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Executive Summary

Fort Irwin, home to the U.S. Army National Tralnlng Center, is located approximately 37 miles
nartheast of Barstow, Califerniain the High Mojave Desert midway between Las Vegas, Nevada and
Los Angeles, California. The watersupply for Fort Irwin comes from three local groundwater
basins—Bicycle, irwin, and Langford— located within the Fort Irwin Military Reservation. The water
is used for residential and commercial purposes at Fortirwin. Nearly all of the wateruse occurs
within the boundaries of the Irwin Basin.

Wastewatergenerated at Fort Irwin is treated at a wastewatertreatment plant (WWTP) also located
inthe Irwin Basin. A portion of the treated wastewateris used as recycled waterforirrigation within
the irwin Basin, and the remainderis discharged to evaporation and percolation ponds that make up
the WWTP effluent disposal facilities. Water discharged to the evaporation and percolation ponds
recharges the Irwin Basin only.

Because nearly all wateruse, including domestic (DO), reverse osmosis (RO), and recycled water, is
within the irwin Basin, and all wastewatereffluent is eitherevaporated or returned tothe irwin
Basin, this Salt and Nutrient Management Plan (SNMP) focuses on the Irwin Basin,

Saltand nutrient loading to the irwin Basin was evaluated with regard to recent waterdemands in
the absence of recycled wateruse, termed the “Baseline” condition. A set of management
strategies, collectively referred to as the “Scenario,” was developed to address salt and nutrient
loading. Future salt and nutrient loading under the Scenario was evaluated, and the outcomes of
Baseline canditions, strategies included in the Scenario, and implementation of the Scenarioare
presented below. it should be noted that quantification of water, salt, and nutrient balances
presented herein are estimates and therefore approximate. Precision of the values presented is
intended to facilitate consistency between the values and is notintended to imply that the values
are accurate to thissame degree.

Basellne Conditions

While a portion of the water pumped from the three local basins is used consumptively through
evaporation or plant transpiration, the naturally occurring saltin that wateris not consumed. Nearly
all of the salt pumped from the three local basins (about 1,796 tons/yr), less net export of

34 tons/yr, is returned to the groundwaterinirwin Basin eitherthrough percolation of treated
wastewater, pipe leakage, or deep percolation of applied irrigation water. An additional 295 tons/yr
of saltare added to the system through imported salts in the wastewater stream, an additional

213 tons/yrof saltare estimated to be leached from the unsaturated zone (that is, the zone
between ground surface and the watertable; the water table represents the upperextent of the
saturated zone) nearthe WWTP, and about 34 tons/yrare estimated as inflow with natural
recharge. Total salt entering the Irwin Basin is estimated to be about 2,304 tons/yr.
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After accounting for salt removal from Irwin Basin viagroundwater pumping (432 tons/yr) and
outflow to Langford Basin {107 tons/yr), the net accumulation of salts in irwin Basin is about

1,764 tons/yrl. The Irwin Basin waterbalance suggests that the net accumulation of salts Is
accompanied by net recharge of water of about 706 afy, which together would resultin an increase
of average total dissolved solids (TDS) in Irwin Basin groundwaterfrom about 700 mg/L currently to
about 905 mg/L in 25 years in the absence of management strategles.

Nitrogenis also naturally occurringin the local basins, with the predominate source assumedto be
historicatmospheric deposition. Additional nitrogen is imported viafertilizers and producedin
human waste. Total nitrogen entering the Irwin Basin is estimated to be about 13.7 tons/yrfroma
combination of deep percolation of applied irrigation water, including fertilizers, pipe leakage, and
treated wastewater. Afteraccounting fornitrogen removal from Irwin Basin viagroundwater
pumping {2.65 tons/yr) and outflow to Langford Basin (0.48 tons/yr), the net addition of nitrogento
irwin Basin is estimated to be about 10,6 tons/yr. The net addition of nitrogen is accompanied by
net recharge of about 706 afy of waterto irwin Basin, which would resultin anincrease of average
nitrogen in1rwin Basin groundwater from about 3.25 mg/L currently to about 4.6 mg/L In 25 yearsin
the absence of management strategies.

Salt and Nutrlent ManagementPlan

Planned salt and nutrient manage ment strategies evaluated and collectively described as the
“Scenario” include the following:

* Newwater treatment plant (WTP). A new WTP, Irwin Water Works, is under construction.
Based on the design (CDMSmith, 2013), the plant will remove between 75 percent and
86 percent of salts and between 84 percent and 92 percent of nitrates, depending on the source
waterconcentration.

* Increased use of recycled water. The recycled watersystem at Fort Irwin s currently being
expanded. Future recycled wateruse in the Scenariois based on planned and funded expansion
of the recycled water system, as summarized in the Recycled Water Master Plan (CH2M HILL,
2014a). Increased recycled wateruse will reduce dependence on Bicycle and Langford Basins,
thereby reducing the amount of salts and nutrients imported and increasing long-term
sustainability of wateruse at Fort irwin.

s Increased nitrogen removal at the wastewater treatment plant. Upgrades to the WWTP are
under construction, including a new anoxic basin and oxidation ditch to provide nitrogen
removal as described in the Revised Waste Discharge Requirements from the California Regional
Water Quality Control Board (CRWQCB, 2012).

¢ Increased water supply from the lrwin Basin. With the new Irwin Water Works, there will be
more fiexibility in the water quality of source water. Well I-Shas been rehabilitated, allowing
more waterto be pumped from Irwin Basin and reducing dependence on Bicycle and Langford
Basins.

» Install additional water meters to collect water use data. Water meterdatawill help with
accountability, potentially reducing water loss. The first group of area water meters have been
installed; the next group of meters should be installed In 2016.

1 all numbersare rounded to the nearest whole number. Accordingly, the sum of individual roundedvalues presented inthe re port may
not always equalthe roundedtotals.
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Anticipated Results of Plan Implementation

The salt mass balance underthe Scenario suggests that there will be net removal of salt fromthe
Irwin Basin of about 71 tons/yrwhile the water budget will be balanced (inflow equals outflow). This
can be compared with the Baseline condition, In which there is a net addition of about 1,764 tons/yr
of salt to the Basin. The result underthe Scenariois a projected slight decline in future average TDS
concentration in the Basin, compared with an increase of about 205 mg/L {toS0S mg/Lin 25 years,
from 700 mg/L currently) in the Baseline condition.

The nitrogen balance underthe Scenario suggests that there will be netaddition of nitrogento the
Irwin Bas|n of about 1.3 tons/yr. This can be compared with a net addition of about 10.6 tons/yrin
the Baseline condition, ora decrease of about 9.3 tons/yrof net nitrogen entering the Basin under
the Scenario. The result underthe Scenariois a projected slightincrease infuture average nitrate
concentration in the Basin {to 3.6 mg/Lin 25 years from 3.25 mg/L currently) compared witha
greaterincrease inthe Baseline condition (to 4.6 mg/Lin 25 years).

