to public health than was previously determined 
solely for blue baby syndrome. 

The last MCL review for nitrate occurred in 2018 and concluded that the MCL is at or below the 
PHG, and that a revision of the MCL will not offer any additional health benefit since the PHG 
represents a contaminant level that poses no significant health risks. The next MCL review is 
scheduled for 2023 and there is no current information to suggest that the PHG for nitrate will 
be revised in 2023. 

Groundwater Quality 

General Minerals 
"General minerals" refer to the eight dominant anions and cations found in most groundwater. 
Anions are negatively charged ions, while cations are positively charged ions. The four main 
cations are calcium (Ca+2), sodium (Na+), magnesium (Mg+2), and potassium (K+), and the four 
main anions are sulfate (SO4-2), chloride (Cl-), carbonate (CO3-2), and bicarbonate (HCO3-). 

These ions play a significant role in the chemistry of groundwater and can be used to analyze 
variations in water chemistry spatially and temporally across the Subbasin. General minerals are 
formed through the dissolution of rocks and minerals, making them valuable indicators of 

 
17  Ingested nitrate is reduced to nitrite by bacteria in the mouth and in the infant stomach, which is less acidic than 

adults. Nitrite binds to hemoglobin to form methemoglobin, which interferes with the oxygen carrying capacity 
of the blood. Methemoglobinemia is a life-threatening condition that occurs when methemoglobin levels exceed 
about 10%. Risk factors for infant methemoglobinemia include formula made with water containing high nitrate 
levels and foods and medications that have high nitrate levels. Methemoglobinemia related to high nitrate levels 
in drinking water used to make infant formula was first reported in 1945. The U.S. EPA limit of 10 mg/L NO3-
N was set as about one-half the level at which there were no observed cases. 
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minerals like sulfates and carbonates present in the subsurface or in water recharged into the 
aquifer system. 

As part of the GMP, a water quality review and assessment was conducted for the BWD water 
supply wells (Environmental Navigation Services 2019). The analysis uses graphical methods like 
Stiff Diagrams and Trilinear or Piper Diagrams are used to visualize the composition of multiple 
anions and cations (Piper 1944, Stiff 1951). These diagrams help in understanding the distribution 
and relationships between various ions in groundwater samples and the distribution and genesis 
of principal groundwater types in the Subbasin. Exhibit 1 identifies the water quality types that 
can be identified from the anions and cations and can be used to better understand the 
hydrochemical facies present in the aquifer. 
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Exhibit 1. Piper diagram components – bottom left is a ternary plot of the cations, bottom right is a 
ternary plot of the anions, and top is a diamond plot of a project from the other two plots. 

Overall, the assessment revealed systematic variations in natural water chemistry across the 
Subbasin. Water samples from BWD water supply wells indicated dominant cations as sodium 
and calcium, while bicarbonate, sulfate, and chloride were the dominant anions. In the NMA 
wells, calcium sulfate-type water was found, whereas SMA wells exhibited sodium bicarbonate-
type water. The study also highlighted temporal variability, with around 70 percent of wells 
experiencing changes in water chemistry attributed to long-term overdraft.  
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The observed differences in water quality within the Subbasin are influenced by various factors, 
including the source of recharge waters (e.g. Coyote Creek versus San Felipe Creek), proximity to 
irrigated lands impacting nitrate levels, aquifer lithology with potential arsenic-bearing clays, 
aquifer depth affecting TDS, and location within the Subbasin relative to the Borrego Sink with 
enhanced evaporation of surface water. 

Constituents of Concern 
There are both anthropogenic and natural sources of the COCs in the Subbasin. Anthropogenic 
sources that may contribute to the degradation of the current water quality in the basin include 
agricultural use of pesticides and fertilizers, salt accumulation resulting from agricultural 
irrigation practices, and household septic system return flows. Natural sources of COCs in the 
BVGB include the rocks and minerals that comprise the aquifer matrix material. These naturally 
occurring COCs include evaporite minerals, which can dissolve and increase TDS concentration in 
the aquifer; silicate minerals, which can contribute arsenic to the groundwater; and sulfate 
minerals, which as their name suggests can contribute sulfate to the groundwater. All are found 
in differing amounts in the upper, middle, and lower aquifers. In the GMP’s water quality review 
and assessment, multiple aquifers were represented in data due to the construction of wells, 
making it challenging to differentiate the water quality based on the three-layer aquifer system. 
However, it is assumed that differences in the mineralogical composition of the aquifers can 
result in groundwater quality differences between the aquifers. 

Arsenic 

Naturally occurring arsenic concentrations in groundwater are highly variable, though naturally 
occurring concentrations that exceed the California drinking water primary MCL of 0.010 mg/L 
(equivalent to 10 μg/L) are common in semi-arid and arid groundwater basins in the western 
United States (Welch et al. 2000, Anning et al. 2012). In these basins, groundwater recharge is 
limited due to low precipitation and the residence time of the groundwater in the basin is high. 
The long residence time of the groundwater in the basin allows for more interaction between the 
groundwater and the minerals that comprise the aquifer matrix material. With time, arsenic 
desorbs from sediments and enters the groundwater. This process is more efficient in 
groundwater with higher pH. The groundwater in the Subbasin has a pH of 7.5 to 9.0, a range 
that is conducive to this transfer of arsenic from the sediment to the water. In addition, a study 
conducted in the San Joaquin Valley of California identified a correlation between overpumping 
and increasing arsenic concentrations (Smith et al. 2018). 

Fluoride 

Fluoride is a naturally occurring element in groundwater resulting from the dissolution of 
fluoride-bearing minerals from the aquifer sediments and surrounding bedrock. Brown staining 
or mottling of teeth and resistance to tooth decay as a result of drinking water with high 
concentrations of fluoride has been known since the 1930s. While drinking fluoridated water at 
low concentrations (i.e., 0.7 ppm) is beneficial to prevent tooth decay, excessive exposure to 
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fluoride can result in dental and skeletal fluorosis. The California drinking water primary MCL for 
fluoride is 2 milligrams per liter (mg/L). 

Nitrate 

Sources of nitrate in groundwater are typically associated with specific land use but it can also 
occur naturally. Fertilizers and septic tanks are common anthropogenic sources of nitrate 
detected in groundwater. Potential natural sources of nitrate in groundwater may result from 
leaching of soil nitrate, which occurs by atmospheric deposition, and dissolution of evaporative 
minerals, igneous rocks, and deep geothermal fluids. In desert groundwater basins, the largest 
source of naturally occurring nitrates in groundwater is due to incomplete utilization of nitrate 
by sparse vegetation. This nitrate accumulates in the unsaturated zone and may become mobile 
when surficial recharge percolates through the unsaturated zone (Walvoord et al. 2003). In arid 
environments, nitrate stored in the unsaturated zone may become mobilized by artificial 
recharge from irrigation return flow, septic effluent, and infiltration basins. The Subbasin lacks 
appreciable evaporitic deposits, and anthropogenic sources or mobilization as a result of artificial 
recharge is likely the main contributor of nitrates to the Subbasin. The California drinking water 
primary MCL for nitrate is 10 mg/L as nitrogen (N), which is equivalent to 45 mg/L as nitrate (NO3). 

Sulfate 

Natural sulfate sources include atmospheric deposition, sulfate mineral dissolution, and sulfide 
mineral oxidation of sulfur. Gypsum is an important source near localized deposits such as in the 
Ocotillo Wells Subbasin near Fish Creek Mountains in Imperial County. Fertilizers can also be a 
source of sulfate in groundwater but typically do not result in exceedance of drinking water 
standards. The California drinking water secondary MCL for sulfate is recommended at 250 mg/L, 
with upper and short-term limits of 500 mg/L and 600 mg/L, respectively. 

Total Dissolved Solids 

TDS is a measure of all dissolved solids in water including organic and suspended particles. 
Sources of TDS in groundwater include an interaction of groundwater with the minerals that 
comprise the aquifer matrix material. Over time, TDS will increase as more minerals in contact 
with groundwater dissolve. In desert basins, evaporative enrichment near dry lake beds (playas) 
is known to naturally increase TDS in groundwater such as that observed at the Borrego Sink. This 
process also occurs in plants, both in agriculture and natural systems. Anthropogenic sources 
include synthetic fertilizers, manure, wastewater treatment facilities, and septic effluent. The 
California drinking water secondary MCL for TDS is recommended at 500 mg/L with upper and 
short-term limits of 1,000 mg/L and 1,500 mg/L, respectively. 

Historical Groundwater Quality 
This analysis evaluates historical groundwater quality for BWD wells and all additional wells in 
the Borrego Springs Monitoring Network. Data for groundwater quality constituents are provided 
in Table 2 and displayed graphically in Figures 5-8 and Exhibits 6 through 30.  
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The groundwater quality data are presented in the figures relative to the MCL for each of the 
COCs. Concentrations that lie between half of the MCL and the MCL are noted. While the 
concentrations are below the MCL for most of these points, increasing concentrations of many 
of the COCs are being observed with ongoing groundwater level decline so the upper range 
concentration data are highlighted in this risk assessment.  

