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DISCUSSION: The SNMP was prepared primarily by staff from the Los Angeles 
County Waterworks District No. 40 and the Los Angeles County 
Sanitation Districts Nos. 14 and 20 with cooperation from the 
stakeholders of the Antelope Valley IRWM Group (collectively 
referred to herein as “the Group”).  Staff commends the Group for 
taking the lead role in the development of the SNMP and their 
ongoing collaborative groundwater management efforts.   

 
The SNMP establishes background water quality data for 9 of the 
12 sub-basins in the Antelope Valley groundwater basin with 
respect to arsenic, boron, chloride, fluoride, nitrate as nitrogen, total 
chromium, and total dissolved solids (TDS).  Water quality 
management goals were then selected for each of these 
constituents and represent the standard necessary to protect either 
Municipal and Domestic Supply (MUN) or Agricultural Supply 
(AGR) beneficial uses.  With the exception of the constituent 
arsenic, the AGR water quality management goals are more 
restrictive than the MUN water quality management goals.   
 
Assimilative capacity was calculated as the difference between the 
water quality management goal and the baseline water quality 
concentration for a given constituent.  The SNMP documents that 
there are several sub-basins where baseline water quality already 
exceeds the water quality management goal and there is no 
assimilative capacity at this time for that constituent; however these 
exceedances are localized and attributed to naturally occurring 
conditions.     
  
The model developed for the SNMP is a completely mixed model of 
the principal aquifer and is too coarse to drill down to the sub-basin 
level with the data currently available.  The model does, however, 
provide broad conclusions regarding the effects of salt and nutrient 
loading on the overall quality of groundwater as averaged across 
the greater Antelope Valley basin.  The model predicts that the 
average TDS concentrations in the greater Antelope Valley basin 
will not exceed the AGR water quality management goal of 450 
milligrams per liter for at least 110 years.  Therefore, it appears that 
there is ample time to plan for salt management measures before a 
critical situation arises. Arsenic, on the other hand, could potentially 
exceed the MUN water quality management goal of 10 micrograms 
per liter in as early as 47 years, but not within the 25-year planning 
period of the SNMP. 
 
Arsenic and TDS were identified by the model as having a potential 
to significantly impact the basin and beneficial uses and are the 
only SNMP constituents expected to exceed a concentration 
greater than the background concentration plus 20% of the 
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assimilative capacity during the 25-year planning period.  Of the 
source waters evaluated, imported water (State Water Project 
water) has the highest contributing concentration of arsenic, and 
recycled water has the highest contributing concentration of TDS.   
  

 Because groundwater in the greater Antelope Valley Basin is 
generally of good quality and assimilative capacity is expected to 
generally be maintained for all constituents throughout the 25-year 
planning period, no changes to water quality objectives are 
proposed at this time.  Therefore, a Basin Plan amendment is not 
warranted.   

 
  Water Board staff has solicited comments from the Group and 

interested parties regarding this agenda item.   
 
RECOMMENDATION: The Water Board will be asked to accept the Antelope Valley 

SNMP with no amendment to the Basin Plan, and to direct the 
Executive Officer to send a letter accepting the plan to the IRWM 
Group.  The Water Board may provide input on the findings of the 
SNMP as well as provide direction to staff and the public on how 
the plan may be used to protect water quality in the Antelope Valley 
basin.    

 
ENCLOSURES 

 
ENCLOSURE ITEM BATE 

NUMBER

1 

Final Antelope Valley SNMP, electronic copy, including 
appendices, available online at 
http://www.ladpw.org/wwd/avirwmp/docs/saltplan/Salt%20and%20Nutri
ent%20Management%20Plan%20for%20Antelope%20Valley_May%20
2014.pdf 
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2 
Staff Report titled “Salt and Nutrient Management Plan for the 
Antelope Valley Groundwater Basin and Update on the Status of 
Salt/Nutrient Planning in the Lahontan Region”  
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Executive Summary 
Salt and Nutrient Management Plan Overview 

In February 2009, the State Water Resources Control Board (State Board) established a statewide 
Recycled Water Policy to encourage and provide guidance for the use of recycled water in 
California. The Recycled Water Policy requires local water and wastewater entities, together with 
local salt and nutrient contributing stakeholders to develop a Salt and Nutrient Management Plan 
(SNMP) for each groundwater basin in California. Development of the SNMP is required to get 
recycled water projects approved and permitted by the Lahontan Regional Water Quality Control 
Board (Regional Board).  

This SNMP was developed for the Antelope Valley (AV) Groundwater Basin through a
collaborative effort to manage salts and nutrients (as well as other constituents) from all sources to 
ensure water quality objectives are met and sustained, and beneficial uses of the groundwater 
basin are protected.  

Existing Groundwater Quality 

The SNMP stakeholders, with the Lahontan Regional Board, selected total dissolved solids (TDS), 
chloride, nitrate, arsenic, boron, fluoride, and total chromium to characterize the water quality in the 
Antelope Valley Groundwater Basin. These constituents are either associated with recycled water 
use or detected at elevated levels in parts of the region. The average basin groundwater 
concentrations of these constituents, measured in samples collected between 2001 and 2010,
were used to establish the baseline water quality for the groundwater basin.

Table ES-1 provides the baseline water quality and current assimilative capacity for each 
constituent in the groundwater basin.  The water quality management goals for the Antelope Valley 
SNMP are based on protecting the Regional Board designated beneficial uses of the Antelope 
Valley groundwater basin, specifically Agricultural Supply (AGR) and Municipal and Domestic 
Supply (MUN).  Assimilative capacity is the difference between the water quality management goal 
and the baseline water quality and refers to the capacity of the groundwater basin to receive salts 
and nutrients without exceeding beneficial use standards. Arsenic and TDS have 0.34 μg/L (3.4% 
of management goal) and 100 mg/L (22% of management goal), respectively, of assimilative 
capacity remaining.  The other constituents have an assimilative capacity ranging from 56% to 
89% of the water quality management goal.  

Table ES-1: Water Quality for Antelope Valley Groundwater Basin

Arsenic
( g/L)

Boron
(mg/L)

Chloride
(mg/L)

Fluoride
(mg/L)

Nitrate as N
(mg/L)

Total Chromium
( g/L)

TDS
(mg/L)

Goal 10 0.7 238 1 10 50 450
Baseline Water Quality 9.66 0.17 38.4 0.44 1.97 5.5 350
Assimilative Capacity 0.34 0.53 199.6 0.56 8.03 44.5 100

2014 Salt and Nutrient Management Plan for the Antelope Valley Page ES-1 
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Future Groundwater Quality 

Salt and nutrient loading from surface activities to the Antelope Valley Groundwater Basin are due 
to various sources, including agricultural irrigation, outdoor municipal and industrial water use, and 
on-site waste disposal systems.  Natural recharge from precipitation and mountain runoff are also 
sources of salt and nutrient loading. The Antelope Valley is a closed basin and the only major 
groundwater outflow is groundwater pumping.  Figure ES-1 depicts the direct loading and 
unloading of water, salts, and nutrients in and out of the groundwater basin.

Figure ES-1: Salt and Nutrient Balance

To better understand the significance of the various loading factors, a spreadsheet-based mixing
model was developed. TDS and arsenic water qualities were incorporated into the model because 
of their potential to exceed SNMP water quality management goals.  The mixing model calculated 
impacts of the identified projects that may contribute TDS and arsenic to the groundwater over the 
25-year planning period (2011-2035) of the SNMP (see Table ES-2 and Figure ES-2). The model 
was used to predict future water quality and water quality trends.

Six future scenarios were simulated:
Scenario 1 (Base Case): Assumes no SNMP projects will be implemented.  
Scenario 2: Assumes all SNMP projects will be implemented.  
Scenario 3: Assumes only recycled water projects and none of the groundwater recharge 
projects will be implemented.  
Scenarios 4: Assumes all recycled water and half of the artificial groundwater recharge 
projects will be implemented.  
Scenario 5: Assumes all recycled water and a quarter of the artificial groundwater recharge 
projects will be implemented.  
Scenario 6 (Extreme Drought): Assumes no groundwater recharge projects will be 
implemented and annual natural recharge is decreased by 25% for planning period.  

2014 Salt and Nutrient Management Plan for the Antelope Valley Page ES-2 
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Table ES-2: Concentration Projections

Scenario

Concentration in 2035 Concentration by 2110
Years to Reach SNMP Water 

Quality Management Goal
TDS arsenic TDS arsenic TDS arsenic

mg/L μg/L mg/L μg/L
450 / 500

mg/L
10 μg/L

1 364 9.78 404 10.13 184 / 276 72
2 371 9.79 438 10.19 113 / 170 64
3 366 9.78 416 10.14 151 / 227 70
4 369 9.79 427 10.17 129 / 194 66
5 368 9.79 422 10.15 139 / 209 69
6 368 9.84 422 10.38 139 / 208 47

Figure ES-2: SNMP Projects and Monitoring Locations

In scenario 2, the projected TDS increase is 21 mg/L by 2035 and will take 113 years to reach the 
TDS water quality management goals of 450 mg/L.  In scenario 6, the projected arsenic increase is 
0.18 μg/L and will take 47 years to reach the arsenic water quality management goal of 10 μg/L.

Considering the baseline groundwater quality and assimilative capacity, arsenic has the potential 
to exceed the water quality management goal before the other constituents. The arsenic load to 
the groundwater is largely naturally occurring. Arsenic levels are not expected to increase due to 
anthropogenic activities because municipal water supply wells, recycled water, treated State Water 
Project (SWP) water, and stormwater are not significant contributors of arsenic. Recycled water, 
treated SWP water, and stormwater have arsenic concentrations below detectable levels (less than 
2 μg/L). The mixing model projects an increase in arsenic concentration, but actual loadings from 
these sources may be lower considering that overly conservative assumptions were used in the 
model.

2014 Salt and Nutrient Management Plan for the Antelope Valley Page ES-3 
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Monitoring Plan 

A monitoring plan is proposed to track the water quality in the basin.  Results will be used to 
determine whether the concentrations of salt and nutrients over time are consistent with the SNMP 
predictions and the applicable SNMP water quality management goals.  The monitoring program
includes 32 municipal water supply wells that are currently monitored by the California Department 
of Public Health.  The results from these existing monitoring programs will be downloaded from the 
State Board’s Geotracker Groundwater Ambient Monitoring and Assessment (GAMA) database
and included in the monitoring report prepared by the SNMP stakeholders or the appointed 
Antelope Valley Groundwater Basin Watermaster, if applicable. Imported, recycled, and treated 
potable water supply to the region will also be monitored and results included in the report.  
Updates to the SNMP model and relevant project list will be made to reevaluate water quality 
projections.  The monitoring report will be prepared and submitted to the Lahontan Regional Board
every three years. The monitoring locations are depicted in Figure ES-2.

Results of the monitoring will be used to determine whether future mitigation, or implementation 
measures, are necessary to maintain the SNMP water quality management goals.  Monitoring 
report results that indicate the ambient groundwater quality exceeding 50% of the baseline 
assimilative capacity or significant increases may require additional modeling and/or evaluation to 
determine what mitigation action, if any, is necessary and appropriate.

Conclusion 

The findings from the SNMP indicate that overall groundwater quality in the basin is stable and 
below the water quality management goals.  On a sub-basin level, there are cases of water quality 
management goal exceedances, but the constituents are naturally occurring (i.e., arsenic, boron, 
fluoride, and TDS) and there are no current or projected projects identified in these areas.    
Analysis of future water quality (through 2035), with implementation of various recycled water and 
groundwater recharge projects, indicates good water quality and stable trends and that the basin 
groundwater will continue to be able to support the designated beneficial uses.

2014 Salt and Nutrient Management Plan for the Antelope Valley Page ES-4 
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The Salt and Nutrient Management Plan (SNMP) for the Antelope Valley (AV) has been prepared 
in cooperation with the water and wastewater agencies, the cities of Lancaster and Palmdale, 
Edwards Air Force Base, private home owners, and other stakeholders in the Antelope Valley.  It 
fulfills the State Water Resources Control Board (State Board) requirements of the Recycled Water 
Policy (SWRCB 2009) and its amendment (SWRCB 2013), which encourages every region in 
California to develop an SNMP to address long-term groundwater basin sustainability. 

1.1 The Salt and Nutrient Management Plan

In February 2009, the State Board adopted the Recycled Water Policy to provide direction to the 
Regional Water Quality Control Boards, proponents of water use and recycled water projects, and 
the public regarding the appropriate criteria to be used by the State and Regional Boards in issuing 
permits for recycled water projects.  The Recycled Water Policy includes State Board goals for 
statewide increases in the use of recycled water, which is considered a drought-proof, reliable, and 
sustainable water resource.  The State Board addresses the concern for protecting the beneficial 
uses of groundwater basins by its intention for every groundwater basin in California to have a 
SNMP.  The Recycled Water Policy expects salt and nutrient loading in groundwater basins/sub-
basins to be addressed through the development of a management plan by the collaborative 
stakeholder process rather than imposing requirements on individual recycled water projects by the 
regional regulating agency.  

In response to the adoption of the Recycled Water Policy, Los Angeles County Waterworks 
Districts and Sanitation Districts of Los Angeles County, with support of the Lahontan Regional 
Water Quality Control Board (Regional Board) staff, initiated efforts to organize a stakeholder 
group to develop a regional SNMP for the Antelope Valley.  Stakeholders include, but are not 
limited to, water importers, purveyors, stormwater management agencies, wastewater agencies, 
the Regional Board, and other significant salt/nutrient contributors, in addition to the recycled water 
stakeholders.  Stakeholder participation is described in Section 1.3.  This SNMP is a result of 
stakeholder collaborations and meets the intentions of the Recycled Water Policy.  

1.2 Purpose and Goals of the Salt and Nutrient Management Plan

The purpose of developing a regional SNMP for the Antelope Valley is to address the management 
of salts and nutrients (and possibly other constituents of concern) from various sources within the 
basin to maintain water quality objectives and support beneficial uses of the region’s groundwater.  
The intention is to involve all users of water in the Antelope Valley basin to participate in efforts to 
minimize the anthropogenic accumulation of salt and nutrients that would degrade the quality of 
water supplies in the Antelope Valley to the extent that it may limit their use. 

Additionally, the SNMP is developed to satisfy the Recycled Water Policy, and thus allow for a 
streamlined process in getting recycled water projects approved and permitted by the Regional 
Board.  The Antelope Valley is an arid region that requires careful management of its water 
supplies to meet the needs of its residents.  Increasing recycled water use will allow for increased 
available potable water supplies for the people of the Antelope Valley.   
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One goal of the SNMP is to address salt and nutrient loading to the Antelope Valley groundwater 
basin region through the development of a management plan by the collaborative stakeholder 
process rather than the regional regulating agency imposing requirements on individual water 
projects.  The AV SNMP has been prepared to be included as an appendix to the updated 2013 
Antelope Valley Integrated Regional Water Management Plan1 (AVIRWMP) and for acceptance by 
the Regional Board.  The involvement of local agencies in developing an SNMP may lead to more 
cost-effective means of protecting and enhancing groundwater quality, quantity, and availability.   

Another goal is to assess impacts with potential long-term basin-wide effects on groundwater 
quality that result from activities such as projects involving surface water, groundwater, imported 
water, and/or recycled water, as well as other salt/nutrient contributing activities, through regional 
groundwater monitoring.  The design and implementation of a regional groundwater monitoring 
program shall involve the stakeholders. 

The completion and implementation of the SNMP may lead to the potential for enhanced 
partnering opportunities and potential project funding between water and wastewater agencies, or 
other stakeholders, for developing and protecting water supplies. 

1.3 Stakeholder Participation

The collaborative stakeholder process is an essential method to ensure that this SNMP reflects the 
needs of the Antelope Valley region, promotes the formation of partnerships, and encourages 
coordination with agencies.  One of the benefits of this process is that it brings together a broad 
array of groups into a forum to discuss and better understand shared needs and opportunities.   

Over twenty stakeholder meetings were held periodically, since August 2009, to raise awareness 
and engage stakeholders and other interested parties on salt and nutrient issues and management 
plan development efforts in the Antelope Valley region.  The meetings were open to the public and 
were geared toward water, groundwater, and wastewater agency representatives, regulators, and 
community stakeholders.  Neither a financial contribution nor agency status are required to be part 
of the collaborative SNMP development process.  Copies of the meeting agendas, minutes, and 
presentations are available online and accessible via the AVIRWMP website2.

The Antelope Valley SNMP development efforts were led by the Los Angeles County Waterworks 
District No. 40 (Waterworks) and the County Sanitation Districts Nos. 14 and 20 of Los Angeles 
County (Sanitation Districts).  Both agencies are interested in increasing recycled water use in the 
region.  For the most part, staff from these two agencies led the stakeholder meetings and 
prepared the meeting agendas, minutes, and presentations.    

The stakeholders assisted in the development of the SNMP in addition to helping with data 
collection.  Data compilation and analysis was conducted by staff from Waterworks and the 
Sanitation Districts and presented to stakeholders at the SNMP meetings.  Stakeholders provided 
feedback, upon which revisions were made by the Waterworks and the Sanitation Districts staff. 
This SNMP document was prepared by Waterworks and Sanitation Districts staff.  An initial draft 
was prepared in early 2013 and made available on the AVIRWMP website in July 2013.  
Stakeholder and Regional Board comments on the July 2013 draft SNMP are incorporated, as 
appropriate and applicable, into this Final SNMP. 

                                            
1 The Antelope Valley IRWMP was updated in December 2013, prior to completion of the SNMP. A draft 
version of this plan is included in Appendix G of the 2013 IRWMP update.   
2 http://www.avwaterplan.org/
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The following is a list of roles and responsibilities in developing the SNMP: 

Stakeholders: 
 Attend SNMP stakeholder meetings 
 Review meeting materials and other documentation 
 Provide comments and feedback  
 If applicable, provide data or other information related to the SNMP  

Lead Agencies Staff (Waterworks and Sanitation Districts): 
 Lead SNMP stakeholder meetings 
 Ensure that meetings were announced to a broad distribution list via e mail and related 

meeting materials were made available on the AVIRMP website 
 Prepare meeting agendas, minutes, and presentations 
 Prepare Scope of Work for presentation to Regional Board 
 Compile and analyze data  
 Prepare SNMP document 
 Address comments from stakeholders and Regional Board staff 

Regional Board Staff: 
 Attend SNMP stakeholder meetings 
 Provide guidance on regulatory issues 
 Ensure that regulatory compliance standards and goals are adequately addressed 
 Review meeting materials and other documentation 
 Provide comments and feedback  
 Consider SNMP for acceptance 

Members of the stakeholder group have included:  

Association of Rural Town Councils (ARTC) 
Antelope Acres Town Council 
Antelope Valley Building Industry Association (BIA) 
Antelope Valley Board of Trade 
Antelope Valley Resource Conservation District 
Antelope Valley United Water Purveyors/White Fence Farms Mutual Water Co. 
Antelope Valley-East Kern Water Agency (AVEK) 
Boron Community Services District 
Bureau of Reclamation 
California Department of Water Resources (DWR) 
California Department of Public Health (CDPH) 
California Water Services Company 
City of California City 
City of Lancaster 
City of Palmdale 
Edwards Air Force Base (EAFB) 
GEI Consultants (on behalf of Rosamond Community Services District) 
General public and residents of the Antelope Valley 
Kennedy Jenks 
Kern County Farm Bureau 
Los Angeles County Farm Bureau 
Los Angeles County Waterworks District No. 40 (Waterworks) 
County Sanitation Districts Nos. 14 and 20 of Los Angeles County (Sanitation Districts) 
California Regional Water Quality Control Board, Lahontan Region (Regional Board) 
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Lake Los Angeles Park Association 
Lakes Town Council 
Leona Valley Town Council 
Littlerock Creek Irrigation District 
National Water Research Institute (NWRI) 
Palmdale Water District 
Quartz Hill Water District 
Rosamond Community Services District (RCSD) 
RMC Water and Environment 
Sundale Mutual Water Company 
US Bureau of Reclamation (USBR) 

1.4 Scope of Work

AV SNMP stakeholders and Regional Board staff developed a Scope of Work detailing tasks to be 
completed in developing a SNMP for the Antelope Valley (see Appendix A).  The Scope of Work 
was developed using elements described in the State Board’s “SNMP Suggested Elements”3 and 
Recycled Water Policy.   

The Regional Board distributed the draft Scope of Work for public comment on August 29, 2011 
and no comments were received.  Regional Board staff and stakeholder representatives updated 
Members of the Regional Board on the Antelope Valley SNMP development efforts at the October 
2011 Regional Board meeting.  Regional Board Members provided positive feedback on the 
proposed Scope of Work, finding it acceptable, and praised the SNMP development process.  As a 
result, the Regional Board issued an acceptance letter (see Appendix B) for the Scope of Work, 
which the stakeholders then finalized in the January 24, 2012 stakeholder meeting. 

1.5 SNMP Definitions

The following definitions were accepted by the AV SNMP stakeholder group.   

Salts: The dissolved ions in water.  Salts are observed by measuring total dissolved solids (TDS). 

Nutrients: Constituents in the environment that an organism needs to live and grow.  While 
nutrients may include a variety of substances, nitrate specifically was considered in the SNMP 
because it may be detected at significant levels in groundwater.  Substances such as potassium, 
phosphorous or ammonia are not found at concerning levels, or often times are not even detected, 
in the Antelope Valley groundwater.  This plan expresses nitrate concentration in units of 
milligrams per liter as nitrogen (mg/L as N).       

Constituents of Emerging Concern (CECs): A class of unregulated substances, such as 
pharmaceuticals and personal care products (PPCPs) and perfluorinated compounds (PFCs), that 
previously had not been detected or are being detected at levels that may be significantly different 
than expected.  A “blue ribbon” science advisory panel, convened by the State Board, prepared a 
report titled, “Monitoring Strategies for Chemicals of Emerging Concern (CECs) in Recycled 
Water”, which presented recommendations for monitoring CECs in municipal recycled water used 
for groundwater recharge.  Future monitoring of CECs will be incorporated, as applicable, under 
the direction of the State Board.  

                                            
3 http://www.swrcb.ca.gov/losangeles/water_issues/programs/salt_and_nutrient_management/SNMP_Elements.pdf
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SNMP Water Quality Management Goal: Goal(s) set at a level for a particular constituent in 
groundwater for the purposes of this plan.  The water quality management goal take into 
consideration the water quality objectives established by the Regional Board for the reasonable 
protection of the area’s beneficial use(s) of water.  

Baseline Conditions: Average concentration of a particular constituent measured in the water 
(e.g., surface or groundwater) from 2001 to 2010.  This is also referred to as the historical 
condition.   

Current Ambient Conditions: Average concentration of a particular constituent measured in the 
water (e.g., surface or groundwater) for the most recent 5-year averaging period.   

Assimilative Capacity:  Difference between the SNMP water quality management goal and the 
ambient condition of a particular constituent is the amount of assimilative capacity available for a 
particular basin, sub-basin, or sub-area.  If the ambient water quality is the same or poorer than the 
water quality goal, then assimilative capacity does not exist.  If the ambient condition is better than 
the water quality goal, then assimilative capacity exists.   

The assimilative capacity is a moving figure, as water quality may change over time.  The baseline 
assimilative capacity (see Section 4) is the difference between the SNMP water quality 
management goal and an established baseline condition, whereas the current assimilative capacity 
is based on the current condition. 

Assimilative Capacity = (SNMP Water Quality Management Goal) – (current or baseline ambient 
condition) 

Antidegradation: Defined by the State Board’s Antidegradation Policy (SWRCB 1968), which is 
aimed at maintaining high quality waters to the maximum extent possible.  The Antidegradation 
Policy requires the quality of California’s waters be maintained until it has been demonstrated to 
the State that any change will be consistent with the maximum benefit to the people of the State, 
will not unreasonably affect present and potential beneficial uses and will not result in water quality 
lower than applicable standards. 

Future Planning Period: A 25-year planning period (2011-2035) was used to simulate current and 
future basin activities and their impacts to the Antelope Valley Basin.  The planning period is 
consistent with the future planning period in the AVIRWMP.  The Recycled Water Policy requires at 
least a ten year planning period be used.   

Per Regional Board suggestion, the following definitions are included: 

Pollution: Defined in the California Water Code, section 13050(l) to mean that beneficial uses of 
water are unreasonably affected. 

Degradation: Condition in which the natural water quality is adversely altered, but still satisfies 
water quality objectives to support beneficial uses.   
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1.6 List of Acronyms:

AF  Acre-Feet 
AFY  Acre-Feet per Year 
AV  Antelope Valley 
AVEK  Antelope Valley East Kern Water Agency 
AVIRWMP Antelope Valley Integrated Regional Water Management Plan 
CDPH  California Department of Public Health 
CECs  Constituents of Emerging Concern 
DPR  Department of Pesticide Regulation 
DWR  Department of Water Resources 
EAFB  Edwards Air Force Base 
EIR  Environmental Impact Report 
GAMA  Groundwater Ambient Monitoring & Assessment 
LACSD Los Angeles County Sanitation Districts 
LACWD Los Angeles County Waterworks Districts 
LADWP Los Angeles Department of Water and Power 
LCID  Littlerock Creek Irrigation District 
LLNL  Lawrence Livermore National Laboratory 
MCL  Maximum Contaminant Level 
μg/L  Micrograms per Liter 
mg/L  Milligrams per Liter 
mg/L as N Milligrams per Liter as Nitrogen 
MG  Million Gallons 
MGD  Million Gallons per Day 
M&I  Municipal and Industrial 
MWC  Mutual Water Company 
ND  Non-Detect 
NL  Notification Level 
NWIS  National Water Information System 
PRID  Palm Ranch Irrigation District 
PWD  Palmdale Water District 
QHWD  Quartz Hill Water District 
RCSD  Rosamond Community Services District 
SMCL  Secondary Maximum Contaminant Level 
SNMP  Salt and Nutrient Management Plan 
SWP  State Water Project 
SWRCB State Water Resources Control Board 
TDS  Total Dissolved Solids 
USEPA United States Environmental Protection Agency 
USGS  United States Geological Survey 
WRP  Water Reclamation Plant 
WVCWD West Valley County Water District 
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 Section 2: Characterization of the Basin 
2.1 Antelope Valley Groundwater Basin 

The Antelope Valley Region is located in the southwestern part of the Mojave Desert in Southern 
California and is approximately 40 miles north of the center of the City of Los Angeles. The 
Antelope Valley Groundwater Basin is bordered on the southwest by the San Gabriel Mountains, 
on the northwest by the Tehachapi Mountains, and on the east by a series of hills and buttes that 
generally follow the Los Angeles/San Bernardino County line.  The basin boundaries are based on 
reports by the United States Geological Survey (USGS 1987) and the California Department of 
Water Resources (DWR 2004).  

The groundwater basin is divided into twelve subbasins: Finger Buttes, West Antelope, Neenach,
Willow Springs, Gloster, Chaffee, Oak Creek, Pearland, Buttes, Lancaster, North Muroc and
Peerless (see Figure 2-1). Subbasin boundaries are based on faults, consolidated rocks, 
groundwater divides, and, in some cases, arbitrary boundaries (USGS 1998).  General 
descriptions of the sub-basins are as follows (USGS 1987): 

Finger Buttes: A large part of the subbasin is range or forest land. Water use is mainly
agricultural. Recharge comes from the surrounding Tehachapi Mountains. Groundwater 
moves generally from the northwest to the southeast into the Neenach subbasin. Depth to 
water varies, but is commonly more than 300 feet.

West Antelope: Water use in this area is for agricultural purposes. Groundwater flows 
southeasterly into the Neenach subbasin. Depth to water ranges from 250 to 300 feet. 

Neenach: Water use is for agricultural purposes. Groundwater flows mainly eastward into 
the Lancaster subbasin. Depth to water ranges from 150 to 350 feet.

Willow Springs: Water use is made up of agricultural and urban land uses. Recharge 
comes from intermittent streams of the surrounding mountain areas. Groundwater flows 
southeast and ultimately enters the Lancaster subbasin, although this flow is considered 
negligible (USGS 2003). Depth to water ranges from 100 to 300 feet.

Gloster: Water use is confined to urban and mining (quarry pits) activity.  Groundwater 
flows mainly to the southeast and east into the Chaffee subbasin. Depth to water for the 
southeast area of the subbasin ranges from 50 to 100 feet; other water level data is sparse. 

Chaffee: Water use in this area is mainly for the town of Mojave.  Groundwater moves into
the Chaffee subbasin from Cache Creek, adjacent alluvial fans to the west and, in lesser 
amounts, from the Gloster subbasin. Groundwater moves eastward in the western part and 
northward in the southern part of the subbasin, generally toward the town of Mojave. Any 
outflow would move north to the Koehn Lake area. Depth to water ranges from 50 to 300 
feet. 

Oak Creek: Water use in the area is nominal except for the mining activity in the central part 
of the subbasin. Recharge comes from the Tehachapi Mountains.  Groundwater flow is 
generally southeastward, with some outflow moving northeasterly to the Koehn Lake area.
Water depth data is not available.

2014 Salt and Nutrient Management Plan for the Antelope Valley Page 2-1 
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Pearland: Water use is attributed to urban and irrigation activity.  Substantial recharge 
occurs to the Pearland and Buttes subbasins from Little Rock and Big Rock Creeks.  
Groundwater generally flows from the southeast to the northwest, with outflows to the 
Lancaster subbasin. Depth to water ranges from 100 to 250 feet.

Buttes: Water use includes urban and agricultural. Imported California State Water Project 
water became available for irrigation to the subbasin in 1972.  Groundwater generally flows 
from the southeast to the northwest into the Lancaster subbasin.  Depth to water ranges 
from 50 to 250 feet.

Lancaster: This subbasin is the largest in both water use and size, and the most 
economically significant in terms of population and agriculture. Water is used for 
agricultural, urban and industrial applications. Groundwater flows to several pumping 
depressions and partially towards Rosamond and Rogers dry lakes. Due to agricultural, 
urban and industrial water use, depth to water varies widely, but in general is greatest in the 
south and west. The area includes Lancaster, Palmdale, Quartz Hill, Rosamond, Antelope 
Acres and other smaller communities.

North Muroc: Water use is for urban and military purposes. Sewage disposal ponds are 
within and near this subbasin.  These disposal ponds are of much less concern than similar 
ponds in the Antelope Valley because the soil structure allows for little percolation. The 
suggested monitoring networks were designed for this consideration. Groundwater flows 
north and west to a pumping depression located near North Edwards.  North of this 
depression, the direction of flow is generally north into the Fremont Groundwater Basin and 
possibly into the Peerless subbasin.

Peerless: Water is used for agricultural and municipal purposes.  The general movement of 
groundwater is toward a pumping depression in the center of the subbasin. Little 
information is available on this subbasin.  

The Antelope Valley Basin is comprised of three primary aquifers: (1) the upper, (2) the middle and 
(3) the lower aquifer. The upper aquifer varies from unconfined, in the south part of the Lancaster 
sub-basin from Palmdale to Littlerock Wash, to confined, north of Littlerock Wash, depending on 
the presence and vertical position of the thick lacustrine deposits.  The upper aquifer yields most of 
the current groundwater supplies, and therefore is the primary focus of this SNMP. Due to the 
overlying lacustrine deposits and interbedded aquitards, the middle aquifer is assumed to be 
confined.  The deep aquifer is generally considered to be confined by the overlying lacustrine 
deposits and discontinuous interbedded aquitards (USGS 2003). A schematic geologic cross-
section of the Antelope Valley is depicted in Figure 2-2.

In general, groundwater in the Antelope Valley Basin flows northeasterly from the mountain ranges 
to the dry lakes.  The basin is principally recharged by infiltration of precipitation and runoff from 
the surrounding mountains and hills in ephemeral stream channels. However, precipitation over 
the valley floor is generally less than 10 inches per year and evapotranspiration rates, along with 
soil moisture requirements, are high; therefore, recharge from direct infiltration of precipitation 
below the root zone is deemed negligible (Snyder 1955; Durbin 1978; USGS 2003). Other sources 
of recharge to the basin include artificial recharge and return flows from agricultural and urban 
irrigation. Depending on the thickness and characteristics of the unsaturated zone of the aquifer
below a particular site, these sources may or may not contribute to recharge of the groundwater. 
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Groundwater has been, and continues to be, an important resource within the Antelope Valley 
Region.  Prior to 1972, groundwater provided more than 90 percent of the total water supply in the 
region; since 1972, it has provided between 50 and 90 percent (USGS 2003). Groundwater 
pumping in the region peaked in the 1950s and decreased in the 1960s and 1970s when 
agricultural pumping declined due to increased pumping costs from greater pumping lifts and 
higher electric power costs (USGS 2000a). The rapid increase in urban growth in the 1980s 
resulted in an increase in the demand for water for municipal and industrial (M&I) uses and an 
increase in groundwater use. Projected urban growth and limits on the available local and 
imported water supply are likely to continue to increase the reliance on groundwater.

The basin has historically shown large fluctuations in groundwater levels. Data from 1975 to 1998 
show that groundwater level changes over this period ranged from an increase of 84 feet to a 
decrease of 66 feet (Carlson and Phillips 1998 as cited in DWR 2004). In general, data collected 
by the USGS (2003) indicate that groundwater levels appear to be falling in the southern and 
eastern areas and rising in the rural western and far northeastern areas of the region.  This pattern 
of falling and rising groundwater levels correlates directly to changes in land use over the past 40 
to 50 years. Falling groundwater levels are generally associated with areas that are developed 
and rising groundwater levels are generally associated with areas that were historically farmed but 
have been largely fallowed during the last 40 years. However, recent increases in agricultural 
production, primarily carrots, in the northeastern and western portions of the region may have 
reduced rising groundwater trends in these areas (LACSD 2005).

According to the USGS (2003), groundwater extractions have exceeded the estimated natural 
recharge of the basin since the 1920s. This overdraft has caused water levels to decline by more 
than 200 feet in some areas and by at least 100 feet in most of the region (USGS 2003).
Extractions in excess of the groundwater recharge can cause groundwater levels to drop and 
associated environmental damage (e.g., land subsidence).

Annual groundwater extractions are reported to have increased from about 29,000 AF in 1919 to 
about 400,000 AF in the 1950’s, when groundwater use in the Antelope Valley Region was at its 
highest (USGS 1995). Use of California State Water Project (SWP) water, which is imported from 
Northern California, has since stabilized groundwater levels in some areas of the Antelope Valley 
Region.  In recent years, groundwater pumping has resulted in subsidence and earth fissures in
the Lancaster and Edwards AFB areas, which has permanently reduced storage by 50,000 AF 
(DWR 2004). 

Although the groundwater basin is not currently adjudicated, the adjudication process is underway.
There are no existing restrictions on groundwater pumping. However, pumping may be altered or 
reduced as part of the adjudication process.  The adjudication aims to provide clarity for the 
groundwater users regarding management of groundwater resources.  

2.2 SNMP Area Boundaries 

Figure 2-1 depicts the groundwater basin and sub-basin boundaries for the SNMP. The planning 
area of the SNMP is the same as that of the AVIRWMP, which was defined as the drainage area
because of its use in several studies and inclusion of key agencies dealing with similar water 
management issues. Each sub-basin in the Antelope Valley Basin has been addressed in some 
manner with information and data provided in this SNMP. . Further detail and analyses for any of 
the sub-basins may be provided in the future, contingent on the availability of sufficient data for 

2014 Salt and Nutrient Management Plan for the Antelope Valley Page 2-5 
5-26



analysis and the presence of projects that have the potential to impact salt/nutrient concentrations 
in the basin.

2.3 Surface Water 

Comprising the southwestern portion of the Mojave Desert, the Antelope Valley ranges in surface 
elevation from approximately 2,300 feet to 3,500 feet above sea level.  The Antelope Valley is a 
closed basin with no outlet to the ocean. Water that enters the Valley either infiltrates into the 
groundwater basin, evaporates, or flows toward the three dry lakes on Edwards Air Force Base—
Rosamond Lake, Buckhorn Lake, and Rogers Lake.  In general, water flows northeasterly from the 
mountain ranges to the dry lakes.

Surface water from the surrounding hills and from the Antelope Valley floor flows primarily toward 
the three dry lakes. Except during the largest rainfall events of a season, surface water flows 
toward the Antelope Valley from the surrounding mountains, quickly percolates into the stream 
beds, and recharges the groundwater basin. Due to the relatively impervious nature of the dry lake 
soil and high evaporation rates, water that collects on the dry lakes eventually evaporates rather 
than infiltrating into the groundwater (LACSD 2005). It appears that little percolation occurs in the 
Antelope Valley other than near the base of the surrounding mountains due to low permeability
soils overlying the groundwater basin.