Summary

Salt has accumulated historically in the Irwin Basin, and it continues to accumulate. Nearly all of the
salt that is pumped from the three local basins for watersupply returns to the lrwin Basin through
percolation of treated wastewater, pipeleakage, and deep percolation of applied irrigation water. A
portion of the water evaporates or is consumed by plants, but salts are left behind by these
processes, thereby resulting in relatively high TDS waterbeing returned to the groundwater system.
Planned management strategies are expected to resultinalarge reduction in the netsalt loading to
the Basin and likely a net removal of salts from the Basin. This is primarily due to the lrwin Water
Works project thatwill remove salts for landfill disposal.

In contrast to salts, nitrogen does not simply cycle through the current system and accumulate in
Irwin Basin, The primary sources of nitrogen to the system are domestic, and the primary sinkis the
WWTP where nitrification, denitrification, and solids removal occur. Nitrogen is currently
accumulatingin the Irwin Basin at a slow rate. Planned management strategies, primarily upgrades
to the WWTP, are expected to reduce the nitrogen loading to the Basin and slow the rate of
accumulation in the Irwin Basin.

FOR OFFICIAL USE QNLY
E5-



FORT IRWIN
EXECUT IVE SUMMARY FINAL SA.T AND NUTRIENT MANAGEMENT PLAN

This page intentionally left blank for double-sided printing.

FOR OFFICIAL USE ONLY
£5-4



1.0 Introduction and Background

This Salt and Nutrient Management Plan for Fort lrwin, CA was prepared by CH2M HiLL
Constructors, Inc. {CH2M) for Capital Improvement Project {CIP) WW59— Develop Salt and Nutrient
Management PlanunderTask Order 52 of Contract DACA87-02-C-0037 for the U.S. Army.

1.1 Water and Wastewater System Overview

Fort irwin, home to the U.S. Army National Training Center, is located approximately 37 miles
northeast of Barstow, California, in the High Mojave Desert midway between Las Vegas, Nevadaand
Los Angeles, California. Fort Irwin has a permanent population of about 11,900 people (military and
family members), an additional 6,300 rotational soldiers, and a civilian workforce of about 5,600 for
a daily population total of about 24,000 {U.S. Army, 2014).

Water supply for Fort Irwin comes from three local groundwater basins—Bicycle, Irwin, and
Langford—located within the Fort lrwin Military Reservatlon (Figure 1-1; California Department of
Water Resources [CA DWR], 2004). Wateris used forresidential and commercial purposes at Fort
Irwin. Nearly all of the wateruse occurs within the boundaries of the Irwin Basin.

Two water distribution systems exist at Fort Irwin: the domesticwater (DQ) systemand the reverse
osmosis (RO) drinking water system. Up to 150,000 gallons perday {gpd) of DO wateris processed in
a RO treatment plant to produce drinking waterthat meets all applicable standards. The drinking or
RO wateris distributed toall residences and most otherfacilities through anindependent
distribution system. DO wateris also distributed to all residences and otherfacilities through its
independent system. DO waterisintended for uses otherthan personal consumption, including
irrigation, toilet flushing, laundry, industrial uses, etc.

A new watertreatment plant (WTP), Irwin Water Works, is currently under construction and is
anticipatedto begin cperation in early 2016. Water pumped from the Bicycle, Langford, and Irwin
Basins will be delivered to the WTP fortreatment ratherthan discharged directlyinto the
distribution system. The WTP will supply waterdirectly to the onsite storage tanks; additional
transmission and distribution piping is planned to provide similar connectivity through the existing
waterdistribution system.

Wastewatergenerated at Fort irwin is treated at a wastewatertreatment plant (WWTP) that is also
located in the Irwin Basin. A portion of the treated wastewateris used as recycled waterfor
irrigation withinthe Irwin Basin, and the remainderis discharged to evaporation and percolation
ponds that make up the WWTP effluent disposal facilities (Figure 1-2). Water discharged to the
evaparation and percolation ponds recharges the irwin Basin only. Biosolids from the WWTP are
conveyed tothe local lined landfillon post for permanent disposal.

Because nearly all wateruse, including DO, RO, and recycled, is within the Irwin Basin and all
wastewater not recycled eitherrecharges the Irwin Basin or evaporates, this Salt and Nutrient
ManagementPlan (SNMP) focuses on the Irwin Basin. The Irwin Basinis hereinreferred to as “the
Basin” or “Basin.”
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1.2  Regulatory Framework

On February 10, 2004, California Regional Water Quality Control Board {CRWQCB), Lahontan Region,
adopted Board Order No. R6V-2004-0005, “Revised Waste Discharge Requirements (WDR), Including
Water Recydling Requirements” for Fort Irwin (CRWQCB, 2004). The Board Orderwas subsequently
amended in 2012 (CRWQCB, 2012); the amendment included implementation of the 2009 State
Water Resources Control Board (SWRCB) Recycled Water Policy (SWRCB, 2009). The overarching
purpose of the Recycled Water Policy is to protect beneficial uses of groundwater and to promote
sustainability of water resources. In support of protecting beneficial uses of groundwater, the
Recycled Water Policy indudes a requirement for development of an SNMP. This SNMP was
developed to comply with the 2012 amendment R6V-2004-0005-A1, Finding 4.g., and to be
consistent with Paragraph 6 of the Recycled Water Policy.

1.3  Purpose of Report

The purpose of this report is to present astakeholder-driven SNMP forthe Basin with the following
objectives:

» Assesssources and loads forthe identified constituents

= |dentify salt and nutrient management strategies

e Evaluate effectiveness of the saltand nutrient management strategies in protecting Basin water
quality

s Develop a planfor implementing salt and nutrient management strategies, including
implementation schedule, stakeholder responsibilities, and monitoring program

1.4 Stakeholders

CH2M operates the water system at Fort Irwin and owns and operates the wastewater treatment
facilities underthe Utility Privatization Program. Transfer of the water systemis in process and once
completed (expectedin 2016} CH2M will own the watersystem.

The Fort Irwin contract (DACA87-02-D-0037) was awarded to CH2M in September 2002 with the
initial Task Orderto perform System Characterization Studies. The studies resulted in negotiation
and award of the long-term (50-year) ownership and operation of the wastewater utilities and long-
term operation of the water utilities to CH2M. Operations and maintenance activities at Fort Irwin
began on April 1, 200S. Ownership of the wastewater utilityat Fort Irwin was transferred to CH2M
on June 14, 2005. The transferof ownership of the water system has been deferred to date because
of system non-compliance with State of California regulations for fluoride and arsenic. Asindicated
above, Fort Irwin is constructing a WTP that is expected to resolve the watersystem compliance,
and ownership of the watersystemis expected to be transferred to CH2M after completion of the
WTP project.