Groundwater Quality Concentration Trend Statistical Analysis 

Historical groundwater quality data that extends through early 2023 was evaluated to determine 
groundwater concentration trends for COCs (arsenic, fluoride, nitrate, sulfate, and TDS). The 
period of record of available water quality is unique to each well depending on the date of 
construction or when the well was first monitored.    

The Mann-Kendall test, an industry standard for non-parametric trend detection, was applied to 
assess trends in groundwater quality (Helsel, 2012; Helsel et al., 2020). The Mann-Kendall test 
does not require regularly spaced sample intervals, is unaffected by missing time periods, avoids 
substitution for data that contain non-detects, and does not assume a pre-determined data 
distribution. The Mann-Kendall test assesses whether or not a dataset exhibits a monotonic trend 
(increasing or decreasing) within a selected significance level. A significance level of 0.05 (i.e., a 
confidence level of 95%) was selected for this analysis. The results of the Mann-Kendall test are 
listed in Table 2. 

Table 2. Mann-Kendall Trend Analysis 

Well ID Arsenic (mg/L) Fluoride 
(mg/L) Nitrate (mg/L) Sulfate (mg/L) TDS (mg/L) 

North Management Area Wells 
Auxiliary 2 Insufficient data no trend no trend increasing increasing 
Fortiner #1 
(Allegre 1) No data no trend no trend no trend no trend 

Horse Camp Insufficient data no trend decreasing no trend decreasing 
ID4-18 Insufficient data no trend increasing no trend no trend 
ID4-9 no trend no trend no trend no trend no trend 
MW-1 no trend no trend Insufficient data no trend no trend 
MW-6D Insufficient data Insufficient data Insufficient data Insufficient data Insufficient data 
MW-6S Insufficient data Insufficient data Insufficient data Insufficient data Insufficient data 
Orchard Well (T2) No data Insufficient data Insufficient data Insufficient data Insufficient data 

Central Management Area Wells 
BSR Well 6 no trend no trend no trend no trend no trend 
County Yard (SD 
DOT) no trend increasing no trend no trend decreasing 

High School No data Insufficient data Insufficient data Insufficient data Insufficient data 
ID1-10 no trend decreasing no trend no trend no trend 
ID1-12 no trend decreasing no trend decreasing no trend 
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Table 2. Mann-Kendall Trend Analysis 

Well ID Arsenic (mg/L) Fluoride 
(mg/L) Nitrate (mg/L) Sulfate (mg/L) TDS (mg/L) 

ID1-16 no trend decreasing no trend no trend no trend 
ID4-11 no trend no trend no trend decreasing decreasing 
ID4-20 (Wilcox) no trend no trend no trend no trend no trend 
ID5-5 no trend no trend no trend no trend no trend 
MW-4 no trend no trend no trend no trend decreasing 
Terry Well Insufficient data Insufficient data No data Insufficient data Insufficient data 
South Management Area Wells 
Air Ranch Well 4 no trend no trend no trend no trend no trend 
Army Well no trend no trend no trend no trend no trend 
ID1-8 no trend no trend no trend no trend no trend 
JC Well no trend decreasing increasing increasing increasing 
La Casa no trend no trend no trend no trend no trend 
MW-3 no trend no trend no trend decreasing decreasing 
MW-5A (East-
Lower) no trend no trend no trend decreasing decreasing 

MW-5B (West-
Upper) no trend no trend no trend no trend no trend 

RH-1 (ID1-1) no trend no trend no trend no trend no trend 
RH-2 (ID1-2) increasing no trend no trend decreasing no trend 
RH-3 no trend no trend no trend no trend no trend 
RH-4 no trend decreasing increasing increasing increasing 
RH-5 increasing no trend no trend decreasing no trend 
RH-6 no trend no trend no trend increasing increasing 
WWTP-1 increasing no trend decreasing no trend decreasing 

 

Increasing groundwater concentration trends were exhibited for:  

• Arsenic in wells RH-2 (ID1-2), RH-5, and WWTP-1;  
• Fluoride in the County Yard (SD DOT);  
• Nitrate in wells ID4-18, JC Well, and RH-4;  
• Sulfate and TDS in wells JC Well, RH-4, RH-6, and Auxiliary 2.  

Decreasing groundwater concentration trends were exhibited for:  

• Fluoride in wells ID1-10, ID1-12, ID1-16, JC Well, and RH-4;  
• Nitrate in wells Horse Camp and WWTP-1;  
• Sulfate in wells ID1-12, RH-2 (ID1-2), ID4-11, MW-3, MW-5A (East-Lower), and RH-5; and 
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• TDS in wells County Yard (SD DOT), Horse Camp, ID4-11, MW-3, MW-4, MW-5A (East-
Lower), and WWTP-1.  

A minimum of four data points are required to calculate the trend. “Insufficient data” indicates 
wells where no trend was established because less than four data points were present. “No data” 
indicates that either the COC was not sampled or was less than the laboratory reporting limit. 

Arsenic 

Arsenic concentrations have been detected above laboratory reporting limits at several wells in 
the Borrego Springs Subbasin since the 1980s18. Arsenic has been detected up to 22 µg/L in the 
Rams Hill Golf Course well RH-4. The California drinking water MCL for arsenic is 10 µg/L. 
Lowering of this MCL could have a substantial impact on BWD operations. California’s revised 
arsenic MCL of 0.010 mg/L (equivalent to 10 μg/L) became effective on November 28, 2008 
(previous California and federal MCLs were 50 µg/L). As of August 2023, the DDW is currently 
investigating the technological and economic feasibility of lowering the current MCL closer to the 
PHG (0.004 µg/L)19 as previously described. 

The most recent arsenic wellhead concentrations for the Borrego Springs Subbasin are shown in 
Figure 5. In 2023, 30 of the 34 wells in the monitoring network were sampled for arsenic while 
the remaining four wells were sampled in 2020 (High School Well), 2021 (Army Well), and 2022 
(JC Well and RH-5). Arsenic concentrations for wells located in the NMA were less than half the 
MCL (< 5 µg/L) for wells screened in the upper, middle, and lower aquifers. NMA well information 
including elevation, well depth, groundwater level, pump information, screen interval, casing 
diameter, and production rate is provided in Figure 7. 

Arsenic concentrations from the most recent samples for wells located in the CMA were less than 
half the MCL (< 5 µg/L) for wells screened in the upper, middle, and lower aquifers except for 
ID4-20 (Wilcox) which had a concentration of 0.0056 mg/L (below the MCL 10 µg/L). CMA well 
information including elevation, well depth, groundwater level, pump information, screen 
interval, casing diameter, and production rate is provided in Figure 3.  

For wells located in the SMA, the most recent arsenic concentrations ranged from less than half 
the MCL (< 5 µg/L) to greater than the MCL (>10 µg/L). Rams Hill Golf Course irrigation wells 3, 4, 
5, and 6 exceeded the California drinking water MCL. The screen intervals of wells in the SMA 
predominantly intercept the lower aquifer though most wells are also partially screened in the 
middle aquifer. No recent wellhead sample is available for the upper aquifer overlying the SMA 
as this portion of the aquifer is currently unsaturated. SMA well information including elevation, 

 
18  Prior to the 1980s, laboratory detection limits for arsenic were often established at 10 µg/L or 50 µg/L and 

results were reported as below the laboratory detection limit. 
19  Information and updates regarding this pre-rulemaking action can be found on the State Water Resources 

Control Board website, SWRCB-DDW-23-002 Arsenic MCL (SWRCB-DDW-23-002 Arsenic MCL | 
California State Water Resources Control Board. 

 

https://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/swrcb-ddw-23-002.html
https://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/swrcb-ddw-23-002.html
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well depth, groundwater level, pump information, screen interval, casing diameter, and 
production rate is provided in Figure 4. 

Historical arsenic data for wells located in the NMA were reviewed to determine trends (Figures 
10 through 12). NMA wells have arsenic concentrations less than the California drinking water 
MCL. These wells displayed no trend, had insufficient data to establish a trend, or were not 
sampled for arsenic (Fortiner #1 and Orchard Well). 

Historical arsenic data for wells located in the CMA were also reviewed to determine trends 
(Figures 17 through 23). These wells have arsenic concentrations less than the California drinking 
water MCL, except for one non-compliance sample collected from ID1-10 in 2014 by M.H. Rezaie-
Boroon et al. (2014). Subsequent compliance sampling completed by BWD in 2023 indicates that 
ID1-10 arsenic concentration is below the MCL at a 4.2 µg/L concentration. Except for the High 
School Well which was not sampled for arsenic, the CMA wells display no trend as many of the 
arsenic results are below laboratory reporting limits. 

Historical arsenic data for wells located in the SMA were reviewed to determine trends (Figures 
24 through 28). ID1-8 is the only potable BWD production well located in the SMA. While the 
majority of arsenic concentrations at ID1-8 have been below the California drinking water MCL, 
this well had three non-compliance samples – 14 µg/L in 1988, 11 µg/L in 1991, and 11 µg/L in 
2022. Subsequent compliance sampling completed by BWD in 2023 indicates that the arsenic 
concentration at ID1-8 is below the MCL at a concentration of 6.4 µg/L. Exhibit 20a shows the 
ID1-8 arsenic concentration fluctuates over time. Additionally, the Rams Hill Golf Course wells 
RH-3, 4, 5, and 6  in Exhibits 26a through 29a historically show arsenic concentrations exceeding 
the California drinking water MCL. Wells located in the SMA do not indicate arsenic concentration 
trends except for RH-2 (ID1-2), RH-5, and WWTP-1 which indicate an increasing trend. 