Surface water flows are carried by ephemeral streams. The most hydrologically significant streams 
begin in the San Gabriel Mountains on the southwestern edge of the Antelope Valley and include 
Big Rock Creek, Littlerock Creek and Amargosa Creek. Oak Creek begins in the Tehachapi 
Mountains. The hydrologic features are shown on Figure 2-3.  

Littlerock Creek is the only developed surface water supply in the Antelope Valley. The Littlerock
Reservoir collects runoff from the San Gabriel Mountains and is jointly owned by Palmdale Water 
District (PWD) and Littlerock Creek Irrigation District (LCID). Historically, water stored in the 
Littlerock Reservoir has been used directly for agricultural uses within LCID’s service area and for 
M&I uses within PWD’s service area following treatment at PWD’s water purification plant.
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2.4 Water Resources 

Two major sources contributing to the Antelope Valley Region water supply are imported water via 
the SWP (or California Aqueduct) and natural recharge (precipitation). These sources may 
eventually become another water source for the region, such as infiltrated groundwater (including 
return flows from water use activities), recycled water from wastewater treatment, and surface 
water flow from precipitation, run-off, and subsurface flow.

Potable water supply in the Antelope Valley comes from three primary sources.  Historically, the 
main water source in the region has been groundwater from well extraction (i.e., pumping).
However, the groundwater in the Antelope Valley is not currently managed and is susceptible to 
overdraft, which could cause land subsidence and thereby decrease the region’s groundwater 
storage capacity.  Most Antelope Valley residents are familiar with the SWP, a surface water
source beginning in Northern California at Oroville Reservoir with water flowing into the 
Sacramento River Delta and pumped south to serve, amongst others, the urban and agricultural 
centers in Southern California.  Water from the SWP may be used directly for agricultural use or 
treated at one of the region’s water treatment plants for potable supply.  The availability of SWP 
supply is known to be variable and fluctuates from year to year depending on precipitation, 
regulatory and legislative restrictions, and operational conditions, and is particularly unreliable 
during dry years. The third source of potable water is surface water supplied by Littlerock 
Reservoir, which is fed by natural run-off from snow packs in the local San Gabriel Mountains and 
from precipitation. Further stress to the Antelope Valley’s water supply management is due to 
recent lower than average precipitation levels and mountain snowpack.

Recycled water is a supplemental source of water used for non-potable applications such as 
landscape and agricultural irrigation, construction activities, and commercial and industrial 
processes.  Recycled water can also be used for indirect potable uses through groundwater 
replenishment.  Recycled water is assumed to be 100 percent reliable and practically drought-
resistant since it is derived from consistent water use. Maximizing recycled water use helps 
increase the region’s water reliability by augmenting local supplies and reducing dependence on 
imported surface water, which has varying and recently decreasing reliability. By 2035, the Los 
Angeles County Sanitation District’s (LACSD) Lancaster and Palmdale Water Reclamation Plants 
are projected to produce 36,000 acre-feet per year of tertiary treated water.  The regional goal is to 
fully utilize the recycled water for beneficial uses.  

Development demands on water supply, coupled with the potential curtailments of SWP deliveries 
due to environmental constraints and prolonged drought periods, have intensified the competition 
for available water resources. Consequently, the Antelope Valley Integrated Regional Water 
Management Plan (AVIRWMP) was developed by stakeholders as a strategy to sustainably 
manage water resources and address the needs of the M&I purveyors to reliably provide the 
quantity and quality of water necessary to serve the expanding Antelope Valley Region, while 
concurrently addressing the need of agricultural users and small pumpers to have adequate 
supplies of reasonably-priced water.

2.5 Geology and Soils 

The Antelope Valley represents a large topographic and groundwater basin in the western part of 
the Mojave Desert in southern California. It is a prime example of a single, undrained, closed 

2014 Salt and Nutrient Management Plan for the Antelope Valley Page 2-8 
5-29



basin. The Antelope Valley Region occupies part of a structural depression that has been 
downfaulted between the Garlock, Cottonwood-Rosamond, and San Andreas Fault Zones. The 
Antelope Valley Region is bounded on the southwest by the San Andreas Fault and San Gabriel
Mountains, the Garlock Fault and Tehachapi Mountains to the northwest, and San Bernardino 
County to the east. Consolidated rocks that yield virtually no water underlie the basin and crop out 
in the highlands that surround the basin. They consist of igneous and metamorphic rocks of pre-
Tertiary age that are overlain by indurated continental rocks of Tertiary age interbedded with lava 
flows (USGS 1995).

Alluvium and interbedded lacustrine deposits of Quaternary age are the important aquifers within 
the closed basin and have accumulated to a thickness of as much as 1,600 feet. The alluvium is 
unconsolidated to moderately consolidated, poorly sorted gravel, sand, silt, and clay. Older units 
of the alluvium are somewhat coarser grained, and are more compact and consolidated, 
weathered, and poorly sorted than the younger units. The rate at which water moves through the 
alluvium, also known as the hydraulic conductivity of the alluvium, decreases with increasing 
depth. Groundwater sub-basins are often divided by faulted bedrock that influences groundwater 
flow between the basins. 

During the depositional history of the Antelope Valley, a large intermittent lake occupied the central 
part of the basin and was the site of accumulation of fine-grained material. The rates of deposition 
varied with the rates of precipitation. During periods of relatively heavy precipitation, massive beds 
of blue clay formed in a deep perennial lake. During periods of light precipitation, thin beds of clay 
and evaporative salt deposits formed in playas or in shallow intermittent lakes. Individual beds of 
the massive blue clay can be as much as 100 feet thick and are interbedded with lenses of coarser 
material as much as 20 feet thick. The clay yields virtually no water to wells, but the interbedded, 
coarser material can yield considerable volumes of water.

Soils within the area are derived from downslope migration of loess and alluvial materials, mainly 
from granitic rock sources originating along the eastern slopes of the Tehachapi and San Gabriel 
Mountains. Figure 2-4 depicts a soil map of the Antelope Valley Region.

2.6 Land Use 

Figure 2-5 depicts the major existing land use categories within the Antelope Valley Region that
are characterized and grouped together according to broad water use sectors. The map was 
created with City of Lancaster, City of Palmdale, Los Angeles County, and Kern County 
Geographic Information System (GIS) parcel level data. Table 2-1 depicts the colors used to 
indicate each land use category.  Each major land use category is identified below, including the 
types of “like water uses” assigned to each category.  Additional descriptions for the land use 
categories provided by the agencies are detailed in Appendix C.

Residential: Residential uses include a mix of housing developed at varying densities and 
types. Residential uses in the Antelope Valley Region include single-family, multiple-family, 
condominium, mobile home, low density “ranchettes,” and senior housing.

Commercial/Office: This category includes commercial uses that offer goods for sale to the 
public (retail) and service and professional businesses housed in offices (doctors, 
accountants, architects, etc.). Retail and commercial businesses include those that serve 
local needs, such as restaurants, neighborhood markets and dry cleaners, and those that 
serve community or regional needs, such as entertainment complexes, auto dealers, and 
furniture stores. Also included in this category are government offices that have similar 
water duty requirements as a typical commercial/office use.2014 Salt and Nutrient Management Plan for the Antelope Valley Page 2-9 
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Industrial: The industrial category includes heavy manufacturing and light industrial uses 
found in business, research, and development parks. Light industrial activities include 
some types of assembly work, utility infrastructure and work yards, wholesaling, and 
warehousing.

Public and Semi-Public Facilities: Libraries, schools, and other public institutions are found 
in this category. Uses in this category support the civic, cultural, and educational needs of 
residents.

Resources: This category encompasses land used for private and public recreational open 
spaces, and local and regional parks. Recreational use areas also include golf courses, 
cemeteries, water bodies and water storage. Also included in this category are mineral 
extraction sites.

Agriculture: Agricultural lands are those in current crop, orchard or greenhouse production, 
as well as any fallow lands that continue to be maintained in agricultural designations or 
participating in tax incentive agricultural programs. 

Vacant: Vacant lands are undeveloped lands that are not preserved in perpetuity as open 
space or for other public purposes.
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2.7 Groundwater Quality  

Groundwater quality is excellent within the upper or “principal” aquifer but degrades toward the 
northern portion of the dry lake areas. Considered to be generally suitable for domestic, 
agricultural, and industrial uses, the water in the principal aquifer has a total dissolved solids (TDS) 
concentration ranging from 200 to 800 milligrams per liter (mg/L). The deeper aquifers typically 
have higher TDS levels. Hardness levels range from 50 to 200 mg/L and high fluoride, boron, and 
nitrate concentrations have been measured in some areas of the basin. Arsenic is a concern in 
parts of the region and has been observed in some water supply wells. Research conducted by 
Waterworks and USGS has shown the problem to reside primarily in the deep aquifer. It is not 
anticipated that the existing arsenic concentrations will lead to future loss of groundwater as a 
water supply resource for the region. Portions of the basin have experienced nitrate levels above 
the maximum contaminant level (MCL) of 10 mg/L as N.

Most, if not all, water supply wells in the Antelope Valley draw groundwater from the principal 
aquifer.  The SNMP and future monitoring plan will focus on the groundwater quality in the principal 
aquifer. The basin’s groundwater quality is discussed further in Section 3 and 4.

2.8 Water Quality Control  

The primary responsibility for ensuring the highest reasonable quality for waters of the State has 
been assigned by the California legislature to the State Water Resources Control Board (State 
Board) and the nine Regional Water Quality Control Boards. The mission of the Regional Boards 
is to develop and enforce water quality objectives and implementation plans that will best protect 
the beneficial uses of the State’s waters, recognizing local differences in climate, topography, 
geology and hydrology.

The Antelope Valley Region falls within the jurisdiction of the Lahontan Regional Water Quality 
Control Board (Regional Board), the regulatory agency whose primary responsibility is to protect 
water quality within the Lahontan Region.  The Regional Board adopted and implemented the 
“Water Quality Control Plan for the Lahontan Region” (Basin Plan; Regional Board 1995), which, 
among other functions, sets forth water quality standards for the surface and groundwater within 
the Regional Board’s jurisdiction.  The Basin Plan includes the designated uses of water and the 
narrative and numerical objectives which must be maintained or attained to protect those uses.
The Regional Board has not established water quality objectives specific to the Antelope Valley 
Region. However, water quality objectives have been established that apply to all groundwaters in 
the Lahontan Region. These objectives are aimed to be protective of the beneficial uses assigned 
to the groundwater basins.  Further discussion on the water quality objectives examined in this 
SNMP is included in Section 4.     

2.9 Antelope Valley Regulatory Groundwater Cleanup Sites 

The State Board’s Site Cleanup Program regulates and oversees the investigation and cleanup of 
non-federally owned sites where recent or historical unauthorized releases of pollutants to the 
environment, including soil, groundwater, surface water, and sediment, have occurred. Sites in the 
program include, but are not limited to, pesticide and fertilizer facilities, rail yards, ports, equipment 
supply facilities, metals facilities, industrial manufacturing and maintenance sites, dry cleaners, 
bulk transfer facilities, and refineries. The types of pollutants encountered at the sites are 2014 Salt and Nutrient Management Plan for the Antelope Valley Page 2-13 
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numerous and diverse and may include substance such as solvents, pesticides, heavy metals, and 
fuel constituents.

GeoTracker is the State Board’s data management system for managing sites that impact 
groundwater, especially those that require groundwater cleanup as well as permitted facilities such 
as land disposal sites. Information relating to the groundwater cleanup sites is available on the 
GeoTracker website 1.

At the request of the Regional Board, a discussion of the Antelope Valley cleanup sites is included 
in the SNMP.  The list of cleanup sites was obtained with Regional Board assistance.  The list can 
be downloaded using the following steps and search parameters:

1. Website: http://geotracker.waterboards.ca.gov/
2. Use the “advanced search” link.
3. County: Los Angeles, Kern (separate runs are needed for both)
4. Site/Facility Type: Uncheck the “Leaking Underground Storage Tank (LUST) Cleanup Sites”
5. Regional Board: Lahontan
6. Use latitude and longitude coordinates to determine which sites are within the basin

According to GeoTracker, there are currently 548 cleanup sites on Edwards Air Force Base, 36
cleanup sites on Air Force Plant 42 and 30 non-military cleanup sites in the Antelope Valley. All
but 29 of the Edwards Air Force Base and Air Force Plant 42 sites are open cases. 22 of the 30 
non-military sites are open cases. Of the 614 total cases, 9 are cleanup program sites, 21 are land 
disposal sites and 584 are military cleanup sites. The cleanup sites are listed in Appendix D and
depicted in Figure 2-6.

For the sites that have a listed potential contaminant(s) of concern, the majority of the 
contaminants are gasoline and diesel from gas stations.  Only one site, the eSolar Sierra 
SunTower Power Plant, has listed potential contaminants in GeoTracker that are relevant to the 
SNMP.  The potential contaminants are listed as “Nitrate, other inorganic / salt, arsenic, chromium, 
other metal.”  This site is listed as a land disposal site; however, it is a power generating location 
using solar power.  The cleanup case is also listed as inactive, meaning that it is a site that has 
ceased accepting waste but has not been formally closed or is still within the post closure 
monitoring period, and the site is not considered a significant threat to water quality.

This SNMP includes a monitoring plan, as discussed later in Section 5. If in the future, the SNMP 
monitoring network detects a high concentration of a monitored constituent, the stakeholders may 
use this map or updated information from GeoTracker to see if there are any known cleanup sites 
in the vicinity of the well that may be contributing to the high concentration.      

1 http://geotracker.waterboards.ca.gov/2014 Salt and Nutrient Management Plan for the Antelope Valley Page 2-14 
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3.1 Salts and Nutrients – What are they and where do they come from?

The purpose of the SNMP is to address the management of salts and nutrients from various 
sources within the basin.  This section explains how the appropriate constituents were selected to 
be addressed in this SNMP.  Identification of existing and future sources of salts and nutrients is 
necessary for assessing constituent loads and analyzing impacts on basin groundwater quality.   

The stakeholders developed a list of relevant salts, nutrients, and other constituents.  The list  
includes total dissolved solids, chloride, and nitrate as they are typically associated with recycled 
water use.  Arsenic, boron, and fluoride were included because these constituents have been  
detected at elevated concentrations in parts of the region.  Chromium was added to the list at the 
request of Regional Board staff because both trivalent and hexavalent forms of chromium are 
known to naturally exist in the groundwater of the Antelope Valley Basin, as well as other 
groundwater basins in the Lahontan region.  Phosphorous, nitrogen, and potassium were 
considered since agriculture is important in the Antelope Valley and these nutrients are associated 
with fertilizers and livestock waste.  However, only nitrogen, in the form of nitrate, is found in the 
local groundwater.  Each constituent is discussed below.   

3.1.1 Total Dissolved Solids

Salinity in groundwater is typically characterized by measuring the water’s electrical conductivity or 
the total dissolved solids (TDS) level.  TDS represents the overall mineral content and is 
considered the more accurate indicator of salinity in water.  Most TDS sources are anthropogenic 
in nature and include, but are not limited to, agricultural runoff, point source water pollution, and 
industrial and sewage discharge.  Inorganic sources include minerals commonly found in nature 
through the weathering and dissolution of rocks and organic material from decaying organisms, 
plants, and animals. 

There are no known health effects associated with the ingestion of TDS in drinking water.  In 
California, TDS has secondary maximum contaminant levels (SMCL) and are regulated under Title 
22 of the California Code of Regulations, particularly Secondary Drinking Water Standards, which 
are intended to control the aesthetic qualities (taste, odor and color) of drinking water.  The TDS 
SMCL is made up of a range of consumer acceptance levels and includes a 500 mg/L 
“recommended” level, a 1,000 mg/L “upper” level, and a 1,500 mg/L “short term” level.  High TDS 
concentrations can negatively impact sensitive crops.  Based on guidelines from the Food and 
Agriculture Organization of the United Nations (FAO), TDS concentrations below 450 mg/L should 
not restrict a water’s use for irrigation (i.e. crop selection or the irrigation management program 
should not have to be altered to accommodate the salinity level), levels between 450 and below 
2000 mg/L can be slightly to moderately restrictive on crop selection and/or irrigation practices, and 
levels greater than 2000 mg/L may severely restrict effective irrigation use to only high salinity 
tolerant crops.  

Based on available data between 2001 and 2010, average TDS concentrations in the Antelope 
Valley groundwater basin ranges from 122 mg/L to 1380 mg/L.  Of the 58 wells analyzed in the 
Lancaster sub-basin, seven exceeded the recommended SMCL and only one well exceeded the 
upper SMCL.  SMCLs are not enforceable standards and, as previously stated, are not health-
threatening and are only set to protect the aesthetics of water. 
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3.1.2 Chloride

Chloride is widely distributed in nature as salts of sodium (NaCl), potassium (KCl), and calcium 
(CaCl2).  Chloride is essential for metabolism (the process of turning food into energy) and help 
keep the body’s acid-base balance.  

Chloride in groundwater is naturally occurring from weathering of rocks, atmospheric deposition, 
and human uses and resulting wastes.  As with TDS, many sources of chloride are anthropogenic.  
Sources of chloride from human use include food condiment and preservative, potash fertilizers, 
animal feed additive, production of industrial chemicals, dissolution of deicing salts, and treatment 
of drinking water and wastewater.  Release of brines from industrial processes, leaching from 
landfills and fertilized soils, discharge of treated water from wastewater treatment facilities, 
infiltration from septic tank systems and irrigation activities, and other consumptive uses affect 
chloride in groundwater.  

One commonly discussed source of chloride to the environment is from self-generating water 
softeners that use rock salt or potassium chloride pellets to treat hard water.  These types of water 
softeners discharge a brine consisting of concentrated chloride levels.  This briny waste may be 
discharged into the sewer system and then treated by a process that does not remove the chloride.  
Therefore, the salty waste may be released into the treatment plant’s discharge location.  Although 
the imported water to the Antelope Valley is considered only moderately hard (between 60 and 120 
mg/L as CaO3), it is possible that the use of self-generating water softeners exists in the region.  
Between 2009 and 2013, average chloride levels in imported water and the Lancaster Water 
Reclamation Plant (WRP) was 74 and 97 mg/L, respectively.  The 23 mg/L increase in chloride 
concentration is within the 20 to 50 mg/L range expected for typical domestic water use.  Based on 
these results, it is presumed that chloride-releasing water softeners are not widely used in the 
Antelope Valley at present.   

As with TDS, there are no known health effects associated with the ingestion of chloride in drinking 
water.  However, chloride concentrations in excess of 250 mg/L can affect taste.  Chloride is 
regulated under the Secondary Drinking Water Standards and has SMCLs consisting of a 250 
mg/L “recommended” level, a 500 mg/L “upper” level, and a 600 mg/L “short term” level.  Elevated 
chloride concentrations can negatively impact sensitive crops.  According to FAO guidelines, the 
most chloride sensitive crops are avocado, strawberries, and Indian Summer raspberries, which 
are not commercially grown in the Antelope Valley.  The most chloride sensitive crops that are 
grown in the Antelope Valley are a variety of grapes, stone fruits, and citrus crops.  These crops 
have a chloride tolerance up to 238 mg/L.

Based on available data, average chloride concentrations in the groundwater basin ranges from 
3.17 mg/L to 180 mg/L.  No wells exceeded the recommended SMCL standard. 

3.1.3 Nitrate

Nitrate is a naturally occurring form of nitrogen.  Nitrogen is essential to all life, including many crop 
plants which require large quantities to sustain high yields.  Nitrate is found in groundwater and is a 
principal by-product of fertilizers.  Other sources of nitrate include land use activities such as 
irrigation farming of crops, high density animal operations, wastewater treatment, food processing 
facilities and septic tank systems. 

Nitrate is regulated under the Primary Drinking Water Standards and has a maximum contaminant 
level (MCL) of 10 mg/L as nitrogen (N).  Nitrate in drinking water at levels above the MCL is a 
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health risk for infants of less than six months of age.  Such nitrate levels can interfere with the 
capacity of the infant’s blood to carry oxygen, resulting in a serious illness; symptoms include 
shortness of breath and blueness of the skin (methemoglobin or “blue baby syndrome”).  High 
nitrate levels may also affect the ability of the blood to carry oxygen in other individuals, such as 
pregnant women and those with certain specific enzyme deficiencies.   

Based on available data, average nitrate concentrations in the groundwater basin ranges from 
non-detect (ND) to 3.69 mg/L as N.  ND levels for nitrate are concentrations below the nitrate DLR 
(Detection Limit for purposes of Reporting) of 0.4 mg/L as N.  About half of the wells analyzed had 
nitrate concentrations below the DLR.  No wells exceeded the MCL standard. 

3.1.4 Arsenic

Arsenic is an odorless and tasteless semi-metal element.  It enters drinking water supplies from 
natural deposits in the earth or from agricultural and industrial practices.  Higher levels of arsenic 
tend to be found more in groundwater sources than in surface water sources (i.e., lakes and rivers) 
of drinking water.  The demand on ground water from municipal systems and private drinking water 
wells may cause water levels to drop and release arsenic from rock formations. 

Arsenic has an MCL of 10 μg/L and is known to cause cancer in humans at high concentrations 
and is linked to other health effects such as skin damage and circulatory problems. The arsenic 
drinking water standard balances the current understanding of arsenic’s possible health effects 
against the costs of removing arsenic from drinking water.  Arsenic has the potential to reduce 
agricultural productivity.  The FAO guidelines recommend a maximum concentration of 100 μg/L in 
irrigation water.  

Based on available data, average arsenic concentrations in the groundwater basin ranges from ND 
(less than 2 μg/L) to 78 μg/L.  Nineteen of the 55 wells within the Lancaster sub-basin exceed the 
arsenic MCL.  Twelve of these high arsenic wells, including the 78 μg/L arsenic concentration, are 
located outside the more populated urbanized areas in the Antelope Valley.   

Elevated arsenic levels are localized and are not a widespread problem in the region.  Most 
drinking water wells with arsenic concentrations above 10 μg/L have been shut down and/or 
abandoned.  Other options for high arsenic wells also include wellhead treatment for removing 
arsenic and implementing blending plans with lower arsenic concentration sources to decrease the 
arsenic level to below eighty percent of the MCL or 8 μg/L. 

3.1.5 Chromium

Chromium is an odorless and tasteless metallic element.  Chromium is found naturally in rocks, 
plants, soil and volcanic dust, and animals.  The most common forms of chromium that occur in 
natural waters in the environment are trivalent chromium (chromium-3) and hexavalent chromium 
(chromium-6).

Chromium-3 is an essential human dietary element and is found in many vegetables, fruits, meats, 
grains and yeast.  Chromium-6 occurs naturally in the environment from the erosion of natural 
chromium deposits, and it can also be produced by industrial processes (e.g., electroplating and 
metal finishing operations).  There are demonstrated instances of chromium being released to the 
environment by leakage, poor storage or inadequate industrial waste disposal practices. 

Chromium-6 has been known to cause cancer when inhaled and has also been linked to cancer 
when ingested.  Chromium-6 is regulated under the State Primary Drinking Water Standard for 
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total chromium, which has a State MCL of 50 μg/L.  The State standard is more health protective 
than the National standard of 100 μg/L.  The State total chromium MCL was established in 1977 to 
address the non-cancer toxic effects of chromium-6, and also includes the chromium-3 form.  On 
July 1, 2014, the California Department of Public Health (CDPH) adopted a specific chromium-6 
drinking water standard of 10 μg/L.  .  The chromium-6 MCL is one-fifth the level of the current total 
chromium MCL and is expected to reduce the theoretical cancer risk statewide from exposure to 
chromium-6.   

Based on available data, average total chromium concentrations in the groundwater basin ranges 
from ND (less than 10 μg/L) to 13 μg/L.  No wells exceeded the MCL standard for total chromium. 

3.1.6 Fluoride

Fluoride compounds are salts that form when the element, fluorine, combines with minerals in soil 
or rocks.  Some fluoride compounds, such as sodium fluoride and fluorosilicates, dissolve easily 
into groundwater as it moves through gaps and pore spaces between rocks.  Most water supplies 
contain some naturally occurring fluoride.  Fluoride also enters drinking water in discharge from 
fertilizer or aluminum factories.  Also, many communities add fluoride to their drinking water to 
promote dental health. 

Exposure to excessive consumption of fluoride over a lifetime may lead to increased likelihood of 
bone fractures in adults, and may result in effects on bone leading to pain and tenderness.  
Children aged 8 years and younger exposed to excessive amounts of fluoride have an increased 
chance of developing pits in the tooth enamel, along with a range of cosmetic effects to teeth.   

Based on available data, average fluoride concentrations in the groundwater basin ranges from 
0.13 mg/L to 5.5 mg/L.  Two wells exceeded the fluoride MCL of 2 mg/L. 

The agricultural water goal for fluoride was established by the FAO and National Academy of 
Sciences to protect livestock from tooth mottling and bone problems.  The upper limit guideline for 
fluoride is 2.0 mg/L.  Low fluoride levels below 1 mg/L are beneficial to both animals and humans.   

3.1.7 Boron

Boron is a naturally-occurring element found in rocks, soil, and water.  Human causes of boron 
contamination include releases to air from power plants, chemical plants, and manufacturing 
facilities.  Fertilizers, herbicides and industrial wastes are among the sources of soil 
contamination.  Contamination of water can come directly from industrial wastewater and 
municipal sewage, as well as indirectly from air deposition and soil runoff.  Boron compounds 
are used in the manufacture of glass, soaps and detergents and as flame retardants. 

The general population obtains the greatest amount of boron through food intake, as it is naturally 
found in many edible plants.  Boron is taken as health supplements to build strong bones, treat 
osteoarthritis, use as an aid for building muscles and increasing testosterone levels, and improve 
thinking skills and muscle coordination.   

Boron has a State Notification Level (NL) of 1 mg/L.  CDPH established these health-based 
advisory levels to provide information to public water systems and others about certain 
non-regulated chemicals in drinking water that lack MCLs.  Based on available data, average 
boron concentrations in the groundwater basin ranges from ND (less than 0.1 mg/L) to 1.52 mg/L.  
Only one well exceeded the NL.   
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Boron can accumulate in a sensitive crop to concentrations high enough to cause crop damage 
and reduce yields.  Damage results when boron is absorbed in significant amounts with the water 
taken up by the roots.  Based on FAO guidelines, boron concentrations below 0.7 mg/L should not 
restrict a water’s use for irrigation, slight to moderate restrictions may occur for levels below 3.0 
mg/L, and severe restrictions may occur for levels above 3.0 mg/L.   

3.2 Historical Salt and Nutrient Characterization of the Groundwater
Basin

The salt and nutrient characterization is based on the historical water quality or baseline conditions 
of the Antelope Valley groundwater basin.  The baseline condition is the average concentration of 
each constituent in groundwater during the ten year period between 2001 and 2010.  At the 
recommendation of the Regional Board, the State Board’s GeoTracker Groundwater Ambient 
Monitoring and Assessment1 (GAMA) and the USGS National Water Information System2 (NWIS) 
online databases were used to download the historical monitoring results to establish the baseline 
conditions.  GAMA was used to obtain municipal water supply well data.  NWIS was used to obtain 
USGS monitoring well data.  Refer to Sections 3.2.1 and 3.2.2 for additional information about 
GAMA and NWIS.   

Many private well owners were reluctant to share their groundwater well information.  Many well 
owners have serious concerns regarding privacy issues, although assurances could be made that 
the well information would remain anonymous and used solely for the purpose of baseline water 
quality determinations.  The stakeholder group determined that it would be more practical to use 
water quality information from the publicly available GAMA and NWIS databases. 

The first draft of this SNMP, sent to stakeholders in June 2013, included two separate analyses for 
the baseline groundwater conditions.  The first analyzed USGS monitoring well results from the 
NWIS database and the second, utilizing results from the GAMA database, considered both 
municipal water supply and USGS monitoring wells.  During the draft SNMP review process, it was 
discovered that the GAMA database was missing some USGS monitoring data from the northerly 
(Gloster) and westerly (West Antelope) areas of the groundwater basin.  This inconsistency was 
found to be due to a discrepancy between the Federal (USGS 1987) and State (DWR 2004) 
groundwater basin boundaries.  The data from the two database sources was subsequently 
combined and the results are included in this report. 

Table 3-1 provides a well count summary organized by constituent, sub-basin, and data source.  
This includes wells in areas of the region that are not considered part of the USGS established 
sub-basins.  Much of these areas are located over bedrock and do not have separate sub-basin 
analysis.  These areas, however, are within the SNMP study area and are included in the overall 
basin analysis.  Seven of the sub-basins have less than three wells for some or all of the 
constituents.  A significant portion of the region is sparsely or not populated and, therefore, has 
limited well data available on GAMA and NWIS.  Per the Regional Board, three wells per sub-basin 
are preferred for statistical significance.  The last two rows of the table are the number of GAMA 
and NWIS sourced wells for each constituent.  For both sources, the well count differs for each 
constituent because each well was monitored for a different set of constituents.   

As mentioned earlier, the constituents investigated in the SNMP include TDS, nitrate, chloride, 
arsenic, chromium, fluoride and boron.  The average concentrations, or baseline conditions, of 

                                            
1 http://geotracker.waterboards.ca.gov/gama/
2 http://waterdata.usgs.gov/nwis
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each constituent were determined for each sub-basin and for the groundwater basin as a whole, 
see Table 3-2.  No data from the 2001-2010 timeframe was available for the Chaffee, Finger 
Buttes, and Oak Creek sub-basins.   

There are distinct water quality differences presented between sub-basins.  Water quality for wells 
can also vary by depth.  A discussion regarding vertical partitioning of water quality was requested 
by the Lahontan Regional Board.  However, the data available from the GeoTracker GAMA or 
USGS NWIS databases is insufficient for water quality analysis by vertical partitioning.   

Most of the water quality data for the investigated constituents were measured at levels that were 
well below the DLR, a parameter set by CDPH for most regulated analytes.  The DLR parameters 
are not laboratory specific and are independent of the analytical methods used.  Most State 
certified laboratories are capable of achieving a detection limit that is lower than or equal to the 
DLR.  Chloride and TDS do not have a DLR.

Figures 3-1 through 3-14 illustrate the mean concentration of each constituent by well and by 
sub-basin.  The well locations were mapped using approximate latitude and longitude coordinates 
downloaded from the GAMA and NWIS databases.  Many coordinate locations represent a cluster 
of wells (multiple wells using the same coordinates).   

The groundwater basin has generally good water quality.  The overall basin concentration of each 
constituent meets the SNMP water quality management goals.  Compared to the other sub-basins, 
North Muroc and Peerless generally have higher concentrations of TDS, chloride, chromium, 
fluoride, and boron.  This is not a concern, however, as the concentrations for these constituents 
meet all drinking water regulations.  As discussed in the previous section, these constituents are 
naturally occurring.   

Arsenic is a concern in the Antelope Valley.  The elevated arsenic concentrations in the Gloster, 
Neenach, North Muroc, Peerless, and Willow Springs sub-basins exceed the regulatory drinking 
water and SNMP water quality management goals.  High arsenic in groundwater is naturally 
occurring, resulting from dissolution of rocks and minerals.  Arsenic concentrations above the MCL 
of 10 μg/L are not used for potable applications.  Wells with concentrations above the MCL are 
typically treated to remove arsenic, blended to dilute arsenic concentration, or shut down. 
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3.2.1 GeoTracker Groundwater Ambient Monitoring and Assessment Database

The State Board’s GeoTracker GAMA database integrates data from State and Regional Boards, 
CDPH, Department of Pesticide Regulation (DPR), Department of Water Resources (DWR), 
USGS, and Lawrence Livermore National Laboratory (LLNL).  The GAMA database was used to 
download historical water quality data for municipal water supply wells in the Antelope Valley.   

The search parameters were selected based on the following criteria: 

1. Datasets: Supply Wells – CDPH  
2. GIS Layer: Groundwater Basins 
3. Groundwater Basin: Antelope Valley (6-44) 
4. Well Type: Wells With Results 
5. Constituents: Arsenic (MCL=10 μg/L), Boron (NL=1 mg/L), Chloride (SMCL=500 mg/L), 

Chromium (MCL=50 μg/L), Fluoride (MCL=2 mg/L), Nitrate as NO3 (MCL=45 mg/L) and 
Total Dissolved Solids (SMCL = 1000 mg/L) 

6. Timeline: All Years 

A data file for each constituent was exported separately.  The data included the following fields: 
well ID, well name, approximate latitude, approximate longitude, chemical, qualifier, result, units, 
date, dataset category, dataset source, county, regional board, groundwater basin name, assembly 
district and senate district. 

The approximate latitude and longitude coordinates of the CDPH supply wells are within one mile 
of the actual locations.  Each set of well coordinates is a cluster of wells.  The wells depicted in 
Figures 3-1 through 3-14 may represent multiple water supply wells.  The location of each well in 
terms of sub-basin was determined by mapping the coordinates with ArcGIS software.   

The downloaded data was then verified and filtered.  The units for each sample entry were verified 
to ensure that they were consistent for the same chemical.  Only samples tested within the 10-year 
baseline period of 2001-2010 were selected.  Samples tested before and after the 10-year window 
were excluded.  Future GAMA data should be reviewed to correct any errors in reported values 
due to incorrect units or values. 

Nitrate as NO3 data is available from GAMA.  This data was converted to nitrate as nitrogen (N) by 
dividing each number by the molecular weight ratio of NO3 to N (approximately 4.4).

3.2.2 USGS National Water Information System Database

As part of the USGS program for disseminating water data within USGS, to USGS cooperators, 
and to the general public, the USGS maintains a distributed network of computers and fileservers 
for the acquisition, processing, review, and long-term storage of water data.  This distributed 
network of computers is called the NWIS.  Many types of data are stored in NWIS, including 
comprehensive information for site characteristics, well-construction details, time-series data for 
gage height, streamflow, groundwater level, precipitation, and physical and chemical properties of 
water.  Additionally, peak flows, chemical analyses for discrete samples of water, sediment, and 
biological media are accessible within NWIS. 

USGS data is obtained on the basis of category, such as surface water, groundwater, or water 
quality, and by geographic area.  Further refinement is possible by choosing specific site-selection 
criteria and by defining the output desired.  The data originates from all 50 states, plus border and 
territorial sites, and include data from as early as 1899 to present.  Of the over 1.5 million sites with 
NWIS data, the vast majority are for wells; however, there are thousands of sites with streamflow 
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data, many sites with atmospheric data such as precipitation, and about 10,900 of the sites provide 
current condition data.  The groundwater observations used in this plan were obtained for the 
Antelope-Fremont Valleys hydrologic unit, designated by the code 18090206 by USGS.   

Individual well location coordinates were determined using the USGS site number for each well.  
The USGS well site-numbering system is based on the grid system of latitude and longitude and 
provides the geographic location of the well and a unique number for each site.  The number 
consists of 15 digits: the first 6 digits denote the degrees, minutes, and seconds of latitude; the 
next 7 digits denote degrees, minutes, and seconds of longitude; and the last 2 digits are a 
sequential number for wells within a 1-second grid.  In the event that the latitude-longitude 
coordinates for a well are the same, a sequential number such as “01,” “02,” and so forth, would be 
assigned as one would for wells.   

The location of each well in terms of sub-basin was determined by using the well coordinates given 
by the site numbers and identifying the sub-basin location in a map created using ArcGIS software.  
Only data from the 2001 to 2010 baseline period were considered in the analysis.   

3.3 Current Salt and Nutrient Characterization of the Groundwater Basin

For the initial analysis of this plan, the current water quality of the groundwater basin is assumed to 
be equivalent to the average water quality during the baseline period between 2001 and 2010 (see 
Table 3-2).  In future analyses as part of the monitoring plan (see Section 5 regarding the SNMP 
monitoring plan), the current water quality will be determined by calculating the average water 
quality concentrations for the most recent 5-year period.   

3.4 Salt and Nutrient Characterization of the Source Water

Imported and surface water used for potable supply may undergo treatment at one of the region’s 
four water treatment plants.  Recycled water may originate from five different wastewater treatment 
plants in the Antelope Valley.  Table 3-3 provides source water quality information for the 
constituents identified in Section 3.1.  Along with water quantity projections, this information was 
used in determining the basin’s salt/nutrient loadings for the 25-year projection period. 