This Planidentifies the Army and CH2M as the only stakeholders with regard to the SNMP for the
followingreasons:

s The Board order designates both CH2M and the U.S. Army as the Discharger, owingto the fact
that CH2M owns the facility and the Army owns the land.

¢ The U.S. Army Corps of Engineers owns all of the land contributing source waterto Fort Irwin, as
weli as all of the land area of receiving waters.

FOR OFFICIAL USE ONLY
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e Thegroundwaterbasins are closed hydrologic basins, both with respect to surface waterand
groundwater. There is no drainage of water from Irwin, Langford, and Bicycle Basins to any non-
Federal lands and no importation of water from outside of Fort Irwin.

1.5 Document Organization

This document is organized to be consistent with the SWRCB's draft SNMP guidelines and suggested
elements. The organization provides information in asequential manner that considers the
pracedures undertaken to develop the information and analyses consldered in this study. Each
section’s title and abrief summary follow: .

» Section 1, introduction and Background: Provides background information on Fort Irwin and
the study.

+ Section 2, Groundwater Basin Characteristics: Presents asummary description of the
hydrogeoiogy and water quality of the irwin Basin.

» Section3, Basin Evaluation: Provides details of the water balance, and salt and nutrient
balance.

» Section4, Salt and Nutrient Management Strategies: Presents management strategies and
estimates of future water, salt, and nutrient balances after management strategies are
implemented.

« Section5, Basin Management Plan Elements: Summarizes the management plan goals and
maonitoring programs to evaluate whether the goals are being met.

s Section 6, California Environmental Quality Act (CEQA) Analysis: Summarizes the applicability
of CEQA to implementaticn of management strategies.

» Section7, Antidegradation Analysis: Summarizes the management strategies inthe context of
antidegradation policies.

s Section8, Plan Implementation: Provides implementation and review schedule, and defines
stakeholder responsibilities.

¢ Section9, References: Provides alist of documents referenced for the study.
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2.0 Groundwater Basin Characteristics

The purpose of this section is to present a summary description of the hydrogeclogy of the irwin
Basin. While the emphasis of this Plan is the Irwin Basin, the Fort Irwin water supply thatis imported
from Bicycle and Langford Basins is a source of salts and nutrients to Irwin Basin. Accordingly,
pumping rates, water quality, and water storage summaries are provided for Bicycle and Langford
Basins as well. Foradditional information about hydrogeology of Bicycle and Langford Baslns, the
readeris referred tothe U.S. Geological Survey's { USGS’s) recent study on Langford Basin {USGS,
2013) and CH2M's Regional WaterSupply Investigation (CH2ZMHILL, 2007a).

This section relies on previous work, notably USGS studies {USGS, 1997 and 2003), previous work by
CH2M {CH2M HILL, 2007a and 2007b), and previcus work by MWH (MWH, 2011). Discussionis
relatively brief as in-depth reports on the hydrogeology of these basins are available in these
references.

2.1 Groundwater Basin Overview

An overviewof the irwin Groundwater Basin is provided in this section. Subsections describe the
setting, climate, geology, and aquifers.

2.1.1 Land Use, Geographic Setting, and Hydrologic Setting

Fort Irwin is located in the High Mojave Desert, 37 miles northeast of Barstow, CA. Developed
residential and commercial areas, locally referred to as the “cantonment,” make up approximately
half of the land area of the Irwin Basin {Figure 1-1). Irrigated landscape within the cantonment,
consisting of turf grass, shrubs, and trees, is a contrast to the sparse natural vegetation of mesquite,
creosote, yucca, and otherlow-growing desert plants.

Land surface of the cantonment is relatively flat with agentle downward slopefrom west to east.
Elevation ranges from about 2,600 feet in the west to about 2,400 feetin the east. The Irwin Basin is
bordered to the east by Beacon Hill, to the north-northwest by Northwest Ridge, and to the west by
Southwest Ridge. Low-lying hills to the south separate Irwin Basin from Langford Basin.

The Irwin Basin resides within awatershed of approximatety 17,000 acres (Figure 1-1). No additional
hydrologicareas are tributary to the Basin, and there are no perennial streams within the Basin
(USGS, 1997). Surface water flow occurs in dry washes occasionally during and after large storms. If
surface water flow is sufficient, it may leave the Basin through an unnamed wash in the southeast
toward Langford Basin, where the ultimate surface water discharge is to a normally dry lakebed,
Langford Lake (USGS, 2003; USGS, 2013). Accordingly, the Irwinand Langford Basins togetherforma
closed surface watersystem.

2.1.2 Climate

Average annual precipitation at Fort Irwin ranges from 4 to 6 inches. About 75 percent of annual
precipitationin the Mojave Desert occurs in the cool season (October through April) as widespread
rainfall of relatively long duration. Qccasionalthunderstorms bring heavy rainfalland flash flooding
during the summer months {USGS, 2005). The highest daytime temperatures typlcally occurduring
July when the average high temperature is 104 degrees Fahrenheit {deg F) and average low
temperature is 73 deg F. The coolest temperatures occurin Decemberwhen the average high
temperature is 60 deg F and average low temperature is 36 degF.
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2.1.3 Geology

A map showing the generalized surficial geology of the three local groundwater basins is presented
as Figure 2-1. Principal water-bearing sediments in these three basins are olderalluvium of late
Tertlary {38 million years ago) to Quaternary age {the past 2 million years) and youngeralluvium of
Quaternary age (USGS, 1997). Based on USGS estimates, the bedrock-alluvial interface elevatlonis
as low as about 1650 feet (Figure 2-2; see also CA DWR, 2004}, with alluvial thickness inthe Irwin
Basin as great as 950 feet.

21.4 Hydrogeology and Aquifers

Quaternary alluvium forms the primary water-bearing formation in Irwin Basin. Alluvial deposits are
underlain by volcanic, igneous, and metamorphicrocks that convey little water except where they
are fractured and jointed (USGS, 2003). The unconfined upperaquifer lies primarily within the
saturated youngeralluvium of Quaternary age to depths of about 200 feet below ground surface.
The loweraquiferis confined through most of the Basin and can reach depths of more than 600 feet
inthe central portion of the Basin (USGS, 2003).