Overall, arsenic concentrations above the MCL have been detected in the SMA, specifically the 
Rams Hill Golf Course wells, and show an increasing trend. While the majority of wells are 
screened across multiple aquifers, the Rams Hill Golf Course wells exceeding the MCL provide 
evidence that arsenic concentrations increase with depth. Arsenic tends to be bound in clay 
layers  and as production increases in the SMA, water in the clay layers is expelled, causing arsenic 
bound in the clay layers to leach into the aquifer. 

Fluoride 

Historical fluoride data for wells located in the NMA were reviewed to determine trends. Fluoride 
concentrations for wells in the NMA were below one-half the California drinking water MCL (2 
mg/L) except for Orchard Well (T2) and MW-6D. Fluoride concentrations for both Orchard Well 
(T2) and MW-6D were below the California drinking water MCL, 1.2 mg/L and 1.8 mg/L, 
respectively. No trend for fluoride is indicated for any of the NMA wells. 

Historical fluoride data for wells located in the CMA were also reviewed to determine trends. 
Fluoride concentrations are typically below one-half the California drinking water MCL except for 
BSR Well 6 and ID5-5. Fluoride concentrations in well ID5-5 are below the California drinking 
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water MCL. One sample tested above the California drinking water standard in the BSR Well 6 at 
a concentration of 8 mg/L in 2018 but is considered an outlier. The rest of the historical data for 
this well is below one-half the MCL and no trend is indicated for fluoride. A decreasing trend for 
fluoride is indicated for wells ID1-10, ID1-12, and ID1-16 while the remaining wells indicate no 
trend except for County Yard (SD DOT). This well indicates an increasing trend for fluoride, but 
historical concentrations are still below one-half the California drinking water standard and range 
from 0.32 to 0.41 mg/L. 

Historical fluoride data for wells located in the SMA were reviewed to determine trends. Fluoride 
concentrations for wells in the SMA are typically below one-half the California drinking water 
MCL except for MW-5B (West-Upper), RH-3, RH-5, and RH-6 which are below the MCL. No trend 
for fluoride is indicated for all wells in the SMA except for JC Well and RH-4 which show a 
decreasing trend. 

Nitrate 

The California drinking water primary MCL for nitrate as N is 10 mg/L. The MCL has also been 
historically expressed as 45 mg/L nitrate as nitrate [as NO3], and a careful review of historical 
data is required to verify reporting units20. The most recent nitrate as N wellhead concentrations 
for the Borrego Springs Subbasin are shown in Figure 6. Three out of the 38 wells sampled in 2023 
had nitrate concentrations that exceeded the MCL – Fortiner #1 (Allegre 1), MW-6S and 904 
DiGiorgio Road.  

Historical nitrate data for wells located in the NMA were reviewed for trends. These wells are 
located on the fringe of current and historical agricultural production in both the upper and 
middle aquifers. A decreasing nitrate as N concentration trend is observed at Horse Camp while 
an increasing trend is observed at ID4-18. The remaining wells indicate no trend or there is 
insufficient data to determine a trend as many of the nitrate as N results are below the laboratory 
reporting limits. In addition, the vertical distribution of nitrate is the NMA is now documented at 
the multi-depth cluster well, MW-6 recently completed as part of a California Department of 
Water Resources (DWR) Technical Support Services (TSS) program. The monitoring well cluster 
was completed at two intervals: 390 to 490 feet below ground surface (bgs) and 640 to 740 feet 
bgs. The nitrate concentration in the shallow completion exceeds the MCL at 11 mg/L whereas 
the deeper completion was only 0.27 mg/L. It is interpolated that the shallow completion is 
screened across the upper aquifer and upper portion of the middle aquifer, and the deeper 
completion is screened in the deepest 100 feet of the middle aquifer.   

Historical nitrate data for wells located in the CMA were also reviewed for trends. These wells 
are located in or near the primary area of municipal groundwater production in the Subbasin. 
Golf courses and septic return flow with limited areas of agriculture are the probable 

 
20  The Division of Drinking Water recently made revisions to California drinking water standards for nitrate in 

California Code of Regulations Sections 64431 (MCL), 64432 (DLR), and 64482 (Health Information). The 
revisions specify that nitrate laboratory results must be expressed as nitrate as nitrogen. As a result, the MCL for 
nitrate is now expressed as “10 mg/L (as nitrogen)” instead of “45 mg/L (as nitrate)”. 
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anthropogenic sources of nitrate to wells in the CMA. Except for the High School well which had 
insufficient data, all wells in the CMA indicate no trend in concentration for nitrate as N.  

Historical nitrate data was also reviewed for trends for wells located in the SMA. JC Well and RH-
4 display an increasing nitrate as N concentration trend. WWTP-1 displays a decreasing nitrate 
as N concentration trend. No trend is observed for the remaining wells located in the SMA. The 
Rams Hill golf course is a potential anthropogenic source of nitrates in the SMA in addition to the 
percolation ponds at the wastewater treatment plant. Concentrations for SMA wells are below 
one-half the California drinking water MCL (Figure 6). 

Nitrate predominantly originates from fertilizers present in irrigation return flow and from septic 
systems (GMP 2020). Nitrate concentrations were generally found highest in wells that are 
screened in the upper aquifer and in the NMA where agricultural activities occur. A 
comprehensive assessment of historical effects and the continuing vulnerability of the aquifer to 
nitrate concentrations necessitate an examination of past, present, and future land usage within 
a spatial framework. (GMP 2020). 

Sulfate 

The secondary California drinking water standard for sulfate is 500 mg/L21. The most recent 
sulfate wellhead concentrations for the Subbasin are shown in Figure 7. Similar to arsenic, 30 of 
the 34 wells in the monitoring network were sampled for sulfate in 2023, while the remaining 
four wells were sampled in 2020 (High School Well), 2021 (Army Well), and 2022 (JC Well and 
RH-5). The most recent concentrations for sulfate generally show that concentrations are below 
one-half the secondary MCL. Exceedances were observed in the SMA and the NMA for wells RH-
1 (ID1-1), JC Well, MW-5B, and Fortiner #1 and ranged from 530 mg/L (Fortiner #1, NMA) to 750 
mg/L (RH-1 (ID1-1), SMA). 

Historical sulfate data for wells located in the NMA were reviewed for trends. Auxiliary 2 displays 
an increasing trend for sulfate concentrations. MW-6S/D and Orchard Well had insufficient data 
and the remaining wells displayed no trend for sulfate. 

Historical sulfate data for wells located in the CMA were also reviewed for trends. These wells 
display stable sulfate concentrations for the period of record monitored in each well (Figure 7). 
However, a decreasing trend for sulfate was indicated in wells ID1-12 and ID4-20. All wells 
indicate concentrations below the California drinking water secondary recommended MCL of 250 
mg/L, except MW-4 at a concentration of 260 mg/L. 

Historical sulfate data for wells located in the SMA were also reviewed to determine trends. An 
increasing trend in sulfate concentrations was observed at wells JC Well, RH-4, and RH-6. A 
decreasing trend in sulfate concentrations was indicated at wells MW-3, MW-5A, RH-2 (ID1-2), 
and RH-5. RH-1 (ID1-1) and MW-5B have historically exhibited concentrations above the 
secondary MCL. No trend was indicated for the remaining wells located in the SMA. 

 
21  The recommended, upper, and short-term California drinking water secondary MCLs for sulfate are 250 mg/L, 

500 mg/L, and 600 mg/L, respectively. 



 

 

Geoff Poole 
October 17, 2023 
Page 21 

Piper diagram analyses were performed as part of a water quality review and assessment for the 
Borrego Springs GMP. The analysis indicated that sulfate is the general mineral most commonly 
observed to be increasing in groundwater (according to the Piper diagrams) and that 
groundwater quality systematically varies with distance along the valley, with water in the SMA 
being noticeably different (GMP 2020, Appendix D2). Water quality gradually changes from north 
to south, consistent with pre-development groundwater water flow patterns. The NMA wells 
tend to be sulfate dominant while the SMA wells tend to have either no dominant anion or 
become bicarbonate dominant. Updated Piper diagrams are discussed further in the Summary of 
Water Quality by District Well section. 

TDS 

The secondary California drinking water standard for TDS is 500 mg/L22. The most recent TDS 
wellhead concentrations for the Borrego Springs Subbasin are shown in Figure 8. Like arsenic and 
sulfate, 30 of the 34 wells in the monitoring network were sampled for TDS in 2023, while the 
remaining four wells were sampled in 2020 (High School Well), 2021 (Army Well), and 2022(JC 
Well and RH-5). The most recent concentrations for TDS generally show that concentrations are 
below one-half the secondary MCL for wells located in the CMA. Exceedances were observed in 
the SMA and the NMA for wells RH-1 (ID1-1), JC Well, MW-5A/B, Fortiner #1, and MW-6S and 
ranged from 1,000 mg/L (MW-5A, SMA) to 1,600 mg/L (RH-1 (ID1-1), SMA). 