The water imported to the Antelope Valley is of high quality and the average concentrations 
calculated for each of the SNMP constituents meet drinking water standards.  Stormwater is 
considered a high quality water, because it contains low concentrations of most constituents, 
including salts and nutrients.  Because of its high quality, it is desirable to maximize the use of 
stormwater for groundwater recharge to lower constituent concentrations in the basin.  Thus, the 
Antelope Valley IRWMP stakeholders have identified projects that utilize stormwater to augment 
groundwater recharge.  For the most part, the recycled water available in the Antelope Valley is 
also high quality and meets most drinking water standards.  Recycled water produced by the 
Edwards Air Force Base tend to be higher in salt and nutrient concentration (e.g., TDS, nitrate, and 
chloride) which is probably due to source water coming from higher concentration supplies.  The 
groundwater used in that area is typically pumped from the lower aquifer, which has a much higher 
mineral content than the middle and upper aquifers of the southern regions.  Rosamond 
Community Services District treats wastewater to secondary standards and is undergoing 
treatment plant upgrades and expansion to produce tertiary treated recycled water.  The first phase 
of the upgrades has been completed, but the reuse expansion is still underway. 
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3.5 Fate and Transport

Historically, groundwater in the basin generally flows north from the San Gabriel Mountains and 
south and east from the Tehachapi Mountains toward the Rosamond, Buckhorn, and Rogers dry 
lakes (DWR 2004).  The general direction of groundwater flow is illustrated with groundwater level 
contours in Figure 3-15.  In the Neenach sub-basin, groundwater flows to the northeast.  In the 
Pearland sub-basin, groundwater generally moves from the southeast to northwest.  In the 
Lancaster sub-basin, groundwater flows from areas of natural recharge to the low water altitude 
areas in the south-central part of the sub-basin.   

Fate and transport refers to the way constituents move through the environment, from the source 
to how they arrive at their ultimate destinations. 

The fate and transport of TDS and chloride in groundwater is influenced by groundwater flow which 
is governed by hydraulic gradients.  Average TDS concentrations in the Antelope Valley 
Groundwater Basin are below the recommended SMCL.  Chloride is soluble in water and moves 
freely with water through soil and rock.  Chloride is not readily consumed by microorganisms, so it 
is more persistent than nitrate and likely to leach into groundwater (USGS 2004).  Average chloride 
levels in the Antelope Valley Groundwater Basin are well below the recommended SMCL.   

Elevated concentrations of nitrate are commonly found at shallow water-table depths.  However, 
studies show that water and nitrate transport from the root zone to the water table follow 
preferential flow paths with potential to reach deeper portions of the soil vadose zone and the 
water table, with limited denitrification.  Geologic and hydraulic parameters vary substantially 
causing high spatial variability of nitrate transport.  But in general, nitrate is soluble and mobile at 
the concentrations typically found in soil and may leach into groundwater.  Ammonium (NH4

+) is 
strongly adsorbed by most soils and thus is not a concern. 

Although movement of nitrate with percolating water through the unsaturated zone may take many 
years to reach groundwater, long-term increases are possible where aquifers are recharged by 
nitrate-rich water such as recycled water.  In the saturated zone, groundwater movement is 
generally slow and there is little mixing.  For that reason, nitrate contamination is generally 
localized and can possibly continue for decades after nitrate contaminant sources are eliminated 
because of the slow rate of movement and lack of dilution.  

Fortunately, nitrate levels in the groundwater basin are well below the MCL.   

Arsenic, boron, fluoride, and chromium in the region’s groundwater  mainly originate from natural 
sources, such as rock and soil, as water moves through the ground and dissolves minerals and 
salts from the rock formations.   

5-62



F
ig

u
re

 3
-1

5:
 A

n
te

lo
p

e 
V

al
le

y 
G

ro
u

n
d

w
at

er
 L

ev
el

s 
(U

S
G

S
 2

00
4)

 

5-63



3.6 Current and Future Projects

To assess salt and nutrient impacts in the Antelope Valley, current and future projects having the 
potential to significantly contribute to salt and/or nutrient impacts to the Antelope Valley 
Groundwater Basin were identified.  Details of these projects are described below.  Initially, 
projects having the potential to impact the salt and nutrient content of Antelope Valley Groundwater 
Basin were identified from the projects listed in the 2007 AVIRWMP.  The SNMP stakeholder group 
added and deleted projects to and from the project list, as necessary and as a result of meeting 
discussions.  A project was deleted from the list if it was deemed irrelevant to this SNMP due to the 
project’s implementation date occurring after the SNMP future planning period (2011-2035) or the 
project was not expected to impact the basin salt and/or nutrient levels.  At the time of 
development of this SNMP, some projects were in the early stages of development, such as the 
concept phase, and were not included due to insufficient information to assess impacts.  Inclusion 
of additional projects in future updates to the SNMP necessitates evaluation of project details for 
relevance, such as those listed in the SNMP “Project Identification Form”.  The blank and 
completed project identification forms are included in Appendix E. 

Figure 3-16 is a map showing the locations of the identified SNMP projects within the Antelope 
Valley groundwater basin.  Figure 3-17 shows the SNMP project locations within the Lancaster 
sub-basin. 

3.6.1 Project Summary Descriptions

1. Amargosa Creek Recharge Project
Proposed by the City of Palmdale, this project consists of multiple proposed improvements 
(overall project is the Upper Amargosa Creek Flood Control, Recharge, and Habitat 
Restoration Project), one of which includes expanding the size and capacity of spreading 
grounds to increase the natural recharge of the underlying aquifer.  The recharge 
component includes eight basins to recharge groundwater using raw State Water Project 
water and stormwater runoff from the Amargosa Creek Watershed.  Recharge volumes are 
dependent on available supply and annual precipitation, anticipated averages are listed 
below in Table 3-4.   

2. Antelope Valley Water Bank
The project is owned by the Valley Mutual Water Company, which operates the bank within 
the structure of the Semitropic-Rosamond Water Bank Authority (SRWBA). At full build-out, 
the water banking project will provide up to 500,000 acre-feet of storage and the ability to 
recharge and recover up to 100,000 AFY of water for later use when needed. The project 
recharges water from the State Water Project into storage using recharge basins and will 
use new and existing wells and regional conveyances to recover water for delivery. The 
project is being constructed in phases and currently has 320 acres of operational 
percolation pond capacity.  

3. Eastside Banking and Blending Project 
Operational water recharge and recovery site providing a supplemental potable source of 
water for the AVEK Eastside Water Treatment Plant.  The project will involve State Water 
Project water spread over local recharge basins, storing water for future recovery during dry 
or drought years.  This alternative potable water supply will be used for periodic substitution 
or supplementation to the Eastside plant. 
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4. Edwards Air Force Base Air Force Research Laboratory Treatment Plant 
The Edwards Air Force Base (EAFB) Air Force Research Laboratory (AFRL) 
Treatment Plant produces secondary effluent.  The effluent is discharged to onsite 
evaporation ponds.   

5. EAFB Main Base Wastewater Treatment Plant 
The EAFB Main Base Wastewater Treatment Plant (WWTP) discharges treated domestic 
wastewater.  The facility collects, treats and disposes of a design 24-hour daily average 
flow of 2.5 million gallons per day (MGD) and a design peak daily flow of 4.0 MGD from the 
housing, main base, north base and south base areas.  The facility is designed to produce 
tertiary treated effluent and has the capacity to hold up to 3,000 gallons per day of 
seepage.  For three months of the year during winter, the effluent is discharged to onsite 
evaporation ponds.  The effluent is used to irrigate the golf course for the remainder of the 
year. 

6. EAFB Evaporation Ponds 
The evaporation ponds receive effluent from the EAFB AFRL Treatment Plant and the 
EAFB Main Base WWTP.   

7. EAFB Golf Course Irrigation 
The golf course is the largest user of recycled water at the EAFB.  It receives the tertiary 
effluent from the EAFB Main Base WWTP as irrigation water during the warmer months of 
the year.

8. Lancaster WRP Upgrade and Expansion
The upgrade and expansion project was completed in 2012.  The major components were 
upgraded wastewater treatment facilities, recycled water management facilities, and 
municipal reuse.  Wastewater treatment processes were upgraded to meet tertiary recycled 
water requirements prescribed in CDPH’s Title 22.   

9. Lancaster WRP Eastern Agricultural Site
Existing agricultural site using recycled water produced by the Lancaster WRP.  Per 
Regional Board requirements, recycled water is applied to the crops at agronomic rates, 
based on the needs of the crop plant, with respect to water and nitrogen, to minimize deep 
percolation from the root zone to the groundwater table of the applied recycled water.   

10. Lancaster WRP Environmental Maintenance Reuse
Disinfected tertiary recycled water produced by the Lancaster Water Reclamation Plant 
(WRP) is used for environmental maintenance at Apollo Community Regional Park (Apollo 
Park) and Piute Ponds.  Since 1972, Apollo Park has been using recycled water to fill a 
series of lakes that are used for recreational fishing and boating.  Piute Ponds are located 
on Edwards Air Force Base Property and uses recycled water to maintain marsh-type 
habitat.  Flows below do not include water from Apollo Park lakes that is used for landscape 
irrigation within the park.   

11. Multi-use/Wildlife Habitat Restoration Project 
Duck Hunting Club (Wagas Land Company) in both Kern and Los Angeles County, started 
in 1925.  The Antelope Valley region is a flyaway zone for many migratory birds flying south 
and the Club has been preserving habitat.  The Club is coordinating with Waterworks to 
replace their groundwater use with recycled water.  The Club would also allow Waterworks 
to use a portion of the property for banking.   
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12. North Los Angeles/Kern County Regional Recycled Water Project
The recycled water project is the backbone for a regional recycled water distribution system 
in the Antelope Valley.  The proposed system is sized to distribute recycled water for 
irrigation and other approved uses throughout the service area and also deliver recycled 
water for recharge areas.  Construction is phased over time and portions are already 
complete.  The first phase was implemented in 2009.  The flow projection below is based 
on project components being complete and excludes flows to the Palmdale Hybrid Power 
Plant (3,400 AFY) and groundwater recharge.   

13. Palmdale Hybrid Power Plant Project 
Construction of a 570 Mega-Watt electricity generating facility. The power plant will be a 
hybrid design, utilizing natural gas combined cycle technology and solar thermal 
technology.  The plant is projected to use approximately 3,400 AFY of recycled water and 
will employ “zero liquid discharge” design.   

14. Palmdale Recycled Water Authority Recycled Water Project
The recycled water project is the recycled water distribution system for the Palmdale 
Recycled Water Authority (PRWA).  Construction is phased over time and the first portion to 
serve McAdam Park was completed and implemented in 2012.   

15. Palmdale WRP Upgrade and Expansion
The upgrade and expansion project was completed in 2011.  The major components were 
upgraded wastewater treatment facilities, recycled water management facilities, and 
municipal reuse.  Wastewater treatment processes were upgraded to meet tertiary recycled 
water requirements prescribed in CDPH’s Title 22.   

16. Palmdale WRP Agricultural Site
Existing agricultural site using recycled water produced by the Palmdale WRP.  Per 
Regional Board requirements, recycled water is applied to the crops at agronomic rates, 
based on the needs of the crop plant, with respect to water and nitrogen, to minimize deep 
percolation of the applied recycled water from the root zone to the groundwater table.  
Additional land was acquired for future agricultural operations.  Infrastructure is in place, but 
not is currently used.   

17. Rosamond Community Services District (RCSD) WWTP
The plant, owned and operated by RCSD, produces both secondary and tertiary treated 
recycled water.  The capacity of the secondary treatment is 1.3 MGD, while the tertiary 
capacity is 0.5 MGD.  The design to upgrade the tertiary treatment capacity to 1.0 MGD is 
complete.  However, the construction is on hold indefinitely due to lack of funding.   

18. RCSD WWTP Evaporation Ponds
The evaporation ponds receive effluent from the RSCD WWTP. 

19. Water Supply Stabilization Project (WSSP-2)
Imported water stabilization program that utilizes State Water Project (SWP) water 
delivered to the Antelope Valley Region’s west side for groundwater recharge during wet 
years for supplemental supply during dry years and to meet peak summer demand. This 
project includes facilities necessary for the delivery of untreated water for indirect recharge 
(percolation basins) and wells and pipelines for raw water and treated water extraction and 
conveyance.
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Additional projects were considered, but had implementation dates after the 2035 SNMP planning 
horizon or had insufficient project details.  The projects include:  

Amargosa Water Banking and Stormwater Retention Project
This project would recharge a blend of recycled water from the Lancaster WRP with 
stormwater and/or treated imported water at a 100-acre stormwater basin in the City of 
Lancaster. The pilot project would allow extraction of 2,500 AFY. Ultimately, this recharge 
project would recharge 50,000 AFY of blend water, consisting of 40,000 AFY of imported 
water and 10,000 AFY of recycled water. The project would extract an average of 48,000 
AFY of recharged water via a new well field and deliver the water to wholesaler/retailer 
distribution system(s) and private agricultural users.   

Barrel Springs Detention Basin and Wetlands
Proposed by the City of Palmdale, this project will provide flood control for the City of 
Palmdale and provide for wetland enhancement and habitat protection.  The project 
includes the construction of an 878 AF detention basin in the Barrel Springs area.  

Hunt Canyon Groundwater Recharge & Flood Control Basin
Proposed by the Palmdale Water District, this project entails construction of a new 3,000 
AF detention/recharge basin.  The basin would be used to store raw aqueduct water to 
allow recharge into the aquifer and would act as a detention basin during severe storms.  

Littlerock Creek Groundwater Recharge and Recovery Project
This project would involve groundwater recharge using a blend of recycled water, from the 
Palmdale Water Reclamation Plant, imported water and local stormwater.  Completion of a 
feasibility study is expected in 2015.   

3.6.2 Project Water Volume Projections

Table 3-4 shows the water volume projections, associated with current and future projects, for the 
25-year planning period (2011-2035).  This planning period parallels the planning horizon for the 
Antelope Valley IRWMP, 2013 Update, and the 2010 Integrated Regional Urban Water 
Management Plan for the Antelope Valley (LACWD, June 2011).  These projections will allow the 
stakeholder group to analyze the salt and nutrient impacts the projects may have on the basin.  
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4.1 Antidegradation Policy

In 1968, the State Board adopted Resolution No. 68-16, “Statement of Policy with Respect to 
Maintaining High Quality of Waters in California,” establishing an Antidegradation Policy for the 
protection of water quality in California.  The Resolution states that whenever the existing quality of 
a water is better than the applicable established water quality objectives, such existing quality shall 
be maintained until it has been demonstrated to the State that any change will be consistent with 
the maximum benefit to the people of the State, will not unreasonably affect present and 
anticipated beneficial use(s) of such water and will not result in water quality less than that 
prescribed by the respective Regional Board.   

In order to determine whether the projects, identified in Section 3, if implemented, will satisfy the 
Antidegradation Policy, the following were performed: 

1. Identified the Beneficial Uses of the Antelope Valley Groundwater Basin 
2. Identified the water quality objectives established by the Regional Board and other criteria 

to protect the beneficial uses of the Antelope Valley Groundwater Basin  
3. Projected whether the identified projects, if implemented, will significantly change the water 

quality of the Antelope Valley Groundwater Basin 
4. Determined whether any projected changes to the groundwater would exceed water quality 

objectives or unreasonably affect beneficial uses of the groundwater  
5. Demonstrated whether any projected change would be consistent with the maximum 

benefit to the people.    

The State Board determined that the use of recycled water, in accordance with the Recycled Water 
Policy, which supports the sustainable use of groundwater and/or surface water, which is 
sufficiently treated so as not to adversely impact public health or the environment and which ideally 
substitutes for use of potable water, is presumed to have a beneficial impact.  The Recycled Water 
Policy also discusses State mandates to increase recycled water use while protecting water 
quality.  Increased use in the region is especially critical given the basin’s limited supply, potential 
climate change impacts, and threatened imported water supply.  Recycled water produced and 
used in the Antelope Valley is regulated by the Regional Board and must meet environmental and 
health standards established for its intended use.  As discussed in the AV IRWMP and Water 
Plans of the Antelope Valley Region’s water and municipal agencies, there are plans to increase 
recycled water use in the Antelope Valley in order to decrease the demand for potable supplies 
while potentially increasing their availability and reliability.          

To satisfy the Antidegradation and Recycled Water Policies, the basin background groundwater 
quality and the potential water quality impacts of the projects, identified in Section 3, on the 
Antelope Valley Groundwater Basin were examined.  In order to assess the groundwater and the 
impacts of these projects, the basin’s water quality goals, with respect to the SNMP constituents of 
concern, were selected based on protecting the groundwater’s beneficial uses, as discussed later 
in this Section.  To assess the magnitude of the basin’s need for water quality protection, the 
baseline “assimilative capacity” for each SNMP constituent of concern was determined by 
subtracting the baseline concentrations established in Section 3 from the SNMP water quality 
management goals.  Constituent balances for those constituents with a significant potential to 
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exceed water quality management goals (i.e., TDS and arsenic) were created and projections were 
calculated using an instantaneous mixing model for the groundwater basin.  Included in the model 
are calculated impacts of the identified projects in various scenarios, including simulated drought 
conditions, over the 25-year planning period (2011-2035).  The results from the 25-year scenarios 
were used to predict results over longer periods.  Then, the groundwater quality projections that 
were calculated using the model were compared to the assimilative capacities for each SNMP 
constituent of concern to determine whether significant degradation of the water would occur if the 
SNMP projects are to be implemented as planned.  In addition, future salt and nutrient 
concentrations will be monitored (as described in Section 5) to evaluate actual water quality and 
predictions as compared to the SNMP water quality management goals to ensure consistency with 
the Antidegradation Policy.

4.2 Beneficial Uses

As a regulatory agency, the Lahontan Regional Board’s primary responsibility is to protect water 
quality within its jurisdiction, under which the Antelope Valley falls.  The Regional Board adopted 
and implemented the “Water Quality Control Plan for the Lahontan Region” (Basin Plan; Regional 
Board 1995), which, among other functions, sets forth water quality standards for the surface and 
groundwater within the Regional Board’s jurisdiction.  The Basin Plan includes the designated uses 
of water within the Lahontan Region and the narrative and numerical objectives which must be 
maintained or attained as a means to protect those uses. 

The Regional Board has designated the following beneficial uses to the Antelope Valley 
Groundwater Basin (Basin Unit 6-44):  

Agricultural Supply (AGR): Beneficial uses of waters used for farming, horticulture, or 
ranching, including, but not limited to, irrigation, stock watering, and support of vegetation 
for range grazing. 

Freshwater Replenishment (FRSH): Beneficial uses of waters used for natural or artificial 
maintenance of surface water quantity or quality (e.g., salinity). 

Industrial Service Supply (IND): Beneficial uses of waters used for industrial activities that 
do not depend primarily on water quality including, but not limited to, mining, cooling water 
supply, geothermal energy production, hydraulic  conveyance, gravel  washing,  fire 
protection, and oil well repressurization. 

Municipal and Domestic Supply (MUN): Beneficial uses of waters used for community, 
military, or individual water supply systems including, but not limited to, drinking water 
supply.

The beneficial uses for groundwater listed in the Basin Plan are for each groundwater basin or sub-
basin as an entirety.  The Regional Board recognizes that, in some areas, useable groundwater 
occurs above or below an aquifer of highly mineralized groundwater, which can contain 
concentrations of dissolved solids and metals, such as arsenic, unsuitable for drinking water.  
Therefore, a beneficial use designation in the Basin Plan does not indicate that all of the 
groundwaters in that particular location are suitable (without treatment) for a designated beneficial 
use.  However, all waters in the Lahontan Region are designated as MUN unless they have been 
specifically exempted by the Regional Board through adoption of a Basin Plan amendment after 
consideration of substantial evidence to exempt such water.  A MUN exemption has not been 
adopted for the Antelope Valley Groundwater Basin or any of its sub-basins.    
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4.3 Water Quality Objectives and Other Criteria

Water quality objectives are the allowable limits or levels of water quality constituents established 
for the beneficial uses of water or the prevention of nuisance within a specified area.  Therefore, 
the Regional Board established water quality objectives for the waters within the Lahontan Region 
that it considers protective of the designated beneficial uses. The general methodology used in 
establishing water quality objectives involves, first, designating beneficial water uses, and second, 
selecting and quantifying the water quality parameters necessary to protect the most vulnerable 
(sensitive) beneficial uses. As additional information is obtained on the quality of the Lahontan 
Region’s waters and the beneficial uses of those waters, certain water quality objectives may be 
updated to reflect the levels necessary to protect those beneficial uses. Revised water quality 
objectives would then be adopted as part of the Basin Plan by amendment. 

The Regional Board has not established water quality objectives specific to the Antelope Valley 
Region.  However, water quality objectives have been established that apply to all groundwaters in 
the Lahontan Region. These objectives are aimed to be protective of the beneficial uses assigned 
to the groundwater basins.    

The water quality objectives that apply to groundwater designated as MUN are based on drinking 
water standards specified in Title 22 of the California Code of Regulations (CCR).  Table 4-1 lists 
the water quality objectives associated with salts and nutrients that are applicable to the MUN 
designated groundwaters.  The MUN water quality objectives for arsenic, chromium, fluoride, and 
nitrate are based on the Title 22 CCR drinking water primary Maximum Contaminant Levels 
(MCLs), which are health-based.  While there are primary MCLs for nitrite and nitrate plus nitrite, 
only nitrate is examined in this SNMP because nitrite is not typically observed above detection 
levels in samples from the Antelope Valley groundwater.  The MUN water quality objectives for 
total dissolved solids (TDS) and chloride are based on the Title 22 CCR Secondary Maximum 
Contaminant Levels (SMCLs) determined for “Consumer Acceptance,” although no fixed consumer 
acceptance contaminant level has been established.  According to Title 22 CCR, constituent 
concentrations lower than the “Recommended” contaminant levels are desirable for a higher 
degree of consumer acceptance.  Constituent concentrations ranging up to the “Upper” 
contaminant levels are acceptable if it is neither reasonable nor feasible to provide more suitable 
waters.  Constituent concentrations ranging to the “Short Term” contaminant level are acceptable 
for community water systems on a temporary basis pending construction of treatment facilities or 
development of acceptable new water sources or on a case-by-case basis. 

Table 4-1:  Lahontan Basin Plan MUN Water Quality Objectives 

Constituent Units MUN Water Quality Objective 

Arsenic μg/L 10 

Chromium, total μg/L 50 

Fluoride mg/L 2 

Nitrate mg/L as N 10 

Total dissolved solids mg/L 500 (recommended)/1000 (upper)/1500 (short term)

Chloride mg/L 250 (recommended)/500 (upper)/600 (short term) 
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In California, boron is not regulated in drinking water and therefore, there is no established drinking 
water MCL for boron.  However, the California Department of Public Health (CDPH) has 
established a health-based advisory level, or “notification level,” for boron at 1000 μg/L.  An 
exceedance of the notification level does not pose a significant health risk but may, in certain 
cases, warrant notification to the local governing bodies pursuant to the California Health & Safety 
Code.  Notification levels are non-regulatory and are established by CDPH as precautionary 
measures for constituents that may be considered candidates for establishment of MCLs, but have 
not yet undergone or completed the regulatory standard-setting process prescribed for MCL 
development and are not drinking water standards.   

To examine the appropriate water quality to protect AGR uses, Regional Board staff suggested 
using the State Board’s online searchable database of water quality based numeric thresholds.1

These thresholds may be used to assess whether beneficial uses of surface water or groundwater 
are likely to be impaired or threatened.  The thresholds listed under “Agricultural Water Quality 
Goals” in the database are based on the paper, “Water Quality for Agriculture,” published by the 
Food and Agriculture Organization of the United Nations in 1985, and containing guidelines on 
water quality protective of various agricultural uses of water, including irrigation of various types of 
crops and stock watering.  Information on each of SNMP constituents was retrieved from the 
database and the thresholds listed under “Agricultural Water Quality Goals” were compiled.  The 
listed thresholds for each constituent are listed in Table 4-2.    

Crop information for the Antelope Valley Region was found in Los Angeles County Annual Crop 
Reports and Kern County Annual Pesticide Use Reports (Beeby et al. 2010).  According to the 
reports, the following crops are grown in the region: 

 Alfalfa, hay & other grains  Peaches  
 Apples  Pears  
 Carrots  Plums  
 Cherries  Potatoes 
 Grapes  Pumpkins 
 Miscellaneous nursery  Squash 
 Nectarines   Watermelons 
 Onions 

“Water Quality for Agriculture” suggests that a maximum chloride concentration of 106 mg/L will not 
restrict the use of water as agricultural supply, especially if the water used is for irrigation of 
avocadoes, strawberries, or Indian Summer raspberries, which are sensitive to high concentrations 
of chloride.  These crops are not commercially grown in the Antelope Valley and are not expected 
to be grown in the future.  The next most chloride sensitive crops listed in “Water Quality for 
Agriculture” and that are grown in the Antelope Valley region are a variety of grapes, stone fruits, 
and citrus crops, which have a chloride tolerance maximum of 238 mg/L.  The chloride threshold 
level of 238 mg/L is comparable to the recommended drinking water standard of 250 mg/L. 

“Water Quality for Agriculture” indicates that the guideline provided for fluoride reflects the then-
current information available and is supported by only limited, long-term field experience.  The 
value is conservative, meaning that if the suggested limit is exceeded, toxicity to the plant may not 
occur.  

The IND beneficial use by definition does not depend primarily on water quality, so water quality 
objectives do not apply.  The FRSH beneficial use option for the groundwater is currently not being 

                                                      
1 Accessible at http://www.waterboards.ca.gov/water_issues/programs/water_quality_goals/. 
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utilized and there are presently no related established water quality objectives for this use in the 
Antelope Valley. 

Table 4-2:  Recommended AGR Water Quality Thresholds 

Constituent Units Recommended AGR Water Quality Thresholds 

Arsenic μg/L 100 

Chromium, total μg/L none 

Fluoride mg/L 1 

Nitrate mg/L as N none 

Total dissolved solids mg/L 450 

Chloride mg/L 238 

Boron μg/L 700 

4.4 SNMP Water Quality Management Goals

As mentioned earlier, the purpose of developing the AV SNMP is to address the management of 
salts and nutrients to maintain water quality objectives and support beneficial uses.  Considering 
the regulations and recommendations discussed and the purpose of this SNMP, certain water 
quality objectives and other levels were assigned as the SNMP water quality management goals.  
These levels are listed in Table 4-3 below.  The SNMP water quality management goals are meant 
to serve as a management and planning tool for groundwater quality and not to serve as a basis 
for regulatory or discharge limits.     

The SNMP water quality management goals for arsenic, chromium, and nitrate are based on the 
primary drinking water MCLs.  The goal for boron is based on the AGR beneficial use threshold 
and the CDPH notification level.  The goal for fluoride is based on the AGR beneficial use 
threshold and the MCL. 

Per direction from the Regional Board, the goals for chloride and TDS are based on the baseline 
basin or sub-basin groundwater quality.  If the basin’s baseline groundwater quality is below the 
TDS or chloride constituent’s respective AGR water quality threshold, the AGR threshold is 
assigned as the SNMP water quality management goal for that particular constituent in the basin.  
If the basin’s baseline groundwater quality exceeds the AGR threshold, the recommended SMCL, 
or the upper SCML in the case that the recommended SCML is exceeded, is assigned as the 
SNMP water quality management goal for that particular constituent in the basin.  The same 
strategy is used for assigning SNMP management goals to the sub-basins.  Comparisons of the 
SNMP water quality management goals with the sub-basin average water quality are depicted in 
Figure 4-1.  All of the SNMP water quality management goals are consistent with the Basin Plan.     
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Table 4-3:  SNMP Water Quality Management Goals 

Constituent Units MUN AGR 
SNMP Water Quality 
Management Goals 

Arsenic μg/L 10 100 10 

Chromium, total μg/L 50 none 50 

Fluoride mg/L 2 1 1-2 b 

Nitrate mg/L as N 10 none 10 

Total dissolved solids mg/L 500-1000-1500 450 450-500-1000b

Chloride mg/L 250-500-600 238 238-250-500b

Boron mg/L 1a 0.7 0.7-1b

a. California Notification Level 
b. Basin and sub-basin goals are based on baseline groundwater quality 
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Figure 4-1: Antelope Valley Groundwater Quality and Management Goals 
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4.5 Assimilative Capacity

The Recycled Water Policy defines assimilative capacity for a constituent as the difference 
between a water quality objective and the mean concentration of the basin or sub-basin.  Because 
specific numerical water quality objectives are not established for the Antelope Valley Groundwater 
Basin, the baseline assimilative capacity in this SNMP is calculated as the difference between the 
SNMP water quality management goal for a particular constituent and the mean baseline 
concentration of the basin or sub-basin.  The SNMP constituents’ baseline concentrations, as 
discussed in Section 3, are based on the water quality data from GAMA and NWIS for the period 
from 2001 through 2010.  Baseline water quality was presented in Table 3-1 and baseline 
assimilative capacities for the Antelope Valley basin and sub-basins are shown in Table 4-4.  A 
negative calculated value for assimilative capacity indicates that the baseline water quality already 
exceeds the SNMP water quality management goal and there is no assimilative capacity at this 
time for that particular constituent.   

The magnitude of assimilative capacity for the sub-basins can be visualized in Figure 4-1 as the 
amount between the bar graph value and the SNMP water quality management goal.  For the four 
sub-basins with planned projects (Lancaster, Neenach, Buttes, and Pearland), the only absence of 
assimilative capacity is with arsenic in the Neenach sub-basin.  A small amount of arsenic 
assimilative capacity is available for the Antelope Valley Groundwater Basin and the Lancaster 
sub-basin and a small amount of TDS assimilative capacity is available for the Neenach sub-basin.        

In regards to the remainder sub-basins, while some of the sub-basins lack assimilative capacity for 
certain constituents, it is important to note that none of the projects identified in Section 3 are 
expected to affect these groundwaters due to proximity and because these sub-basins’ 
groundwaters are upstream of the projects.  Also, much of the groundwater quality exceedances 
are due to natural causes, such as with arsenic and boron, and meeting water quality goals would 
most likely require treatment.    

Gloster, North Muroc, Peerless, and Willow Springs sub-basins have groundwater quality 
exceeding the arsenic SNMP water quality management goal, and therefore, have no assimilative 
capacity with regards to arsenic.  The high arsenic values have been known in the area to be 
naturally occurring, due to the movement of water through the basin rocks and soils.      

North Muroc, Peerless, and West Antelope sub-basin average concentration of boron exceeded 
the level that “Water Quality for Agriculture” (Ayers & Westcot 1985) suggested for non-restricted 
agricultural use.  Thus, these sub-basin areas may not be suitable or preferable for some boron-
sensitive crops.  However, all the sub-basins have assimilative capacity with respect the CDPH 
notification level for boron.

All the sub-basins have assimilative capacity with regards to chloride.  However, the North Muroc 
sub-basin has an average groundwater quality of approximately 200 mg/L chloride and an 
assimilative capacity with respect to chloride of only approximately 36 mg/L.  The remaining sub-
basins have over 165 mg/L of chloride assimilative capacity, which is much greater than the 
ambient concentrations and thus considered ample.          

All the sub-basins have assimilative capacity with regards to nitrate.  The Pearland sub-basin has 
the highest average nitrate groundwater quality, calculated as over 4 mg/L as nitrogen.  The 
assimilative capacity is slightly greater than this concentration, calculated at approximately 6 mg/L 
as nitrogen, and thus considered ample.  Very localized exceedances of the nitrate SNMP water 
quality management goal have been known to occur within the Antelope Valley and these 
situations are mitigated by individual clean-up and remediation programs overseen by the Regional 
Board.  Average conditions of the sub-basins do not exceed these goals.     
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Only the Peerless sub-basin has an average fluoride concentration that exceeds the level listed in 
the State Board’s online searchable database of water quality based numeric thresholds for non-
restricted agricultural use.  So, this sub-basin area may not be suitable or preferable for some 
fluoride-sensitive crops.  However, all the sub-basins have assimilative capacity with respect to 
fluoride and the drinking water MCL.   

With respect to TDS, the North Muroc and Peerless sub-basins have average concentrations that 
do not meet the TDS-sensitive agricultural use level of 450 mg/L or the drinking water 
recommended SMCL of 500 mg/L, but have assimilative capacity with respect to the upper SMCL 
of 1000 mg/L.  The rest of the sub-basins have assimilative capacity with respect to the 450 mg/L 
level.
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4.6 Salt and Nutrient Balance

To assess the salt and nutrient impacts of current and future projects and water uses within the 
Antelope Valley, projected constituent loadings and unloadings, with respect to the SNMP 
constituents of concern were determined.  Further extensive calculations were performed for 
predicting TDS and arsenic impacts.  Other constituents were not further examined because the 
assimilative capacities of the basin with respect to those constituents are large proportions of their 
respective SNMP water quality management goals and impacts from water use are not expected to 
significantly increase the basin concentrations.  Further discussion on the selection process is 
presented later in this section.     

Conceptual mass balance and concentration models were developed for the constituents of 
concern by taking into consideration the use of water within the Antelope Valley Groundwater 
Basin and by making reasonable assumptions of the constituent concentrations and loadings.   

Figure 4-2 depicts the direct loading and unloading of water, salts, and nutrients in and out of the 
groundwater aquifer.  Return flows from agricultural irrigation, outdoor municipal and industrial 
(M&I) water use, and on-site waste disposal systems (such as septic tanks and leach fields), along 
with natural recharge from precipitation and mountain runoff are considered sources of direct 
loading to the groundwater.  Aquifer recharge projects may also directly load salts and nutrients to 
the groundwater aquifer.  Since the Antelope Valley is a closed basin, the only major outflow is 
groundwater pumping.  Subsurface inflow from other basins and subsurface outflow of the aquifer 
are considered insignificant. 

Figure 4-2: Aquifer Loading/Unloading 

Figure 4-3 depicts the conceptual model of the constituent balance, which takes into consideration 
the water balance of the various types of water entering and exiting the groundwater basin.  The 
two major outside sources of water to the basin include imported water via the California State 
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Water Project (SWP) and precipitation, which is represented in the model by natural recharge.  The 
other major sources of water that are used within the Antelope Valley region include groundwater 
from extraction (i.e., pumped groundwater), recycled water from wastewater treatment, and surface 
water flow.  The major uses of water are M&I and agricultural uses, which contribute to return flows 
to the groundwater basin.  M&I is further broken down into indoor and outdoor use.  Outdoor use 
includes activities, such as landscape irrigation, that contribute to return flows to the groundwater 
aquifer.  After water is used indoors, it typically either goes to the local sewers or to an on-site 
waste disposal system (i.e., septic tanks with leach fields).  On-site waste disposal systems also 
contribute to percolating flows to the groundwater aquifer.  Wastewater collected from the sewers 
are processed by wastewater treatment plants and the resulting effluent may be used as recycled 
water for M&I uses (indoor and outdoor), agricultural irrigation, or for aquifer recharge projects in 
the future.  Artificial aquifer recharge projects may use imported, recycled, or stormwater to 
augment water in the aquifer.    

Figure 4-3: Mass Balance 

Taking the conceptual models into consideration, a completely mixed model of the principal aquifer 
was developed to evaluate and predict the effects of salt and nutrient loading on overall 
groundwater quality of the Antelope Valley groundwater aquifer for the planning period (through 
2035).  The spreadsheet model was created to predict the impact of current and future water use in 
the Antelope Valley on the groundwater basin’s salt and nutrient load.  The model allows for 
improvements and addition of more details as additional data is collected for validation and 
verification.  As such, the model presented here should be viewed as a tool that will be refined and 
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improved over time.  A short description of the methods used is provided below and summarized in 
Table 4-5.  

A general water budget was developed that incorporated findings from the Antelope Valley 
Groundwater Adjudication Case Summary Expert Report for Phase 3 – Basin Yield and Overdraft 
(Summary Expert Report; Beeby et al. 2010).   Specifically, the model uses the same flow 
assumptions as the subject report and arrives at the same sustainable yield, which is based on 
pumping of locally derived (“native”) waters and supplemental pumping of return flow from imported 
water use.  It is important to note that the model is intended for planning purposes only and nothing 
in this model shall be interpreted to interfere in any way with the ongoing adjudication actions, 
settlement process, or rulings of the Court.  The Summary Expert Report describes the basin’s 
sustainable yield as the rate of pumping that will produce return flows in combination with other 
recharge that will result in no long-term depletion of groundwater storage and no purposeful 
increase in storage.  In general, imported water and pumped groundwater are used to meet 
agricultural and M&I water demands, each demand producing differing amounts of return flows and 
recharge to the aquifer via deep percolation.  These flows combine with natural recharge for a total 
quantity of water that may be pumped on a sustainable basis with no long term-depletion of 
groundwater storage.  Through a series of calculations, the Summary Expert Report concludes that 
the average sustainable yield of the basin is 110,500 acre-feet per year (AFY).  The SNMP model 
assumes that the average annual pumped groundwater supply is equal to the basin’s sustainable 
yield (110,500 AFY) and that the groundwater volume is 55 million acre-feet (AF; DWR 1980).  
These assumed flows could be refined as additional information is obtained in the future to improve 
the model. 