Transmissivity is a measure of the ease with which avolume of water can flow through an aguifer. It
is expressed in terms of the volume of waterflowing through a unit cross-sectionalarea of the
entire aquiferthickness underaunit hydraulicgradientin a given amount of time {usually a day).
Transmissivity estimates in the Irwin Basin range from about 20,000 to 30,000 gallons perday per
foot (gpd/ft)} (CHZM HiLL, 2007a).

While historically there were as many as 14 production wells in the Irwin Basin, there is currently
only one active productionwell in the Irwin Basin, Welll-7 (Figure 2-3}. Well |-71s located in the
north-central portion of the Basin nearthe intersection of Barstow Road and 7th Street, and pumps
at a rate of 650 gallons per minute.

In conjunction with the construction of the Irwin Water Works, two existing inactive Irwin wells are
planned to be returned to service. Well I-2A will be rehabilitated and connected via a storage tank
and booster pumgp station to the recycled waterirrigation system forsurge capacity and for a supply
when recycled water systems are receiving repairand or maintenance. Welll-9has been
rehabilitated and connected to the Langford raw water supply system that will convey raw waterto
the irwin Water Works.

2.2 Groundwater Inventory

Groundwaterinthe Irwin Basin, including asummary of inflow and outflow, groundwaterlevels, and
movement, and groundwaterin storage is discussed in this section.

2.2.1 Groundwater Budget Summary

Sources and sinks of waterthat flow into or out of the Basin are summarized in this section. The
waterbudgetis quantifiedin Section 3.1,

2.2.11 Groundwater Discharge

Groundwateris currently pumped from one wellin Irwin Basin {I-7), three wells in Langford Basin
(L-1, L-2, and L-3), and twowells in Bicycle Basin {B-4 and B-S} (Figure 2-3). Nearly all waterpumped
from these three basins is used in irwin Basin, with asmall amount exported to NASA Goldstone
(see Section 3). Water has very limited use within Langford or Bicycle Basins. Recent total pumping
has been about 2,200 acre-feet peryear(afy), and distribution of pumpingamongthe three basins
has varied considerably recently (Figure 2-4).
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Monthly distribution of pumping is typical of municipal water use, with the highest demand
occurring during the summer months (Figure 2-5), Wastewater production, representative of indoor
demand (see Section 3), Is relatively constant, suggesting the monthly fluctuations in overall
demand are largely due to irrigation demands. A more complete discussion of waterdemand is
foundinSection3.1.

Additional discharge from Irwin Basin occurs as subsurface flow tothe southeast toward Langford
Basin. Previous studies estimate that discharge toward Langford Basin was about 50 afy (CA DWR,
1964; USGS, 1997) priorto groundwaterdevelopment.

2.2.1.2 Groundwater Recharge

Natural recharge to the Irwin Basin occurs from infiltration of precipitation afteritis channeledinto
ephemeral stream channels; it is assumed that rainfall recharge does not occuroutside these
channels {USGS, 2003). Thisis a common assumption inthis area(see USG5, 2001; USGS 2004a;
USGS 2004b). The USGS estimates that average annual natural recharge to the lrwin Basinis about
50 afy (USGS, 2003}.

Additional sources of recharge to irwin Basin include infiltration of treated wastewaterth rough
evaporation and percolation ponds in the southeast portion of the Basin and deep percolation of
appliedirrigation water and pipe leakage in the northwest part of the Basin. The quantity of
recharge from these two sources far exceeds the natural recharge, as discussed and quantified in
Section3.

2.2.2 Groundwater Levels, Mixing, and Movement

Observed groundwaterelevations obtained from the USGS National Water Information System and
from CH2M sampling suggest that groundwater flows from the two primary recharge sources
(WWTP areaand irrigated areas) toward the centerof the Basin where groundwater pumping
oceurs (Figure 2-6). Percolation ponds that recharge groundwater with treated wastewater have
caused a groundwater“mound” to occur in the southeastern portion of the Basin. Groundwater
flows radially outward from this area northwest toward the pumping well and, toa lesserdegree,
south toward Langford Basin.

There may be an additional area of relatively high groundwater elevations just west of the pumping
well due to deep percolation of applied irrigation water; however, water elevation datainthe
northwest of the Basin are sparse. Waterappears to flow from this area toward the pumpingwell
where itis extracted for domesticand irrigation use in the Basin.

Observed data suggest that groundwaterlevels have risen throughout the Basin since the mid-1990s
due to 1) a reduction of groundwater pumping from the Basin and 2) recharge dueto deep
percolation of applied irrigation water and percolation of treated wastewater, The greatestrisein
waterlevels is observed in the north-central portion of the Basin, nearthe current and historic
production wells, where groundwater elevations have risen by as much as 40 feet (Figures 2-7and
2-8).

The reduction of pumpingsince about 1990 has allowed groundwater from adjacent areas to “fillin”
the cone of depression caused by historical pumping. During this same period, grou ndwater has also
risen onthe orderof 20 feet nearthe WWTP in response to recharge of treated wastewater.

Groundwater elevations were compared with land surface elevations to estimate depth to
groundwater. Depth to groundwater ranges from about 20 feetin the southeast to about 300 feetin
the northwest (Figure 2-9).
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Groundwater elevations were combined with estimated elevations for the bedrock/alluvial interface
obtained from the USGS to estimate the saturated thickness of the alluvial aquifer system. The
estimated maximum saturated thickness of alluvium in the Basin is greaterthan 600 feet nearits
center(Figure 2-10).

2.2.3  Groundwater Storage

The specificyield of an aquifer represents the relative guantity of waterthat a unit volume of
aquiferyields by gravity drainage of pore spaces. Itis typically expressed as a percentage of the
volume of the aquifer. Assuming aspecificyield of 10 percent, there were about 80,000 acre feet of
usable waterin aquiferstorage in the Irwin Basin in 2005 (CH2M HILL, 2007a). It should be noted
that this estimate is highly de pendent on the estimate of the elevation of the bedrock/alluvial
interface, which is uncertain.

2.3 Basin Water Quality

This section summarizes water quality in the irwin Basin, as well asimported waterquality {from
Bicycle and Langford Basins), delivered waterquality, and water quality of treated wastewater.

2.3.1 Groundwater Quality

The following sections summarize water quality findings forthe Irwin Basin. Sources of water quality
data include JMM (1979 and 1981), Wilson F.So and Associates (1989), U.S. Army Centerfor Health
Promotion and Preventive Medicine (2001), USGS {1980a, 1980b, 1997), USGS website, MWH
(2011), resultsfrom CH2M's annual and semiannual groundwater sampling events (CH2MHILL,
2012}, and CH2M's monitoring to support the State Board, Division of Drinking Water's Drinking
Water Monitoring Program. Discussion in this section emphasizes total dissolved solids (TDS) and
nitrate as representative of salts and nutrients. TDS and nitrate occurrence in the Basin are
discussed spatially, through time, and by depth; summary conclusions about the sources of TDS and
nitrate are also provided. Quantification of TDS and nitrogen loading to the Basin is summarized in
Section 3.