Historical TDS data for wells located in the NMA were reviewed for trends. Auxiliary 2 displays an 
increasing trend while Horse Camp Well indicates a decreasing trend for TDS concentrations. 
MW-6S/D and Orchard Well had insufficient data and the remaining wells displayed no trend for 
TDS. 

Historical TDS data for wells located in the CMA were also reviewed for trends. These wells 
display stable TDS concentrations for the period of record monitored in each well (Figure 8). 
However, a decreasing trend for TDS was indicated in wells ID1-12 and ID4-20. All wells indicate 
concentrations below the California drinking water secondary recommended MCL of 250 mg/L, 
except MW-4 at a concentration of 260 mg/L. 

Historical sulfate data for wells located in the SMA were also reviewed to determine trends. An 
increasing trend in sulfate concentrations was observed at wells JC Well, RH-4, and RH-6. A 
decreasing trend in sulfate concentrations was indicated at wells County Yard (SD DOT), ID4-11, 
and MW-4. The High School well had insufficient data to establish a trend in TDS concentrations. 
No trend was indicated for the remaining wells located in the SMA. 

Per- and Polyfluorinated Alkyl Substances 

Per- and Polyfluorinated Alkyl Substances (PFAS) are a class of synthetic fluorinated chemicals 
used in many industrial and consumer products, including non-stick cookware, food packaging, 
waterproof clothing, fabric stain protectors, lubricants, paints, and firefighting foams such as 

 
22  The recommended, upper, and short-term California drinking water secondary MCLs for sulfate are 500 mg/L, 

1,000 mg/L, and 1,500 mg/L, respectively. 
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aqueous film forming foam (AFFF). These group of chemicals have garnered significant attention 
due to their widespread presence in the environment and potential adverse health effects. 
Moreover, the persistence of PFAS in the environment has raised concerns, as they do not easily 
break down and can accumulate in soil, water, and biota over time. Their presence in drinking 
water sources and the detection of PFAS in human blood samples have led to growing health 
concerns. Consequently, the management and regulation of PFAS have become a critical 
environmental and public health priority, with ongoing efforts to understand their behavior, 
mitigate contamination, and establish stringent safety guidelines. On March 14, 2023, EPA 
announced the proposed National Primary Drinking Water Regulation (NPDWR) for six PFAS 
including perfluorooctanoic acid (PFOA), perfluorooctane sulfonic acid (PFOS), 
perfluorononanoic acid (PFNA), hexafluoropropylene oxide dimer acid (HFPO-DA, commonly 
known as GenX Chemicals), perfluorohexane sulfonic acid (PFHxS), and perfluorobutane sulfonic 
acid (PFBS)23. EPA anticipates finalizing the regulation by the end of 2023 and the proposed PFAS 
NPDWR does not require any actions until it is finalized. 

As of March 2023, PFAS MCLs in California have not yet been established24. The development of 
standards for PFOA, PFOS, and other PFAS is a priority for the DDW, and it has established 
notification and response levels for PFOA, PFOS, PFBS, and PFHxS (Table 3). Below is a timeline 
of key developments related to these PFAS notification and response levels. 

• In July 2018, DDW established an interim notification level of 14 ppt for PFOA and 13 ppt 
for PFOS and a single response level of 70 ppt for the combined concentrations of PFOA 
and PFOS. 

• In August 2019, DDW revised the notification levels to 6.5 ppt for PFOS and 5.1 ppt for 
PFOA. The single health advisory level (for the combined values of PFOS and PFOA) 
remained at 70 ppt. 

• On February 6, 2020, DDW issued updated drinking water response levels of 10 ppt for 
PFOA and 40 ppt for PFOS based on a running four-quarter average. 

• On March 5, 2021, DDW issued a drinking water notification level and response level of 
0.5 parts per billion (ppb) and 5 ppb, respectively for perfluorobutane sulfonic acid (PFBS). 

• On October 31, 2022, DDW issued a drinking water notification level and response level 
of 3 parts per trillion (ppt) and 20 ppt, respectively for perfluorohexane sulfonic acid 
(PFHxS). 

 
23 EPA is proposing a NPDWR to establish legally enforceable MCLs for six PFAS substances in drinking water. A 

summary of the proposed MCLs can be found on the EPAs website: https://www.epa.gov/sdwa/and-
polyfluoroalkyl-substances-pfas 

24 Any updates to the upcoming rulemaking process for PFOA and PFOS in California will be posted at the PFOS 
and PFOA MCL rulemaking record website: 
https://www.waterboards.ca.gov/drinking_water/certlic/drinkingwater/swrcb-ddw-24-001.html 
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Table 3. PFAS Notification and Response Levels 

Chemical Notification Level (ppt) Response Level (ppt) 

PFOA 5.1 10 
PFOS 6.5 40 
PFBS 500 5000 

PFHxS 3 20 
Notes: ppt = parts per trillion 

Evaluation 
South Management Area Wells 

As previously described, the SMA wells are hydraulically isolated from the CMA by the Desert 
Lodge anticline and screen intervals of wells in the SMA predominantly intercept the lower 
aquifer though most wells are also partially screened in the middle aquifer. Because arsenic 
concentrations have been documented to exceed the MCL in irrigation wells in the SMA, the 
BWD’s only production well, ID1-8, which is screened in saturated portions of the upper, middle, 
and lower aquifers is susceptible to groundwater quality degradation because of groundwater 
withdraw. As such, linear regression analysis was performed to evaluate if there is an identifiable 
correlation between increasing arsenic concentrations and groundwater production. 

Well RH-2 (ID1-2)  

As indicated by the Mann-Kendall trend analysis, arsenic concentrations in Well RH-2 (ID1-2) have 
a statistically increasing trend. Annual groundwater production at RH-2 (ID1-2) and the combined 
annual production of the SMA wells were compared with available arsenic concentration data as 
shown in Exhibit 2. 
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Exhibit 2. Well RH-2 (ID1-2) in SMA – Groundwater Production and Arsenic Data. 

A linear regression analysis of the dependent variable, arsenic concentration, was plotted against 
the independent variable, annual groundwater production for RH-2. The goodness of fit for well 
RH-2 linear regression was poor (R-squared value = 0.07). Similarly, the arsenic concentration 
was plotted against the combined annual groundwater production for SMA wells. The goodness 
of fit was also poor (R-squared value = 0.02). 

A linear regression analysis of the dependent variable, arsenic concentration, was also plotted 
against the independent variable, groundwater level data for RH-2. The goodness of fit for RH-2 
linear regression (R-squared value = 0.52) was better than fitting the production data, but only 
52% of the increasing arsenic concentrations can be explained by changes in groundwater levels 
(Exhibit 3). 
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Exhibit 3. Well RH-2 (ID1-2) in SMA – One-way Linear Regression. 

Well ID1-8 

As indicated by the Mann-Kendall trend analysis, arsenic concentrations in well ID1-8 have 
no statistically determined trend. Visual review of the data shown in Exhibit 4 suggests that 
arsenic concentrations initially dropped, stabilized, and rose again in recent years. Currently, 
the arsenic concentration is below the California drinking water MCL. However, since arsenic 
concentrations can vary with depth, further review of the data was conducted with respect 
to independent production rates, combined production rates for SMA wells, and groundwater 
levels.  

Annual groundwater production at Well ID1-8 and the combined annual production for SMA 
wells was compared with available arsenic concentration data as shown in Exhibit 4. 
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Exhibit 4. Well ID1-8 in SMA – Groundwater Production and Arsenic Data. 

A linear regression analysis of the dependent variable, arsenic concentration was plotted against 
the independent variable, annual groundwater production for ID1-8. The goodness of fit for ID1-
8 linear regression was poor (R-squared value = 0.35). Similarly, the arsenic concentration was 
plotted against the combined annual groundwater production for SMA wells and did not yield a 
better fit (R-squared value = 0.003). 

As there appears to be about a 2-year lag in increased arsenic concentration in relation to 
pumping, an alternative linear regression was performed, incorporating a 2-year lag correction 
into the data. A linear regression analysis of the dependent variable, arsenic concentration was 
plotted against the independent variable, annual groundwater production with a 2-year lag 
applied for ID1-8. The goodness of fit for ID1-8 linear regression with a 2-year lag (R-squared 
value = 0.51) was better than annual production alone, but only about 50% of the increasing 
arsenic concentrations can be explained by annual production using the 2-year lag (Exhibit 5). 
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Exhibit 5. Well ID1-8 in SMA – One-way Linear Regression with a 2-year lag. 

Rams Hill Wells: RH-3, RH-4, RH-5, and RH-6  

Linear regression analyses were carried out for the remaining production wells located in the 
SMA – RH-3, RH-4, RH-5, and RH-6. As described above for RH-2 and ID1-8, the combined SMA 
annual production, a 2-year lag on combined annual production, and groundwater levels, and a 
2-year lag on the well’s singular annual production were favored as the independent variables. 
Table 4 summarizes the results where bold R-squared values indicate the independent variable 
with the best fit. 