In order to estimate sustainable yield, return flows and recharge of water to the groundwater from 
natural recharge and water use were determined.  Water demands and sources were identified.  
Land uses in the basin include agricultural and several municipal-type uses (also termed 
“municipal and industrial” or “M&I”).  The Summary Expert Report describes two independent 
analyses as a basis for using 60,000 AFY as an estimate of average long-term natural recharge.  
Return flows were then estimated, taking into consideration agricultural and M&I uses, as well as 
return flow from recycled water usage, as 50,500 AFY. 

Based on historical average rates, the Summary Expert Report assumes 25% for the average 
agricultural return flow rate.  Of the water utilized for M&I uses, about 44% is consumptively used, 
11% becomes return flow through outside irrigation, and the remaining 45% is used indoors and 
goes either to a sewer or to an on-site waste disposal system.  It is assumed that all of the water 
going to an on-site waste disposal system is returned to the groundwater.  Of the water that is 
applied outdoors, the model assumes that 20% flows to the groundwater.   

The Summary Expert Report estimates that approximately 70% of the urban areas in the Antelope 
Valley are sewered and the remaining areas are served by on-site waste disposal systems (e.g., 
septic tanks).  The Summary Expert Report also estimates that the mutual and small water 
companies’ customers make up about 4.4% of the Antelope Valley’s M&I demand and the 
customers all use on-site waste disposal systems.  Rural residential areas make up about 7.1% of 
the M&I demand and all of these areas utilize on-site waste disposal systems.  As a result, 
approximately 28% of the Antelope Valley’s M&I water utilized is conveyed to one of the water 
reclamation plants (WRPs) and approximately 17% is of the M&I flow is conveyed to on-site waste 
disposal systems and ultimately reaches the groundwater.  The Summary Expert Report also 
estimated that approximately 500 AFY of the water conveyed to the WRPs becomes return flow 
during treatment (i.e. through percolation ponds).   

The SNMP model uses the estimates of sustainable yield calculated in the Summary Expert Report 
that use imported water deliveries and land use present in 2005.  Land use was divided into 
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approximately 51.5% agricultural and 48.5% M&I.  Imported deliveries were comprised of 9,300 
AFY for agricultural use and 64,200 AFY for M&I uses.  These land use and imported delivery 
levels were assumed the same throughout the planning period, but may be adjusted if additional 
data becomes available.   

As with the Summary Expert Report, average annual flow conditions were assumed in the baseline 
model throughout the planning period.  As such, inflow to and outflow from the aquifer are 
assumed equal so there is no change in storage.  The model, however, allows for volume changes, 
which were applied to some of the scenarios tested.  Also, for conservative planning purposes, the 
model assumes an instantaneous mixing of waters and constituents added on a yearly basis, 
rather than assuming it typically may take months to years for the applied water to travel through 
soil and reach the aquifer.   

Table 4-5: Antelope Valley SNMP Groundwater Model Flow Assumptions 

Flows Assumed Quantities 
Imported Water  73,500 AFY total  

Agriculture: 9,300 AFY 
M&I: 64,200 AFY 
(2005 levels, assumed same throughout planning period) 

M&I Use Of the total flow to M&I: 44% is consumptively used, 11% becomes return 
flow from outdoor use, and 45% is subsequently conveyed to WRPs 
(sewered; 28% of total M&I) or on-site waste disposal systems (unsewered; 
17% of total M&I) from indoor use 
Of the urban areas: 70% sewered, 30% unsewered 
Mutual and small water companies deliver about 4.4% of M&I demand and 
customers all use on-site waste disposal systems  
Rural residential makes up about 7.1% of M&I demand and customers all 
use on-site waste disposal systems  

Natural recharge 60,000 AFY: Infiltration of stormwater (precipitation and mountain runoff), 
no inflow from adjacent aquifers 

Return Flow Of the amount applied to each use, the percentage returned: M&I outdoor = 
20%, Agr. = 25%, recycled water for M&I outdoor use = 20%, on-site waste 
disposal systems = 100%  

WRP return flow = 500 AF (from percolation ponds) 

Calculated total inflow to groundwater = 110,500 AFY 

Total Groundwater pumped  110,000 AFY at steady conditions, but may vary  
Agriculture = 45,000 AFY; M&I = 65,000 AFY  

Aquifer volume 55,000,000 AF 

Land Use Agriculture = 51.5 %, M&I = 48.5% (2005 levels, assumed same throughout 
planning period); used for determining “native” sustainable yield 

Note: Assumptions and numbers found herein are selected strictly for long term planning purposes (e.g., develop the 
constituent model) and are not intended to answer the questions being addressed within the adjudication process.     

Before further development of the model, the SNMP constituents to incorporate into the model 
were selected.  To determine which constituents have a potential to significantly impact the basin 
and beneficial uses, a simplified and highly conservative set of calculations were performed.  The 
calculations assume that the entire volume of State Water Project imported water contracted to the 
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Antelope Valley (165,000 AFY) and the entire average sustainable yield (110,500 AFY) are 
converted to recycled water.  Assuming that the entire mass of salts and nutrients calculated for 
this flow instantaneously enters and mixes with the aquifer (55 million AF) on a yearly basis for 25 
years, TDS and arsenic are the only SNMP constituents expected to exceed a concentration 
greater than the baseline plus 20% of the assimilative capacity (the Recycled Water Policy 
discusses an allowance of multiple projects using 20% of the basin’s assimilative capacity over the 
course of a decade).  The remaining constituents were calculated to not have a significant potential 
to impact the basin’s beneficial uses.  Note that this is an overly conservative calculation that 
assumes only the mass of constituents and not the accompanying water enters the basin.  In other 
words, the calculations assume no consumption of the constituents (e.g., uptake by plants, 
attenuation, or chemical transformation) and 100% evapotranspiration.  Evapotranspiration is water 
that is lost to the atmosphere via evaporation and plant transpiration, and it has a large impact on 
water availability.  According to USGS, half of annual rainfall is consumed by evapotranspiration.  
The calculations also ignore changes in the basin volume and naturally occurring processes (such 
as attenuation to the substrate during infiltration through unsaturated zone or dissolution from 
rocks and soil, as is the case with arsenic), as well as other processes that would reduce the mass 
of salts entering the basin.  To be conservative, recycled water concentrations were assumed 
because constituents were measured highest in that source water (see Table 3-3).  Even though 
chromium in recycled water was either not detected or measured at concentrations below the 
reporting limit, the detection limit concentration was used in the calculations.  Nitrate loadings may 
be higher than calculated due to nitrification or lower due to denitrification and plant uptake.  
However, the available nitrate baseline assimilative capacity is a wide margin since it is more than 
half of the total SNMP management goal of 10 mg/L as N.  Table 4-6 includes the calculation 
results.  Real world applications of water are expected to yield lower impacts to the basin than 
these conservative calculations assume.   

Table 4-6:  Simplified SNMP Constituent Impacts 

Constituent 
Recycled Water 
Concentration1

(mg/L) 

Total Mass to 
Basin Over 25 

Years2

(tons)

Baseline
Average 

Antelope Valley 
Basin

Concentration 
(mg/L) 

Baseline Basin 
Mass3 (tons) 

Resulting Basin  
Concentration 
After 25 Years4

(mg/L) 

Baseline
Assimilative 

Capacity 
(mg/L) 

Percent
Assimilative 

Capacity 
Used5

Arsenic 0.0055 52 0.0097 720 0.0103 0.00034 >100 
Boron 0.6 5,600 0.17 13,000 0.25 0.5 14 
Chloride 167 1,600,000 38.4 2,900,000 59 200 10 
Fluoride 0.36 3,400 0.44 33,000 0.5 0.6 8 
Nitrate as N 7 66,000 1.97 150,000 2.8 8 11 
Chromium 0.016 94 0.0055 410 0.006 0.044 3 
TDS 545 5,100,000 350 26,000,000 418 100 68 
1 Recycled water concentration is the calculated average of the recycled water concentrations provided in Table 3-3.  
2 Assume mass from entire volume of contracted imported (165,000 AFY) and sustainable yield (110,500 AFY).  Values 
displayed have been rounded to two significant figures. 
3 Assume volume of the aquifer is 55 million acre feet.  Values displayed have been rounded to two significant figures. 
4 Calculated by adding the total mass load over 25 years and the baseline mass of the basin and dividing by the aquifer 
volume of 55 million acre feet.  
5 Calculated by dividing the increase in constituent concentration (the resulting concentration minus the baseline 
concentration) by the baseline assimilative capacity available.   
6 Although chromium in recycled water was either not detected or measured at concentrations below the reporting limit; 
the detection limit concentration is used.    

The analysis above demonstrates that TDS and arsenic necessitate further detailed evaluation due 
to their significant potential to impact the basin’s beneficial uses, so these constituents were 
incorporated into the model.  The model assumes that the entire mass of each of these 
constituents in the applied water will enter the groundwater with the respective return flow, and will 
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instantaneously mix with the groundwater in the aquifer.  This is a conservative assumption and 
could be lowered for well managed/regulated projects.  In reality, there may be some uptake by the 
irrigated vegetation, retention within the soil, or some other method of consumption.  Recycled 
water projects are regulated so that water must be applied at agronomic rates so that deep 
percolation of the applied water, and accompanying constituents, is minimized.  If more information 
becomes available, the model allows for refinement of each use’s constituent mass contribution to 
the groundwater basin.  Similar enhancements can be made to the model if certain practices are 
put in place to manage the constituent contribution of water use activities (e.g., irrigating at 
agronomic rates with respect to the constituent).  Note that both arsenic and TDS are naturally 
occurring within the basin soil and rock, but these impacts are difficult to determine and, therefore, 
are not incorporated into the model.  It is unlikely that the SNMP water quality management goal 
for arsenic will be achievable in the groundwater given the high natural occurrence of the 
compound in the Antelope Valley, and a more likely scenario is management applied to the 
drinking water prior to supply (e.g., supply well head treatment).  Nevertheless, arsenic was 
incorporated into the model to understand the potential effects of the SNMP projects. 

This is a conservative assumption and could be lowered for well managed/regulated projects.    
The following source water concentrations were used in the SNMP model.  Based on observations 
at Littlerock Reservoir, which is fed by natural run-off from snow packs in the local mountains and 
from rainfall, water entering the groundwater by means of natural recharge was assumed to 
contain 150 mg/L of TDS and no detectable arsenic (see Table 3-3).  For a conservative projection, 
one half of the detection level (2 μg/L) was used in the model.  The initial groundwater 
concentrations were based on the calculations performed in Section 3 and are 350 mg/L TDS and 
9.66 μg/L arsenic.  The imported water concentrations were provided in Section 3 and are 300 
mg/L TDS and 3.8 μg/L arsenic.  Recycled water values were calculated as the weighted average, 
based on the projected contribution of each recycled water facility to the overall recycled water 
volume and their respective constituent  concentrations provided in Section 3, and rounded up – 
500 mg/L TDS and 1 μg/L arsenic.   

Typical TDS increases from domestic water use range from 150-380 mg/L (Metcalf & Eddy 2003) 
and the model assumes an increase of 175 mg/L, which is consistent with actual values measured 
in the Lancaster and Palmdale WRPs influent (LACSD 2013a and 2013b) as compared to the 
water treatment plant effluent (see Table 3-3).   Arsenic is not typically increased due to domestic 
water use, which is consistent with actual values measured in the Lancaster and Palmdale WRPs 
influent as compared to the water treatment plant effluent.  However, to be conservative, the model 
assumes one half of the detection level (1 μg/L) increase in arsenic due to domestic use.  A 
summary of the constituent concentrations is listed in Table 4.7.   

Table 4.7: Constituent Concentrations Used in Salt Balance Model 

Parameter
TDS

(mg/L)
Arsenic 
(μg/L)

Natural Recharge 150 1 
Imported Water 300 3.8 
Recycled Water 500 1 
Aquifer Baseline 350 9.66 
Increase from Domestic Indoor Use 175 0.5 

Several scenarios were tested with the model, the first being no project or base case, where 
groundwater extraction is consistent with the sustainable yield, so that there is no change in 
groundwater storage, and no new projects are implemented.  The second scenario incorporates 
the projects listed in Section 3 to the base case.  The third scenario incorporates just recycled 
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water usage without the artificial aquifer recharge projects (i.e., water banking projects).  Note that 
the model assumes that 90% of the return flows from recycled water use and the banking/recharge 
projects becomes pumped water supply.  The fourth and fifth scenarios consider recycled water 
usage and a fraction of the flows for the artificial recharge projects.  A sixth scenario considers an 
increased incidence of dry years for the region and no groundwater recharge during those years.   

Population growth is accounted for in the recycled water availability projections, which are derived 
using population growth forecasts.  In contrast, potable water supplies are not expected to change 
significantly, even with increased population growth. 

Linear regressions were performed using the 25-year planning period results to predict: 1) in which 
year water quality could potentially reach or exceed the SNMP management goals, and 2) the 
water quality levels in 2110 (after 100 years).     

Scenario 1: Base Case

As mentioned earlier, the base case condition (Scenario 1) assumes that the 25-year planning 
period will remain status quo with groundwater extraction rates consistent with the sustainable 
yield and that no new projects identified in Section 3 will be implemented.  This scenario results in 
no change in aquifer storage, because inflow is assumed to be equal to outflow.  According to the 
model and considering Scenario 1, the average TDS concentration in the groundwater basin will 
increase by 14 mg/L by 2035 or by 54 mg/L in one hundred years, and will reach 450 mg/L in 
approximately 184 years. The model’s Scenario 1 calculations also indicate that the groundwater 
basin arsenic concentration will increase by 0.12 μg/L by 2035, will be 10.1 μg/L in 2110, and will 
reach 10 μg/L in 72 years.  Results are summarized in Table 4-8 and depicted in Figures 4-4 and 
4-5.  The top charts in Figures 4-4 and 4-5 are set to encompass constituent concentrations 
starting at zero units (mg/L or μg/L, as appropriate).  Since it is difficult to discern the individual 
concentration increases for each scenario, the bottom charts are set at a narrower concentration 
range to provide better detail.    

Scenario 2: Incorporation of All Future Projects

The second scenario is one in which all the projects identified in Section 3 are assumed be 
implemented by the projected dates within the 25-year planning period.  This scenario considers 
the water inputs and return flows resulting from the new projects in addition to the conditions 
presented in Scenario 1.  It is assumed that 90% of the return flows from recycled water use and 
the banking/recharge projects becomes pumped water supply, and 10% of the flows remain in the 
basin.  For projecting further in the future than the planning period, the linear regressions assume 
no additional projects other than the ones included in the 25-year planning period.  According to 
the model for Scenario 2, the average TDS concentration in the groundwater basin will increase by 
21 mg/L by 2035 or by 88 mg/L in a hundred years, and will reach 450 mg/L in 113 years. The 
model’s Scenario 2 calculations also indicate that the groundwater basin arsenic concentration will 
increase by 0.13 μg/L by 2035, will be 10.1 μg/L in 2110, and will reach 10 μg/L in 64 years.  
Results are summarized in Table 4-8 and depicted in Figures 4-4 and 4-5. 

Scenario 3: Recycled Water Projects Only 

To assess the potential effects of the recycled water projects alone without the potential dilution 
from the recharge projects, the third scenario tested is one in which only the recycled projects and 
none of the recharge projects identified in Section 3.5 are assumed to be implemented by the 
projected dates within the 25-year planning period.  For projecting further in the future than the 
planning period, the linear regressions assume no additional projects other than the recycled water 
projects included in the 25-year planning period.  According to the model and considering Scenario 
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3, the average TDS concentration in the groundwater basin will increase by 16 mg/L by 2035 or by 
66 mg/L in a hundred years, and will reach 450 mg/L in 151 years. The model’s Scenario 3 
calculations also indicate that the groundwater basin arsenic concentration will increase by 0.12 
μg/L by 2035, will be 10.1 μg/L in 2110, and will reach 10 μg/L in 70 years.  Results are 
summarized in Table 4-8 and depicted in Figures 4-4 and 4-5. 

Scenario 4 and 5: Recycled Water and Partial Groundwater Recharge Projects 

Because it can take a considerable amount of time to get recharge projects implemented, it is 
possible that the projections presented in Section 3 of this report may not be met.  Therefore, the 
fourth and fifth scenarios include all of the recycled projects and some fraction of the recharge 
projects identified that are assumed to be implemented by the projected dates within the 25-year 
planning period.  To avoid assigning a likelihood of one project being implemented over another, a 
fraction of the total flows for all the recharge projects were assumed to be implemented.  Scenario 
4 assumes half of the projected inflow for the recharge projects will be implemented, whereas 
Scenario 5 assumes a quarter (25%) of inflow of the recharge projects will be implemented.  To 
project further in the future than the planning period, the linear regressions assume no additional 
projects will be implemented after the 25-year planning period.   

According to the model and considering Scenario 4, the average TDS concentration in the 
groundwater basin will increase by 19 mg/L by 2035 or by 77 mg/L in a hundred years, and will 
reach 4500 mg/L in 129 years.  The model’s Scenario 4 calculations also indicate that the 
groundwater basin arsenic concentration will increase by 0.13 μg/L by 2035, will be 10.2 μg/L in 
2110, and will reach 10 μg/L in 66 years.  Results are summarized in Table 4-8 and depicted in 
Figures 4-4 and 4-5.  

According to the model and considering Scenario 5, the average TDS concentration in the 
groundwater basin will increase by 18 mg/L by 2035 or by 72 mg/L in a hundred years, and will 
reach 450 mg/L in 139 years. The model’s Scenario 5 calculations also indicate that the 
groundwater basin arsenic concentration will increase by 0.12 μg/L by 2035, will be 10.2 μg/L in 
2110, and will reach 10 μg/L in 69 years.  Results are summarized in Table 4-8 and depicted in 
Figures 4-4 and 4-5. 

Scenario 6: Extreme Drought

The scenarios mentioned above take into consideration average conditions, where periodic dry 
and wet years are averaged over the planning period to generate an average annual condition.  
Because the Antelope Valley is susceptible to drought conditions and decreases to imported water 
availability, an extreme drought scenario was examined where the annual natural recharge was 
decreased by 25% during the entire 25-year planning period.  It is expected that any drought will 
not be this persistent, but this scenario can be viewed as an extreme case that provides a lower 
bound for natural recharge.  In addition, the imported water rate was left unchanged, but no 
recharge projects were included.  The groundwater extraction was not reduced, which resulted in 
the aquifer losing storage over the 25-year planning period.  Due to limitations of the model, total 
sustainable yield findings of Summary Expert Report were ignored and the flow adjustments were 
made to the overall planning period rather than each individual year.  This was accomplished by 
reducing the natural recharge by 25% for the entire planning period, while keeping imported water 
constant and including recycled water.  These assumptions resulted in an increase after 25 years 
of only 1.5 mg/L TDS when compared with a similar scenario without drought conditions (Scenario 
3).  Moreover, the Scenario 6 TDS results are similar to the Scenario 5 (recycled water and 25% of 
recharge projects implemented) results.  The model’s Scenario 6 calculations indicate a steeper 
increase in arsenic concentrations than with the other scenarios tested.  According to the model, 
the groundwater basin arsenic concentration will increase by 0.18 μg/L by 2035, will be 10.4 μg/L 
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in 2110, and will reach 10 μg/L in 47 years.  Results are summarized in Table 4-8 and depicted in 
Figures 4-4 and 4-5.  

Table 4.8: Concentration Projections 

Scenario 

Concentration in 2035 Concentration by 2110 
Years to Reach SNMP Water 

Quality Management Goal 
TDS Arsenic TDS Arsenic TDS Arsenic 

mg/L μg/L mg/L μg/L 
450 / 500 

mg/L
10 μg/L 

1 364 9.78 404 10.13 184 / 276 72 
2 371 9.79 438 10.19 113 / 170 64 
3 366 9.78 416 10.14 151 / 227 70 
4 369 9.79 427 10.17 129 / 194 66 
5 368 9.79 422 10.15 139 / 209 69 
6 368 9.84 422 10.38 139 / 208 47 

Note: The baseline Antelope Valley Groundwater Basin concentrations are 350 mg/L of TDS and 9.66 μg/L of arsenic.  
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Figure 4-4: TDS Model Predictions 
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Figure 4-5: Arsenic Model Predictions 

The model predicts that for each Scenario, the average Antelope Valley Basin groundwater 
condition with respect to TDS will not exceed the management parameters until at least 110 years.  
This is ample time to plan for salt management measures before a critical situation arises, although 
that does not appear to be necessary within the 25-year planning period.  Arsenic, on the other 
hand, could potentially exceed the SNMP water quality management goal in as early as 47 years, 
but not within the 25-year planning period.  It should be mentioned that there has been sub-basin 
average and localized exceedances of the management parameter, but these have been attributed 
to naturally occurring arsenic in the basin.  It is understood in the region that arsenic 
concentrations may continue to be a concern and efforts are underway, such as well head 
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treatment or natural attenuation projects, to ensure that the drinking water supplied to the public 
meets drinking water quality standards.        

The Recycled Water Policy discusses an allowance of using 20% of the basin’s assimilative 
capacity for multiple projects, over the course of a decade (10 years), to streamline the permitting 
process where no SNMP has been developed.  A summary of basin assimilative capacity usage 
with respect to TDS and arsenic, calculated using the SNMP model, is included in Table 4-9.  
According to the model, the projects in the SNMP would be able to meet this criterion, except in the 
case where there are extreme drought conditions, in which the arsenic concentration increase 
would use 21% of the assimilative capacity.  As discussed in the next sub-section, it is reasonable 
to assume that recycled water use despite the potential increase in arsenic concentration, which 
would be slight and still remain under the 10 μg/L SNMP water quality management goal, would be 
preferable to not having that recycled water available to meet demands during drought conditions.  
Also, it is important to keep in mind that many of the assumptions in the model are conservative, 
including the assumption that natural recharge water and domestic use of water adds arsenic 
equal to half the detection level.  If a lower value is assumed, say one quarter of the detection 
level, Scenario 6 would meet the 20% criterion for 10 years.   

The model predicts that after 25 years for each scenario, the water quality will not be degraded 
past 21% of the assimilative capacity for TDS.  However, arsenic concentrations have the potential 
to use up much more assimilative capacity, but would not reach a 10 μg/L average basin 
concentration.  However, given that in-lieu recycled water use in the regional would allow for 
potable supplies to be available for use, the increases would be offset by the benefit of having an 
increase in reliability of the potable supply for the residents of the water supply strapped region.    

Table 4.9: Assimilative Capacity Usage 

Scenario
Concentration increase in 10, 25 Years Assimilative capacity used 

TDS (mg/L) Arsenic (μg/L) TDS Arsenic 
10 years 25 years 10 years 25 years 10 years 25 years 10 years 25 years

1 5 14 0.05 0.12 5% 14% 14% 35% 
2 8 21 0.05 0.13 8% 21%  15% 39%  
3 7 16 0.05 0.12 7% 16% 14% 35% 
4 8 19 0.05 0.13 8% 19% 15% 37% 
5 7 18 0.05 0.12 7% 18% 14% 36% 
6 7 18 0.07 0.18 7% 18% 21% 53% 

Model sensitivities to the constituent concentrations used for the source waters (see Table 4-7) 
were examined by increasing the TDS and arsenic concentrations by 25%.  Increasing these 
concentrations had the greatest effect on Scenario 2, which has the greatest loading to the 
groundwater.  Table 4-10 lists the increased concentration results over the original Scenario 2 25-
year projection (see Table 4-8).  50% increases were also tested and were at most double that of 
the 25% increase results.  Increasing the imported water concentration had the greatest impact on 
the projections.  Increasing the TDS content of the waters, except the imported water, by 50% in 
the model still resulted in over a century before the groundwater basin would be expected to 
exceed the SNMP water quality management goal.  The imported water TDS 50% increase 
resulted in an 80-year period before the groundwater basin would be expected to exceed the 
SNMP water quality management goal.  Because arsenic concentrations in the source waters are 
low or below detection levels, increasing the arsenic content yielded similar results as originally 
projected.   
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Table 4-10: SNMP Model Result Variations for Source Water Concentrations 25% Increase 

Parameter
Concentration Increase to Initial Scenario 2 Projections 

TDS (mg/) Arsenic (μg/L) 
Natural Recharge 2 0.01 
Imported Water 5 0.06 
Recycled Water 1 0.01 
Increase from Domestic Indoor Use 1 0.01 

Agricultural land use has seen a decreasing trend in the Antelope Valley.  Changing the land use 
assumptions and imported flows to either all agricultural or all municipal did not have much effect 
on the initial model projections.  If the assumptions were changed to all municipal, an extreme 
case, the greatest effects were 1 mg/l TDS and 0.04 μg/L arsenic decreases over the initial 25-year 
projections results in Table 4-8.  If the assumptions were changed to all agricultural water use, 
which is an unlikely case, the greatest effects were 1 mg/l TDS and 0.06 μg/L arsenic increases 
over the initial 25-year projections results in Table 4-8. 

Model sensitivities to the imported water deliveries assumptions were examined.  Changes in 
deliveries were applied to annual average of the whole 25-year period (no single year differences) 
and the average sustainable yield was altered due to limitations on the model.  An increase in 
deliveries by 25% resulted in at most 3 mg/L TDS and 0.03 μg/L arsenic increases over the initial 
25-year projections results in Table 4-8, while decreasing deliveries by 25% resulted in the same 
concentration decreases over the initial 25-year projections results.  These results are consistent 
with the expectation that additional imported water to the basin will result in an increased load.    

4.7 Antidegradation Analysis

The SNMP antidegradation analysis relies on the assessment of observed and future simulated 
groundwater concentrations compared to the baseline groundwater concentrations and SNMP 
water quality management goals, in consideration of projects that have the potential to affect the 
groundwater salt and nutrient concentrations.  Groundwater monitoring will be used to confirm 
model and other predictions.  Model improvements may be made based on new information, such 
as monitoring results.    

The SNMP antidegradation analysis found that, in most cases, there will be no significant 
degradation of groundwater quality associated with the implementation of the SNMP projects as 
described in the initial constituent impact calculations (Table 4-6) and the SNMP model scenarios.  
The exception is with arsenic, but this is a naturally occurring constituent in the basin and it is 
typically not detected in stormwater and is measured at low levels in the imported and recycled 
water.  To be protective, the projections are an overestimation of arsenic loading to the basin 
because of the conservative assumptions used in the model.  One such assumption is that all of 
the applied arsenic associated with each use will reach the groundwater, whereas in reality natural 
attenuation typically occurs, thereby reducing the amount of arsenic that reaches the groundwater.  
It may be that return flows from water use in the basin cause dilutive effect to the groundwater with 
respect to arsenic.          

It is not anticipated that future concentrations of the SNMP constituents of concern will be 
significantly increased with implementation of the recycled water and recharge projects. The 
average concentrations of the SNMP constituents in the Antelope Valley groundwater basin do not 
currently exceed SNMP water quality management goals and are not predicted to exceed these 
goals in the 25-year planning period.  All of the SNMP water quality management goals are 
consistent with the Basin Plan.  It is proposed that any change in groundwater quality associated 
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with the projects with respect to the SNMP constituents of concern is consistent with the 
Antidegradation Policy for the following reasons: 

The water quality changes will not result in water quality less than prescribed in the Basin 
Plan.
According to the initial constituent impact calculations and the SNMP model, current observed 
average SNMP salt and nutrient constituent concentrations in the Antelope Valley groundwater 
basin and simulated future concentrations through 2035 do not and will not exceed SNMP water 
quality management goals if the identified projects are implemented.  All of the SNMP water quality 
management goals are consistent with the water quality prescribed in the Basin Plan.  In the case 
of some Antelope Valley sub-basins, average baseline water quality may already exceed the 
SNMP water quality management goals.  However, none of the projects identified are located 
within those sub-basins or considered to have an impact on them since the projects are located 
hydrologically downgradient.             

The water quality changes will not unreasonably affect present and anticipated beneficial 
uses.
Recycled water use and aquifer recharge projects are not expected to affect present or anticipated 
beneficial uses.  While TDS concentrations in the recycled water are higher than in background 
groundwater, the average concentration in the Antelope Valley groundwater basin is projected to 
remain below the SNMP water management goal in the future.  Because TDS concentrations in 
the groundwater are projected to remain below 450 mg/L, local groundwater can be used for 
municipal use and all other beneficial uses defined in the Basin Plan (i.e. agricultural supply, 
industrial service supply, and freshwater replenishment) with no restrictions. Future water use is 
expected to increase TDS concentrations in the groundwater above existing background levels in 
the 25-year planning period, but not significantly, and the basin average will remain within an 
acceptable range that will not unreasonably affect present and anticipated beneficial uses.  In the 
case of some sub-basins (e.g., North Muroc and Peerless) average baseline water quality already 
exceeds 450 and 500 mg/L, but the concentrations are all under the upper SMCL of 1000 mg/L, 
and thus meet MUN objectives.  Furthermore, none of the projects identified are located within 
those sub-basins or considered to have an impact on them.   

Arsenic concentrations in the recycled, imported, and natural recharge water are lower than in 
background groundwater and the average concentration in the Antelope Valley groundwater basin 
is projected to remain below the SNMP water management goals in the 25-year planning period.  
Because arsenic concentrations in the groundwater are projected to remain below 10 μ/L, local 
groundwater can be used for municipal use and all other beneficial uses defined in the Basin Plan 
with no restrictions. Under conservative assumptions, future water use is projected to increase 
arsenic concentrations in the groundwater above existing background levels in the 25-year 
planning period, but the basin average will remain within an acceptable range to protect present 
and anticipated beneficial uses.  However, this is a conservative projection and it may be that 
return flows from use of waters with very low arsenic concentrations would cause dilutive effects to 
the groundwater with respect to arsenic.  There are localized exceedances of arsenic in the 
groundwater, but they are attributed to dissolution of arsenic in basin rocks and soils and, thus, are 
naturally occurring.  Public supply wells with arsenic concentrations above the MCL are typically 
shut down and/or abandoned.  Other options include arsenic removal treatment at the wellhead 
and blending with lower arsenic concentration sources to decrease the arsenic level to below the 
MCL. 

The remaining SNMP constituents have been projected to remain below their respective SNMP 
water quality management goals within the 25-year planning period if the identified projects are 
implemented.  The constituent levels are not projected to change significantly and, thus, these 
water quality changes will not unreasonably affect present and anticipated beneficial uses.  In the 
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case of some sub-basins, average baseline water quality already exceeds the SNMP water quality 
management goal to protect the AGR beneficial use with respect to boron and fluoride, but the 
constituent concentrations are all under the SNMP water quality management goal to protect the 
MUN beneficial use.  So, there may be some restrictions on the cultivation of boron or fluoride 
sensitive crops in these areas, which most likely has been the case historically since these 
constituents are naturally occurring in these areas.  In any case, none of the projects identified are 
located within those sub-basins or considered to have an impact on them.   

The water quality changes are consistent with the maximum benefit to the people of the 
state.
Recycled water is considered a valuable resource and is suitable for various beneficial uses.  
Implementation of the recycled water projects identified will increase the water supply available to 
the Antelope Valley Region and therefore reduce the Regional gap between supply and demand.  
The recycled water available to the Region is equal to the supply for over 20,000 average single-
family households in the Antelope Valley.  As identified in the AV IRWMP, recycled water is a much 
needed sustainable and reliable water supply option for the region.  The recycled water projects 
have the potential to increase availability of supplies during SWP disruption and decrease the long-
term costs of water.  Recycled water use also supports adaptation to climate change impacts that 
increase overall demands and/or reduce supplies, as well as mitigates against climate change by 
reducing greenhouse gas emissions associated with the energy to import water.  By using locally 
produced recycled water, and therefore reducing the demand for imported water from other parts 
of the State, the amount of recycled water that could be used in the 25-year planning period has 
the potential to annually save the equivalent of over 35,000 to 52,000 barrels of oil and reduce 
greenhouse gas emissions and other air pollutants by 48,000 to 71,000 tons annually.  

Aquifer recharge projects allows for the capture of otherwise unused imported water and 
stormwater, as well as recycled water and increases the amount of overall supplies.  Like recycled 
water, aquifer recharge reduces the regional gap between supply and demand and supports 
adaptation to climate change impacts that increase overall demands and/or reduces supplies.   

Despite the potential to increase the arsenic concentration of the basin’s groundwater, which 
nevertheless would remain under the 10 μg/L SNMP water quality management goal unless 
increased by naturally occurring causes, implementation of the identified projects is preferable to 
not having the increased supply reliability available, especially during drought conditions.  
Increased use of recycled water and artificial recharge projects are benefits to the people of the 
Antelope Valley and contribute to the goals prescribed by the Recycled Water Policy for California. 

The projects are consistent with the use of best practicable treatment or control to avoid 
pollution or nuisance and maintain the highest water quality consistent with maximum 
benefit to the people of the state.
Pollution is defined in the California Water Code, section 13050(l), to mean that beneficial uses of 
water are unreasonably affected.  As demonstrated above, implementation of the projects 
identified in this SNMP will not cause an exceedance of the SNMP water quality management 
goals and therefore will not unreasonably affect the basin’s beneficial uses.  This SNMP includes 
an implementation measures roadmap that incorporates, as needed, the best practicable treatment 
or control to avoid pollution or nuisance and maintain the highest water quality consistent with 
maximum benefit to the people of the state.  The SNMP monitoring plan results will be used to 
compare future groundwater quality to applicable SNMP water quality management goals and 
determine whether additional measures to manage constituent load to the basin are needed for 
implementation.      
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5.1 Monitoring Plan Development

The AV SNMP monitoring plan is designed to determine water quality in the basin and focus on 
the water quality in water supply wells and areas proximate to large water projects, as 
discussed in the Recycled Water Policy.  Results will be used to determine whether the 
concentrations of salt and nutrients over time are consistent with the SNMP predictions 
discussed in Section 4 and the applicable SNMP water quality management goals.  The 
monitoring program will be used to determine whether implemented measures to manage the 
SNMP constituents in the groundwater basin are beneficial and/or cost-effective and if additional 
measures are needed.       

5.2 Monitoring Locations

Per the Recycled Water Policy, the preferred approach to selecting groundwater monitoring 
locations is to target existing wells, as feasible and appropriate, as was done in developing the 
SNMP monitoring program.  The groundwater wells included in the SNMP monitoring program 
are water supply wells that were selected based on their proximity to the projects listed in 
Section 3.  Well selection was limited to those available on the State Board’s Groundwater 
Ambient Monitoring and Assessment (GAMA) database, which is based on subsets of other well 
databases and does not encompass all the State regulated wells.  Most of the Antelope Valley 
Basin wells with data available in GAMA are located in the Lancaster sub-basin.  The remaining 
Antelope Valley sub-basins are largely undeveloped and several do not have any well 
monitoring data available in GAMA.  Since monitoring results for these wells can be found in 
GAMA, it is likely that future monitoring results will also be available in the GAMA database.  
Additional discussion on the GAMA database can be found in Section 3.   

If needed, additional groundwater monitoring results that are not available from the GAMA 
program may be examined.  Also, the United States Geological Survey (USGS) database may 
be accessed to compile additional groundwater data and information for the monitoring report.  
If new projects are added to the SNMP list of projects having the potential to significantly 
contribute to salt and/or nutrient impacts to the Antelope Valley Groundwater Basin, the agency 
responsible for the project shall designate a groundwater well (existing or new), as appropriate, 
for inclusion in the SNMP monitoring program.  Other water sources, such as imported and 
recycled waters, are typically monitored at the applicable treatment plant.  

The SNMP groundwater wells to be included in the SNMP monitoring plan are listed in 
Table 5-1 and the locations are depicted in Figure 5-1.  The Lancaster sub-basin is suitably 
represented with 23 monitoring locations.  Buttes, Pearland, and Neenach sub-basins have 
three locations each.  A minimum of three wells per sub-basin is preferred to be considered 
statistical valid for monitoring.  Of the 32 potential wells, 24 are owned and operated by 
established water utilities or US Air Force. The remaining wells belong to mutual water 
companies, industrial companies and some smaller entities (hospital, elementary school, 
casino).  Two wells used by Rosamond CSD and Land Project Mutual Water Company were 
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discussed at a stakeholder meeting and found to be abandoned/inactive and no longer in use. 
These wells are not included in the SNMP monitoring plan. 

Table 5-1 includes well identification numbers and location information.  The depth of each well, 
the screen interval(s), and land surface elevation are not available from the GAMA database.  
However, future reporting efforts may include tracking this information.   