2311 TDS

The California Department of Health has established secondary maximum contaminant level(MCL)
drinking water standards for TDS, which are set for taste and odor thresholds. The “recommended”
secondary MCL for TDS is 500 mg/L; the “upper” secondary MCL is 1,000 mg/L.

TDS concentrations in groundwaterin the Jrwin Basin generally range from about 500 to 1,500 mg/L
(Figure 2-11). The lowest TDS concentrations are in the southwest in areas presu mably not
influenced by human activity; these concentrations can be assumedto be representative of
naturally occurring TDS concentrations. Higherconcentrations are observed near the WWTP and
sporadically around the developed portion of the cantonment. Each of these areas is discussed
below.

Total Dissolved Solids near the Wastewater Treatment Plant

Nearthe WWTP, relatively high-TDS wastewater (on the order of 800 mg/L; see Section 2.3.2)is
discharged to ponds where itis evapoconcentrated (increased in concentration due to evaporation)
and percolated into the groundwater. The USGS (2003) concluded thatthe elevated TDS in
groundwater nearthe WWTP cannot be explained by wastewaterdischarge and
evapoconcentration alone and that some component of the high TDS was due to leachingof salts
within the unsaturated zone (zone between ground surface and the watertable; the watertable
represents the upperextent of the saturated zone) as infiltrating water moves down toward the
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water table. This hypothesis is supported by the fact that TDS concentrations are observed to
increase withdepthin samples taken from the unsaturated zone. It is possible that some of the salts
inthe unsaturated zone are naturally occurring or have accumulated through time due to historical
irrigation in the area (notably the formergolf course and former center-pivatirrigation field; see
Figure 2-11).

in general, TDS concentrations at the watertable nearthe WWTP, but away from currentand
formerirrigated areas, are around 1,200 mg/L (Figure 2-11). Nearirrigation areas, particularly the
former center-pivot irrigation areaand the current driving range, significantly higher TDS
concentrations are observed likely due to evapoconcentration of applied irrigation waterand
potential leaching of salts from historical irrigation.

Generally, TDS concentrations nearthe WWTP have remained relatively stable or have decreased
through time (Figure 2-12). Water from well 5TP-4, located just south of the WWTP, steadily
decreased in concentration from the early 1990s until the early 2000s when it leveled off ataround
1,200 mg/L. The historically high TDS may be due to leaching of salts that had accumulatedin the
soil due to irrigation of the formergolf course, with more recent TDS concentrations representingan
equilibrium state of leaching.

HighTDS waters nearthe WWTP appear to migrate toward the northwest following the general
groundwater flow pattern in the Basin from the WWTP toward the current and historical Irwin Basin
production wells. Time-series plots of TDSin the “transition area” show increasing TDS
concentrations, supporting the assumption that high TDS waters from wastewaterirrigation and
percolation are migratingtoward the northwest.

As can be seen on Figures 2-13 through 2-16, TDS concentrations gene rally decrease with depth. It
appears that the higher TDS waterfrom the WWTP pe rcolation ponds tends to stay nearthe water
table as it spreads laterally away from the WWTP (USGS, 1997).

Total Dissolved Solids near the Developed Area of Cantonment

The sporadichigh concentrations of TDS nearthe developed area may be due to irrigation and
associated evapotranspiration (USGS, 1997). These processes are quantified in the Saltand Nutrient
Balance section (Section 3.2). Wells with higher TDS watertend to be shallowerwells, which would
be consistent with deep percolation of irrigation water (see, forexample, well 14/3/32P6, a shallow
well, compared with 14/3/32P4, a deeperwell, in Figure 2-12). Inaddition, TDS concentrationsinall
wells inthe developed area of the cantonment appearto be relatively stablesince the 1990s

{Figure 2-12). Because the TDS concentrationsin the transition area did not start increasing until the
1990s or later, the steady concentrations through time suggest that the source of sporadichigh TDS
inthe cantonment areais not the higherTDS water from the wastewatertreatment plantarea.

2.3.1.2 Nitrogen

Ammonia, biological nitrogen, and nitrite are rarely foundin waterfromwellsinthe region?.
Accordingly, the analysis of nitrogen in groundwater and delivered wateris based on measured
nitrate concentrations in wells. California’s nitrate drinking water MCLis 10 mg/L (nitrate as N).

2 1his conclusion Is based onananatysis of water quality and well data inlrwin, Langford, Bicyde Basins, as well asotheradjacentbasins,
Of 89 wells sampledfor ammonia {as N} + organicnitrogen, only 1 had a sample witha value greater than 1 mg/L {13/3 4D3). That
particular wetihad a sampleresultof 4 mg/L in 1993, followed by non-detect in 1994 and 0.12mg/L. in 2010. Of 91 wells sampled for
nitrite [as N), the maximum sample resultwas 0.7 mg/L, and only12 wells had samples with nitrite{as ) values between 0.1 mg/L and
0.7 mg/L.
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Nitrate is widespread ingroundwaterin Irwin, Langford, and Bicycle Basins. itis assumed that one
source of nitrate is natural atmospheric deposition and subsequent leachingfromsoils {Densmore
and Bohlke, 2000) inall three basins. Some of this naturally accurring nitrate in Bicycle and Langford
Basins is imported to lrwin Basin through the water supply system.

Nitrate concentrations show asimilarspatlal distribution as TDS, with higher concentrations near
the WWTP and sporadically around the developed area of the cantonment (Figure 2-17), Each area
isfurtherdiscussed below.

Nitrate near the Wastewater Treatment Plant

Nitrate concentrations in groundwater nearthe WWTP have generally been dediningin recent years
(Figure 2-18). This decrease is likely due to historical changes in wastewatertreatment and
associated effluent nitrate concentrations as discussed in Section 2.3.3, “Recycled Water Quality.”
Priorto 1993, wastewaterwas treated using alagoon plant with limited nitrogen removal
capabilities. in 1993, the current WWTP was built. While itwas not designed to remove nitrate, itis
likely that the current WWTP removes more nitrate than the lagoon plant did previously, which
likely explains the decline in nitrate concentrations in wells nearthe WWTP in the 1990s. Additional
improvements to the WWTP are under construction, which are expected to further increase the
nitrogen removal efficiency, as discussed inSection 4.