While the R-squared value for RH-5 had the best fit with the groundwater level data as the 
independent variable, the mixed result for the remaining SMA wells indicates that multiple 
factors appear to be influencing the arsenic concentration by well and these relationships are 
likely non-linear. Information regarding the timing of sampling and whether the well has been 
actively pumping for minutes or days at each location has not been considered in this analysis 
and could be a root cause of the variability in analytical results. Arsenic concentrations cannot be 
explained solely by declining groundwater levels and increased production for SMA wells 
(excluding RH-5). 
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Table 4. Linear Regression Results for Rams Hill Wells. 

Well 
Location 

Combined SMA 
Annual Production 

2-year Lag of 
Combined SMA 

Annual Production 
Water Levels 2-year Lag of 

Annual Production 

  R-Squared Values 
ID1-8 0.003 0.100 0.182 0.510 

RH-1 (ID1-1) 0.007 0.039 0.001 0.574 
RH-2 (ID1-2) 0.016 0.123 0.517 0.234 

RH-3 0.010 0.441 0.008 0.687 
RH-4 0.024 0.079 0.104 0.208 
RH-5 0.397 0.780 0.889 0.716 
RH-6 0.004 0.472 0.403 0.294 
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Summary of Water Quality for District Wells and Monitoring Wells 
North Management Area Wells 

The NMA wells are generally located to the west and upgradient of the irrigated agricultural 
areas. 

ID4-18 
The Mann-Kendall analysis (Table 2) indicates an increasing trend for nitrate concentrations at 
ID4-18. The water quality times series plot (Exhibit 6a) shows that nitrate has steadily increased 
since 1991 but has remained less than half the California drinking water MCL (10 mg/L). TDS is 
between the recommended and secondary upper MCL (most recent sample at 630 mg/L). 
Similarly, sulfate is between the recommended and secondary upper MCL at 280 mg/L. Neither 
constituent indicates a trend in concentration. Arsenic has mostly been non-detect at this well – 
the last detection was reported in 2021 at 2.5 µg/L.  

The Piper diagram depicted in Exhibit 6b shows that ID4-18 water quality has remained relatively 
stable over time. The cation ternary plot shows that ID4-18 has shifted slightly from non-
dominant to more sodium and potassium-dominant water. The anion ternary plot shows sulfate-
dominant water. And the combination depicts that ID4-18 is sodium chloride-type water.  
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Exhibit 6. (a.) Time series and (b.) Piper diagram of water quality parameters at ID4-18. 

 (a.) 

 (b.) 
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ID4-9 
The Mann-Kendall analysis (Table 2) does not indicate a trend for any of the COCs at ID4-9. As a 
newly installed well, the water quality data set spans 2019 through 2023. The water quality times 
series plot (Exhibit 7a) shows that there was one sample for arsenic in 2023 that nearly reached 
the California drinking water MCL (10 µg/L) but has since dropped to 3.2 µg/L25. The remaining 
constituents remain below the associated MCL. 

The piper diagram in Exhibit 7b shows relatively stable water quality at ID4-9 over time. ID4-9 is 
classified as a sodium chloride type water with sodium and potassium dominant cations with no 
dominant anions. 

 
  

 
25  The variability in arsenic concentration for ID4-9 and other wells sampled may be due to differences in the 

duration in pumping prior to sample collection. It is recommended that the duration and volume of pumping 
prior to sample collection be documented for BWD wells.  
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Exhibit 7. (a.) Time series and (b.) Piper diagram of water quality parameters at ID4-9. 

 (a.) 

 (b.) 
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MW-1 
The Mann-Kendall analysis (Table 2) does not indicate a trend for the COCs of interest at MW-1 
and had insufficient data for nitrate. The water quality data set for MW-1 spans 2020 through 
2023. The water quality times series plot (Exhibit 8a) shows that arsenic samples have been below 
the California drinking water MCL (10 µg/L) with the most recent sample being non-detect. The 
remaining constituents remain below the associated MCL. 

The piper diagram in Exhibit 8b shows relatively stable water quality at MW-1 over time. The 
piper diagram indicates that MW-1 is sodium chloride type water with sodium and potassium 
dominant cations and no dominant anions. 
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Exhibit 8. (a.) Time series and (b.) Piper diagram of water quality parameters at MW-1. 

 (a.) 

 (b.) 



 

 

Geoff Poole 
October 17, 2023 
Page 35 

Bauer Non-Potable Irrigation Wells  
The BWD recently executed Agreements for the acquisition of baseline pumping allocation (BPA) from 
agricultural lands in the NMA. BWD staff sampled four wells located at 282 DiGiorgio Road, 705 
DiGiorgio Road, 808 DiGiorgio Road and 904 DiGiorgio Road. The water quality results for the Bauer non-
potable irrigation wells provides additional information for the NMA that fills previously identified data 
gaps. Results are provided by well for each of the Bauer wells: 
 
282 DiGiorgio Road 
The BWD has executed Agreements for the acquisition of BPA and property owned by Bauer D & 
J Family Trust. The 137-acre parcel is located at 282 DiGiorgio Road on assessor’s parcel number 
(APN) 140-010-11-00. Currently there is approximately 128.03 acres of citrus on the site. 

The 282 DiGiorgio Road well was sampled in August 2023 for arsenic, nitrate, PFAS substances, 
total dissolved solids, and pathogens (total coliform and E. coli). Results for the sample collected 
in August 2023 are summarized in Table 5.  

Table 5. 282 DiGiorgio Road Water Quality 

Analyte Result Units RDL EPA Method 

Arsenic ND ug/L 2.0 EPA 200.8 
Nitrate  2.8 mg/L 0.20 EPA 300.0 
TDS 960 mg/L 10 SM 2540C 

Total Coliform Absent -- 1.1 SM 9223B 
E. coli Absent -- 1.1 SM 9223B 

PFAS substances 
 (25 PFAS chemicals) 

ND ng/L varies EPA 533 
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Exhibit 9. Time series of water quality parameters at 282 DiGiorgio Road. 
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705 DiGiorgio Road 

The BWD has executed Agreements for the acquisition of BPA and property owned by Bauer D 
& J Family Trust. The site is located at 705 DiGiorgio Road on APN 140-070-17-00 (40 acres) and 
APN 140-070-18-00 (38.56 acres). Currently there is approximately 35.82 acres of citrus on APN 
140-070-17-00 and 35.85 acres on APN 140-070-17-00. 
 
The 705 DiGiorgio Road well was sampled in August 2023 for arsenic, nitrate, total dissolved 
solids, and pathogens (total coliform and E. coli). Results for the sample collected in August 2023 
are summarized in Table 6.  

Table 6. 705 DiGiorgio Road Water Quality 

Analyte Result Units RDL EPA Method 

Arsenic 3.7 ug/L 2.0 EPA 200.8 
Nitrate  7.9 mg/L 0.20 EPA 300.0 
TDS 970 mg/L 10 SM 2540C 

Total Coliform Absent -- 1.1 SM 9223B 
E. coli Absent -- 1.1 SM 9223B 
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Exhibit 10. Time series of water quality parameters at 705 DiGiorgio Road.  
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808 DiGiorgio Road 
The BWD has executed Agreements for the acquisition of BPA and property owned by Bauer D 
& J Family Trust. The site is located at 808 DiGiorgio Road on APN 140-070-27-00 (20 acres). 
Currently there is approximately 17.18 acres of citrus on the site. 
 
The 808 DiGiorgio Road well was sampled in August 2023 for arsenic, nitrate, total dissolved 
solids, and pathogens (total coliform and E. coli). Results for the sample collected in August 2023 
are summarized in Table 7.  

Table 7. 808 DiGiorgio Road Water Quality 

Analyte Result Units RDL EPA Method 

Arsenic ND ug/L 2.0 EPA 200.8 
Nitrate  1.9 mg/L 0.20 EPA 300.0 
TDS 780 mg/L 10 SM 2540C 

Total Coliform Present -- 1.1 SM 9223B 
E. coli Absent -- 1.1 SM 9223B 
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Exhibit 11. Time series of water quality parameters at 808 DiGiorgio Road. 
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904 DiGiorgio Road 
The BWD has executed Agreements for the acquisition of BPA and property owned by Bauer D & 
J Family Trust. The site is located at 904 DiGiorgio Road on APN 140-110-14-00 (74.5 acres). 
Currently there is approximately 73.36 acres of citrus on the site. 

The 904 DiGiorgio Road well was sampled in August 2023 for arsenic, nitrate, total dissolved 
solids, and pathogens (total coliform and E. coli). Results for the sample collected in August 2023 
are summarized in Table 8.  