Table 5-1: Groundwater Wells Included in the SNMP Monitoring Plan 

State Well ID GAMA Well ID Sub-Basin Well Owner 

1910005-008 W0601910005 Buttes LACWD
1910027-002 W0601910027 Buttes LACWD
1910005-003 W0601910005 Buttes LACWD
1503360-001 W0601503360 Lancaster Diamond Jim Casino
1510018-009 W0601510018 Lancaster RCSD
1510701-008 W0601510701 Lancaster EAFB
1510701-011 W0601510701 Lancaster EAFB
1510701-013 W0601510701 Lancaster EAFB
1900751-001 W0601900751 Lancaster Eastside Elementary
1900929-001 W0601900929 Lancaster High Desert Hospital
1910067-211 W0601910067 Lancaster LADWP
1910070-011 W0601910070 Lancaster LACWD
1910070-026 W0601910070 Lancaster LACWD
1910070-034 W0601910070 Lancaster LACWD
1910070-036 W0601910070 Lancaster LACWD
1910070-049 W0601910070 Lancaster LACWD
1910070-070 W0601910070 Lancaster LACWD
1910070-091 W0601910070 Lancaster LACWD
1910097-004 W0601910097 Lancaster Northrop Grumman
1910102-009 W0601910102 Lancaster PWD
1910102-015 W0601910102 Lancaster PWD
1910103-001 W0601910103 Lancaster PRID
1910103-007 W0601910103 Lancaster PRID
1910130-006 W0601910130 Lancaster QHWD
1910130-009 W0601910130 Lancaster QHWD
1910137-007 W0601910137 Lancaster Boeing Company
1500421-001 W0601500421 Neenach Longview Mobile Estates
1502569-001 W0601502569 Neenach First Mutual Water System
1909006-001 W0601909006 Neenach WVCWD
1910102-021 W0601910102 Pearland PWD
1910102-027 W0601910102 Pearland PWD
1910203-005 W0601910203 Pearland LACWD

5-97



F
ig

u
re

 5
-1

: 
L

o
ca

ti
o

n
s 

o
f 

th
e 

G
ro

u
n

d
w

at
er

 W
el

ls
 In

cl
u

d
ed

 in
 t

h
e 

S
N

M
P

 M
o

n
it

o
ri

n
g

 P
la

n
 

5-98



5.3 Monitoring Frequency

Supply (e.g., raw imported and treated potable) and recycled waters are monitored annually.  In 
general, public supply wells are monitored every year per California Department of Public 
Health (CDPH) requirements, but the monitoring frequency may vary depending on the specific 
constituent and the concentration of the constituent in the water extracted from the groundwater 
well (e.g., additional monitoring may be necessary if results indicated than an MCL is 
exceeded).  The appropriate agency or well owner is responsible for monitoring water quality.  
For example, AVEK monitors raw imported water and the Sanitation Districts monitor the 
recycled water that they produce.    

5.4 Constituents to be Monitored

As appropriate and necessary, the program will include monitoring of: total dissolved solids 
(TDS), nitrate, chloride, arsenic, total chromium, fluoride, and boron.  Constituents of emerging 
concern (CECs; e.g., endocrine disrupters, personal care products or pharmaceuticals) and 
other constituents may be added to the monitoring program in consideration of actions taken by 
the State Board.  In January 2013, the State Board adopted an amendment to the Recycled 
Water Policy and presented recommendations for monitoring CECs in recycled water.  The 
Recycled water policy does not designate CEC monitoring requirements for recycled water used 
for landscape irrigation due to the low risk for ingestion of the water.  However, the CEC 
monitoring requirements prescribed in the Recycled Water Policy pertain to the production and 
use of recycled water for groundwater recharge by surface and subsurface application methods.  
Only one of the listed projects in Section 3, the Littlerock Creek Groundwater Recharge and 
Recovery Project, proposes to use recycled water for groundwater recharge.  Prior to the 
implementation of this project, or any other proposed groundwater recharge project using 
recycled water, the appropriate agency (or agencies) will monitor the water for CECs as 
prescribed in the Recycled Water Policy, as applicable, unless an alternative monitoring plan is 
approved by the Regional Board.  The Recycled Water Policy does not prescribe CEC 
monitoring requirements for other uses of recycled water, but may in the future, at which time 
stakeholders may revisit and revise the SNMP monitoring plan as applicable and appropriate.   

5.5 Data Evaluation and Reporting

All public supply wells are monitored and the results reported to the State’s Drinking Water 
Program, administered by the State Board.  The State’s GAMA Program compiles a portion of 
these monitoring results (depending on the GAMA data needs) into a publicly-accessible 
internet database, GeoTracker GAMA1.  GeoTracker GAMA integrates data from the State and 
Regional Boards, CDPH, Department of Pesticide Regulation, Department of Water Resources, 
USGS, and Lawrence Livermore National Laboratory. 

Water quality analyses for the Drinking Water Program are required to be conducted by certified 
laboratories.  These laboratories are required to be in compliance with the Environmental 

                                            
1 Accessible at http://www.waterboards.ca.gov/gama/geotracker_gama.shtml.
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Laboratory Accreditation Program2 (ELAP).  ELAP is administered by the State Board and 
provides evaluation and accreditation of environmental testing laboratories to ensure the quality 
of analytical data used for regulatory purposes to meet the requirements of the State.  In 
addition, ELAP requires laboratories to have an updated quality assurance manual that includes 
the following elements: 

 Laboratory organization and personnel responsibilities 
 Quality assurance objectives for measurement of data 
 Sampling procedures (when the laboratory performs the sampling) 
 Custody, holding, and disposal of samples 
 Calibration, procedures and frequency 
 Analytical procedures 
 Acquisition, reduction, validation and reporting of data 
 Internal quality control checks 
 Performance and system audits 
 Preventive maintenance 
 Assessment of precision and accuracy 
 Corrective action 
 Quality assurance reports 

Water samples will be collected by ELAP-certified laboratory technicians in accordance with the 
pre-approved quality assurance manuals.  The ELAP-accredited laboratories have 
demonstrated capability to analyze water samples using approved methods.  A sample chain-of-
custody form, from the USEPA report titled “Manual for the Certification of Laboratories 
Analyzing Drinking Water Criteria and Procedures Quality Assurance”, is provided in Figure 5-2.   

The Antelope Valley SNMP Monitoring Report (Report) prepared for submittal to the Lahontan 
Regional Water Board may include, but is not limited to, the following: 

1. The relevant monitoring data, as described above, including TDS, nitrate, chloride, 
arsenic, total chromium, fluoride, and boron.  

2. Determination of current ambient conditions.  As stated in the definition in Section 1, the 
“current ambient condition” is the average concentration of a particular constituent 
measured in the water collected at the monitoring locations for the most recent 5-year 
period.   

3. Comparisons of current ambient conditions to baseline conditions and to the values 
determined in the SNMP antidegradation analysis.  Comparisons may include statistical 
and other analyses to test for significant differences, trends, and graphical 
representations (e.g., time versus concentration plots).  

4. Comparisons of current water quality to applicable SNMP water quality management 
goals. 

5. An update of the model and relevant calculations.  This step may involve averaging the 
groundwater data from the basin to detect trends in constituent concentrations over time, 
which can be compared with model predictions to calibrate and improve the model. 

6. An update of relevant projects and implementation information, such as discussed in 
Section 3.  

7. Other relevant updates, such as land uses and cleanup site information from the State 
Board’s GeoTracker database. 

8. Discussion on adequacy of the SNMP monitoring plan (e.g., whether to incorporate 
additional wells into the SNMP monitoring program).  

                                            
2 http://www.cdph.ca.gov/certlic/labs/Pages/ELAP.aspx
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9. Discussion on adequacy of SNMP components (e.g., implementation strategies) based 
on analysis results and discussion of the SNMP monitoring program.  

One goal of the SNMP monitoring and reporting is to evaluate whether basin water quality has 
changed over time and if it is consistent with the model predictions.  This evaluation will help to 
assess whether the SNMP constituents are effectively managed to meet the SNMP water 
quality management goals or if changes to the SNMP are necessary to meet goals.  The current 
intent is to submit the Report to the Lahontan Regional Board every three years.   

The AVIRWMP group may take on the reporting responsibilities.  It has also been discussed at 
an AV SNMP stakeholder meeting that reporting responsibilities could potentially be a duty of 
the eventual Antelope Valley Groundwater Watermaster. 

Figure 5-2: Sample Chain-of-Custody Form 
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6.1 Managing Salt and Nutrient Loadings on a Sustainable Basis

The baseline water quality analyses for the Antelope Valley Groundwater Basin indicates that 
overall groundwater quality with respect to the SNMP constituents of concern is below the SNMP 
water quality management goals.  These goals are consistent with the Regional Board’s Basin 
Plan to protect the beneficial uses of the water.  The analysis of future water quality (through 2035) 
indicates slowly increasing trends and that, with implementation of the projects identified to have a 
potential effect on the salt and nutrient load to the groundwater basin, the overall basin 
groundwater salt and nutrient quality will remain below the SNMP water quality management goals.  
Under conservative assumptions, future water use is projected to increase arsenic concentrations 
in the groundwater above existing background levels in the 25-year planning period. However, the 
basin average will remain within an acceptable range over the long term to protect present and 
anticipated beneficial uses and any increases will be most likely due to naturally occurring causes.  
Therefore, no new implementation measures as part of the SNMP process are recommended at 
this time.  Nevertheless, existing measures or practices are already in place to manage water 
quality, and frequent monitoring should also be implemented to assess trends in water quality. 

In the case of some Antelope Valley sub-basins, average baseline water quality may already 
exceed the SNMP water quality management goals.  However, none of the projects identified are 
located within those sub-basins or considered to have an impact on them since the projects are 
located hydrologically downgradient.

6.2 Existing Implementation Measures

As mentioned, the projected future groundwater quality concentrations are not expected to exceed 
the SNMP water quality management goals and implementation of the identified projects will not 
unreasonably affect the basin’s designated beneficial uses.  Therefore, no new implementation 
measures are recommended to manage salts and nutrients within the basin.  Several programs are 
already underway in the basin, which help manage groundwater supplies and quality. These 
programs fall under five categories, as follows: 

 Municipal Wastewater Management 
 Recycled Water Irrigation 
 Groundwater Management 
 Onsite Wastewater Treatment System Management 
 Agricultural 

Implementation measures that are underway in the basin within these broad categories are 
described below.   

6.2.1 Municipal Wastewater Management

Most of the municipal wastewater treatment agencies in the Antelope Valley have implemented 
source control programs including industrial waste management measures (i.e., pre-treatment 
program, educational outreach, coordination with customers) to control salinity and nutrients in 
influent waters, which ultimately improves the quality of recycled water. 
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The Palmdale and Lancaster Wastewater Reclamation Plants (WRPs) owned and operated by the 
Los Angeles County Sanitation Districts have undergone upgrades from secondary to tertiary 
treatment that include nitrification-denitrification treatment processes.  This has led to a reduction 
in nitrate and overall nitrogen content in the recycled water produced at these plants.  With the new 
tertiary treatment, the plants’ effluents have also experienced reductions in TDS.  The Rosamond 
Community Services District (RCSD) Wastewater Treatment Plant has undergone upgrades to 
treat a portion of its flow to tertiary standards, but has not yet expanded its recycled water use 
program. 

6.2.2 Recycled Water Irrigation

The implementation of recycled water is regulated by the Title 22 California Code of Regulations 
(Title 22).  Numerous BMPs and operating procedures must be followed when using recycled water 
for irrigation to ensure safety. The following BMPs, amongst others, are implemented in recycled 
water operations, per permitting by the Regional Board: 

 Water quality monitoring at the treatment plant to ensure regulatory compliance with Title 
22 and meet monitoring requirements as part of the Recycled Water Policy. 

 Irrigation at agronomic rates – irrigation water is applied at a rate that does not exceed the 
demand of the plants, with respect to water and nutrients (typically monitored as nitrogen), 
and does not exceed the field capacity of the soil. 

 Site Supervisor – a site supervisor who is responsible for the recycled water system and for 
providing surveillance to ensure compliance at all times with regulations and Permit 
requirements is designated for each site. The Site Supervisor is trained to understand 
recycled water, and supervision duties. In addition to monitoring the recycled water system, 
the Site Supervisor must also conduct an annual self-inspection of the system. 

 Minimize runoff of recycled water from irrigation – Irrigation is not allowed to occur at any 
time when unauthorized runoff may occur, such as during times of rainfall or very low 
evapotranspiration, and any excessive overspray must be controlled. 

6.2.3 Groundwater Management

Measures and practices to protect the basin include the following: 
 The Antelope Valley Integrated Regional Water Management Plan (IWRMP) development 

process provided a mechanism for: 1) coordinating, refining and integrating existing 
planning efforts within a comprehensive, regional context; 2) identifying specific regional 
and watershed-based priorities for implementation projects; and 3) providing funding 
support for the plans, programs, projects and priorities of existing agencies and 
stakeholders.  The process also includes public outreach and groundwater management 
strategies and objectives for the Region (including this SNMP), as well as a list of 
implemented and proposed projects to meet the management objectives. 

 Basin-wide groundwater level monitoring. 
 Groundwater quality monitoring, such as the State’s GAMA program and other local efforts.  

Also includes groundwater quality analyses, such SNMP efforts to track water quality and 
improve the SNMP prediction model 

 Groundwater banking and recharge studies and pilot-projects. 
 Stormwater has low to no concentrations of salt and nutrients.  Proposed projects for the 

region incorporates stormwater management and groundwater recharge.  
 Arsenic treatment study and projects. 
 Water recycling projects to offset groundwater pumping. 
 Groundwater cleanup site programs. 
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 A water purveyor’s Urban Water Management Plan (UWMP) provides a summary of an 
agency’s water supplies, demands, and plans to ensure future reliability, such as potential 
water transfers and exchanges, desalination, and recycled water opportunities. 

 The Antelope Valley Groundwater Basin is currently undergoing a groundwater rights 
adjudication process. 

6.2.4 Onsite Wastewater Treatment System Management

A large percentage of the groundwater basin is overlain by rural areas that manage waste through 
individual onsite wastewater treatment system (OWTS), also known as septic systems.  Individual 
property owners are responsible for managing their own system and employ a variety of BMPs 
such as monitoring and frequent pumping to manage the operation of the system.  In 2012, the 
State Water Resources Control Board adopted the Water Quality Control Policy for Siting, Design, 
Operation, and Maintenance of Onsite Wastewater Treatment Systems.  The intent of the Policy is 
“to allow the continued use of OWTS, while protecting water quality and public health”.  BMPs 
required in the Policy include site evaluations, setbacks, and percolation tests for new systems. 

6.2.5 Agriculture

Agricultural areas include various ongoing BMPs that may include: 
 Drip irrigation – water application is minimized by focusing the amount and area applied. 
 Soil and plant testing – it is common practice for agricultural site managers to conduct 

annual soil testing to understand soil characteristics for crop production efficiencies and 
refine crop nutrient needs.  Soil testing includes review of TDS and nitrate and other salts. 

 Focused application of fertilizer and soil amendments  

6.3 Additional Implementation Measures

As mentioned earlier, the projected future groundwater quality concentrations are not expected to 
exceed the SNMP water quality management goals and implementation of the identified projects 
will not unreasonably affect the basin’s designated beneficial uses.  It is the intention of the SNMP 
monitoring plan to obtain water quality results that will be used to compare future groundwater 
quality to applicable SNMP water quality management goals and determine whether additional 
measures are necessary to manage constituent load to the basin.  After confirmation of results 
indicating that either the current average water quality of the basin exceeds the available baseline 
assimilative capacity use by 50% or that significant increases in the groundwater quality are 
projected within the next 10 years that would affect the designated beneficial uses, the 
implementation measures identified below will be evaluated and the most appropriate measures 
will be recommended for implementation.   

Implementation measures to reduce salt and/or nutrient concentrations in groundwater that may be 
considered include, but are not limited to, the following: 

 Reducing the amount of salts/nutrients imported into the basin by implementing imported 
water treatment processes that remove salts and/or nutrients (e.g. reverse osmosis). 

 Reducing the amount of salts added to groundwater via source water - wastewater 
treatments, modified processes such as increased retention time, or blending prior to use 
for irrigation or basin recharge. 

 Reducing the amount of salts and nutrients added to water via anthropogenic sources – 
BMPs, public outreach, and land management guidelines. 

 Natural treatment such as a wetland system.  
 Ultrafiltration treatment (i.e., reverse osmosis) of source or recycled water.  This treatment 
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is typically very costly and results in a waste stream that must be managed, which can itself 
be challenging and costly.  Options for briny waste include: transporting and exporting salts 
to a landfill or other site, disposing of salts via brine lines (not cost effective or practical), or 
deep well injection.  

 An ordinance or ban on water softeners that uses salts may result in reduced chloride and 
slightly reduced TDS concentrations in the wastewater and ultimately reduced 
concentrations in the recycled water produced.    

 Evaluating industry (e.g. commercial, industrial, agricultural, etc.) processes. 
 Replacing chlorination disinfection processes with ultraviolet light (UV) disinfection to 

reduce chloride concentrations. 
 Developing BMPs such as limiting excess fertilizing (set realistic goals for maximum crop 

yield) and eliminating over-irrigation to curtail the leaching transport process.  
 Developing nutrient management programs and crop-specific nutrient application rates to 

improve crop fertilizer efficiency (decrease the total residual mass of nitrogen in the soil by 
using nitrification inhibitors or delayed release forms of nitrogen). 

 Encouraging Low Impact Development (LID), to increase stormwater recharge and limit salt 
and nutrient loading to runoff.  
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October 3, 2011 
SCOPE OF WORK  

Salt/Nutrient Management Plan for the Antelope Valley  
 

PURPOSE 
 
To develop a regional Salt/Nutrient Management Plan (SMP) for the Antelope Valley (AV) 
to manage salts and nutrients (and possibly other constituents of concern) from all sources 
within the basin to maintain water quality objectives and support beneficial uses. The 
intention is to involve all surface water and groundwater users and wastewater dischargers 
in the Antelope Valley basin to participate in efforts to protect these waters from 
accumulating concentrations of salt and nutrients that would degrade the quality of water 
supplies in the Antelope Valley to the extent that it may limit their use. 
 
BACKGROUND 
 
On February 3, 2009, the State Water Resources Control Board (State Board) adopted a 
Recycled Water Policy (Policy) that addresses the concern for protecting the quality of 
California’s groundwater basins.  In response to this Policy, Los Angeles County 
Waterworks Districts and Sanitation Districts of Los Angeles County have, with support of 
the Lahontan Regional Water Quality Control Board (Lahontan Water Board) staff, initiated 
efforts to organize a group to develop a regional SMP for the Antelope Valley. 
 
Activities, such as irrigation using imported water, groundwater or recycled water can 
potentially add salts, typically measured as total dissolved solids (TDS), and nutrients to 
groundwater basins.  Other sources of salts/nutrients can include natural soil conditions, 
atmospheric deposition, discharges of waste, soil amendments and water supply 
augmentation using surface water or recycled water.  
 
The SMP shall be completed and proposed to the Lahontan Water Board by May 14, 
2014; an extension of up to two years may be allowed if the Lahontan Water Board finds 
that the stakeholders are making substantial progress toward completion of the plan.  In no 
case shall the period for the completion of the plan exceed seven years. 
 
GOALS 
 
One goal is to address salt/nutrient loading in the Antelope Valley basin region through the 
development of a management plan by the collaborative stakeholder process rather than 
the regional regulating agency imposing requirements on individual water projects.  The 
process shall involve participation by Lahontan Water Board staff and be in compliance 
with California Environmental Quality Act (CEQA) regulations.  The involvement of local 
agencies in a SMP may lead to more cost-effective means of protecting and enhancing 
groundwater quality, quantity, and availability. 
 
Another goal is to assess impacts resulting from all activities with potential long-term 
basin-wide effects on groundwater quality, such as surface water, groundwater, imported 
water, and recycled water irrigation projects and groundwater recharge projects, as well as 
other salt/nutrient contributing activities through regional groundwater monitoring.   
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The design and implementation of a regional groundwater monitoring program must 
involve all stakeholders, including, but not limited to, water importers, purveyors, 
stormwater management agencies, wastewater agencies, Lahontan Water Board, and 
other significant salinity/nutrient contributors, in addition to the recycled water 
stakeholders. 
 
The completion of the SMP may lead to the potential for enhanced partnering opportunities 
and potential project funding between water and wastewater agencies, or other 
stakeholders, for developing and protecting water supplies. 
 
PLAN REQUIREMENTS 
 
Data Collection and Assessment 
 

1.  Stakeholder Participation 
a. Outreach to the Lahontan Water Board staff and the stakeholders. 
b. Convene stakeholder meetings. 
c. Receive and review stakeholder input. 
 

2. Determine SMP Area Boundaries 
a. The AV Integrated Regional Water Management (IRWM) Plan efforts cover 

the Antelope Valley groundwater basin.  SMP stakeholders have determined 
that, while the scope of the AV SMP will include the groundwater sub-basins 
within the AV IRWM geographic boundaries, the Lancaster, Buttes, Neenach, 
and Pearland sub-basins, for which data has been provided to the AV SMP 
effort and relevant projects overlay, will be specifically addressed in detail.  
Additional sub-basins may be further addressed in the AV SMP depending 
on the willingness of users, purveyors, wastewater agencies, regulators, 
significant salt/nutrient contributors, and other stakeholders to participate and 
provide data.   Surface water resources are defined using a watershed 
approach and are categorized based on a hierarchy of hydrologic systems 
including basins, units, areas, and subareas, which may or may not coincide 
with groundwater basin nomenclature defined by the CA Department of 
Water Resources (DWR).  The surface waters within the Antelope Valley 
IRWM geographic boundary fall within the Antelope Hydrologic Unit of the 
South Lahontan Hydrologic Basin.  There are a total of eight hydrologic areas 
within the Antelope Hydrologic Unit.  For clarity and consistency, surface 
water hydrologic areas and hydrologic subareas will be identified and 
correlated, to the extent practical, with the groundwater basins as identified 
by DWR nomenclature within SMP area. 

b. Within the determined scope, identify land uses, surface water resources, 
groundwater basins and sub-basins, well locations, and hydrogeologic 
conditions including confined and unconfined aquifer systems, and current 
water quality. 
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3. Understand Current and Future Basin Uses 
a. Collect data from counties and participating cities regarding past/historic, 

current and potential future land uses contributing, or that could contribute, to 
potential salt/nutrient impacts. 

b. Identify existing surface/groundwater data collection efforts throughout the 
region. 

c. Create a map(s) with land uses and sites related to salts and nutrients, such 
as: irrigation  (agricultural, commercial, residential); wastewater treatment 
and disposal (including septic and water softening systems); water recycling; 
groundwater augmentation and recharge, water treatment, applicable 
alternative energy; imported water; land application of solids; animal wastes 
(dairy, confined animal, and ranching) and other potential sources of 
salinity/nutrient contributions to the groundwater supply. 

 
4. Create Groundwater Quality Database for Sub-basin 

a. Determine groundwater characteristics, recharge areas, and background 
water quality. 

b. Compile data and determine existing water quality, defined as the average 
concentration of salts/nutrients and other constituents of concern measured 
at each well. 

 
5. Data Analysis 

a. Conduct a regional analysis of available groundwater quality databases to 
determine whether sufficient data and ongoing monitoring are available for 
the sub-basin. 

b. Collect data regarding other factors (such as atmospheric deposition, mixing 
of imported water with native basin water, natural sources) contributing, or 
that could contribute, to potential salt/nutrient impacts.   

c. If necessary, chose an appropriate model for data analysis and run the 
model.  Provide rationale for selection of the specific model, if used. Calibrate 
the model used to analyze the data (including de-bugging of the chosen 
model) and verify the input data.  Compare various model runs to observed 
values for each basin, as applicable. 

 
Characterization of Basin 
 

6. Salt and Nutrient Characterization 
a. Identify the current and projected sources and loadings of salts/nutrients. 

Include water balance/budget (volumetric analysis) and consider atmospheric 
nitrogen as a source.  

b. Determine the basin’s assimilative capacity of salts/nutrients. Identify and 
include rationale for the assimilative capacity determination (e.g., selection of 
maximum TDS limit, etc.).  Assimilative capacity will not be necessarily 
assumed based on Maximum Contaminant Levels, but rather based on a 
reasonably achievable objective derived from site-specific characteristics and 
source water quality. 

c. Determine the fate and transport of salt/nutrients. 
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d. Include other constituents of concern as necessary and appropriate (include 
naturally occurring constituents such as fluoride, boron, arsenic, chromium 
as well as constituents from anthropogenic sources, such as those 
concerned with cleanup sites). 

e. Identify potential salt sinks. 
f. Develop future planning scenarios for future users/uses that would include 

expected requests for projected recycled water production, reuse, discharges 
to Antelope Valley basins, and expected quality for each wastewater 
treatment facility (existing and projected).  Planning scenarios could include 
appropriate planning spans, including, for example, a 5-year plan, 10-year 
plan, 25-year plan and a 50-year projected plan, or some combination as 
determined by the stakeholders. 

g. Prepare a draft report to the stakeholders to present the data collected during 
basin characterization and the results for assimilative capacity (by sub-
basin). Include rationale for selection of sub-basins (e.g., current uses, at risk 
basins, water quality, hydrogeology). 

h. Consider the effects of importation of water and transferring recycled water 
sources between sub-basins.  For example, consider the effects of source 
water derived from the Lancaster sub-basin that is recycled and 
subsequently transferred to the Buttes sub-basin (Buttes Hydrologic Area) for 
reuse as irrigation. 

 
Monitoring 
 

7. Develop a Monitoring Plan  
a. Define the scale of the monitoring plan component, dependent on site-

specific conditions. 
b. Monitor for salts, nutrients, and other constituents of concern that potentially 

could adversely affect the water quality of the basin. 
c. Determine appropriate monitoring by targeting basin water quality at existing 

water supply and monitoring wells and areas proximate to large water 
recycling projects, and groundwater recharge projects. 

d. The monitoring plan should be designed to evaluate and track the long-term 
impacts to groundwater quality resulting from past, current, future, and 
transitioning land uses.  

e. Identify stakeholders responsible for conducting, compiling, and reporting the 
monitoring data. 

 
8. Monitoring Implementation and Data Management 

a. Monitor each location at a determined frequency to assess impacts and take 
into account changes in all significant sources. 

b. Establish criteria for concentrations above ambient conditions based on 
statistical evaluation of data to trigger additional investigations. 

c. Conduct monitoring of constituents of concern (CECs), as recommended by 
the “blue-ribbon” Advisory Panel and approved by the State Board.  CEC 
monitoring will be conducted in a manner consistent with the Policy. 
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d. Data submitted to the State Board for GAMA (Groundwater Ambient 
Monitoring & Assessment Program) shall follow the guidelines for "electronic 
submittal of information" outlined on the website: 
http://www.waterboards.ca.gov/ust/electronic_submittal/index.shtml 

e. Report data to the Lahontan Water Board staff every 3 years.  
 
Implementation Measures 
 

9. Manage Salt/Nutrient Loadings on a Sustainable Basis 
a. Identify potential methods and best management practices to reduce and/or 

maintain salt and nutrient loadings—such as disposal and/or reducing 
methods.  

b. Recommend most appropriate methods and best management practices for 
reducing and/or maintaining salt and nutrient loadings. 

c. Include cost estimates for implementation and other economic information as 
required by state water law. 

d. Identify goals and objectives for water recycling and stormwater 
use/recharge and recommend management measures and ways to make the 
best use of these water resources. 

 
Antidegradation Analysis 
 

10. Demonstrate that the projects included in the SMP will satisfy the requirements of 
the State Antidegradation Policy (Resolution No. 68-16).  

 
Preparation of the SMP, Adoption by the members of the Antelope Valley Regional Water 
Management Group and Submittal to Lahontan Regional Water Board 
 

11. Draft the Salt and Nutrient Management Plan. At a minimum, plan will include the 
required elements as described in the State Board’s Recycled Water Policy and as 
detailed in this Scope of Work. 

 
12. Obtain approval/adoption/acceptance of the SMP by the members of the Antelope 

Valley Regional Water Management Group. 
 
13. California Environmental Quality Analysis (CEQA) 

a. Draft appropriate CEQA documents related to the SMP. 
b. Adopt or file CEQA document. 
 

14.  Adoption of SMP by Lahontan Regional Board 
a. Collaborate as necessary with the Lahontan Regional Water Board staff to 

prepare the SMP for adoption into the Lahontan Region’s Basin Plan (could 
include public hearing process, additional CEQA, presentation of SMP to the 
Lahontan Regional Water Board). 

b. Submit final SMP along with final CEQA document(s) to the Lahontan 
Regional Water Board for adoption. 
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Proposed Schedule 
 
Task Description Estimated 

Completion Date 
1a Outreach to RWQCB and Stakeholders July 2009 
1b Convene Initial S/N Management Plan Meeting August 2009 
2 Determine SMP Area Boundaries  January 2010 
3 Current and Future Basin Uses January 2011 
4 Create Groundwater Quality Database July 2010 
5 Data Analysis December 2011 
6 Characterization of Basin January 2012 
7 Develop Monitoring Plan March 2012 
8 Monitoring Implementation Every three years 
9 Identify Implementation Measures  July 2012 
10 Antidegradation Analysis July 2012 
11 Draft S/N Management Plan January 2013 
12 Adoption of SMP by members of AV RWM Group May 2013 
13 Completion of CEQA Documents  August 2013 
14 Submit Final SMP to RWQCB October 2013 
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Antelope Valley Land Use Designations 

 
 
Data Sources 
 
City of Lancaster 
Files from City of Lancaster Planning Department staff, January 2010.   
 
Land Use Codes: 
http://www.cityoflancasterca.org/Modules/ShowDocument.aspx?documentid=9333 
http://www.cityoflancasterca.org/Modules/ShowDocument.aspx?documentid=9323 
GENERAL PLAN 2030 web page: http://www.cityoflancasterca.org/index.aspx?page=427  
 
City of Palmdale 
Files from City of Palmdale Traffic Division/GIS Section staff, May 2010.   
 
Land Use Codes: http://www.cityofpalmdale.org/departments/planning/general_plan/03-
LandUse.pdf 
 
Los Angeles County 
Files from Los Angeles County Waterworks staff, April 2012.   
 
Land Use Codes: 2012 Draft General Plan 2035 
http://planning.lacounty.gov/assets/upl/project/gp_2035_Appendices_C_2012.pdf 
http://planning.lacounty.gov/assets/upl/project/gp_2035_Part2_Chapter3_2012.pdf 
 
Kern County 
General Plan Map (updated 1-13-2012): http://www.co.kern.ca.us/gis/Files/GeneralPlan.zip 
General Plan document: http://pcd.kerndsa.com/planning/planning-documents/general-plans 
 
Floor Area Ratio (FAR) is the ratio of the total covered area on all floors of all buildings to the area 
of the project site. As a formula, FAR = (total covered area on all floors of all buildings)/ (area of the 
project site). 
 
du/ac = dwelling unit(s) per acre 
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Antelope Valley Salt and Nutrient Management Plan
Project Identification Form

Project Name:

Project Sponsor:

Project Contact Person:

Project Contact Phone:

Project Contact Email:

Project Location (include name of sub-basin):

Project Description:

Water Volume Projections (fill in applicable rows)

2010 2015 2020 2025 2030 2035

Recycled Water
(acre-feet/year)

Groundwater

Stormwater

Imported Water, 
raw

Imported Water,
treated

Surface Water

Anticipated Implementation Year: Project Status (check status):

Concept

Planning

Design

Construction

Last revised: 09/17/2013
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Antelope Valley Salt and Nutrient Management Plan
Project Identification Form

Project Name: Amargosa Creek Recharge Project

Project Sponsor: City of Palmdale

Project Contact Person: Gordon Phair

Project Contact Phone: (661) 267-5310

Project Contact Email: gphair@cityofpalmdale.org

Project Location (include name of sub-basin): 20 acres along Amargosa Creek near Elizabeth Lake

Road and 25th St W. Located outside, but upstream of the Lancaster sub-basin.

Project Description: Recharge component that is a part of a larger project, “Upper Amargosa Creek

Flood Control, Recharge and Habitat Restoration Project.” The project includes eight basins to

recharge groundwater using raw State Water Project water and stormwater runoff from the

Amargosa Creek Watershed. Recharge volumes dependent on available supply and annual 

precipitation. Anticipated averages provided below.

Water Volume Projections (fill in applicable rows)

2010 2015 2020 2025 2030 2035

Recycled Water
(acre-feet/year)

Groundwater

Stormwater - 400 400 400 400 400

Imported Water, 
raw - 24,300 24,300 24,300 24,300 24,300

Imported Water,
treated

Surface Water

Anticipated Implementation Year: 2015 Project Status (check status):

Concept

X Planning

Design

Construction
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Antelope Valley Salt and Nutrient Management Plan
Project Identification Form

Project Name: Antelope Valley Water Bank

Project Sponsor: Antelope Valley Water Storage

Project Contact Person: Mark Beuhler

Project Contact Phone: (323) 860-4829

Project Contact Email: MBeuhler@avwaterbank.com

Project Location (include name of sub-basin): Property is located west of Rosamond (Neenach

sub-basin)

Project Description: The project is owned by the Valley Mutual Water Company, which operates

the bank within the structure of the Semitropic-Rosamond Water Bank Authority. At full build-out,

the water banking project will provide up to 500,000 acre-feet of storage and the ability to recharge

and recover up to 100,000 AFY of water for later use when needed. The project recharges water

from the State Water Project into storage using recharge basins and will use new and existing

wells to recover water for delivery and regional conveyances. The project is being constructed in

phases and currently has 320 acres of operational percolation pond capacity.

Water Volume Projections (fill in applicable rows)

2010 2015 2020 2025 2030 2035

Recycled Water
(acre-feet/year)

Groundwater

Stormwater

Imported Water, 
raw 1,300 22,000 22,000 22,000 22,000 22,000

Imported Water,
treated

Surface Water

Anticipated Implementation Year: 2010 Project Status (check status):

Concept

Planning

Design

X Construction
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Project Name: Eastside Banking and Blending Project

Project Sponsor: Antelope Valley East Kern Water Agency (AVEK)

Project Contact Person: Dwayne Chisam

Project Contact Phone: (661) 943-3201

Project Contact Email: dchisam@avek.org

Project Location (include name of sub-basin): Lancaster sub-basin

Project Description: Operational water recharge and recovery site providing a supplemental

potable source of water for the AVEK Eastside Water Treatment Plant. The project will involve

State Water Project water spread over local recharge basins, storing water for future recovery

during dry or drought years. This alternative potable water supply will be used for periodic

substitution or supplementation to the Eastside plant. 

Water Volume Projections (fill in applicable rows)

2010 2015 2020 2025 2030 2035

Recycled Water
(acre-feet/year)

Groundwater

Stormwater

Imported Water, 
raw - 5,000 10,000 10,000 10,000 10,000

Imported Water, 
treated

Surface Water

Anticipated Implementation Year: 2015 Project Status (check status):

Concept

Planning

Design

X Construction
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Project Identification Form

Project Name: Edwards Air Force Base (EAFB) Air Force Research Laboratory Treatment Plant

Project Sponsor: Edwards Air Force Base

Project Contact Person: Amy Frost

Project Contact Phone: (661) 277-1419

Project Contact Email: amy.frost@edwards.af.mil

Project Location (include name of sub-basin): Edwards Air Force Base

Project Description: Secondary wastewater treatment plant. All the effluent is discharged to the

onsite evaporation ponds.

Water Volume Projections (fill in applicable rows)

2010 2015 2020 2025 2030 2035

Recycled Water
(acre-feet/year) 46 46 46 46 46 46

Groundwater

Stormwater

Imported Water, 
raw

Imported Water,
treated

Surface Water

Anticipated Implementation Year: Project Status (check status):

Concept

Planning

Design

Construction
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Antelope Valley Salt and Nutrient Management Plan
Project Identification Form

Project Name: Edwards Air Force Base (EAFB) Main Base Wastewater Treatment Plant

Project Sponsor: Edwards Air Force Base

Project Contact Person: Amy Frost

Project Contact Phone: (661) 277-1419

Project Contact Email: amy.frost@edwards.af.mil

Project Location (include name of sub-basin): Edwards Air Force Base

Project Description: The plant discharges treated domestic wastewater.  The facility can collect,

treat and dispose of a design 24-hour daily average flow of 2.5 million gallons per day (mgd) and a

design peak daily flow of 4.0 mgd from the EAFB areas. The facility is designed to produce tertiary

treated effluent and has the capacity to hold up to 3,000 gallons per day of seepage.

Water Volume Projections (fill in applicable rows)

2010 2015 2020 2025 2030 2035

Recycled Water
(acre-feet/year) 511 511 511 511 511 511

Groundwater

Stormwater

Imported Water, 
raw

Imported Water,
treated

Surface Water

Anticipated Implementation Year: Project Status (check status):

Concept

Planning

Design

Construction
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Project Name: Edwards Air Force Base (EAFB) Evaporation Ponds

Project Sponsor: Edwards Air Force Base

Project Contact Person: Amy Frost

Project Contact Phone: (661) 277-1419

Project Contact Email: amy.frost@edwards.af.mil

Project Location (include name of sub-basin): Edwards Air Force Base (Lancaster sub-basin)

Project Description: The evaporation ponds receive effluent from the EAFB Air Force Research 

Laboratory Treatment Plant and EAFB Main Base Wastewater Treatment Plant.