It is reasonable to assume that some of the highervalues of nitrate appearing west and north of the
WWTP are due to migration of high nitrate waters away from the WWTP. Those wells also have
relatively high TDS and are downgradient from the WWTP, based on the recent groundwater
elevation map (Figure 2-6). However, unlike TDS, nitrate concentrations have been decreasingin
some of the transition area wells. itis possible that the decreasing concentrations reflect the
assumed decrease in historical WWTP effluent nitrate concentration.

More high nitrate groundwateris found near currentand formerirrigated areas {STP-15, STP-8A,
and STP-10). It is possible that fertilization of these areas, and/or histarical irrigation using water
with higher nitrate concentrations, has contributed to additional nitrate in the groundwaterbelow
them. Quantification of nitrate sources, including fertilizers, is found in Section 3.

The USGS reports that nitrate concentrations are generally greater in shallow wells {USGS, 1597},
and that trend is generally observed here (Figures 2-13 through 2-16). Combined with observed TDS
concentrations, this suggests that percolating wastewater and return flows from irrigation primarily
mix with water nearthe top of the watertable as it migrates laterally away from the WWTP and are
not yetinfluencing groundwaterat deeperdepthsin the aquifer. Tertiary lacustrine deposits and
faults may slow down the vertical migration of nitrate and TDS (USGS, 1997).

Nitrate near Developed Areas of Cantonment

The sporadic high concentrations of nitrate nearthe developed area may be due to irrigation and
associated fertilization, and evapotranspiration of applied irrigation water, in addition to the natural
atmosphericdeposition source discussed above. These processes are quantified inthe Sait and
Nutrient Balance section (Section 3.2).

2.3.2 Delivered Water Quality

As discussed above, the source waterfor Fort Irwinis a mix of waterfrom the three local

groundwater basins. There are currently two separate water delivery systems, the DO and the RO
systems. Waterfromthe RO system s treated at an RO plantand delivered to aseparate drinking
watertap at sinks for water consumption. DO water s used forall other purposes, including both
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indoorwateruse (laundry, showers, toilets, etc.) and outdoorwateruse (irrigation, vehicle washing,
etc.). Accordingly, the DO system makes up the majority of waterdelivered; approximately 2,000 af
of DO wateris delivered annually, compared to about 100 afy of RO water.

It should be noted here again that Irwin Water Works is curreritly being constructed, which will
eliminatethe “split system” of DO and RO water. lrwin Water Works is discussed furtherin
Section4. Water qualityfor each of the existingdelivery systems is discussed below.

2.3.2.1 DO Water

DO water quality was estimated by performing amixing calculation using pumping rates of
individual wells, along with theirassumed concentrations. TDS and nitrate concentrations of water
fromall pumping wells, as well as the assumed concentrations used in the salt and nutrient
balances, are presented in Figures 2-19 through 2-24.

water imported from Bicycle Basin has average TDS conce ntrations ranging from approximately
540 to 750 mg/L. TDS in Langford Basin is slightly lower, with average TDS concentrations ranging
from approximately 475to 550 mg/L. TDS conce ntrations in irwin Well -7 averages about 530 mg/L.
Average nitrate (as N) concentrations in Bicycle Basin range from4.5 to 5.5 mg/Ldependingon the
pumping well, while Langford wells average between 1.Sand 2.5 mg/L, and irwin Well -7 averages
3.25 mg/L.

DO water quality was estimated in the following manner. Foreach well, total mass was calculated
on a monthly basis by multiplying the metered volume of water pumped at the well by the average
concentrations shown on Figures 2-19 through 2-24. The mass was thensummed forallwellsand
divided by the total volume of water pumpedin the month to obtain an average concentration. This
calculation assumes that the water from all wells is fully mixed and approximates the average water
quality of raw wateroverthe course of a month. Resultant calculated delivered DO TDS
concentrations are generally between about 520 and 640 mg/L (Figure 2-25), while nitrate {as N}
concentrations are between about 2.3 and 5.1 mg/L (Figure 2-26). Concentrations of both TDS and
nitrate have decreased in the past yearas less waterwas pumped from Bicycle Basin where TDS and
nitrate concentrations are generally the highest.

2.3.22 RO Water

The TDS concentration of RO-produced water typically ranges from near0to 160 mg/L, averaging
lessthan 100 mg/L (Figure 2-27). RO wateris not regularly sampled for nitrate.

It should be noted that the RO brine concentrate is cu rrently returned to the WWTP. Therefore,
salts and otherconstituents are still cycled through the system. Assuming that all RO wateris used
non-consumptively (thatis, forindooruses such as washingand drinking that do not remove water
from the system)and returns to the WWTP whereitis mixed back in with the RO brine, there is no
net salt accumulation orremoval from the system due to the RO plant,
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2.3.3 Recycled Water Quality

The WWTP receives wastewater from both the DO and RO systems, as well as brine from the RO
plant. TDS concentrations of the WWTP effluent vary between about 750 and 1,000 mg/L with
recent concentrations averaging about 800 mg/L (Figure 2-28). Total nitrogen concentration in
WWTP effluent have fluctuated historically, with values between Oand 50 mg/L. Average total
nitrogen concentration since 2010 has been about 8 mg/L3 (Figure 2-29).

3 Estimates are based on the average of sum of ammonia {as N) and nitrate {25 N) between May 2010 [WWTP upgradesand changeln
operations) and March 2014, Actual total nitrogen concentration represents the sum of ammonia (as Nj plusammonium (as N) plus
biological nitrogen [collectively analyzed in laborataries as Total Kieldahl Nitrogen [TKN]), nitrate (as N}, and nitrite {asN). Biological
nitrogen or TKN ineffluent was onfy mea sured startingin 2012, During the period inwhich TKN was measured, total concentrationof
other contributors to total nitrogen were generallyless than 1 mg/L based onthedifference between average ammonia (as N} plus nitrate
{as N)and TKN.
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3.0 Basin Evaluation

The purpose of this section is to provide the waterbalance of the irwin Basin, followed by asalt and
nutrient balance. Development of this Salt and Nutrient Management Plan was triggered by the use
of recycled waterforirrigation. To compare conditions with recycled water use to conditions
without recycled water use, the waterbalance presented hereinis quantified assuming current
system water demands (2012-2013 average) without the use of recycled water. In otherwords, it is
assumed that 2012-2013 demand for recycled waterirrigation would have been met by DO water,
so total water production would be equal to the sum of actual water production plus recycled water
use,

Use of recycled wateris considered in the following section where it is compared againstthe
Baseline water balance and salt and nutrient balances. It should be noted that quantification of
water, salt, and nutrient balances presented herein are estimates and therefore approximate.
Precision of the values presented is intended to facilitate consistency between the values and is not
intended toimply that the values are accurate to thissame degree.