Table 8. 904 DiGiorgio Road Water Quality 

Analyte Result Units RDL EPA Method 

Arsenic 2.4 ug/L 2.0 EPA 200.8 
Nitrate  15 mg/L 0.20 EPA 300.0 
TDS 910 mg/L 10 SM 2540C 

Total Coliform Absent -- 1.1 SM 9223B 
E. coli Absent -- 1.1 SM 9223B 
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Exhibit 12. Time series of water quality parameters at 904 DiGiorgio Road. 
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Central Management Area Wells 

The CMA wells are generally located near the community of Borrego Springs and are considered 
a transitional water quality type between the north and south management areas. Primary 
production in the CMA is utilized for municipal supply. 

ID1-10 
The Mann-Kendall analysis (Table 2) indicates a decreasing trend for fluoride and no trend for 
the remaining COCs at ID1-10. The water quality times series plot (Exhibit 13a) shows that arsenic 
has fluctuated over time with exceedance of the MCL (10 µg/L) in 2014 at 12.2 µg/L for a non-
regulatory sample. Arsenic concentrations have mostly stabilized with the most recent sample 
recorded in 2023 as 4.2 µg/L. The remaining constituents remain below the associated MCL. 

The piper diagram in Exhibit 13b shows water quality at ID1-10 has gradually changed over time 
but appears to be stabilizing. The piper diagram indicates that ID1-10 is sodium chloride type 
water with sodium and potassium dominant cations and no dominant anions. 
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Exhibit 13. (a.) Time series and (b.) Piper diagram of water quality parameters at ID1-10. 

 (a.) 

 (b.) 



 

 

Geoff Poole 
October 17, 2023 
Page 45 

ID1-12 (BWD Production Well) 
The Mann-Kendall analysis (Table 2) indicates a decreasing trend for fluoride and sulfate. No 
trend was indicated for the remaining COCs at ID1-12. The water quality times series plot (Exhibit 
14a) shows that all COCs have remained relatively stable and have not exceeded the California 
drinking water standards.  

The piper diagram in Exhibit 14b shows water quality at ID1-12 has remained relatively stable 
over time. The piper diagram indicates that ID1-12 is sodium chloride type water with sodium 
and potassium dominant cations and no dominant anions. 
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Exhibit 14. (a.) Time series and (b.) Piper diagram of water quality parameters at ID1-12. 

 (a.) 

 (b.) 
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ID1-16 (BWD Production Well) 
The Mann-Kendall analysis (Table 2) indicates a decreasing trend for fluoride and no trend for 
the remaining COCs at ID1-16. The water quality times series plot (Exhibit 15a) shows that all 
COCs have remained relatively stable and have not exceeded the California drinking water 
standards.  

The piper diagram in Exhibit 15b shows water quality at ID1-16 has remained relatively stable 
over time. The piper diagram indicates that ID1-16 is sodium chloride type water with sodium 
and potassium dominant cations and no dominant anions. 
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Exhibit 15. (a.) Time series and (b.) Piper diagram of water quality parameters at ID1-16. 

 (a.) 

 (b.) 
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ID4-11 (BWD Production Well) 
The Mann-Kendall analysis (Table 2) indicates a decreasing trend for sulfate and TDS. No trend 
was indicated for the remaining COCs at ID4-11. The water quality times series plot (Exhibit 16a) 
shows that all COCs have remained relatively stable (with the exception of nitrate fluctuating) 
and have not exceeded the California drinking water standards.  

The piper diagram in Exhibit 16b shows water quality at ID4-11 has remained relatively stable 
over time. The piper diagram indicates that ID4-11 is mixed type water with no dominant  cations 
or anions. 
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Exhibit 16. (a.) Time series and (b.) Piper diagram of water quality parameters at ID4-11. 

 (a.) 

 (b.) 
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ID4-20 (Wilcox) (BWD Production Well) 
The Mann-Kendall analysis (Table 2) does not indicate a trend for any of the COCs of interest at 
ID4-20. The water quality times series plot (Exhibit 17a) shows that all COCs have remained 
relatively stable (apart from nitrate fluctuating) and have not exceeded the California drinking 
water standards. The earliest sample in 2000 appears to be an outlier with elevated sulfate (127 
mg/L) and chloride (69.3 mg/L) concentrations but has since stabilized.  

The piper diagram in Exhibit 17b shows water quality at ID4-20 has remained relatively stable 
over time. The piper diagram indicates that ID4-20 is mixed type water with sodium and 
potassium dominant cations and bicarbonate dominant anions. 
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Exhibit 17. (a.) Time series and (b.) Piper diagram of water quality parameters at ID4-20 (Wilcox). 

 (a.) 

 (b.) 
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ID5-5 (BWD Production Well) 
The Mann-Kendall analysis (Table 2) does not indicate a trend for any of the COCs of interest at 
ID5-5. The water quality times series plot (Exhibit 18a) shows that all COCs have remained 
relatively stable and have not exceeded the California drinking water standards.  

The piper diagram in Exhibit 18b shows water quality at ID5-5 has remained stable over time. The 
piper diagram indicates that ID5-5 is sodium chloride type water with sodium and potassium 
dominant cations and no dominant anions. 
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Exhibit 18. (a.) Time series and (b.) Piper diagram of water quality parameters at ID5-5. 

 (a.) 

 (b.) 
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MW-4 (Monitoring Well) 
The Mann-Kendall analysis (Table 2) indicates a decreasing trend for sulfate and no trend 
indicated for the remaining COCs at MW-4. The water quality times series plot (Exhibit 19a) 
shows that while nitrate has fluctuated over time, the remaining COCs have remained relatively 
stable. None of the COCs have not exceeded the California drinking water standards.  

The piper diagram in Exhibit 19b shows water quality at MW-4 has gradually fluctuated over time. 
Overall, the piper diagram indicates that MW-4 is sodium chloride type water with sodium and 
potassium dominant cations and sulfate dominant anions. 
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Exhibit 19. (a.) Time series and (b.) Piper diagram of water quality parameters at MW-4. 

 (a.) 

 (b.) 
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South Management Area Wells 

The SMA wells are generally located northeast of the Rams Hill Golf Course. Production in the 
SMA includes some municipal and domestic pumping but is currently dominated by pumping for 
recreational use. 

ID1-8 (BWD Production Well) 
The Mann-Kendall analysis (Table 2) does not indicate a trend for any of the COCs of interest at 
ID1-8. The water quality times series plot (Exhibit 20a) shows that ID1-8 has exceeded the arsenic 
California drinking MCL (10 µg/L) in 1988, 1991, and most recently in 2022 at 11 µg/L for non-
regulatory samples. The most recent sample taken in 2023 is below the MCL at 6.4 µg/L. The 
remaining COCs are relatively stable and have not exceeded the California drinking water 
standards. 

The piper diagram in Exhibit 20b shows water quality at ID1-8 has significantly changed over time. 
Overall, the piper diagram indicates that ID1-8 has moved from mixed type water to sodium 
chloride type water with sodium and potassium dominant cations and no dominant anions. 
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Exhibit 20. (a.) Time series and (b.) Piper diagram of water quality parameters at ID1-8. 

 (a.) 

 (b.) 
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MW-3 (Monitoring Well) 
The Mann-Kendall analysis (Table 2) indicates a decreasing trend for sulfate and TDS. No trend 
was indicated for the remaining COCs at MW-3. The water quality times series plot (Exhibit 21a) 
shows that TDS exceeded the California drinking water secondary upper MCL (1,000 mg/L) from 
2015 through 2017. TDS has stabilized and the most recent sample is below the secondary MCL 
at 500 mg/L. The remaining COCs have not exceeded the California drinking water standards.  

The piper diagram in Exhibit 21b shows water quality at MW-3 has fluctuated over time. Overall, 
the piper diagram indicates that MW-3 is sodium chloride type water with sodium and potassium 
dominant cations and no dominant anions. 
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Exhibit 21. (a.) Time series and (b.) Piper diagram of water quality parameters at MW-3. 

 (a.) 

 (b.) 
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MW-5A (Monitoring Well) 
The Mann-Kendall analysis (Table 2) indicates a decreasing trend for sulfate and TDS. No trend 
was indicated for the remaining COCs at MW-5A. The water quality times series plot (Exhibit 22a) 
shows that TDS exceeds the California drinking water secondary upper MCL (1,000 mg/L) in 2006, 
2017, and 2018. The remaining data for TDS has at or slightly below the secondary upper MCL 
with the most recent sample in 2023 at 1,000 mg/L. Similarly, sulfate exceeds the California 
drinking water secondary upper MCL (500 mg/L) in these same years. Sulfate concentrations have 
since stabilized and remain below the secondary upper MCL with the most recent sample in 2023 
at 160 mg/L. The water quality times series plot also shows that fluoride exceeds the California 
drinking water MCL (2mg/L) in 2018 (2.1 mg/L) and 2019 (2.2 mg/L). The most recent sample 
taken in 2023 is below the MCL at 0.8 mg/L. The remaining COCs have not exceeded the California 
drinking water standards.  

The piper diagram in Exhibit 22b shows water quality at MW-5A has fluctuated over time. The 
outliers reflect the high TDS and sulfate concentrations noted above. Overall, the piper diagram 
indicates that MW-5A is sodium chloride type water with sodium and potassium dominant 
cations and no dominant anions. 
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Exhibit 22. (a.) Time series and (b.) Piper diagram of water quality parameters at MW-5A. 