Water Volume Projections (fill in applicable rows)

2010 2015 2020 2025 2030 2035

Recycled Water
(acre-feet/year) 174 174 174 174 174 174

Groundwater

Stormwater

Imported Water, 
raw

Imported Water,
treated

Surface Water

Anticipated Implementation Year: Project Status (check status):

Concept

Planning

Design

Construction
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Project Name: Edwards Air Force Base (EAFB) Golf Course Irrigation

Project Sponsor: Edwards Air Force Base

Project Contact Person: Amy Frost

Project Contact Phone: (661) 277-1419

Project Contact Email: amy.frost@edwards.af.mil

Project Location (include name of sub-basin): Edwards Air Force Base.  Located above becrock.

Project Description: The golf course is the largest user of recycled water at the EAFB.  It receives

tertiary effluent from the EAFB Main Base Wastewater Treatment Plant as irrigation water during

warmer months of the year. The golf course is located over bedrock and will have limited influence

groundwater quality.  The inclusion of the site is conservative.

Water Volume Projections (fill in applicable rows)

2010 2015 2020 2025 2030 2035

Recycled Water
(acre-feet/year) 383 383 383 383 383 383

Groundwater

Stormwater

Imported Water, 
raw

Imported Water,
treated

Surface Water

Anticipated Implementation Year: Project Status (check status):

Concept

Planning

Design

Construction
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Project Name: Lancaster Water Reclamation Plant Upgrade and Expansion

Project Sponsor: Los Angeles County Sanitation District No. 14

Project Contact Person: Erika DeHollan

Project Contact Phone: (562) 908-4288

Project Contact Email: edehollan@lacsd.org

Project Location (include name of sub-basin): City of Lancaster (Lancaster sub-basin)

Project Description: The upgrade and expansion project was completed in 2012. The major

components were upgraded wastewater treatment facilities, recycled water management facilities,

and municipal reuse. Wastewater treatment processes were upgraded to meet tertiary recycled

water requirements prescribed in CDPH’s Title 22.

Water Volume Projections (fill in applicable rows)

2010 2015 2020 2025 2030 2035

Recycled Water
(acre-feet/year) - 17,000 18,500 20,000 21,500 23,000

Groundwater

Stormwater

Imported Water, 
raw

Imported Water,
treated

Surface Water

Anticipated Implementation Year: Project Status (check status):

Concept

Planning

Design

Construction
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Project Name: Lancaster Water Reclamation Plant Eastern Agricultural Site

Project Sponsor: Los Angeles County Sanitation District No. 14

Project Contact Person: Erika DeHollan

Project Contact Phone: (562) 908-4288

Project Contact Email: edehollan@lacsd.org

Project Location (include name of sub-basin): City of Lancaster (Lancaster sub-basin)

Project Description: Existing agricultural site using recycled water produced by the Lancaster

Water Reclamation Plant.  Per Regional Board requirements, recycled water is applied to the crops

at agronomic rates, based on the needs of the crop plant, with respect to water and nitrogen, to 

minimize deep percolation from the root zone to the groundwater table of the applied recycled 

water.  

Water Volume Projections (fill in applicable rows)

2010 2015 2020 2025 2030 2035

Recycled Water
(acre-feet/year) 1,000 10,500 11,500 11,200 11,700 10,900

Groundwater

Stormwater

Imported Water, 
raw

Imported Water,
treated

Surface Water

Anticipated Implementation Year: Project Status (check status):

Concept

Planning

Design

Construction

Last revised: 09/17/2013
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Project Name: Lancaster Water Reclamation Plant environmental maintenance reuse

Project Sponsor: Los Angeles County Sanitation District No. 14

Project Contact Person: Erika DeHollan

Project Contact Phone: (562) 908-4288

Project Contact Email: edehollan@lacsd.org

Project Location (include name of sub-basin): Lancaster sub-basin

Project Description: Disinfected tertiary recycled water produced by the Lancaster WRP is used for 

environmental maintenance at Apollo Community Regional Park (Apollo Park) and Piute Ponds.  

Since 1972, Apollo Park has been using recycled water to fill a series of lakes that are used for 

recreational fishing and boating. Piute Ponds are located on Edwards Air Force Base Property and 

uses recycled water to maintain marsh-type habitat. Flows below do not include water from 

Apollo Park lakes that is used for landscape irrigation within the park.  

Water Volume Projections (fill in applicable rows)

2010 2015 2020 2025 2030 2035

Recycled Water
(acre-feet/year)

(plant upgrades 
were completed

in 2012)
5,700 5,700 5,700 5,700 5,700

Groundwater

Stormwater

Imported Water, 
raw

Imported Water,
treated

Surface Water

Anticipated Implementation Year: Project Status (check status):

Concept

Planning

Design

Construction

Last revised: 09/17/2013
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Project Name: Multi-use/Wildlife Habitat Restoration Project

Project Sponsor: Wagas Land Company, LLC.

Project Contact Person: Ed Renwick

Project Contact Phone: (213) 628-7131

Project Contact Email: erenwick@hanmor.com

Project Location (include name of sub-basin): Northern LA County bounded by Avenue A,

35th St W, Avenue A-8 and the Interstate 14 Freeway (Lancaster sub-basin).

Project Description: AV Duck Hunting Club in both Kern/LA County, started in 1925. The AV region

is a flyaway zone for many migratory birds flying south and the Wagas Land Company has been

preserving habitat. The Club is proposing to replace their potable water use with recycled water.

The Club would allow Waterworks to use a portion of the property for banking.

Water Volume Projections (fill in applicable rows)

2010 2015 2020 2025 2030 2035

Recycled Water
(acre-feet/year) - - 2000 2000 2000 2000

Groundwater 1000 1000 - - - -

Stormwater

Imported Water, 
raw

Imported Water,
treated

Surface Water

Anticipated Implementation Year: 2016 Project Status (check status):

X Concept

Planning

Design

Construction
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Antelope Valley Salt and Nutrient Management Plan
Project Identification Form

Project Name: North Los Angeles/Kern County Regional Recycled Water Project

Project Sponsor: LA County Waterworks District No. 40, City of Lancaster, City of Palmdale

Project Contact Person:

Project Contact Phone:

Project Contact Email:

Project Location (include name of sub-basin): Lancaster and Pearland Sub-basins

Project Description: The recycled water project is the backbone for a regional recycled water 

distribution system in the Antelope Valley.  The proposed system is sized to distribute recycled 

water throughout the service area and also deliver recycled water for recharge areas.  Construction 

is phased over time and portions are already complete. The first phase (1A) was implemented in 

2009.  The flow projection below is based on project components being complete and excludes 

flows to the Palmdale Hybrid Power Plant (3,100 AFY) and groundwater recharge.

Water Volume Projections (fill in applicable rows)

2010 2015 2020 2025 2030 2035

Recycled Water
(acre-feet/year) 3 700 1,800 3,600 4,700 7,100

Groundwater

Stormwater

Imported Water, 
raw

Imported Water,
treated

Surface Water

Anticipated Implementation Year: 2009 Project Status (check status):

Concept

Planning

X Design

X Construction
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Antelope Valley Salt and Nutrient Management Plan
Project Identification Form

Project Name: Palmdale Hybrid Power Plant Project

Project Sponsor: City of Palmdale

Project Contact Person: Gordon Phair

Project Contact Phone: (661) 267-5310

Project Contact Email: gphair@cityofpalmdale.org

Project Location (include name of sub-basin): City of Palmdale, Lancaster Sub-basin

Project Description: Construction of 570 Mega-Watt electricity generating facility. The power plant

will be a hybrid design, utilizing natural gas combined cycle technology and solar thermal

technology. The plant is projected to use approximately 3,400 AFY of recycled water and will

employ “zero liquid discharge” design.

Water Volume Projections (fill in applicable rows)

2010 2015 2020 2025 2030 2035

Recycled Water
(acre-feet/year) - - 3,400 3,400 3,400 3,400

Groundwater

Stormwater

Imported Water, 
raw

Imported Water,
treated

Surface Water

Anticipated Implementation Year: 2016 Project Status (check status):

Concept

Planning

Design

X Construction
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Project Identification Form

Project Name: Palmdale Recycled Water Authority Recycled Water Project

Project Sponsor: Palmdale Recycled Water Authority

Project Contact Person:

Project Contact Phone:

Project Contact Email:

Project Location (include name of sub-basin): Lancaster, Buttes, and Pearland Sub-basins

Project Description: The recycled water project is the recycled water distribution system for the 

Palmdale Recycled Water Authority (PRWA).  Construction is phased over time and the first 

portion to serve McAdam Park was completed and implemented in 2012.  

Water Volume Projections (fill in applicable rows)

2010 2015 2020 2025 2030 2035

Recycled Water
(acre-feet/year) 0 80 1000 1000 2300 3500

Groundwater

Stormwater

Imported Water, 
raw

Imported Water,
treated

Surface Water

Anticipated Implementation Year: 2012 Project Status (check status):

Concept

Planning

X Design

X Construction

Last revised: 09/17/2013
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Antelope Valley Salt and Nutrient Management Plan
Project Identification Form

Project Name: Palmdale Water Reclamation Plant Upgrade and Expansion

Project Sponsor: Los Angeles County Sanitation District No. 20

Project Contact Person: Erika DeHollan

Project Contact Phone: (562) 908-4288

Project Contact Email: edehollan@lacsd.org

Project Location (include name of sub-basin): City of Palmdale (Lancaster sub-basin)

Project Description: The upgrade and expansion project was completed in 2011. The major

components were upgraded wastewater treatment facilities, recycled water management facilities,

and municipal reuse. Wastewater treatment processes were upgraded to meet tertiary recycled

water requirements prescribed in CDPH’s Title 22.

Water Volume Projections (fill in applicable rows)

2010 2015 2020 2025 2030 2035

Recycled Water
(acre-feet/year) - 11,000 12,000 12,000 13,000 13,000

Groundwater

Stormwater

Imported Water, 
raw

Imported Water,
treated

Surface Water

Anticipated Implementation Year: Project Status (check status):

Concept

Planning

Design

Construction
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Project Name: Palmdale Water Reclamation Plant Agricultural Site

Project Sponsor: Los Angeles County Sanitation District No. 20

Project Contact Person: Erika DeHollan

Project Contact Phone: (562) 908-4288

Project Contact Email: edehollan@lacsd.org

Project Location (include name of sub-basin): City of Palmdale (Lancaster sub-basin)

Project Description: Existing agricultural site using recycled water produced by the Palmdale Water

Reclamation Plant.  Per Regional Board requirements, recycled water is applied to the crops at

agronomic rates, based on the needs of the crop plant, with respect to water and nitrogen, to

minimize deep percolation of the applied recycled water from the root zone to the groundwater 

table.  Additional land acquired for future agricultural operations with infrastructure in place, but not 

currently used.

Water Volume Projections (fill in applicable rows)

2010 2015 2020 2025 2030 2035

Recycled Water
(acre-feet/year) 7,600 10,200 6,400 7,400 4,100 800

Groundwater

Stormwater

Imported Water, 
raw

Imported Water,
treated

Surface Water

Anticipated Implementation Year: Project Status (check status):

Concept

Planning

Design

Construction

Last revised: 09/17/2013
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Antelope Valley Salt and Nutrient Management Plan
Project Identification Form

Project Name: Rosamond Community Services District Wastewater Treatment Plant 

Project Sponsor: Rosamond Community Services District (RCSD)

Project Contact Person: Mike Gilardone

Project Contact Phone: (661) 816-5184

Project Contact Email: mgilardone@rosamondcsd.com

Project Location (include name of sub-basin): Rosamond (Lancaster sub-basin)

Project Description: The plant, owned and operated by RCSD, produces both secondary and

tertiary treated recycled water. The capacity of the secondary treatment is 1.3 mgd, while the 

tertiary capacity is 0.5 mgd. The design to upgrade the tertiary treatment capacity to 1.0 mgd is

complete. However, the construction is on hold indefinitely due to lack of funding.  

Water Volume Projections (fill in applicable rows)

2010 2015 2020 2025 2030 2035

Recycled Water
(acre-feet/year) 560 560 560 560 560 560

Groundwater

Stormwater

Imported Water, 
raw

Imported Water,
treated

Surface Water

Anticipated Implementation Year: Project Status (check status):

Concept

Planning

Design

Construction
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Antelope Valley Salt and Nutrient Management Plan
Project Identification Form

Project Name: RCSD Wastewater Treatment Plant Evaporation Ponds

Project Sponsor: Rosamond Community Services District (RCSD)

Project Contact Person: Mike Gilardone

Project Contact Phone: (661) 816-5184

Project Contact Email: mgilardone@rosamondcsd.com

Project Location (include name of sub-basin): Rosamond (Lancaster sub-basin)

Project Description: The evaporation ponds receives effluent from the RSCD Wastewater

Treatment Plant.

Water Volume Projections (fill in applicable rows)

2010 2015 2020 2025 2030 2035

Recycled Water 
(acre-feet/year) 560 560 560 560 560 560

Groundwater

Stormwater

Imported Water, 
raw

Imported Water,
treated

Surface Water

Anticipated Implementation Year: Project Status (check status):

Concept

Planning

Design

Construction
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Antelope Valley Salt and Nutrient Management Plan
Project Identification Form

Project Name: Water Supply Stabilization Project (WSSP-2)

Project Sponsor: Antelope Valley East Kern Water Agency (AVEK)

Project Contact Person: Dwayne Chisam

Project Contact Phone: (661) 943-3201

Project Contact Email: dchisam@avek.org

Project Location (include name of sub-basin): Lancaster sub-basin

Project Description: Imported water stabilization program that utilizes SWP water delivered to the

Antelope Valley Region’s west side for groundwater recharge during wet years for supplemental

supply required during summer peaking demand and anticipated dry years. This project includes

facilities necessary for the delivery of untreated water for direct recharge (percolation basins) and

includes wells and pipeline for raw water and treated water conveyance.

Water Volume Projections (fill in applicable rows)

2010 2015 2020 2025 2030 2035

Recycled Water
(acre-feet/year)

Groundwater

Stormwater

Imported Water, 
raw

Imported Water,
treated

Surface Water 10,000 25,000 25,000 25,000 25,000 25,000

Anticipated Implementation Year: Project Status (check status):

Concept

Planning

Design

Construction
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STAFF REPORT 

SALT AND NUTRIENT MANAGEMENT PLAN 
FOR THE ANTELOPE VALLEY GROUNDWATER BASIN AND 
UPDATE ON THE STATUS OF SALT/NUTRIENT PLANNING  

IN THE LAHONTAN REGION 
 

This report provides a synopsis of the Salt and Nutrient Management Plan (SNMP) 
prepared for the Antelope Valley groundwater basin and outlines staff recommendations 
to accept this plan without the need to prepare a Basin Plan amendment.  This 
recommendation is based in part on: (1) groundwater in the greater Antelope Valley 
groundwater basin is generally of good quality; (2) water quality objectives (WQOs) are 
expected to be met for all constituents throughout the 25-year planning period; and (3) 
no changes to WQOs are proposed at this time.  This report also provides background 
information regarding the underlying basis for, and requirements applicable to, the 
development and implementation of SNMPS including an update on the status of 
salt/nutrient management planning within the Lahontan Region.   
 
RECYCLED WATER POLICY 
 
In February 2009, the State Water Resources Control Board (State Water Board) 
adopted the “Recycled Water Policy” under State Water Board Resolution No. 2009-
0011(hereinafter referred as the “Policy”). The Policy was later amended under State 
Water Board Resolution 2013-0003 (January 2013) to include specific monitoring 
requirements for constituents of emerging concern (CECs).  For reference, a copy of the 
Policy, as amended, is included in Attachment 1.   
 
Through the Policy, the State Water Board recognizes the beneficial uses of recycled 
water and, when used in a manner consistent with state and federal water quality laws, 
recognizes recycled water as a drought-proof and reliable water source to help move 
the state towards a sustainable water future.  To that end, the purpose of the Policy is to 
increase the use of recycled water from municipal wastewater sources, and to provide 
direction to the Regional Water Quality Control Boards (Regional Water Boards), 
proponents of recycled water projects, and the public regarding the appropriate criteria 
to be used by the State Water Board and the Regional Water Boards in issuing permits 
for recycled water projects.  The Policy also establishes statewide goals to increase the 
volume of recycled water available for reuse, enhance storm water management and 
increase storm water use, and improve urban and industrial water conservation efforts 
all in an effort to move towards the sustainable water future end goal.  
 
One concern about increasing the use of recycled water is the potential impact on water 
quality (i.e. salt and nutrient loading, constituents of emerging concern [CEC], 
synergistic effects between CECs with other constituents, etc.). Some groundwater 
basins in the state contain salts and nutrients that already exceed or threaten to exceed 
WQOs established in the applicable Water Quality Control Plans (Basin Plans), and use 
of recycled water could exacerbate that problem.  Not all Basin Plans include adequate 
implementation programs for achieving or ensuring compliance with the WQOs for salts 
and nutrients, and most are often only addressing the issues of salts and nutrients on a 
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permit-by-permit basis, without looking at the basin as a whole or looking ahead at the 
needs and changes that may be putting additional pressures on groundwater use.  One 
of the key elements of the Policy is the requirement to develop a SNMP for every 
groundwater basin within the state.  Because recycled water may not be the sole source 
of increasing concentrations of salts and nutrients in groundwater basins, the intent of 
this requirement is for salts and nutrients from all sources to be managed on a basin-
wide or watershed-wide basis in a manner that ensures the attainment of WQOs and 
protection of beneficial uses.  Potential sources of salts and nutrients include naturally 
occurring salts and minerals in soils and bedrock, discharges of waste from land uses 
(such as agricultural, industrial, commercial, and/or residential), irrigation return flows 
(which could originate from surface water, groundwater, and/or recycled water), and 
water banking projects (source waters include State Water Project water, recycled 
water, and/or storm water).  The Regional Water Boards will then consider incorporation 
of all or part of the SNMPs into their respective Basin Plans, such as to add or change 
numeric WQOs, to establish and implement control measures to assure attainment of 
WQPs, or to include new waste discharge prohibitions.   
 
In summary, the Policy specifies that: 
 

a. Every groundwater basin/sub-basin in the state shall have a consistent 
SNMP, but that the degree of specificity of each plan will be dependent upon 
a variety of basin-specific factors; 
 

b. The SNMP shall be tailored to address the water quality concerns specific to 
that particular basin/sub-basin such as size and complexity of the basin, 
source water quality, natural recharge, hydrogeology, existing quality of 
groundwater, land uses, etc.; 

 

c. The SNMP shall be developed and/or funded by local stakeholders pursuant 
to the provisions of the California Water Code sections 10750 et seq. or other 
appropriate authority and with participation by Regional Water Board staff; 

 

d. A SNMP is not required in areas where a Regional Water Board has 
approved a functionally equivalent salt/nutrient plan; 

 

e. The SNMP may address constituents other than salts and nutrients that 
adversely affect groundwater quality; 

 
f. The SNMP shall be completed and proposed to the Regional Water Board by 

May 2014 or an extension of up to two years may be granted by the Regional 
Water Board or its Executive Officer with demonstrated progress; and 

 

g. Within one year of the receipt of a proposed SNMP, the Regional Water 
Board will consider incorporation of all or part of the plan into the respective 
Basin Plan.   
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The Policy is clear that development of the SNMP is to be a stakeholder-driven, 
collaborative process among local water and wastewater entities, local salt/nutrient 
contributing stakeholders, and all other interested parties/stakeholders.  The Regional 
Water Board’s role in that process is to oversee and facilitate, provide regulatory 
guidance and technical oversight, and to ensure that the final SNMP complies with 
requirements of the Policy, the Basin Plan, and with other applicable state and federal 
water quality laws. 
 
OUR STRATEGY FOR SALT/NUTRIENT PLANNING  
 
There are a total of 345 groundwater basins identified within the Lahontan Region.  To 
help focus our salt/nutrient planning efforts, the State Water Board has recommended 
priority basins in our Region based on its Groundwater Ambient Monitoring and 
Assessment (GAMA) data.  A number of factors were considered in the identification of 
priority basins, including: those with public supply wells; municipal groundwater 
pumping; agricultural groundwater withdrawals; high risk of water quality impacts (e.g., 
leaking underground storage tank sites, high rates of pesticide applications); high 
potential for water recycling; and those with available groundwater data.  Basin size was 
also considered in order to capture 60% of the land area in the state as priority basins. 
The ten priority groundwater basins identified in the Lahontan Region are: Antelope 
Valley (6-44); Lower, Middle, and Upper Mojave River Valley (6-40, 6-41, and 6-42, 
respectively); Owens Valley (6-12); Tahoe Valley (6-5); Indian Wells Valley (6-54); 
Honey Lake Valley (6-4); Martis Valley (6-67); and Tehachapi Valley East (6-45).  For 
the purposes of salt/nutrient planning, our strategy is to focus our initial efforts on these 
ten priority groundwater basins.   
 
At the October 2011 Lahontan Regional Water Quality Control Board (Water Board) 
meeting, staff outlined our strategy for addressing salt/nutrient planning in the Lahontan 
Region, which is to work with our seven Integrated Regional Water Management 
(IRWM) groups to address the priority groundwater basins on a watershed-scale.  The 
IRWM framework provides a watershed-based approach for addressing water supply, 
water quality, flood control, land use, and environmental resource management.  The 
IRWM groups also have an established and engaged network of stakeholders, a 
required component of the Policy for the development of a SNMP.  Basins not identified 
as priorities will be grouped and addressed either by IRWM groups or by Water Board 
staff, as appropriate, and as resources allow.  
 
The Water Board has requested IRWM groups to present their proposed SNMPs.  At 
these meetings, the Water Board members can provide input to the IRWM groups 
before they finalize their plans.  To date, two groups (Antelope Valley and Mojave) have 
presented to the Water Board the scope and content of their plans. 
 
Another component of our strategy is a team evaluation of draft SNMPs as they are 
submitted to the Water Board for review.  The review is a three-pronged approach that 
includes administrative (i.e. meets the minimum requirements per the Recycled Water 
Policy), technical/anti-degradation analysis, and Basin Plan compliance components.  
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One staff person will be designated per SNMP/IRWM group to coordinate the team of 
reviewers. Staff is using checklists to help ensure consistency of review.   
At the March 2014 Water Board meeting, staff presented our recommendations for 
accepting the completed SNMPs.  For those SNMPs not consistent with the Basin Plan, 
the Basin Plan amendment process will be followed to consider possible changes to 
WQOs or to incorporate implementation measures for managing salts/nutrients. 
Otherwise, for those SNMPs consistent with the Basin Plan, the Board has delegated to 
the Executive Officer the authority to accept the plan without formal approval from the 
Water Board, but has advised staff that they want the opportunity to hear the findings of 
the plan at a future Board meeting. 
  
Extensions to the May 2014 deadline for completion of the SNMPs are necessary for all 
of the priority groundwater basins.  As part of the March 2014 update to the Board on 
the status of SNMPs in the Region, staff recommended a process for consideration of 
these time extensions whereby the IRWM/SNMP group requests a time extension from 
the Executive Officer and provides (1) an explanation of why the extension is needed, 
(2) a summary of progress to date, (3) a summary of stakeholder involvement, and (4) 
an estimate of how much additional time is requested.  Based on the information 
provided, the Executive Officer either grants or denies the extension.  The Water Board 
members agreed with the recommended extension process.  Staff informed the various 
IRWM and stakeholder groups of the extension request process in an email letter on 
May 22, 2014 (Attachment 2).   
 
STATUS UPDATE FOR SALT/NUTRIENT PLANNING IN THE REGION 
 
Our staff has been regularly attending the stakeholder meetings for the different IRWM 
groups in the region and providing regulatory support and information, as necessary.  
The status of the IRWM groups in developing SNMPs for the ten priority basins is 
summarized in Attachment 3.  To date, the Antelope Valley and Mojave IRWM groups 
have presented to the Water Board the scope and content of their SNMPs to get 
concurrence from the Board before continuing to develop and draft the plans.  Other 
IRWM groups are interested in this same opportunity. Thus, in early 2015, the Water 
Board may hear presentations on the scope and content of the SNMPs for the Indian 
Wells Valley, Tehachapi East Valley, Honey Lake Valley, and Tahoe Valley basins.  
Extension requests to the May 2014 deadline for completion of the SNMPs have been 
granted for the Antelope Valley, Indian Wells Valley, and Honey Lake Valley basins, and 
extension requests are underway for the Tahoe Valley and Mojave River Valley basins. 
The Antelope Valley IRWM group submitted its draft SNMP to Water Board staff for 
review on May 14, 2014.   
 
THE ANTELOPE VALLEY SALT AND NUTRIENT MANAGEMENT PLAN 
 
The Antelope Valley SNMP was prepared primarily by staff from the Los Angeles 
County Waterworks Districts and the Sanitation Districts of Los Angeles County with 
cooperation from the stakeholders of the Antelope Valley IRWM group (Waterworks et 
al. 2014).  The SNMP establishes the existing (baseline) quality of groundwater for 9 of 
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the 12 sub-basins with respect to arsenic, boron, chloride, fluoride, nitrate as nitrogen, 
total chromium, and total dissolved solids (TDS); water quality data for the three 
remaining sub-basins (Chaffee, Finger Buttes, and Oak Creek) is not currently 
available. Data for a 10-year period from 2001 through 2010 was used to establish 
baseline water quality.  For each of these constituents, the SNMP identified water 
quality management goals that represent the most restrictive standard to protect either 
Municipal and Domestic Supply (MUN) or Agricultural Supply (AGR) beneficial uses.  
With the exception of the constituents of arsenic, nitrate, and total chromium, water 
quality management goals necessary to protect the AGR beneficial uses are more 
conservative than the objectives necessary to protect MUN beneficial use.  Figure 1 is a 
map showing the Antelope Valley groundwater basin and the individual sub-basin 
boundaries.  
 

 
Figure 1. Map of the Antelope Valley groundwater basin and sub-basins; modified from 
Waterworks et al. 2014. 

 
Assimilative capacity is the natural capacity of a body of water to dilute and absorb 
pollutants and prevent water quality impairment.  For the purposes of the SNMP, 
assimilative capacity was defined as the difference between the water quality 
management goal, which is the upper limit needed to protect beneficial uses, and the 
baseline water quality concentration for a given constituent.  The SNMP identifies that 
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there are several sub-basins where baseline water quality for certain constituents 
already exceeds the water quality management goal and there is no assimilative 
capacity at this time for that constituent.  These current exceedances are localized and 
attributed to naturally occurring conditions and not anthropogenic sources.  Table 1 
summarizes the findings of the SNMP regarding presence or absence of assimilative 
capacity for the six constituents in each of the groundwater sub-basins, depending on 
whether the beneficial use is MUN or AGR.  
 

TABLE 1 – IS ASSIMILATIVE CAPACITY AVAILABLE?    
Yes () or No (X) 

Constituent 
Arsenic 
(µg/L) 

Boron 
(mg/L) 

Chloride 
(mg/L) 

Fluoride 
(mg/L) 

Nitrate 
(mg/L) 

Total 
Chromium 

(µg/L) 

TDS              
(mg/L) 

Water 
Quality 
Management 
Goal  

AGR MUN AGR MUN AGR MUN AGR MUN MUN MUN AGR MUN MUN 

100 10 0.7 1 238 250 1 2 10 50 450 500 1000 

Buttes              
Gloster  X            
Lancaster              
Neenach  X            
North Muroc  X X        X X  
Pearland              
Peerless  X X    X    X X  
W. Antelope   X           
Willow Spg.  X            
Average 
Antelope 
Valley Basin 

             

Notes: AGR is agricultural supply.     MUN is municipal or domestic supply. 
 mg/L is milligrams per liter.     µg/L is micrograms per liter. 

 

As illustrated in Table 1, arsenic, boron, fluoride, and TDS exceed one or both water 
quality goals in one or more sub-basins; therefore, there is no assimilative capacity for 
these constituents in those sub-basins with respect to the specific beneficial use.  
However, these exceedances do not appear to be associated with a known waste 
discharge from any of the projects identified in the SNMP.  In addition, all of these 
constituents are naturally occurring in the soil and bedrock within the basin, and their 
presence in the groundwater is to be expected.  The SNMP specifies that no new 
projects that have the potential to contribute a salt or nutrient load are planned or 
proposed in those sub-basins where the water quality management goals are currently 
exceeded.   
 
To further illustrate, Figure 2 summarizes the background concentrations and water 
quality management goals for arsenic in each of the groundwater sub-basins where 
data is available.  The drinking water standard for arsenic is 10 micrograms per liter 
(µg/L) and is the selected water quality management goal protective of MUN beneficial 
uses.  The crop-sensitivity standard for arsenic is 100 µg/L and is the water quality 
management goal protective of AGR beneficial uses.  From the graph, you can see that 
baseline water quality for arsenic exceeds the MUN water quality management goal in 
the Gloster, Neenach, North Muroc, Peerless, and Willow Springs sub-basins, and, 
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therefore, there is no assimilative capacity for arsenic in regards to the MUN beneficial 
use in these sub-basins.  Conversely, across the entire Antelope Valley groundwater 
basin, baseline water quality for arsenic is well below the 100 µg/L threshold for the 
AGR water quality goal; therefore, assimilative capacity for arsenic exists, and 
additional sources of arsenic can be accommodated without impacting AGR beneficial 
uses.  Arsenic is naturally found in the rocks and soils of the Antelope Valley and these 
localized, elevated concentrations in the groundwater have been previously 
documented (Schmitt et. al 2009).  The concentration of arsenic averaged across the 
Antelope Valley groundwater basin is 9.66 µg/L. 

Arsenic and TDS were identified by the model as having a potential to significantly 
impact the basin and beneficial uses and are the only SNMP constituents expected to 
exceed a concentration greater than the background concentration plus 20% of the 
assimilative capacity during the 25-year planning period.  Of the source waters 
evaluated, imported water (State Water Project water) has the highest contributing 
concentration of arsenic (3.8 µg/L), and recycled water has the highest contributing 
concentration of TDS (500 milligrams per liter [mg/L]).    
 
The model developed for the SNMP is a completely mixed model of the principal aquifer 
and is too coarse to drill down to the sub-basin level with the data currently available.  
The model does; however, provide broad conclusions regarding the effects of salt and 
nutrient loading on the overall quality of groundwater as averaged across the greater 
Antelope Valley basin. Six different scenarios were tested with the model and linear 
regressions were performed to predict for the constituents of arsenic and TDS (1) in 
which year water quality could potentially reach or exceed the water quality 
management goal for both MUN and AGR beneficial uses, and (2) the water quality 
concentrations of the groundwater in the year 2110.  The model predicts that for each 
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Figure 2.  Graph of baseline arsenic concentrations in each groundwater 
sub-basin; modified from Waterworks et al. 2014. 
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scenario, the average TDS concentrations in the greater Antelope Valley basin will not 
exceed the AGR water quality management goal of 450 mg/L for at least 110 years.  
Therefore, it appears that there is ample time to plan for salt management measures 
before a critical situation arises.  The average arsenic concentrations, on the other 
hand, could potentially exceed the MUN water quality management goal of 10 µg/L in 
the greater Antelope Valley basin in as early as 47 years, but not within the 25-year 
planning period of the SNMP.  It is widely understood that arsenic is naturally occurring 
within the basin; however, modeling predicts that implementation of recharge projects 
that utilize State Water Project water are also expected to contribute to arsenic loading 
in the groundwater.  While arsenic concentrations will likely continue to be a concern, 
water purveyors are currently managing supply through well-head treatment and 
blending practices, and these practices are expected to continue to ensure that the 
public supply meets drinking water standards.  Though the SNMP model is not currently 
capable of evaluating salt/nutrient loading on a sub-basin level, it is a tool that will be 
refined and improved over time as additional data are collected.   
 
An anti-degradation analysis was performed to determine whether the existing and 
proposed recycled and recharge projects identified in the SNMP, if implemented, will 
satisfy State Water Board Resolution No. 68-16 (herein referred to as the “Anti-
Degradation Policy”). In most cases, the analysis found that there will be no significant 
degradation of groundwater quality with implementation of the SNMP projects with the 
exception of arsenic, as discussed above.  However, the model is inherently 
conservative by assuming that all applied arsenic will reach groundwater and does not 
account for natural attenuation processes or dilution effects with return flows.   
 
The SNMP monitoring program is designed to track changes of salt/nutrient and other 
constituent concentrations over time and to evaluate if those changes are consistent 
with the model predictions.  The monitoring program will be used to determine whether 
implemented measures to manage salt/nutrient constituents in groundwater basins are 
beneficial and/or cost effective and if additional measures are needed.  The SNMP 
monitoring program focuses on monitoring groundwater quality in those sub-basins 
where known recycled water and recharge projects exist or are planned.  Those sub-
basins include Buttes, Lancaster, Neenach, and Pearland sub-basins (see Figure 1).   
The monitoring network initially consists of 32 water supply wells, with a minimum of 
three wells selected per sub-basin.  If/when new projects that have the potential to 
contribute a salt or nutrient load to the groundwater are proposed, the project proponent 
shall designate one or more groundwater well (existing or new) for inclusion in the 
SNMP monitoring program.  Imported and recycled source waters are monitored by 
purveyors or monitored at the applicable treatment plant.  The results of that monitoring 
will also be included in the SNMP monitoring program. 
 
Water quality analyses will be performed for each well annually, and the results of the 
monitoring will be reported to the Regional Board every three years (tri-annually).  The 
first tri-annual report is expected in 2018.  For now, reporting responsibilities will fall on 
the IRWM group.  However, it seems reasonable that a court-appointed watermaster 
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could take on that responsibility in the future once the basin adjudication process has 
been settled.     
 
Constituents to be monitored include arsenic, boron, chloride, fluoride, nitrate, total 
chromium, and TDS.  CECs (e.g., endocrine disrupters, personal care products, and 
pharmaceuticals) or other constituents may be added to the monitoring program at a 
later time, as appropriate.  The CEC monitoring requirements prescribed in the 
Recycled Water Policy pertain to the production and use of recycled water for 
groundwater recharge by surface and subsurface application methods, and not for 
recycled water used for landscape irrigation due to the low risk for ingestion of the 
water.  All of the existing and proposed groundwater recharge projects evaluated in the 
SNMP will not use recycled water and will recharge either storm water or import water 
sources; therefore, CEC monitoring is not included in the SNMP monitoring program at 
this time.  If/when, in the future, the State Water Board prescribes CEC monitoring 
requirements for uses of recycled water other than for groundwater recharge, the SNMP 
will be revised, as appropriate.     
 
One of the goals of the SNMP is to evaluate if the observed changes in groundwater 
quality over time are consistent with the model predictions.  This evaluation is 
necessary to assess whether salts/nutrients are being effectively managed to meet the 
water quality management goals or if additional implementation measures are 
necessary to manage constituent loads.  The IRWM group stakeholders currently 
implement a variety of measures to manage salt and nutrient loading in the basin, which 
are described in detail in the SNMP (Waterworks et. al 2014).  Those implementation 
measures fall under several broad categories including: (1) municipal and onsite 
wastewater management; (2) recycled water and responsible irrigation practices; (3) 
groundwater management; and (4) agricultural practices.  For instance, several of the 
wastewater treatment plants have undergone upgrades from secondary to tertiary 
treatment processes for all or a portion of the effluent.  These upgrades have led to a 
significant reduction in nitrate and overall reductions in total nitrogen and TDS 
concentrations in the recycled water produced at these plants. Water purveyors are 
currently managing arsenic concentrations in supply water through well-head treatment 
and blending practices; these practices will continue in the future to ensure that the 
public water supply meets drinking water standards.  Agricultural site managers 
currently perform annual soil testing to refine crop-specific nutrient needs, and drip 
irrigation systems are used at some sites to manage water quantities.   
 
WHAT ARE THE BENEFITS OF THE ANTELOPE VALLEY SALT AND NUTRIENT 
MANAGEMENT PLAN? 
 
The SNMP establishes background water quality data for 9 of the 12 sub-basins in the 
Antelope Valley groundwater basin and documents that there are several sub-basins 
where there is no assimilative capacity for one or more salt/nutrient constituents due to 
naturally occurring conditions.  While this background data has existed, and currently 
exists, in various public databases, this is the first time that the data has been 
assembled to develop a basin-wide set of background water quality data.  This 

5-210



Antelope Valley Salt and - 10 - November 2014 
Nutrient Management Plan 
 
background data can be used to support future permitting decisions in the Antelope 
Valley, as outlined below. 
 

1. It will provide a better understanding of the spatial variability of water quality 
throughout the greater Antelope Valley basin and its sub-basins. 
 