3.1 Water Balance

To arrive at a water balance forFort Irwin, itis important to understand the key components of the
waterproduction, delivery, and wastewatertreatment systems, which are summarized in Figure 3-1
Individual companents of the systems, and items presentedin Figure 3-1, are discussed in greater
detailin the following subsections. In summary, groundwater is the only source of watersupply to
Fort Irwin. Currently, production comes from the three local groundwater basins: Irwin, Bicycle, and
Langford Basins (Figure 2-4). Nearly all of the produced water is delivered to facilities in the Irwin
Basin for residential and commercial uses, with a small amount being exported to NASA’s Goldstone
facility and for down-range uses such as drinking and showers. Of the delivered water, aportion is
consumptively used (that is, removed from the system typically through evaporation and/or
transpiration) for residential and commercial pu rposes on post, including irrigation. The remaining
non-consumptive wateruse (that is, water not removed from the system)is eitherreturned tothe
Irwin Basin groundwater system through deep percolation of applied irrigation waterorpipe
leakage, ortreated and disposed of at the WWTP. A portion of the treated wastewater percolates
back into the Irwin Basin as recharge, while the remainingeitheris used as recycled wateririgation
or evaporates from the percolation pends (Figure 3-1). Following is a quantification of the
components of the Irwin Basin water balance.

3.1.1 Irwin Basin Groundwater Discharge

There are two forms of groundwater discharge from the Irwin Basin: groundwater pumping and
subsurface discharge to Langford Basin. While total production from the three groundwaterbasins
has remained relatively constant rece ntly (see Section 2), distribution of pumpingamong the basins
has fluctuated due to operational and water quality constraints. Between 2011 and 2013,
groundwater pumping from Irwin Basin ranged from about 160 afy to about 960 afy withan average
of about 560 afy. The average of 2011-2013 pumping is generally consistent with the long-term
average pumping from !rwin Basin (Figure 2-4).

Recycled wateruse in 2012 and 2013 ave raged 165 afy (Figure 2-4). The baseline water budget
assumesthat demand for recycled waterirrigation duri ng this timeframe would have been met by
DO water (groundwater), a portion of which would have been met by additional pumping from Irwin
Basin. Of the 165 afy of recycled water used, it was assumed that about 40 afy would have been
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pumped from Irwin Basin, based on the fact that water from Irwin Basin made up about 25 percent
of total water pumped in 2012-2013 withthe remaining pumped from Bicycleand Langford Basins.
Accordingly, Baseline pumping from Irwin Basin is assumed to be about 600 afy.

Discharge toward Langford Basin has been estimated by the USGS to be about 105 afy, whichis
assumed to be constant throughtime (USGS, 2003; USGS, 2013). Thisisa greater rate than the

estimated predevelopment rate of 50 afy due to highergroundwater elevations in response to

recharge nearthe WWTP.

3.1.2 Irwin Basin Groundwater Recharge

The components of groundwater recharge to the Irwin Basin are 1) natural recharge (infiltration of
precipitation), 2) pipe leakage, 3) deep percolation of applied irrigation water, and 4) percolation of
treated wastewater. None of these components can be directly measured. Instead, they must be
calculated based on available data and assumptions.

It is also important todistinguish natural recharge from the othertwo recharge sources. Pipe
leakage, deep percolation of applied irrigation water, and pe rcolation of treated wastewater are all
from water originally pumped from local groundwaterinthe Irwin, Langford, and Bicycle Basins.
While these sources are considered recharge components that offset the discharge through
groundwater pumping inlrwin Basin, use of water from Bicycle and Langford Basins resultsin
dedliningstorage in those Basins as discussed inSection 3.1.4.

3.1.2.1 Natural Recharge

Natural recharge to the Basin occurs from infiltration or precipitation afteritis channeledinto
ephemeral stream channels;itis assumed that rainfall recharge does not occuroutside these
channels {USG5, 2003). Thisis a common assumption inthis area (see USGS, 2001; USGS 2004a;
USGS 2004b). The USGS estimates thataverage annual natural recharge tothe Irwin Basin is about
50 afy.

3.1.22 Recharge from Pipe Leakage

A leak detection survey was performed in 2011, which estimated the leakage rate to be about 35 afy
or about 1.5 percent of total wateruse {Utility Services Associates, 2011). However, additional
leakage occurs during discrete water line breaks and potential otherunquantified jeaks. Therefore,
total pipe leakage was estimated at5 percent of wateruse, or 119 afy. While itis acknowledged that
some of the water leaking from pipes may evaporate from the ground surface orreturmto the
wastewatertreatment plant through the sanitary sewe, forthe purposes of this analysis itis
assumed that the entire 119 afy percolatesinto the ground and eventually recharges the
groundwatersystem. Itisalso assumed that any errors associated with this assumption are within
the range of uncertainty and wili not have an appreciable overail effecton the water, salt, and
nutrient balances developed as part of this Pian.

3123 Deep Percolation of Applied frrigation Water

Deep percolation of applied irrigation wateris calculated based on the rate of appliedirrigation
waterand irrigation efficiency (percent of waterapplied thatis consumptively used by plants).
Applied irrigation water is metered at some locations, but notacrossall of Fort Irwin. Accordingly,
applied irrigation wateruse was calculated by parsing out total wateruse into its primary
components: non-consumptive use returned to the WWTP, export, pipe leakage, other consumptive
uses, and irrigation. A summary of the water use components is presentedin Figure 3-2. Details of
assumptions and calculations are summarized below.
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Total indoor non-consumptive water usage was estimated in the following manner. Between 2003
and 2013, average annual WWTP influent has ranged from 1,020 afy to 1,250 afy, with 2012 and
2013 influent measured at 1,073 and 1,058 afy, respectively (Figure3-2), Of this amount, about
90 afy is brine from the current RO plant, 20 afy is from non-consumptive cooling use {CH2MHILL,
2007b), and less than 5 afyis other septage, Including septage hauled from down-range, it was
assumed that the remaining WWTP influent, about 951 afy (1,066 wastewaterflow less 9 afy

RO brine, 20 afy cooling, and S afy otherseptage), is representative of non-consumptive indoor
water demand.

Some wateris exported from Irwin Basin. DO waterexportto NASA’s Goldstone facility has recantly
been about 35 afy. It is estimated that an additional 40afy is exported “down-range” orout of the
basins to military training areas. Down-range wateruse consists of drinking, showers, dust control,
and sanitation. About 7S percent of the waterex ported down-range is RO water. Only about 3 afy is
returned to the WWTP as septage from portable toilets.