 (a.) 

 (b.) 
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MW-5B (Monitoring Well) 
The Mann-Kendall analysis (Table 2) does not indicate a trend for any of the COCs of interest at 
MW-5B. The water quality times series plot (Exhibit 23a) shows that TDS exceeds the California 
drinking water secondary upper MCL (1,000 mg/L) for the entire record. The most recent TDS 
concentration at MW-5B in 2023 was 1,300 mg/L. Similarly, sulfate concentrations also exceed 
the California drinking water secondary upper MCL (500 mg/L) for the entire record. The most 
recent sulfate concentration in 2023 was 630 mg/L. The remaining COCs have not exceeded the 
California drinking water standards.  

The piper diagram in Exhibit 23b shows water quality at MW-5A has remained stable over time. 
Overall, the piper diagram indicates that MW-5A is sodium chloride type water with sodium and 
potassium dominant cations and sulfate dominant anions. 
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Exhibit 23. (a.) Time series and (b.) Piper diagram of water quality parameters at MW-5B. 

 (a.) 

 (b.) 
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RH-1 (ID1-1) (Irrigation Well) 
The Mann-Kendall analysis (Table 2) does not indicate a trend for any of the COCs of interest at 
RH-1 (ID1-1). The water quality times series plot (Exhibit 24a) shows that TDS exceeds the 
California drinking water secondary upper MCL (1,000 mg/L) for the majority of the record. The 
most recent TDS concentration in at RH-1 (ID1-1) in 2023 was 1,600 mg/L. Similarly, sulfate 
concentrations also exceed the California drinking water secondary upper MCL (500 mg/L) for 
the majority of the record. The most recent sulfate concentration in 2023 was 750 mg/L. The 
water quality times series plot also shows that RH-1 (ID1-1) has exceeded the arsenic California 
drinking MCL (10 µg/L) in 2021 at 16 µg/L. The most recent sample taken in 2023 was non-detect. 
The remaining COCs have not exceeded the California drinking water standards.  

The piper diagram in Exhibit 24b shows water quality at RH-1 (ID1-1) has fluctuated over time. 
Overall, the piper diagram indicates that RH-1 (ID1-1) is borderline between mixed type and 
sodium chloride type water. RH1 (ID1-1) has sodium and potassium dominant cations (on 
borderline with no dominant type) and mostly sulfate dominant anions. 
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Exhibit 24. (a.) Time series and (b.) Piper diagram of water quality parameters at RH-1 (ID1-1). 

 (a.) 

 (b.) 
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RH-2 (ID1-2) (Irrigation Well) 
The Mann-Kendall analysis (Table 2) indicates a decreasing trend for sulfate, an increasing trend 
for arsenic, and no trend indicated for the remaining COCs at RH-2 (ID1-2). The water quality 
times series plot (Exhibit 25a) shows that arsenic does not exceed the California drinking water 
MCL (10 µg/L) for the entire record, but trending towards the limit. The most recent sample taken 
in 2023 was 7 µg/L. The remaining COCs have not exceeded the California drinking water 
standards.  

The piper diagram in Exhibit 25b shows water quality at RH-2 (ID1-2) has changed over time. 
Overall, the piper diagram indicates that RH-2 (ID1-2) is sodium bicarbonate type water and has 
sodium and potassium dominant cations and moved from no dominant anions to bicarbonate 
dominant anions. 
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 (a.) 

Exhibit 25. (a.) Time series and (b.) Piper diagram of water quality parameters at RH-2 (ID1-2). 

 (b.) 
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RH-3 (Irrigation Well) 
The Mann-Kendall analysis (Table 2) does not indicate a trend for any of the COCs of interest at 
RH-3. The water quality times series plot (Exhibit 26a) shows that arsenic exceeds the California 
drinking water MCL (10 µg/L) for the entire record. The most recent arsenic concentration in at 
RH-3 in 2023 was 16 µg/L. The remaining COCs have not exceeded the California drinking water 
standards.  

The piper diagram in Exhibit 26b shows water quality at RH-3 has significantly fluctuated over 
time. Overall, the piper diagram indicates that RH-3 has fluctuated between sodium chloride type 
water and sodium bicarbonate type water. Similarly, RH-3 has fluctuated between having no 
dominant anions and bicarbonate dominant anions. Sodium and potassium have remained the 
dominant cations over time. 
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 (a.) 

Exhibit 26. (a.) Time series and (b.) Piper diagram of water quality parameters at RH-3. 

 (b.) 
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RH-4 (Irrigation Well) 
The Mann-Kendall analysis (Table 2) indicates an increasing trend for nitrate, sulfate, and TDS, a 
decreasing trend for fluoride, and no trend for arsenic at RH-4. The water quality times series 
plot (Exhibit 27a) shows that arsenic exceeds the California drinking water MCL (10 µg/L) for the 
majority of record. The most recent arsenic concentration in at RH-4 in 2023 was 13 µg/L. The 
remaining COCs have not exceeded the California drinking water standards. 

The piper diagram in Exhibit 27b shows water quality at RH-4 has fluctuated over time. Overall, 
the piper diagram indicates that RH-4 has sodium chloride type water with sodium and potassium 
dominant cations and no dominant anions. 
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 (a.) 

Exhibit 27. (a.) Time series and (b.) Piper diagram of water quality parameters at RH-4. 

 (b.) 
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RH-5 (Irrigation Well) 
The Mann-Kendall analysis (Table 2) indicates a decreasing trend for sulfate, an increasing trend 
for arsenic, and no trend indicated for the remaining COCs at RH-5. The water quality times series 
plot (Exhibit 28a) shows that arsenic exceeds the California drinking water MCL (10 µg/L) for the 
majority of the record. The most recent arsenic concentration at RH-5 in 2022 was 25 µg/L. The 
remaining COCs have not exceeded the California drinking water standards. 

The piper diagram in Exhibit 28b shows water quality at RH-5 has fluctuated over time. Overall, 
the piper diagram indicates that RH-5 has sodium chloride type water with sodium and potassium 
dominant cations and no dominant anions. 
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 (a.) 

Exhibit 28. (a.) Time series and (b.) Piper diagram of water quality parameters at RH-5. 

 (b.) 
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RH-6 (Irrigation Well) 
The Mann-Kendall analysis (Table 2) indicates an increasing trend for sulfate and TDS, and no 
trend is indicated for the remaining COCs at RH-6. The water quality times series plot (Exhibit 
29a) shows that arsenic exceeds the California drinking water MCL (10 µg/L) for the entire record. 
The most recent arsenic concentration at RH-6 in 2023 was 17 µg/L. The water quality times 
series plot also shows that RH-6 exceeded the nitrate California drinking MCL (10 mg/L) in 2015 
at 14 mg/L. Since then, the nitrate concentration has remained below the MCL and the most 
recent sample taken in 2023 was 3.1 mg/L. The remaining COCs have not exceeded the California 
drinking water standards. 

The piper diagram in Exhibit 29b shows water quality at RH-6 has fluctuated over time. Overall, 
the piper diagram indicates that RH-6 has sodium bicarbonate type water with sodium and 
potassium dominant cations and bicarbonate dominant anions. 
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 (a.) 

Exhibit 29. (a.) Time series and (b.) Piper diagram of water quality parameters at RH-6. 

 (b.) 
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WWTP-1 (Monitoring Well) 
The Mann-Kendall analysis (Table 2) indicates a decreasing trend for sulfate and TDS, and an 
increasing trend for arsenic. No trend was indicated for the remaining COCs at WWTP-1. The 
water quality times series plot (Exhibit 30a) shows that nitrate exceeded the California drinking 
water MCL (10 mg/L) from 2017 through 2019 but has since stabilized and below the MCL. The 
most recent nitrate concentration at WWTP-1 in 2023 was 4.6 mg/L. The remaining COCs have 
not exceeded the California drinking water standards.  

The piper diagram in Exhibit 30b shows water quality at WWTP-1 has gradually changed over 
time. Overall, the piper diagram indicates that WWTP-1 is sodium chloride type water with 
sodium and potassium dominant cations and no dominant anions. 
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Exhibit 30. (a.) Time series and (b.) Piper diagram of water quality parameters at WWTP-1. 

 (a.) 

 (b.) 
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Summary of Preliminary PFAS Sampling 
With the increasing concern for PFAS regulation standards for drinking water, BWD is in the 
process of conducting extensive PFAS sampling in the basin. Preliminary PFAS sampling has taken 
place in the locations displayed in Figure 9. PFAS has not been detected in the 282 DiGiorgio Road 
Well, ID4-9, ID4-11, ID4-18, or the landfill wells.  

 

Non-treatment and Treatment Alternatives 
While none of the BWD’s wells currently exceed California drinking water MCLs, treatment 
alternatives for COCs are discussed herein to explore options in the event that groundwater 
quality were to become impaired. Non-treatment and treatment options to meet drinking water 
standards typically include blending, wellhead treatment, or supplementing the impaired source 
of supply. In brief, the options include the following. 