2. It will help to identify data gaps and areas where future monitoring may be 
needed. 
 

3. Proponents of new projects proposed in an area or sub-basin where data gaps 
exist shall be required to establish an adequate set of background water quality 
data as part of the Report of Waste Discharge (ROWD). 
 

4. It can be used to inform decisions to restrict, prohibit, or require additional 
treatment for discharges from new projects in sub-basins where little to no 
assimilative capacity exists if the discharge has the potential to increase the load 
of the salt/nutrient constituent of concern.   
 

5. Proponents of new projects that have the potential to increase the load of a 
salt/nutrient constituent should be required to participate in the IRWM group and 
contribute to the further implementation of the SNMP as part of the ROWD. 

 
Additionally, the SNMP can be used to help inform our understanding of potential water 
quality impacts associated with existing aquifer recharge projects.  While there is no 
formal Board resolution, the Water Board historically has not regulated projects that 
recharge State Water Project water.  For example, the Antelope Valley Banking Project 
(Project) is an existing project located in the Neenach sub-basin where there is no 
assimilative capacity for arsenic.  The Project recharges imported State Water Project 
water and is being constructed in phases.  So far, 320 acres of the available 1,500 
acres of percolation ponds are constructed and have been in operation for the last 2 to 
3 years.  At full build out, the Project will be able to recharge and recover up to 100,000 
acre-feet per year.  Of the source waters evaluated in the SNMP, State Water Project 
water has highest contributing concentration of arsenic, 3.8 µg/L on average.  However, 
baseline water quality for the Neenach sub-basin is based on pre-Project water quality 
data collected between 2001 and 2010; therefore, the Project did not discharge during 
the background data set period.  Nonetheless, the Project, as implemented, has the 
potential to load arsenic into a sub-basin where there is no assimilative capacity.  This 
critical information would not have been known without the background water quality 
data and analyses provided by the Antelope Valley SNMP.   

 
RECOMMENDATIONS TO THE WATER BOARD 
 
Water Board staff recommends the following to the Water Board. 
 

1. Accept the Antelope Valley SNMP with no amendment to the Basin Plan based 
on the following rationale: 
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a. The plan contains the required elements per the Recycled Water Policy 
and was prepared with stakeholder input; 
 

b. The plan adequately defines baseline water quality for the various sub-
basins where data is available; 

 

c. The Anti-Degradation Analysis meets the requirements of the Anti-
Degradation Policy;  

 

d. The plan documents that groundwater quality in the greater Antelope 
Valley basin is generally of good quality; 

 

e. Modelling predicts that assimilative capacity in the greater Antelope Valley 
Basin will be maintained for all constituents throughout the 25-year 
planning period;  

 

f. No new projects that have the potential to contribute a salt or nutrient load 
are planned or proposed in those sub-basins where the water quality 
management goals are currently exceeded; and 

  
g. No changes to WQOs are proposed at this time. 

 
2. Direct the Executive Officer to send a letter of acceptance of the Antelope Valley 

SNMP to the IRWM group. 
 

3. Recommend to the Antelope Valley IRWM group that they incorporate robust 
adaptive management strategies in the SNMP to refine the model and verify 
model parameters over time, and as additional data is collected, begin to 
evaluate salt/nutrient loading at the sub-basin level.   
 

4. As additional water quality data is collected and the model is refined over time, 
Water Board staff may in the future recommend a Basin Plan amendment to 
incorporate numeric WQOs for individual sub-basins.    
 

5. Direct the Executive Officer to require the proponent of the Antelope Valley 
Banking Project to perform a Project-specific anti-degradation analysis in 
accordance with Anti-Degradation Policy.  The results of this analysis will then be 
used by staff to evaluate whether (1) the discharge is adversely impacting water 
quality and increasing salt/nutrient loading to the Neenach sub-basin over time, 
(2) the potential water quality degradation of groundwater is in the best interest of 
the people, and (3) whether or not the discharge (recharge of State Water Project 
water) should be regulated as a waste in this instance.      
 

6. Reconsider the general approach of not regulating aquifer recharge projects that 
utilize State Water Project water.  Regulating these types of discharges must be 
evaluated on a project-by-project basis, taking into consideration existing water 
quality of the groundwater basin and available assimilative capacity relative to 
the salt/nutrient constituents in the discharge.    
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STATE WATER RESOURCES CONTROL BOARD 
RESOLUTION NO. 2013-0003 

 
ADOPTION OF AN AMENDMENT TO THE POLICY FOR WATER QUALITY CONTROL FOR 

RECYCLED WATER CONCERNING MONITORING REQUIREMENTS FOR 
CONSTITUTENTS OF EMERGING CONCERN 

 
 
WHEREAS: 
 

1. Provisions of the Policy for Water Quality Control for Recycled Water (Recycled Water 
Policy), adopted under Resolution No. 2009-0011, directed the State Water Resources 
Control Board (State Water Board) to convene a “blue-ribbon” advisory panel (Panel) to 
provide guidance on future actions related to monitoring constituents of emerging 
concern (CECs) in recycled water. 

 
2. In June 2010, the Panel submitted a report titled “Monitoring Strategies for Chemicals of 

Emerging Concern (CECs) in Recycled Water – Recommendations of a Science 
Advisory Panel” (Report), which presented recommendations for monitoring CECs in 
municipal recycled water used for groundwater recharge. 

 
3. In December 2010, the State Water Board held a public hearing regarding the Panel’s 

Report and received public comments. 
 
4. In May 2012, staff circulated a draft amendment to the Recycled Water Policy that:  

(1) proposed, in accordance with the Panel’s recommendations, monitoring 
requirements for CECs and surrogates in recycled water used for groundwater recharge; 
and (2) proposed a reduction of priority pollutant monitoring of recycled water used for 
landscape irrigation.  

 
5. In July 2012, a scientific peer review of the draft amendment and the Panel’s Report was 

conducted. 
 

6. Staff reviewed comments received on the draft amendment from the public and peer 
reviewers and issued a revised draft amendment on September 14, 2012.  Written 
comments were received on this draft prior to an October 9, 2012, due date.   

 
7. The State Water Board held a public hearing on October 16, 2012, to consider adoption 

of the draft amendment.  At the hearing, the adoption was postponed to refine the 
responses to comments and allow additional time for public review.  

 
8. The Natural Resources Agency has approved the State Water Board’s and the Regional 

Water Quality Control Boards’ water quality control planning process as a “certified 
regulatory program” that adequately satisfies the California Environmental Quality Act 
requirements for preparing environmental documents.  The amendment concerns 
monitoring requirements for priority pollutants and constituents of emerging concern.  It 
is not a “project” as defined by title 14, California Code of Regulations chapter 3, 
Guidelines for Implementation of the California Environmental Quality Act.  Hence, 
approval of an environmental document is not required to adopt the amendment. 
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THEREFORE BE IT RESOLVED THAT: 
 
The State Water Board 
 

1. Adopts the amendment to the Recycled Water Policy. 
 

2. Directs State Water Board Staff to submit the amended Recycled Water Policy to the 
Office of Administrative Law (OAL) for final approval. 
 

3. Directs the Executive Director or designee to make minor, non-substantive modifications 
to the language of the amendment, if OAL determines during its approval process that 
such changes are needed; and directs the Executive Director to inform the State Water 
Board of any such changes. 

 
 

CERTIFICATION 
 
The undersigned Clerk to the Board does hereby certify that the foregoing is a full, true, and 
correct copy of a resolution duly and regularly adopted at a meeting of the State Water 
Resources Control Board held on January 22, 2013. 
 
AYE:   Vice Chair Frances Spivy-Weber 
   Board Member Tam M. Doduc 
  Board Member Steven Moore 

NAY:  None 

ABSENT: Chairman Charles R. Hoppin 
  Board Member Felicia Marcus 

ABSTAIN: None 

 

              
  Jeanine Townsend 
  Clerk to the Board 
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Recycled Water Policy

1. Preamble

California is facing an unprecedented water crisis.

The collapse of the Bay-Delta ecosystem, climate change, and continuing 
population growth have combined with a severe drought on the Colorado River 
and failing levees in the Delta to create a new reality that challenges California’s 
ability to provide the clean water needed for a healthy environment, a healthy 
population and a healthy economy, both now and in the future.

These challenges also present an unparalleled opportunity for California to move 
aggressively towards a sustainable water future.  The State Water Resources 
Control Board (State Water Board) declares that we will achieve our mission to 
“preserve, enhance and restore the quality of California’s water resources to the 
benefit of present and future generations.”  To achieve that mission, we support 
and encourage every region in California to develop a salt/nutrient management 
plan by 2014 that is sustainable on a long-term basis and that provides California 
with clean, abundant water.  These plans shall be consistent with the Department 
of Water Resources’ Bulletin 160, as appropriate, and shall be locally developed, 
locally controlled and recognize the variability of California’s water supplies and 
the diversity of its waterways.  We strongly encourage local and regional water 
agencies to move toward clean, abundant, local water for California by 
emphasizing appropriate water recycling, water conservation, and maintenance 
of supply infrastructure and the use of stormwater (including dry-weather urban 
runoff) in these plans; these sources of supply are drought-proof, reliable, and 
minimize our carbon footprint and can be sustained over the long-term.

We declare our independence from relying on the vagaries of annual 
precipitation and move towards sustainable management of surface waters and 
groundwater, together with enhanced water conservation, water reuse and the 
use of stormwater.  To this end, we adopt the following goals for California:

Increase the use of recycled water over 2002 levels by at least one million 
acre-feet per year (afy) by 2020 and by at least two million afy by 2030.

Increase the use of stormwater over use in 2007 by at least 500,000 afy 
by 2020 and by at least one million afy by 2030.

Increase the amount of water conserved in urban and industrial uses by 
comparison to 2007 by at least 20 percent by 2020.

Included in these goals is the substitution of as much recycled water for 
potable water as possible by 2030.
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The purpose of this Policy is to increase the use of recycled water from municipal 
wastewater sources that meets the definition in Water Code section 13050(n), in 
a manner that implements state and federal water quality laws. The State Water 
Board expects to develop additional policies to encourage the use of stormwater, 
encourage water conservation, encourage the conjunctive use of surface and 
groundwater, and improve the use of local water supplies.

When used in compliance with this Policy, Title 22 and all applicable state and 
federal water quality laws, the State Water Board finds that recycled water is safe 
for approved uses, and strongly supports recycled water as a safe alternative to 
potable water for such approved uses. 

2. Purpose of the Policy

a. The purpose of this Policy is to provide direction to the Regional Water 
Quality Control Boards (Regional Water Boards), proponents of recycled 
water projects, and the public regarding the appropriate criteria to be 
used by the State Water Board and the Regional Water Boards in issuing 
permits for recycled water projects.

b. It is the intent of the State Water Board that all elements of this Policy are 
to be interpreted in a manner that fully implements state and federal 
water quality laws and regulations in order to enhance the environment 
and put the waters of the state to the fullest use of which they are 
capable.

c. This Policy describes permitting criteria that are intended to streamline 
the permitting of the vast majority of recycled water projects.  The intent 
of this streamlined permit process is to expedite the implementation of 
recycled water projects in a manner that implements state and federal 
water quality laws while allowing the Regional Water Boards to focus 
their limited resources on projects that require substantial regulatory 
review due to unique site-specific conditions.

d. By prescribing permitting criteria that apply to the vast majority of 
recycled water projects, it is the State Water Board’s intent to maximize 
consistency in the permitting of recycled water projects in California while 
also reserving to the Regional Water Boards sufficient authority and 
flexibility to address site-specific conditions.

e. The State Water Board will establish additional policies that are intended 
to assist the State of California in meeting the goals established in the 
preamble to this Policy for water conservation and the use of stormwater.
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f. For purposes of this Policy, the term “permit” means an order adopted by 
a Regional Water Board or the State Water Board prescribing 
requirements for a recycled water project, including but not limited to 
water recycling requirements, master reclamation permits, and waste 
discharge requirements.

3. Benefits of Recycled Water

The State Water Board finds that the use of recycled water in accordance with 
this Policy, that is, which supports the sustainable use of groundwater and/or 
surface water, which is sufficiently treated so as not to adversely impact public 
health or the environment and which ideally substitutes for use of potable water, 
is presumed to have a beneficial impact. Other public agencies are encouraged 
to use this presumption in evaluating the impacts of recycled water projects on 
the environment as required by the California Environmental Quality Act (CEQA).

4. Mandate for the Use of Recycled Water

a. The State Water Board and Regional Water Boards will exercise the 
authority granted to them by the Legislature to the fullest extent possible 
to encourage the use of recycled water, consistent with state and federal 
water quality laws.

(1) The State Water Board hereby establishes a mandate to increase 
the use of recycled water in California by 200,000 afy by 2020 and 
by an additional 300,000 afy by 2030.  These mandates shall be 
achieved through the cooperation and collaboration of the State 
Water Board, the Regional Water Boards, the environmental 
community, water purveyors and the operators of publicly owned 
treatment works. The State Water Board will evaluate progress 
toward these mandates biennially and review and revise as 
necessary the implementation provisions of this Policy in 2012 and 
2016.

(2) Agencies producing recycled water that is available for reuse and 
not being put to beneficial use shall make that recycled water
available to water purveyors for reuse on reasonable terms and 
conditions. Such terms and conditions may include payment by the 
water purveyor of a fair and reasonable share of the cost of the 
recycled water supply and facilities.
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(3) The State Water Board hereby declares that, pursuant to Water 
Code sections 13550 et seq., it is a waste and unreasonable use of 
water for water agencies not to use recycled water when recycled 
water of adequate quality is available and is not being put to 
beneficial use, subject to the conditions established in sections 
13550 et seq.  The State Water Board shall exercise its authority 
pursuant to Water Code section 275 to the fullest extent possible to 
enforce the mandates of this subparagraph.  

b. These mandates are contingent on the availability of sufficient capital 
funding for the construction of recycled water projects from private, local, 
state, and federal sources and assume that the Regional Water Boards 
will effectively implement regulatory streamlining in accordance with this 
Policy.

c. The water industry and the environmental community have agreed jointly 
to advocate for $1 billion in state and federal funds over the next five
years to fund projects needed to meet the goals and mandates for the 
use of recycled water established in this Policy.

d. The State Water Board requests the California Department of Public 
Health (CDPH), the California Public Utilities Commission (CPUC), and
the California Department of Water Resources (CDWR) to use their 
respective authorities to the fullest extent practicable to assist the State 
Water Board and the Regional Water Boards in increasing the use of 
recycled water in California.

5. Roles of the State Water Board, Regional Water Boards, CDPH and CDWR

The State Water Board recognizes that it shares jurisdiction over the use of 
recycled water with the Regional Water Boards and with CDPH.  In addition, the 
State Water Board recognizes that CDWR and the CPUC have important roles to 
play in encouraging the use of recycled water. The State Water Board believes 
that it is important to clarify the respective roles of each of these agencies in 
connection with recycled water projects, as follows:

a. The State Water Board establishes general policies governing the 
permitting of recycled water projects consistent with its role of protecting 
water quality and sustaining water supplies.  The State Water Board 
exercises general oversight over recycled water projects, including review 
of Regional Water Board permitting practices, and shall lead the effort to 
meet the recycled water use goals set forth in the Preamble to this Policy.  
The State Water Board is also charged by statute with developing a 
general permit for irrigation uses of recycled water.
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b. The CDPH is charged with protection of public health and drinking water 
supplies and with the development of uniform water recycling criteria 
appropriate to particular uses of water.  Regional Water Boards shall 
appropriately rely on the expertise of CDPH for the establishment of 
permit conditions needed to protect human health.

c. The Regional Water Boards are charged with protection of surface and 
groundwater resources and with the issuance of permits that implement 
CDPH recommendations, this Policy, and applicable law and will, 
pursuant to paragraph 4 of this Policy, use their authority to the fullest 
extent possible to encourage the use of recycled water.

d. CDWR is charged with reviewing and, every five years, updating the 
California Water Plan, including evaluating the quantity of recycled water 
presently being used and planning for the potential for future uses of 
recycled water.  In undertaking these tasks, CDWR may appropriately 
rely on urban water management plans and may share the data from 
those plans with the State Water Board and the Regional Water Boards.  
CDWR also shares with the State Water Board the authority to allocate 
and distribute bond funding, which can provide incentives for the use of 
recycled water.

e. The CPUC is charged with approving rates and terms of service for the 
use of recycled water by investor-owned utilities.

6. Salt/Nutrient Management Plans

a. Introduction.

(1) Some groundwater basins in the state contain salts and nutrients 
that exceed or threaten to exceed water quality objectives 
established in the applicable Water Quality Control Plans (Basin 
Plans), and not all Basin Plans include adequate implementation 
procedures for achieving or ensuring compliance with the water 
quality objectives for salt or nutrients.  These conditions can be 
caused by natural soils/conditions, discharges of waste, irrigation
using surface water, groundwater or recycled water and water 
supply augmentation using surface or recycled water.  Regulation 
of recycled water alone will not address these conditions.

(2) It is the intent of this Policy that salts and nutrients from all sources 
be managed on a basin-wide or watershed-wide basis in a manner 
that ensures attainment of water quality objectives and protection of 
beneficial uses.  The State Water Board finds that the appropriate 
way to address salt and nutrient issues is through the development 
of regional or subregional salt and nutrient management plans 
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rather than through imposing requirements solely on individual 
recycled water projects.

b. Adoption of Salt/ Nutrient Management Plans.

(1) The State Water Board recognizes that, pursuant to the letter dated 
December 19, 2008 and attached to the Resolution adopting this 
Policy, the local water and wastewater entities, together with local 
salt/nutrient contributing stakeholders, will fund locally driven and 
controlled, collaborative processes open to all stakeholders that will 
prepare salt and nutrient management plans for each basin/sub-
basin in California, including compliance with CEQA and 
participation by Regional Water Board staff.  

(a) It is the intent of this Policy for every groundwater basin/sub-
basin in California to have a consistent salt/nutrient 
management plan.  The degree of specificity within these 
plans and the length of these plans will be dependent on a 
variety of site-specific factors, including but not limited to 
size and complexity of a basin, source water quality, 
stormwater recharge, hydrogeology, and aquifer water 
quality.  It is also the intent of the State Water Board that 
because stormwater is typically lower in nutrients and salts 
and can augment local water supplies, inclusion of a 
significant stormwater use and recharge component within 
the salt/nutrient management plans is critical to the long-
term sustainable use of water in California.  Inclusion of 
stormwater recharge is consistent with State Water Board 
Resolution No. 2005-0006, which establishes sustainability 
as a core value for State Water Board programs and also 
assists in implementing Resolution No. 2008-0030, which 
requires sustainable water resources management and is 
consistent with Objective 3.2 of the State Water Board 
Strategic Plan Update dated September 2, 2008.  

(b) Salt and nutrient plans shall be tailored to address the water 
quality concerns in each basin/sub-basin and may include 
constituents other than salt and nutrients that impact water 
quality in the basin/sub-basin.  Such plans shall address and 
implement provisions, as appropriate, for all sources of salt 
and/or nutrients to groundwater basins, including recycled 
water irrigation projects and groundwater recharge reuse 
projects.
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(c) Such plans may be developed or funded pursuant to the 
provisions of Water Code sections 10750 et seq. or other 
appropriate authority.

(d) Salt and nutrient plans shall be completed and proposed to 
the Regional Water Board within five years from the date of 
this Policy unless a Regional Water Board finds that the 
stakeholders are making substantial progress towards 
completion of a plan.  In no case shall the period for the 
completion of a plan exceed seven years.

(e) The requirements of this paragraph shall not apply to areas 
that have already completed a Regional Water Board 
approved salt and nutrient plan for a basin, sub-basin, or 
other regional planning area that is functionally equivalent to 
paragraph 6(b)3.

(f) The plans may, depending upon the local situation, address 
constituents other than salt and nutrients that adversely 
affect groundwater quality.

(2) Within one year of the receipt of a proposed salt and nutrient 
management plan, the Regional Water Boards shall consider for 
adoption revised implementation plans, consistent with Water Code 
section 13242, for those groundwater basins within their regions 
where water quality objectives for salts or nutrients are being, or 
are threatening to be, exceeded. The implementation plans shall 
be based on the salt and nutrient plans required by this Policy.

(3) Each salt and nutrient management plan shall include the following 
components:

(a) A basin/sub-basin wide monitoring plan that includes an 
appropriate network of monitoring locations. The scale of 
the basin/sub-basin monitoring plan is dependent upon the 
site-specific conditions and shall be adequate to provide a 
reasonable, cost-effective means of determining whether the 
concentrations of salt, nutrients, and other constituents of 
concern as identified in the salt and nutrient plans are 
consistent with applicable water quality objectives.  Salts, 
nutrients, and the constituents identified in paragraph 
6(b)(1)(f) shall be monitored.  The frequency of monitoring 
shall be determined in the salt/nutrient management plan 
and approved by the Regional Water Board pursuant to 
paragraph 6(b)(2).
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(i) The monitoring plan must be designed to determine 
water quality in the basin. The plan must focus on 
basin water quality near water supply wells and areas 
proximate to large water recycling projects, 
particularly groundwater recharge projects.  Also, 
monitoring locations shall, where appropriate, target 
groundwater and surface waters where groundwater 
has connectivity with adjacent surface waters.

(ii) The preferred approach to monitoring plan 
development is to collect samples from existing wells 
if feasible as long as the existing wells are located 
appropriately to determine water quality throughout 
the most critical areas of the basin.

(iii) The monitoring plan shall identify those stakeholders 
responsible for conducting, compiling, and reporting 
the monitoring data.  The data shall be reported to the 
Regional Water Board at least every three years.

(b) A provision for annual monitoring of Constituents of 
Emerging Concern (e.g., endocrine disrupters, personal care 
products or pharmaceuticals) (CECs) consistent with 
recommendations by CDPH and consistent with any actions 
by the State Water Board taken pursuant to paragraph 10(b) 
of this Policy.

(c) Water recycling and stormwater recharge/use goals and 
objectives.

(d) Salt and nutrient source identification, basin/sub-basin 
assimilative capacity and loading estimates, together with 
fate and transport of salts and nutrients.

(e) Implementation measures to manage salt and nutrient 
loading in the basin on a sustainable basis.

(f) An antidegradation analysis demonstrating that the projects 
included within the plan will, collectively, satisfy the 
requirements of Resolution No. 68-16.

(4) Nothing in this Policy shall prevent stakeholders from developing a 
plan that is more protective of water quality than applicable 
standards in the Basin Plan.  No Regional Water Board, however, 
shall seek to modify Basin Plan objectives without full compliance 
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with the process for such modification as established by existing 
law.

7. Landscape Irrigation Projects1

a. Control of incidental runoff. Incidental runoff is defined as unintended 
small amounts (volume) of runoff from recycled water use areas, such as 
unintended, minimal over-spray from sprinklers that escapes the recycled 
water use area.  Water leaving a recycled water use area is not 
considered incidental if it is part of the facility design, if it is due to 
excessive application, if it is due to intentional overflow or application, or 
if it is due to negligence.  Incidental runoff may be regulated by waste 
discharge requirements or, where necessary, waste discharge 
requirements that serve as a National Pollutant Discharge Elimination 
System (NPDES) permit, including municipal separate storm water 
system permits, but regardless of the regulatory instrument, the project
shall include, but is not limited to, the following practices:

(1) Implementation of an operations and management plan that may 
apply to multiple sites and provides for detection of leaks, (for 
example, from broken sprinkler heads), and correction either within 
72 hours of learning of the runoff, or prior to the release of 1,000 
gallons, whichever occurs first,

(2) Proper design and aim of sprinkler heads,

(3) Refraining from application during precipitation events, and

(4) Management of any ponds containing recycled water such that no 
discharge occurs unless the discharge is a result of a 25-year, 
24-hour storm event or greater, and there is notification of the 
appropriate Regional Water Board Executive Officer of the 
discharge.

1 Specified uses of recycled water considered “landscape irrigation” projects include any of the following: 
i. Parks, greenbelts, and playgrounds; 
ii. School yards; 
iii. Athletic fields; 
iv. Golf courses; 
v. Cemeteries; 
vi. Residential landscaping, common areas; 
vii. Commercial landscaping, except eating areas; 
viii. Industrial landscaping, except eating areas; and 
ix. Freeway, highway, and street landscaping.
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b. Streamlined Permitting.

(1) The Regional Water Boards shall, absent unusual circumstances 
(i.e., unique, site-specific conditions such as where recycled water 
is proposed to be used for irrigation over high transmissivity soils 
over a shallow (5’ or less) high quality groundwater aquifer), permit 
recycled water projects that meet the criteria set forth in this Policy, 
consistent with the provisions of this paragraph. 

(2) If the Regional Water Board determines that unusual circumstances 
apply, the Regional Water Board shall make a finding of unusual 
circumstances based on substantial evidence in the record, after 
public notice and hearing. 

(3) Projects meeting the criteria set forth below and eligible for 
enrollment under requirements established in a general order shall 
be enrolled by the State or Regional Water Board within 60 days 
from the date on which an application is deemed complete by the 
State or Regional Water Board. For projects that are not enrolled in 
a general order, the Regional Water Board shall consider permit 
adoption within 120 days from the date on which the application is 
deemed complete by the Regional Water Board.

(4) Landscape irrigation projects that qualify for streamlined permitting 
shall not be required to include a project specific receiving water 
and groundwater monitoring component unless such project 
specific monitoring is required under the adopted salt/nutrient 
management plan.  During the interim while the salt management 
plan is under development, a landscape irrigation project proponent 
can either perform project specific monitoring, or actively participate 
in the development and implementation of a salt/nutrient 
management plan, including basin/sub-basin monitoring. Permits 
or requirements for landscape irrigation projects shall include, in 
addition to any other appropriate recycled water monitoring 
requirements, monitoring for priority pollutants in the recycled water 
at the recycled water production facility once per year, except when 
the recycled water production facility has a design production flow 
for the entire water reuse system of one million gallons per day or 
less. For these smaller facilities, the recycled water shall be 
monitored for priority pollutants once every five years.

(5) It is the intent of the State Water Board that the general permit for 
landscape irrigation projects be consistent with the terms of this 
Policy.
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c. Criteria for streamlined permitting.  Irrigation projects using recycled 
water that meet the following criteria are eligible for streamlined 
permitting, and, if otherwise in compliance with applicable laws, shall be 
approved absent unusual circumstances:

(1) Compliance with the requirements for recycled water established in 
Title 22 of the California Code of Regulations, including the 
requirements for treatment and use area restrictions, together with 
any other recommendations by CDPH pursuant to Water Code 
section 13523.

(2) Application in amounts and at rates as needed for the landscape 
(i.e., at agronomic rates and not when the soil is saturated).  Each 
irrigation project shall be subject to an operations and management 
plan, that may apply to multiple sites, provided to the Regional 
Water Board that specifies the agronomic rate(s) and describes a 
set of reasonably practicable measures to ensure compliance with 
this requirement, which may include the development of water 
budgets for use areas, site supervisor training, periodic inspections, 
tiered rate structures, the use of smart controllers, or other 
appropriate measures.

(3) Compliance with any applicable salt and nutrient management plan.

(4) Appropriate use of fertilizers that takes into account the nutrient 
levels in the recycled water.  Recycled water producers shall 
monitor and communicate to the users the nutrient levels in their 
recycled water. 

8. Recycled Water Groundwater Recharge Projects

a. The State Water Board acknowledges that all recycled water 
groundwater recharge projects must be reviewed and permitted on a site-
specific basis, and so such projects will require project-by-project review.

b. Approved groundwater recharge projects will meet the following criteria:

(1) Compliance with regulations adopted by CDPH for groundwater 
recharge projects or, in the interim until such regulations are 
approved, CDPH’s recommendations pursuant to Water Code 
section 13523 for the project (e.g., level of treatment, retention 
time, setback distance, source control, monitoring program, etc.).

(2) Implementation of a monitoring program for CECs that is consistent 
with Attachment A and any recommendations from CDPH.
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Groundwater recharge projects shall include monitoring of recycled 
water for priority pollutants twice per year.

c. Nothing in this paragraph shall be construed to limit the authority of a 
Regional Water Board to protect designated beneficial uses, provided 
that any proposed limitations for the protection of public health may only
be imposed following regular consultation by the Regional Water Board 
with CDPH, consistent with State Water Board Orders WQ 2005-0007 
and 2006-0001. 

d. Nothing in this Policy shall be construed to prevent a Regional Water 
Board from imposing additional requirements for a proposed recharge 
project that has a substantial adverse effect on the fate and transport of a 
contaminant plume or changes the geochemistry of an aquifer thereby 
causing the dissolution of constituents, such as arsenic, from the geologic 
formation into groundwater.

e. Projects that utilize surface spreading to recharge groundwater with 
recycled water treated by reverse osmosis shall be permitted by a 
Regional Water Board within one year of receipt of recommendations 
from CDPH.  Furthermore, the Regional Water Board shall give a high 
priority to review and approval of such projects.

9. Antidegradation

a. The State Water Board adopted Resolution No. 68-16 as a policy 
statement to implement the Legislature’s intent that waters of the state 
shall be regulated to achieve the highest water quality consistent with the 
maximum benefit to the people of the state.

b. Activities involving the disposal of waste that could impact high quality 
waters are required to implement best practicable treatment or control of 
the discharge necessary to ensure that pollution or nuisance will not 
occur, and the highest water quality consistent with the maximum benefit 
to the people of the state will be maintained. 

c. Groundwater recharge with recycled water for later extraction and use in 
accordance with this Policy and state and federal water quality law is to 
the benefit of the people of the state of California.  Nonetheless, the State 
Water Board finds that groundwater recharge projects using recycled 
water have the potential to lower water quality within a basin.  The 
proponent of a groundwater recharge project must demonstrate 
compliance with Resolution No. 68-16.  Until such time as a salt/nutrient 
management plan is in effect, such compliance may be demonstrated as 
follows: 

5-230



13
As modified by

State Water Board Resolution 2013-0003
(January 22, 2013)

(1) A project that utilizes less than 10 percent of the available 
assimilative capacity in a basin/sub-basin (or multiple projects 
utilizing less than 20 percent of the available assimilative capacity 
in a basin/sub-basin) need only conduct an antidegradation 
analysis verifying the use of the assimilative capacity. For those 
basins/sub-basins where the Regional Water Boards have not 
determined the baseline assimilative capacity, the baseline 
assimilative capacity shall be calculated by the initial project 
proponent, with review and approval by the Regional Water Board, 
until such time as the salt/nutrient plan is approved by the Regional 
Water Board and is in effect.  For compliance with this 
subparagraph, the available assimilative capacity shall be 
calculated by comparing the mineral water quality objective with the 
average concentration of the basin/sub-basin, either over the most 
recent five years of data available or using a data set approved by 
the Regional Water Board Executive Officer.  In determining 
whether the available assimilative capacity will be exceeded by the 
project or projects, the Regional Water Board shall calculate the 
impacts of the project or projects over at least a ten year time 
frame.

(2) In the event a project or multiple projects utilize more than the 
fraction of the assimilative capacity designated in subparagraph (1), 
then a Regional Water Board-deemed acceptable antidegradation 
analysis shall be performed to comply with Resolution No. 68-16.  
The project proponent shall provide sufficient information for the 
Regional Water Board to make this determination. An example of 
an approved method is the method used by the State Water Board
in connection with Resolution No. 2004-0060 and the Regional 
Water Board in connection with Resolution No. R8-2004-0001.  An 
integrated approach (using surface water, groundwater, recycled 
water, stormwater, pollution prevention, water conservation, etc.) to 
the implementation of Resolution No. 68-16 is encouraged.

d. Landscape irrigation with recycled water in accordance with this Policy is 
to the benefit of the people of the State of California.  Nonetheless, the 
State Water Board finds that the use of water for irrigation may, 
regardless of its source, collectively affect groundwater quality over time.  
The State Water Board intends to address these impacts in part through 
the development of salt/nutrient management plans described in 
paragraph 6.

(1) A project that meets the criteria for a streamlined irrigation permit 
and is within a basin where a salt/nutrient management plan 
satisfying the provisions of paragraph 6(b) is in place may be 
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approved without further antidegradation analysis, provided that the 
project is consistent with that plan. 

(2) A project that meets the criteria for a streamlined irrigation permit 
and is within a basin where a salt/nutrient management plan 
satisfying the provisions of paragraph 6(b) is being prepared may 
be approved by the Regional Water Board by demonstrating 
through a salt/nutrient mass balance or similar analysis that the 
project uses less than 10 percent of the available assimilative 
capacity as estimated by the project proponent in a basin/sub-basin 
(or multiple projects using less than 20 percent of the available 
assimilative capacity as estimated by the project proponent in a 
basin/sub-basin).

10. Constituents of Emerging Concern

a. General Provisions

(1) Regulatory requirements for recycled water shall be based on the 
best available peer-reviewed science.  In addition, all uses of 
recycled water must meet conditions set by CDPH. 

(2) Knowledge of risks will change over time and recycled water 
projects must meet legally applicable criteria.  However, when 
standards change, projects should be allowed time to comply 
through a compliance schedule.

(3) The state of knowledge regarding CECs is incomplete.  There 
needs to be additional research and development of analytical 
methods and surrogates to determine potential environmental and 
public health impacts.  Agencies should minimize the likelihood of 
CECs impacting human health and the environment by means of 
source control and/or pollution prevention programs. 

(4) Regulating most CECs will require significant work to develop test 
methods and more specific determinations as to how and at what 
level CECs impact public health or our environment. 

b. Research Program

(1) The State Water Board, in consultation with CDPH, convened a
“blue-ribbon” advisory panel to guide future actions relating to 
CECs.
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(a) The panel was actively managed by the State Water Board 
and was composed of the following:  one human health 
toxicologist, one environmental toxicologist, one 
epidemiologist, one biochemist, one civil engineer familiar 
with the design and construction of recycled water treatment 
facilities, and one chemist familiar with the design and 
operation of advanced laboratory methods for the detection 
of emerging constituents.  Each of these panelists had
extensive experience as a principal investigator in their 
respective areas of expertise.

(b) The panel reviewed the scientific literature and submitted a
report to the State Water Board and CDPH that described 
the current state of scientific knowledge regarding the risks 
of CECs to public health and the environment.  In December 
2010, the State Water Board, in coordination with CDPH, 
held a public hearing to hear a presentation on the report 
and to receive comments from stakeholders. 

(c) The State Water Board considered the panel report and the 
comments received and adopted an amendment to the 
Policy establishing monitoring requirements for CECs in 
recycled water. These monitoring requirements are 
prescribed in Attachment A.

(2) The panel or a similarly constituted panel shall update the report 
every five years. The next update is due in June 2015. 

(a) Each updated report shall recommend actions that the State 
of California should take to improve our understanding of 
CECs and, as may be appropriate, to protect public health 
and the environment.

(b) The updated reports shall answer the following questions: 
What are the appropriate constituents to be monitored in 
recycled water, including analytical methods and method 
detection limits?  What is the known toxicological information 
for the above constituents?  Would the above lists change 
based on level of treatment and use?  If so, how?  What are 
possible indicators that represent a suite of CECs?  What 
levels of CEC’s should trigger enhanced monitoring of CEC’s 
in recycled water, groundwater and/or surface waters?

(c) Within six months from receipt of an updated report, the 
State Water Board shall hold a hearing to consider 
recommendations from staff and shall endorse the 
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recommendations, as appropriate, after making any 
necessary modifications.  

c. Permit Provisions

Permits for recycled water projects shall be consistent with any CDPH 
recommendations to protect public health and the monitoring requirements 
prescribed in Attachment A. 

11. Incentives for the Use of Recycled Water

a. Funding

The State Water Board will request CDWR to provide priority funding for 
projects that have major recycling components; particularly those that 
decrease demand on potable water supplies.  The State Water Board will 
also request priority funding for stormwater recharge projects that 
augment local water supplies.  The State Water Board shall promote the 
use of the State Revolving Fund (SRF) for water purveyor, stormwater 
agencies, and water recyclers to use for water reuse and stormwater use 
and recharge projects. 

b. Stormwater

The State Water Board strongly encourages all water purveyors to provide 
financial incentives for water recycling and stormwater recharge and reuse 
projects.  The State Water Board also encourages the Regional Water 
Boards to require less stringent monitoring and regulatory requirements 
for stormwater treatment and use projects than for projects involving 
untreated stormwater discharges.

c. TMDLs

Water recycling reduces mass loadings from municipal wastewater 
sources to impaired waters. As such, waste load allocations shall be 
assigned as appropriate by the Regional Water Boards in a manner that 
provides an incentive for greater water recycling.
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ATTACHMENT A

Requirements for Monitoring Constituents of Emerging 
Concern in Recycled Water
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ATTACHMENT A

REQUIREMENTS FOR MONITORING

CONSTITUENTS OF EMERGING CONCERN 

FOR RECYCLED WATER

The purpose of this attachment to the Recycled Water Policy (Policy) is to provide 
direction to the Regional Water Quality Control Boards (Regional Water Boards) on 
monitoring requirements for constituents of emerging concern2 (CECs) in recycled 
municipal wastewater, herein referred to as “recycled water.”  The monitoring 
requirements and criteria for evaluating monitoring results in the Policy are based on 
recommendations from a Science Advisory Panel3.  The monitoring requirements 
pertain to the production and use of recycled water for groundwater recharge reuse4 by 
surface and subsurface application methods.  The monitoring requirements apply to 
recycled water producers, including entities that further treat or enhance the quality of 
recycled water supplied by municipal wastewater treatment facilities, and groundwater 
recharge reuse facilities.