Switch Sources. As indicated in this TM, the BWD is supplied from several wells located in the 
NMA, CMA, and SMA of the Borrego Springs Subbasin. If a BWD well were to exceed a drinking 
water standard, the likely most cost-effective option would be to switch supply to an existing 
water well(s). Additional evaluation is required to determine if these other sources can meet 
peak hour demand, maximum day demand and fire flow requirements.   

Procurement of a New Source. If additional quantity of groundwater meeting California drinking 
water MCLs was required by the BWD, then acquiring existing wells or drilling new water wells in 
the basin may be a cost-effective option. The BWD has already initiated preliminary review of 
potential new sources of supply in the Subbasin and should further identify strategic sources of 
supply that meet Title 22 potable drinking water quality requirements.  

Blending. If a system has supply sources with low and high concentrations of COCs, blending is a 
practical option if the source of supply with a low concentration of the COCs is reliable and the 
sources can be brought together for mixing at a common header (i.e., blending location which 
may occur within a pipeline). To allow for a safety margin, target concentration of the blended 
stream is typically set 20% below the respective MCL. It should be noted that the DDW no longer 
considers blending a viable long-term option to meet drinking water standards for municipal 
supply. 

Sidestream Treatment. If COCs were to exceed a respective MCL by a small margin, then 
sidestream treatment could be a viable option for some COCs such as arsenic. Sidestream 
treatment involves splitting flow, treating one stream, and blending it with the untreated stream 
prior to distribution. 

Wellhead Treatment. If the typically more cost-effective options above were exhausted, then 
wellhead treatment would be evaluated in the event that COCs were to exceed drinking water 
standards. The U.S. Environmental Protection Agency (EPA) identifies several best available 
technologies for arsenic removal, which are discussed in further detail in a previous Dudek study, 
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Water Replacement and Treatment Cost Analysis for the Borrego Valley Groundwater Basin 
(Dudek 2015). 
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Conclusions and Recommendations 
Based on the findings of this Groundwater Quality Risk Assessment Update, INTERA concludes 
and recommends the following: 

• All active BWD production wells continue to meet drinking water standards without the 
need for treatment other than chlorination as required by the SWRCB’s DDW. 
 

• Increased groundwater production and declining groundwater levels over the last 
decade in the SMA combined with an observed increase in arsenic concentrations is 
several irrigation and monitoring wells and shifts in the water quality type as shown on 
the Piper diagrams is of concern and presents a water quality risk to BWD production 
well ID1-8. As such, BWD should make plans to switch supply to other existing BWD 
water wells if water quality begins to exceed drinking water standards for arsenic. 

 
• DDW is currently investigating the technological and economic feasibility of lowering the 

current arsenic MCL of 0.010 mg/L (equivalent to 10 μg/L) closer to the PHG (0.004 µg/L). 
Lowering of this MCL could have a substantial impact on BWD operations; however, based 
upon available information described herein, it is speculated that the arsenic MCL will not 
be revised for at least 5 years. BWD should closely follow review of the arsenic MCL. 
Regulatory updates to the arsenic MCL is likely the greatest potential financial impact to 
the BWD ratepayers. 

 
• As stated in the GMP, “Degradation of groundwater quality in the upper aquifer has 

occurred as recharge to the aquifer has mobilized natural and anthropogenic sources of 
nitrate. The groundwater impacted by nitrate has the potential to migrate laterally as a 
result of pumping. One strategy successfully implemented to produce potable water in 
several areas of the Subbasin is to only screen the deeper sediments of the middle and 
lower aquifer to avoid nitrate that is likely concentrated in the upper aquifer. It should 
be noted that abandoned wells have the potential to provide a migration pathway of 
nitrate contaminants from the upper aquifer to the middle and lower aquifers. Hence, 
the Watermaster’s proactive cooperation with San Diego County in the enforcement of 
the County’s ordinance governing abandonment of inactive wells will be considered by 
the Watermaster in order to preserve the existing potable water quality, especially 
where poor water quality has been identified.” As documented by recent data collected 
from MW-6S, 904 DiGiorgio Road and the Fortiner Well, elevated nitrate concentrations 
have been detected above the MCL in the upper aquifer and the upper portion of the 
middle aquifer of the NMA. As such, it is recommended that a formal recommendation 
be provided to the County of San Diego Department of Environmental Health regarding 
water well standards documenting the need to require appropriate annular seals for 
wells that extend through multiple aquifers with variable water quality. In addition, 
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INTERA recommends an updated well canvas to identify inactive wells in the Subbasin 
that require proper abandonment in accordance with County and State standards.  
 

• BWD should develop educational materials for pumpers and regulators regarding water 
quality degradation that is documented to occur within the Subbasin. The location of de 
minimis domestic wells in the Subbasin should be identified and outreach conducted to 
those well owners to document groundwater quality and water levels. 

 
• Additional well head data from existing wells in the NMA and CMA are needed to better 

characterize the spatial variability of groundwater quality. In addition, depth discrete 
water quality is required to better characterize the groundwater quality by depth. INTERA 
recommends identifying wells with elevated nitrate in the NMA that would be candidates 
to perform dynamic flow and chemistry profiling in order to characterize water quality by 
depth. 

 
• BWD should acquire data semi-annually from the Borrego Springs Watermaster to 

complete an independent evaluation of water quality results consisting of quality 
assurance/quality control of the data and flagging of anomalous results not consistent 
with historical data. On an annual basis statistical trend analysis of available data should 
be performed to evaluate trends and proactively identify potential water quality risks. 
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DRAFT: North Management Area Wells
FIGURE 2
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SOURCE: DWD, BWD 2023, DWR Well Completion Reports, Elevation data reported in NAVD88 from BVHM
FIGURE 3 

DRAFT: Central Management Area Wells
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     DRAFT: South Management Area Wells
October 2023 Borrego Valley Groundwater Basin - Groundwater Quality Risk Assessment Update
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Current gpm
Original gpm*
Year Drilled
Original Static

RH-1 (ID1-1)
Q=200 gpm
Q=300 gpm*
(1972)
472.26 ft msl

RH-2 (ID1-2)
Q=200 gpm
Q=295 gpm*
(1972)
483.71 ft msl

RH-3
Q=230 gpm
Q=250 gpm*
(2014)
465.00 ft msl

RH-4
Q=260 gpm
Q=342 gpm*
(2014)
468.00 ft msl

RH-5
Q=350 gpm
Q=360 gpm*
(2015)
468.00 ft msl

RH-6
Q=350 gpm
Q=500 gpm*
(2015)
496.00 ft msl

JC Well
Q=10 gpm
Q=50 gpm*
(2004)
Unknown

WWTP-1
Monitoring Well
N/A
(2009)
476.00 ft msl

ID1-8
Q=300 gpm (2013)
Q=1,100 gpm*
(1972)
474.18 ft msl

MW-3
Monitoring Well
N/A
(2005)
459.80 ft msl

Air Ranch Well 4
Q=Unknown
Q=Unknown
(1993)
462.04 ft msl

MW-5A/B
Monitoring Well
N/A
(2006)
403.14 ft msl

Casing Diameter:
Well Depth:
Borehole Depth
Pump Size:
Pump Depth:
Specific Capacity:
Current Production Rate:
Casing Type:

12.75” ID
600 ft bls
609 ft bls
40 HP
357 ft msl
3.25 gpm/ft
200 gpm
Mild Steel

12.75” ID
732 ft bls
740 ft bls
40 HP
188 ft msl
1.45 gpm/ft
200 gpm
Mild Steel

12.75” ID
890 ft bls
998 ft bls
40 HP
187 ft msl
1.24 gpm/ft
230 gpm/ft
Mild Steel

10.75”ID
675 ft bls
844 ft bls
40 HP
168 ft msl
1.69 gpm/ft
260 gpm
Mild Steel

40.75” ID
815 ft bls
830 ft bls
40 HP
246 ft msl
7.0 gpm/ft
350 gpm
Mild Steel

10.75” ID
900 ft bls
1,000 ft bls
40 HP
238 ft msl
5.9 gpm/ft
350 gpm
Mild Steel

4.5” ID
318 ft bls
318 ft bls
Unknown
N/A
Unknown
10 gpm
PVC

4.5” ID
100 ft bls
100 ft bls
N/A
N/A
N/A
N/A
PVC

12.75” ID
850 ft bls
938 ft bls
100 HP
135 ft msl
8.7 gpm/ft
350 gpm (2013)
Mild Steel

4.5” ID
325 ft bls
344 ft bls
N/A
N/A
N/A
N/A
Mild Steel

8” ID
380 ft bls
380 ft bls
N/A
N/A
N/A
N/A
PVC

4” ID
345 ft bls
480 ft bls
N/A
N/A
N/A
N/A
Mild Steel

*Indicates original tested production rate when drilled.
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Figure 5
Current Arsenic Wellhead
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Note(s): Sample results from 2023; if data lacking, most current results used.

Source(s): BWD 2023, Watermaster 2023
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Figure 6
Current Nitrate Wellhead
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Note(s): Sample results from 2023; if data lacking, most current results used.
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Figure 7
Current Sulfate Wellhead
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Figure 8
Curent TDS Wellhead
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Figure 9
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