Groundwater recharge by surface application is the controlled application of water to a 
spreading area for infiltration resulting in the recharge of a groundwater basin.  
Subsurface application is the controlled application of water to a groundwater basin or 
aquifer by a means other than surface application, such as direct injection through a 
well.

The California Department of Public Health (CDPH) shall be consulted for any additional 
monitoring requirements for recycled water use found necessary by CDPH to protect 
human health. 

2 For this Policy, CECs are defined to be chemicals in personal care products, pharmaceuticals including 
antibiotics, antimicrobials; industrial, agricultural, and household chemicals; hormones; food additives; 
transformation products, inorganic constituents; and nanomaterials.
3 The Science Advisory Panel was convened in accordance with provision 10.b. of the Policy.  The 
panel’s recommendations were presented in the report; Monitoring Strategies for Chemicals of Emerging 
Concern (CECs) in Recycled Water – Recommendations of a Science Advisory Panel, dated June 25, 
2010.
4 As used in this attachment, use of recycled water for groundwater recharge reuse has the same 
meaning as indirect potable reuse for groundwater recharge as defined in Water Code section 13561(c), 
where it is defined as the planned use of recycled water for replenishment of a groundwater basin or an 
aquifer that has been designated as a source of water supply for a public water system.
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1.  CECS AND SURROGATES

Within this Policy, CECs of toxicological relevance to human health are referred to as 
“health-based CECs.”5 CECs determined not to have human health relevance, but 
useful for monitoring treatment process effectiveness, are referred to as “performance 
indicator CECs.”  A performance indicator CEC is an individual CEC used for evaluating 
a family of CECs with similar physicochemical or biodegradable characteristics.  The 
removal of a performance indicator CEC through a treatment process provides an 
indication of removal of CECs with similar properties.  A health-based CEC may also 
serve as a performance indicator CEC.

A surrogate is a measurable physical or chemical property, such as chlorine residual or 
electrical conductivity, that can be used to measure the effectiveness of trace organic 
compound removal by treatment process and/or provide an indication of a treatment 
process failure. A reverse osmosis (RO) treatment process, for example, is expected to 
substantially reduce the electrical conductivity of the recycled water being treated.  This 
reduction in the level of the surrogate also provides an indication that inorganic and 
organic compounds, including CECs, are being removed.

Recycled water monitoring programs used for groundwater recharge reuse shall include 
monitoring for: (1) human health-based CECs; (2) performance indicator CECs; and 
(3) surrogates.  The purpose of monitoring performance indicator CECs and surrogates 
is to assess the effectiveness of unit processes to remove CECs.  For this policy for 
groundwater recharge reuse, unit processes that remove CECs include RO, advanced 
oxidation processes (AOPs), and soil aquifer treatment.6 AOPs are treatment processes 
involving the use of oxidizing agents, such as hydrogen peroxide and ozone, combined 
with ultraviolet light irradiation.  Soil aquifer treatment is a natural treatment process that 
removes CECs as water passes through soil, the vadose zone, and within an aquifer.

This Policy provides CEC monitoring requirements for recycled water which undergoes 
additional treatment by soil aquifer treatment or by RO followed by AOPs.  CEC 
monitoring requirements for groundwater recharge reuse projects implementing 
treatment processes that provide control of CECs by processes other than soil aquifer 
treatment or RO/AOPs shall be established on a case-by-case basis by the State Water 
Board in consultation with CDPH.

5 Heath-based CECs were determined through a screening process that was developed and conducted 
by the CEC Science Advisory Panel; Monitoring Strategies for Chemicals of Emerging Concern (CECs) in 
Recycled Water – Recommendations of a Science Advisory Panel, dated June 25, 2010.
6 For evaluating removal of CECs, the treatment zone for soil aquifer treatment is from the surface of the 
application area through the unsaturated zone to groundwater, including groundwater within a 30-day 
travel time distance through the aquifer downgradient of the surface application area.
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Monitoring of health-based CECs or performance indicator CECs is not required for 
recycled water used for landscape irrigation due to the low risk for ingestion of the 
water.7

1.1. CECs for Monitoring Programs

This Policy provides requirements for monitoring CECs in recycled water used for 
groundwater recharge reuse.  The Regional Water Boards shall not issue requirements 
for monitoring of additional CECs in recycled water beyond the requirements provided in 
this Policy except when recommended by CDPH or requested by the project proponent.

Table 1 provides the health-based CECs and performance indicator CECs to be 
monitored along with their respective reporting limits.  All CECs listed for a recycled 
water application shall be monitored during an initial assessment monitoring phase, as 
described in Section 3.1.  Based on monitoring results and findings, the list of 
performance indicator CECs required for monitoring may be refined for subsequent 
monitoring phases.  The health-based CECs listed in Table 1 shall be monitored during 
the entirety of the initial assessment and baseline monitoring phases (Sections 3.1 and 
3.2).  Based on the results of the baseline monitoring phase and/or subsequent 
monitoring, the list of health-based CECs required for monitoring may be revised.  The 
method for evaluation of monitoring results for health-based CECs is provided in 
Section 4.2.

Quality assurance and quality control measures shall be used for both collection of 
samples and laboratory analysis work.  The project proponent shall develop a quality 
assurance project plan that includes the appropriate number of field blanks, laboratory 
blanks, replicate samples, and matrix spikes.  

7 “For monitoring programs to assess CEC threats for urban irrigation reuse, none of the chemicals for 
which measurement methods and exposure data are available exceeded the threshold for monitoring 
priority. This is largely attributable to higher Monitoring Trigger Levels (MTLs), because of reduced water 
ingestion in a landscape irrigation setting compared to drinking water.” MTLs are health-based screening 
level values for CECs for a particular water reuse scenario.  MTLs were established in, Monitoring 
Strategies for Chemicals of Emerging Concern (CECs) in Recycled Water – Recommendations of a 
Science Advisory Panel, dated June 25, 2010.

5-239



A-4
As modified by

State Water Board Resolution 2013-0003
(January 22, 2013)

Table 1 – CECs to be Monitored

Constituent Constituent
Group

Relevance/Indicator
Type

Reporting
Limit (μg/L)

GROUNDWATER RECHARGE REUSE - SURFACE APPLICATION
-estradiol Steroid 

hormones
Health 0.001

Caffeine Stimulant Health & Performance 0.05
N-Nitrosodimethylamine 
(NDMA)

Disinfection 
byproduct

Health 0.002

Triclosan Antimicrobial Health 0.05
Gemfibrozil Pharmaceutical Performance 0.01
Iopromide Pharmaceutical Performance 0.05
N,N-Diethyl-meta-
toluamide (DEET)

Personal care 
product

Performance 0.05

Sucralose Food additive Performance 0.1
GROUNDWATER RECHARGE REUSE - SUBSURFACE APPLICATION

-estradiol Steroid 
hormones

Health 0.001

Caffeine Stimulant Health & Performance 0.05
NDMA Disinfection 

byproduct
Health & Performance 0.002

Triclosan Antimicrobial Health 0.05
DEET Personal care 

product
Performance 0.05

Sucralose Food additive Performance 0.1
μg/L – Micrograms per liter

Analytical methods for laboratory analysis of CECs shall be selected to achieve the 
reporting limits presented in Table 1. The analytical methods shall be based on 
methods published by the United States Environmental Protection Agency, methods 
certified by CDPH, or peer reviewed and published methods that have been reviewed 
by CDPH, including those published by voluntary consensus standards bodies such as 
the Standards Methods Committee and the American Society for Testing and Materials 
International.  Any modifications to the published or certified methods shall be reviewed 
by CDPH and subsequently submitted to the Regional Water Board in an updated 
quality assurance project plan.
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1.2. Surrogates for Monitoring Programs

Table 2 presents a list of surrogates that shall be considered for monitoring treatment of 
recycled water used for groundwater recharge reuse.  Other surrogates not listed in 
Table 2 may also be considered.

Table 2:  Surrogates

GROUNDWATER RECHARGE REUSE - SURFACE 
APPLICATION 
Ammonia
Total Organic Carbon (TOC)
Nitrate
Ultraviolet (UV) Light  Absorption
GROUNDWATER RECHARGE REUSE - SUBSURFACE 
APPLICATION 
Electrical Conductivity
TOC

The project proponent shall propose surrogates to monitor on a case-by-case basis 
appropriate for the treatment process or processes. The Regional Water Board shall 
review and approve the selected surrogates in consultation with CDPH.   

Where applicable, surrogates may be measured using on-line or hand-held instruments 
provided that instrument calibration procedures are implemented in accordance with the 
manufacturer’s specifications and that calibration is documented.

2.  MONITORING LOCATIONS

Monitoring locations for CECs and surrogates are described in this section. 

2.1. Health-Based CEC Monitoring Locations

2.1.1. Groundwater Recharge Reuse - Surface Application

For groundwater recharge reuse projects implementing surface application of recycled 
water, health-based CECs shall be monitored at these locations:
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(1) Following tertiary treatment8 prior to application to the surface spreading area; and

(2) At monitoring well locations designated in consultation with CDPH within the 
distance groundwater travels downgradient from the application site in 30 days. 

Monitoring locations for health-based CECs for the phases of monitoring are presented 
in Tables 3 through 5.

2.1.2. Groundwater Recharge Reuse - Subsurface Application

For groundwater recharge reuse projects implementing subsurface application of 
recycled water, health-based CECs shall be monitored at a location following treatment 
prior to release into an aquifer.

2.2. Performance Indicator CEC and Surrogate Monitoring Locations

To allow evaluation of individual unit processes or a combination of unit processes that 
provide removal of CECs, performance indicator CECs and surrogates shall be 
monitored at the locations described below and presented in Tables 3 through 5.

2.2.1. Groundwater Recharge Reuse - Surface Application

For groundwater recharge reuse projects using surface application of recycled water, 
performance indicator CECs and surrogates shall be monitored  at these locations:

(1) Following tertiary treatment prior to application to the surface spreading area; and

(2) At monitoring well locations designated in consultation with CDPH within the
distance groundwater travels downgradient from the application site in 30 days. 

Monitoring locations for performance indicator CECs and surrogates for the phases of 
monitoring are presented in Tables 3 through 5.

2.2.2. Groundwater Recharge Reuse - Subsurface Application

For groundwater recharge reuse projects using subsurface application of recycled 
water, performance indicator CECs shall be monitored in recycled water at these 
locations:

(1) Prior to treatment by RO; and

8 Standards for disinfected tertiary recycled water presented in California Code of Regulations, Title 22, 
section 60301.230 and 60301.320.
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(2) Following treatment prior to release to the aquifer.

If the project proponent can demonstrate that the RO unit will not substantially remove a 
CEC, the Regional Water Board may allow monitoring for that CEC prior to the AOPs, 
instead of prior to the RO unit. 

For groundwater recharge reuse projects using subsurface application of recycled 
water, surrogates shall be monitored at locations proposed by the project proponent and 
approved by the Regional Water Board in consultation with CDPH.

3.  PHASED MONITORING REQUIREMENTS

The Regional Water Board shall phase the monitoring requirements for CECs and 
surrogates for groundwater recharge reuse projects.  The purpose of phased monitoring 
is to allow monitoring requirements for health-based CECs, performance indicator CECs 
and surrogates to be refined based on the monitoring results and findings of the 
previous phase.  An initial assessment monitoring phase, followed by a baseline 
monitoring phase, shall be conducted to determine the project-specific monitoring 
requirements for standard operations.  The initial assessment and baseline monitoring 
phases shall be conducted after CDPH approval for groundwater recharge reuse project 
operation.

3.1. Initial Assessment Monitoring Phase

The purposes of the initial assessment phase are to: (1) identify the occurrence of 
health-based CECs, performance indicator CECs, and surrogates in recycled water and
groundwater;9 (2) determine treatment effectiveness; (3) define the project-specific 
performance indicator CECs and surrogates to monitor during the baseline phase; and 
(4) specify the expected removal percentages for performance indicator CECs and 
surrogates.  The monitoring requirements for the initial assessment monitoring phase 
shall apply to the start-up of new facilities, piloting of new unit processes at existing 
facilities, and existing facilities where CECs and surrogates have not been assessed 
equivalent to the requirements of this Policy.  Data from prior assessment need not 
replicate the exact frequency and duration of the initial assessment phase requirements 
specified in Table 3, if the overall robustness and size of the data are sufficient to 
adequately characterize the CECs, surrogates, and treatment performance.  The initial 
assessment monitoring phase shall be conducted for a period of one year.

During the initial assessment monitoring phase for the applicable recycled water 
application method, each of the health-based CECs and performance indicator CECs 

9 The identification of the occurrence of health-based CECs, performance indicator CECs, and surrogates 
in groundwater only applies to groundwater recharge reuse by surface application.
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listed in Table 1 and appropriate surrogates (see Section 1.2) shall be monitored.  
Surrogates shall be selected to monitor individual unit processes or combinations of unit 
processes that remove CECs.  Performance indicator CEC and surrogate monitoring 
results that demonstrate measurable removal for a given unit process shall be 
candidates for use in the monitoring programs for the baseline and standard operation 
phases.  Monitoring requirements for the initial assessment phase are summarized in 
Table 3.

For existing groundwater recharge reuse projects, historic monitoring data may be used 
to assess the occurrence and removal of CECs and surrogates.  Existing projects 
demonstrating prior assessment of CECs and surrogates equivalent to the initial 
assessment phase requirements of this Policy may skip the initial monitoring phase and 
initiate the baseline monitoring phase requirements in Section 3.2.
Monitoring results shall be evaluated following each sampling event to allow timely 
implementation of any response actions.  If evaluation of monitoring results indicates a 
concern, such as finding a concentration of a health-based CEC above the thresholds 
described in Table 7, more frequent monitoring may be required to further evaluate the 
effectiveness of the treatment process. Additional actions may also be warranted, 
which may include, but not be limited to, resampling to confirm a result, additional 
monitoring, implementation of a source identification program, toxicological studies, 
engineering removal studies, and/or modification of facility operations.  If additional 
monitoring is required, the Regional Water Board shall consult with CDPH and revise 
the Monitoring and Reporting Program as appropriate. Evaluation of monitoring results 
and determination of appropriate response actions based on the monitoring results are 
presented in Section 4.

Following completion of the initial assessment monitoring phase, monitoring 
requirements shall be re-evaluated and subsequent requirements for the baseline 
monitoring phase shall be determined on a project-specific basis.

3.2. Baseline Monitoring Phase

Based on the findings of the initial assessment monitoring phase, project-specific 
performance indicator CECs and surrogates shall be selected for monitoring during the 
baseline monitoring phase.  The purpose of the baseline monitoring phase is to assess 
and refine which health-based CECs, performance indicator CECs and surrogates are 
appropriate to monitor the removal of CECs and treatment system performance for the 
standard operation of a facility.  Performance indicator CECs and surrogates that 
exhibited reduction by unit processes and/or provided an indication of operational 
performance shall be selected for monitoring during the baseline monitoring phase.  
Surrogates not reduced through a unit process are not good indicators of the unit’s
intended performance.  For example, soil aquifer treatment may not effectively lower 
electrical conductivity.  Therefore, electrical conductivity may not be a good surrogate 
for soil aquifer treatment. The baseline monitoring phase shall be conducted for a period 
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of three years following the initial assessment monitoring phase.  Monitoring 
requirements for the baseline phase are summarized in Table 4. If a performance 
indicator CEC listed in Table 1 is found not to be a good indicator, the project proponent 
shall propose an alternative performance indicator CEC representative of the 
constituent group to monitor.  This performance indicator CEC shall be subject to 
approval by the Regional Water Board in consultation with CDPH.

For existing groundwater recharge reuse projects, historic monitoring data may be used 
to assess removal of health-based CECs, performance indicator CECs and surrogates.  
Existing projects that can demonstrate prior assessment of CECs and surrogates 
equivalent to the initial assessment phase and baseline phase requirements of this 
Policy may be eligible for the standard operation monitoring requirements.

Monitoring results shall be evaluated following each sampling event to allow timely 
implementation of any response actions.  If evaluation of monitoring results indicates a 
concern, such as finding a concentration of a health-based CEC above the thresholds 
described in Table 7, more frequent monitoring may be required to further evaluate the 
effectiveness of the treatment process.  Additional actions may also be warranted, 
which may include, but not be limited to, resampling to confirm a result, additional 
monitoring, implementation of a source identification program, toxicological studies, 
engineering removal studies, and/or modification of facility operation.  If additional 
monitoring is required, the Regional Water Board shall consult with CDPH and revise 
the Monitoring and Reporting Program as appropriate. Evaluation of monitoring results 
and determination of appropriate response actions based on the monitoring results are 
presented in Section 4.

Following the baseline operation monitoring phase, monitoring requirements shall be re-
evaluated and subsequent requirements for the standard operation of a project shall be 
determined on a project-specific basis.
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Table 3:  Initial Assessment Phase Monitoring Requirements

Recycled Water Use Constituent Frequency Monitoring Point

Groundwater Recharge 
Reuse- Surface 
Application

Health-Based CECs 
and Performance 
Indicator CECs:
All listed in Table 1.

Quarterly1 - Following tertiary 
treatment prior to 
application to surface 
spreading area.

- At monitoring well 
locations designated in 
consultation with CDPH.2

Surrogates:
To be selected on a 
project-specific 
basis.5

1st 3 months:
To be determined 
on a project-
specific basis.3

- Following tertiary 
treatment prior to 
application to the surface 
spreading area.

- At monitoring well 
locations designated in 
consultation with CDPH.2

3-12 months:
To be determined 
on a project-
specific basis.3

- Following tertiary 
treatment prior to 
application to the surface 
spreading area.

- At monitoring well 
locations designated in 
consultation with CDPH.2

Groundwater Recharge 
Reuse -Subsurface 
Application

Health-Based CECs:
All listed in Table 1.

Quarterly1 Following treatment prior to 
release to the aquifer.

Performance 
Indicator CECs:
All listed in Table 1.

Quarterly1 - Prior to RO treatment.4

- Following treatment prior 
to release to the aquifer.

Surrogates:
To be selected on a 
project-specific
basis.5

To be determined 
on a project-
specific basis.

- At locations approved by 
the Regional Water Board.6

1 – This is the initial monitoring frequency for the monitoring and reporting program. The Regional Water 
Board may require additional monitoring to respond to a concern as stated in Section 3.1. 
2 – Groundwater within the distance groundwater travels downgradient from the application site in 30-
days. 
3 – The monitoring frequency shall be determined by the Regional Water Board in consultation with 
CDPH. The intent is to have an increased monitoring frequency during the first three months and a 
decreased monitoring frequency after three months.
4 – If the project proponent can demonstrate that the RO unit will not substantially remove a CEC, the 
Regional Water Board may allow monitoring for that CEC prior to the AOP, instead of prior to the RO unit.
5 – See Section 1.2 for guidance on selection of surrogates.
6 – See Section 2.2.2 for information on surrogate monitoring locations for subsurface application.
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Table 4:  Baseline Phase Monitoring Requirements

Recycled Water Use Constituent Frequency Monitoring Point

Groundwater Recharge 
Reuse – Surface 
Application

Health-Based CECs:
All listed in Table 1.

Performance 
Indicator CECs:
Selected based on
the findings of the 
initial assessment 
phase.

Semi-Annually1 - Following tertiary 
treatment prior to 
application to the surface 
spreading area.

- At monitoring well 
locations designated in 
consultation with CDPH.2

Surrogates:
Selected based on 
the findings of the 
initial assessment 
phase.

Based on findings 
of the initial 
assessment 
phase. 

.

- Following tertiary 
treatment prior to 
application to the surface 
spreading area.

- At monitoring well 
locations designated in 
consultation with CDPH.2

Groundwater Recharge 
Reuse – Subsurface 
Application

Health-Based CECs:
All listed in Table 1.

Semi-Annually1 Following treatment prior to 
release to the aquifer.

Performance 
Indicator CECs:
Selected based on 
the findings of the 
initial assessment 
phase.

Semi-Annually1 - Prior to RO treatment.3

- Following treatment prior 
to release to the aquifer.

Surrogates:
Selected based on 
the findings of the 
initial assessment 
phase.

Based on findings 
of the initial 
assessment 
phase. 

- At locations approved by 
the Regional Water Board. 4

1 – More frequent monitoring may be required to respond to a concern as stated in Section 3.2. 
2 – Groundwater within the distance groundwater travels downgradient from the application site in 30-
days. 
3 – If the project proponent can demonstrate that the RO unit will not substantially remove a CEC, the 
Regional Water Board may allow monitoring for that CEC prior to the AOP, instead of prior to the RO unit.
4 – See Section 2.2.2 for information on surrogate monitoring locations for subsurface application. 
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3.3. Standard Operation Monitoring

Based on the findings of the baseline monitoring phase, monitoring requirements for 
health-based CECs, performance indicator CECs and surrogates may be refined to 
establish project-specific requirements for monitoring the standard operating conditions 
of a groundwater recharge reuse project.  Monitoring requirements for the standard 
operation phase are summarized in Table 5.  The list of health-based CECs may be 
revised to remove a health-based CEC from the list if monitoring results meet the 
conditions of the minimum threshold level presented in Table 7.  Performance indicator 
CECs and surrogates that exhibited reduction by a unit process and/or provided an 
indication of operational performance shall be selected for monitoring of standard 
operations. If a performance indicator CEC is found to be a poor indicator, the project 
proponent shall propose an alternative performance indicator CEC representative of the 
constituent group to monitor.  This performance indicator CEC shall be subject to 
approval by the Regional Water Board in consultation with CDPH.

Monitoring locations for the standard operation phase shall be the same as the locations 
used for the baseline monitoring phase.

Monitoring for health-based CECs and performance indicator CECs shall be conducted 
on a semi-annual basis, unless the project demonstrates consistency in treatment 
effectiveness in removal of CECs, treatment operational performance, and appropriate 
recycled water quality.  These projects may be monitored for CECs on an annual basis.  
Monitoring frequencies for CECs and surrogates for standard operation monitoring are 
presented in Table 5.

Monitoring results shall be evaluated following each sampling event to allow timely 
implementation of any response actions.  If evaluation of monitoring results indicates a 
concern, such as finding a health-based CEC above the thresholds described in Table 7 
or a decline in removal of a performance indicator CEC from the performance levels 
established during the initial and baseline monitoring phases, more frequent monitoring 
may be required to further evaluate the effectiveness of the treatment process.  
Additional actions may also be warranted, which may include, but not be limited to, 
resampling to confirm a result, additional monitoring, implementation of a source 
identification program, toxicological studies, engineering removal studies, and/or 
modification of facility operation.  If additional monitoring is required, the Regional Water 
Board shall consult with CDPH and revise the Monitoring and Reporting Program as 
appropriate. Evaluation of monitoring results and determination of appropriate response 
actions based on the monitoring results are presented in Section 4.
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Table 5:  Standard Operation Monitoring Requirement

Recycled Water Use Constituent Frequency Monitoring Point

Groundwater 
Recharge Reuse -
Surface Application

Health-Based CECs: 
Selected based on 
the findings of the 
baseline phase.

Semi-Annually or 
Annually1

- Following tertiary 
treatment prior to 
application to the surface 
spreading area.

- At monitoring well 
locations designated in 
consultation with CDPH.2

Performance 
Indicator CECs:
Selected based on 
the findings of the 
baseline phase.
Surrogates:
Selected based on 
the findings of the 
baseline phase.

Based on findings 
of the baseline 
assessment 
phase.

- Following tertiary 
treatment prior to 
application to the surface 
spreading area.

- At monitoring well 
locations designated in 
consultation with CDPH.2

Groundwater 
Recharge Reuse -
Subsurface Application

Health-Based CECs:
Selected based on 
the findings of the 
baseline phase

Semi-Annually or 
Annually1

-Following RO/AOPs
treatment prior to release to 
the aquifer.

Performance 
Indicator CECs:
Selected based on 
the findings of the 
baseline phase.

Semi-Annually or 
Annually1

- Prior to RO treatment.3

- Following treatment prior 
to release to the aquifer.

Surrogates:
Selected based on 
the findings of the 
baseline phase,

Based on findings 
of the baseline
assessment 
phase.

At locations approved by 
the Regional Water Board.4

1 – More frequent monitoring may be required to respond to a concern as stated in Section 3.3.
2 – Groundwater within the distance groundwater travels downgradient from the application site in 30-
days. 
3 – If the project proponent can demonstrate that the RO unit will not substantially remove a CEC, the 
Regional Water Board may allow monitoring for that CEC prior to the AOP, instead of prior to the RO unit.
4 – See Section 2.2.2 for information on surrogate monitoring locations for subsurface application.
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4.  EVALUATION OF CEC AND SURROGATE MONITORING RESULTS

This section presents the approaches for evaluating treatment process performance 
and health-based CEC monitoring results. Monitoring results for performance indicator 
CECs and surrogates shall be used to evaluate the operational performance of a 
treatment process and the effectiveness of a treatment process in removing CECs.  For 
evaluation of health-based CEC monitoring results, a multi-tiered approach of 
thresholds and corresponding response actions is presented in Section 4.2.  The 
evaluation of monitoring results shall be included in monitoring reports submitted to the 
Regional Water Board and CDPH.

4.1 Evaluation of Performance Indicator CEC and Surrogate Results

The effectiveness of a treatment process to remove CECs shall be evaluated by 
determining the removal percentages for performance indicator CECs and surrogates.  
The removal percentage is the difference in the concentration of a compound in 
recycled water prior to and after a treatment process (e.g., soil aquifer treatment or RO 
followed by AOPs), divided by the concentration prior to the treatment process and 
multiplied by 100.

Removal Percentage = ([Xin – Xout]/Xin) (100)

Xin - Concentration in recycled water prior to a treatment process
Xout - Concentration in recycled water after a treatment process

During the initial assessment, the recycled water project proponent shall monitor 
performance to determine removal percentages for performance indicator CECs and 
surrogates.  The removal percentages shall be confirmed during the baseline monitoring 
phase.  One example of removal percentages from Drews et. al. (2008) for each 
application scenario and their associated processes (i.e. soil aquifer treatment or 
RO/AOPs) is presented in Table 6.  The established removal percentages for each 
project shall be used to evaluate treatment effectiveness and operational performance.

4.1.1. Groundwater Recharge Reuse – Surface Application

For groundwater recharge reuse by surface application, the removal percentage shall 
be determined by comparing the quality of the recycled water applied to a surface 
spreading area to the quality of groundwater at monitoring wells.  The distance between 
the application site and the monitoring wells shall be no more than the distance the 
groundwater travels in 30 days downgradient from the application site.  The location of 
the monitoring wells shall be designated in consultation with CDPH. The removal 
percentage shall be adjusted to account for dilution from potable water applied to the 
application site, storm water applied to the application site, and native groundwater.  
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The removal percentage shall also be adjusted to account for CECs in these waters.  
The project proponent shall submit a proposal to the Regional Water Board and CDPH 
as part of its operation plan on how it will perform this accounting. 

4.1.2. Groundwater Recharge Reuse – Subsurface Application

For groundwater recharge reuse using subsurface application, the removal percentage 
shall be determined by comparing recycled water quality before treatment by RO/AOPs 
and after treatment prior to release to the aquifer.
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Table 6:  Monitoring Trigger Levels and Removal Percentages

Constituent/
Parameter

Relevance/Indicator
Type/Surrogate

Monitoring
Trigger Level 

(micrograms/liter)1

Removal
Percentages (%)2

GROUNDWATER RECHARGE REUSE - SURFACE APPLICATION3

-estradiol Health 0.0009 --4

Caffeine Health & 
Performance

0.35 >90

NDMA Health 0.01 --
Triclosan Health 0.35 --
Gemfibrozil Performance -- >90
Iopromide Performance -- >90
DEET Performance -- >90
Sucralose Performance -- <255

Ammonia Surrogate -- >90
TOC Surrogate -- >30
Nitrate Surrogate -- >30
UV Absorption Surrogate -- >30
GROUNDWATER RECHARGE REUSE - SUBSURFACE APPLICATION6

-estradiol Health 0.0009 --
Caffeine Health & 

Performance
0.35 >90

NDMA Health & 
Performance

0.01 25-50, >807

Triclosan Health 0.35 --
DEET Performance -- >90
Sucralose Performance -- >90
Electrical 
Conductivity

Surrogate -- >90

TOC Surrogate -- >90
1 – Monitoring trigger levels for groundwater recharge reuse and landscape irrigation applications were 
established in Monitoring Strategies for Chemicals of Emerging Concern (CECs) in Recycled Water –
Recommendations of a Science Advisory Panel, dated June 25, 2010.
2 –The removal percentages presented in this table are from work by Drewes et.al. (2008) and provide an 
example of performance for that specific research.  Project specific removal percentages will be 
developed for each groundwater recharge reuse project during the initial and baseline monitoring phases.  
3 – Treatment process: Soil aquifer treatment. The stated removal percentages are examples and need 
to be finalized during the initial and baseline monitoring phases for a given site.
4 – Not applicable 
5 – Sucralose degrades poorly during soil aquifer treatment. It is included here mainly as a tracer. 
6 – Treatment process: Reverse osmosis and advanced oxidation process.
7 – For treatment using reverse osmosis, removal percentage is between 25 and 50 percent.  For 
treatment using reverse osmosis and advanced oxidation processes, removal percentage is greater than 
80 percent.
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4.2. Evaluation of Health-Based CEC Results
The project proponent shall evaluate health-based CEC monitoring results.  To 
determine the appropriate response actions, the project proponent shall compare 
measured environmental concentrations (MECs) to their respective monitoring trigger 
levels10 (MTLs) listed in Table 6 to determine MEC/MTL ratios.  The project proponent 
shall compare the calculated MEC/MTL ratios to the thresholds presented in Table 7 
and shall implement the response actions corresponding to the threshold.

For surface application, the results shall be evaluated for groundwater collected from 
the monitoring wells.  For subsurface application projects, results shall be evaluated for 
the recycled water released to the aquifer.

Table 7:  MEC/MTL Thresholds and Response Actions

MC/MTL Threshold Response Action
If greater than 75 percent of the MEC/MTL  ratio 
results for a CEC are less than or equal to 0.1 
during the baseline monitoring phase and/or 
subsequent monitoring -

A) After completion of the baseline monitoring 
phase, consider requesting removal of the CEC 
from the monitoring program.

If MEC/MTL ratio is greater than 0.1 and less 
than or equal to 1 -

B) Continue to monitor.

If MEC/MTL ratio is greater than 1 and less than 
or equal to 10 -

C) Check the data.

Continue to monitor.  
If MEC/MLT ratio is greater than 10 and less 
than or equal to 100 -

D) Resample immediately and analyze to 
confirm CEC result.

Continue to monitor.
If MEC/MLT ratio is greater than 100 - E) Resample immediately and analyze to confirm 

result.

Continue to monitor.

Contact the Regional Water Board and CDPH to 
discuss additional actions.

(Additional actions may include, but are not 
limited to, additional monitoring, toxicological 
studies, engineering removal studies, 
modification of facility operation, implementation 
of a source identification program, and 
monitoring at additional locations.)

10 Monitoring Trigger Level (MTL):  Health-based screening level value for a CEC for a particular water 
reuse scenario.  MTLs were established in, Monitoring Strategies for Chemicals of Emerging Concern 
(CECs) in Recycled Water – Recommendations of a Science Advisory Panel, dated June 25, 2010.  
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Stakeholder Group Antelope Valley IRWM Group
(Major)

Mojave IRWM Group
(Major)

Tahoe Sierra IRWM Group
(Major)

Inyo Mono IRWM Group
(Major)

 Indian Wells Valley Group 
(part of Inyo Mono IRWM)

(Major)

Lahontan Basins IRWM 
Group
(Major)

Fremont Basin IRWM Group
(Major)

Membership Antelope Valley State Water 
Contractors Association, 
Palmdale Water District

Mojave Water Agency

(Note:  some areas in Region 7 
but Region 6 is lead)

South Tahoe Public Utility 
District

California Trout Indian Wells Valley 
Cooperative Groundwater 
Management Team --  Indian 
Wells Valley Water District, 
Naval Air Weapons Station, 
Searles Valley Minerals, City of 
Ridgecrest, BLM, Inyokern 
CSD, Kern Co, Kern Co Water 
Agency, Eastern Kern Co 
Airport District

Honey Lake Valley Resource 
Conservation District

Department of Public Works, 
California City

Lead Organization Antelope Valley State Water 
Contractors Association

Mojave Water Agency South Tahoe Public Utility 
District

California Trout TBD - likely Indian Wells 
Valley Water District or City of 
Ridgecrest

Honey Lake Valley Resource 
Conservation District

Department of Public Works, 
California City

Lead Group Contact Matt Knudson (Palmdale Water 
District)
(661) 947-4111x118
mknudson@palmdalewater.org

Kirby Brill
(760) 946-7008
kbrill@mojavewater.org

Lynn Nolan
(530) 543-6215
lnolan@stpud.dst.ca.us

Mark Drew
(760) 924-1008
mdrew@caltrout.org

Don Zbeda/Indian Wells Water 
Agency (760) 384-5555 
don.zdeba@iwvwd.com

Tim Keesey
(530) 260-0934
info@honeylakevalleyrcd.us

Michael Bevins
(760) 373-7297
pwdir@californiacity.com

Basins Covered DWR 118 
Bulletins

6-44 Antelope Valley 6-40 Lower Mojave River 
Valley
6-41 Middle Mojave River 
Valley
6-42 Upper Mojave River 
Valley
R7 basins Lucerne Valley, 
Johnson Valley, and Morongo

6-5 Tahoe Valley
6-5.01 Tahoe Valley South
6-5.02 Tahoe Valley West
6-5.03 Tahoe Valley North
6-67 Martis (Truckee Valley)
6-6 Carson Valley
6-108 Olympic Valley

6-12 Owens Valley  6-54 Indian Wells Valley 6-4 Honey Lake Valley 6-46 Fremont Valley; 
Tehachapi Valley East 6-45 

What Group has Done to 
Date:  (including significant 

milestones)

Salt/nutrient approach/concept 
presented to and accepted by 
Lahontan Regional Water Board. 
Time extension granted. 
Regional Board to consider plan 
acceptance in November 2014.

Salt/nutrient approach/concept 
presented to and accepted by 
Lahontan Regional Water 
Board.  Regional Board to 
consider plan acceptance in 
early 2015.  

Part of IRWM (planning grant 
funds to update IRWM plan & 
includes SNMP plan 
development. SNMP 
development is underway with 
possible status presentation to 
the Regional Board in early 
2015.

Part of IRWM; currently 
seeking funding to begin 
SNMP development.

The Indian Wells Valley 
Cooperative Groundwater 
Management Team decided to 
develop its own SNMP as a 
subset of the Inyo Mono IRWM 
group's effort. Time extension 
granted. A draft SNMP is under 
development with a possible 
status presentation to the 
Regional Board in early 2015.

• Part of IRWM (planning 
funds to update IRWM plan 
include SNMP). Time 
extension granted. SNMP 
development is underway with 
possible status presentation to 
the Regional Board in early 
2015.

• Potential draft plan 
completed and currently under 
review by the Regional Board. 
Possible status presentation to 
the Regional Board in early 
2015.

Date Time Extension for 
Completion of SNMP 

Requested

4/16/2014 Was asked to submit a time 
extension on 5/22/2014

Was asked to submit a time 
extension on 5/22/2014

Was asked to submit a time 
extension on 5/22/2014

6/19/2014 5/30/2014 Was asked to submit a time 
extension on 5/22/2014

Date Time Extension 
Granted & New Estimated 

Completion Date

8/19/2014                                   
Estimated Plan Completion Date 
December 2014

8/19/2014                                   
Estimated Plan Completion 
Date December 2015

8/19/2014                                   
Estimated Plan Completion 
Date December 2015

Approximate Date of Draft 
Final Plan Presented to the 

Regional Board

11/1/2014 3/1/2016 3/16/2014

Salt/Nutrient Management Planning Progress Report
Region 6:  Lahontan Regional Water Quality Control Board

Date:  October 15, 2014
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