Additional non-irrigation consumptive use of water includes evaporative cooling, vehicle washing,
dust control, evaporation from pools, and consumptiveindoorwateruse. Combined consumptive
use of evaporative coaling, vehicle washing, dust control, and evaporation from poolsis estimated
to be about 18 afy (CH2M HILL, 2007b). Consumptive indoorwateruse is estimated to be about

3 percent of total indoor water use {USGS, 2014), or an additional 29 afy. Total non-irrigation
consumptive use, then, is estimated to be about 47 afy.

Irrigation is calculated based on total waterdelivered (produced water plus recycled wate rdelivery),
minus the components summarized above, Between 2003 and 2013, average total water delivered
ranged between about 2,380 afy and 2,860 afy (Figure 3-2) with 2012 and 2013 water delivered
measured at 2,389 and 2,382 afy, respectively. Irrigation is estimated to be about 1,083 afy

(2,385 delivered, minus 119 afy pipe leakage, 951afy indoor non-consumptive use, 20afy non-
consumptive cooling, 47 afy non-irrigation consumptive use, 75afy export, and 90 afy RO brine).

To estimate deep percolation of applied irrigation water, irrigation efficiency must be estimated.
Irrigated areas were estimated based on aerial photos from 2012, This analysis yielded about
55 acres of turf and 55 acres of trees and shrubs.

The net irrigation requirement (water consumed by plants minus effective precipitation) was
calculated monthly based on historical data. Irrigation efficiency was estimated two ways. First, an
irrigation efficiency of 59 percent was calculated for turf areas based on netirrigation requirement
and the average metered rate of waterapplied to turf areas. Second, an irrigation efficiency of

62 percent was calculated based on estimated irrigated area and estimated irrigation water usage.
Because the metered data only represent asubset of the total area, overall average irrigation
efficiency was assumed to be 62 percent (Table 3-1). Based on imrigation efficiency, total recharge to
lrwin Basin from deep percolation of applied irrigation wateris assumed to be 38 percent of applied
irrigation orabout 406 afy {Figures 3-1and 3-3).
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TABLE 3-1
2012 Irrigation Water Use Assumptions
Parameter Value Notes

irrigated turf area 55 acres Estimated fromaerialphoto

Annual netirrigation waterrequ rement!—turf 5.1 ac-ftfac Calculated!

Annual netirrigation water requirement! —turf 281 afy Calculated!

Irrigated tree and shrubcanopyarea 55 acres Estimated from aerialphoto

Annual netimigation water requirement! - trees 7.2 ac-ftfac Calculated?

and shrubs

Annual netirmigation water requirement! - trees 396 afy Calculated?

and shrubs

Annual netirrigation water requirement —total 677 afy Sum of turf + trees and shrubs

Total applied water 1,083 afy

Estimated irrigation efficiency 62% Annual netirrigation requirement divided by
tata! appted water; compare with 59%
observed at metered fields

Total deep percolation 406 afy Applied water minus net irrigation requirement

1 Crop evapotranspiration (ETc) —effective precipitation

ETc =reference grass evapotranspiration * crop coefficent {Ke), from California lrrigation Management Information
System (CIMIS) Barstow NE site {Station #134). Kc turf = 0.B5; Kc trees/shrubs = 1.2.

Effe ctive predpitation estimated based on histarical data used in CHZMHI LL |2007b), in which it was calculated using a
Soil Conservation Service method w/ monthly pre cipitation, ETc and effective soll water storage.

3124 Percolation of Treated Wastewater

Treated wastewateris currently eitherdischarged toan on-site 22-acre evaporation pond oron-site
percolation ponds, or used as recycled water forirrigation. Forthe purposes of this Baseline
analysis, it was assumed that all wastewateris discharged to the ponds (no recycled wateruse).
Recycled wateruseis evaluated in Section 4: Saltand Nutrient Management Strategies.

Between 2003 and 2013, average annual WWTP influent ranged between about 1,020 afy and

1,250 afy (Figure 3-2), with 2012 and 2013 wastewaterinfluent measured at 1,072 and 1,058 afy,
respectively. Pubiished reference evapotranspiration rates fromthe nearest Caiifornia lrrigation
Management Information System (CIMIS) station, in Barstow, were used to estimate evaporation
from the ponds. Surface areafor all ponds, including the recently constructed pond 4, was
considered; however, in accordance with the current WWTP permitrequirements, itwas assumed
that one of the ponds was out of service at any given time. The resultantsurface area estimate is

39 acres. Evaporation from the ponds was estimated to be a factor of 1.05 times the reference
envirotranspiration rate {Allen, etal., 1998). percolation was calculated based on the remaining
flow. These calculations were performed for each month, resultingin an average annual evaporation
of 230 afy and percolation of about 836 afy (Table 3-2). It should be noted that it was assumed there
is minimal evaporative lossinthe wastewater treatment process.
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TABLE 3-2
Percolation of Treated Wastewater
Reference Average Percent of
Evapotransplration! Evaporation? Wastewater Effluent That
Month {in/mo) {af) Effiuent (af] Percolation {af] Percolates
Jan 2.24 7.6 95.7 22.1 92%
Feb 3.01 10.2 90.9 80.8 a9%
Mar 5.18 17.5 99.9 824 82%
Apr 6.44 21.7 79.1 573 73%
May 8.26 279 85.6 57.7 67%
Jun 9.20 311 84.6 53.5 63%
Jul 9.52 321 85.3 53.2 62%
Aug 8.16 27.5 93.5 66.0 71%
Sep 6.37 21.5 938 72.3 7%
Oct 4.69 158 95.0 79.2 83%
Nov 2.83 9.6 85.7 76.1 89%
Dec 2.08 7.0 76.5 69.5 91%
Total 68.0 230 1,066 836 78%

! Data obtained from CIMIS. Average monthly ETcat Barstow NE {Station 134; data 1997-2013)

2Evaparation calculated as Reference ET * 38.6 acres {average area of the ponds with one pondout of service in
accordance with permit re quirements) * Kcfactor of 1.05 {based onAllen, etal., 1998)

3.1.3  Irwin Basin Summary

A summary of the Irwin Basin waterbudget is presented in Figure 3-4. Dataare presented for 2011-
2013, alongwith Baseline conditions (recent conditions without recycied wateruse). Recharge has
exceeded discharge inrecent years witha net recharge of about 706 afy as evidenced byrising
groundwater levels throughout the Basin (see Section 2). The ultimate source of recharge wateris
groundwater pumped from Irwin, Bicycle, and Langford Basins that is recharged to the irwin Basin
through deep percoiation of applied irrigation water, pipe leakage, and percolation of wastewater
effluent.

3.14  Regional Context on Previous Estimates of Basin Lifespan

While Irwin Basin has recently been experienci ngnetrecharge, itisimportant to considerthe
broaderlocal water balance. Natural recharge to Langford and Bicycle Basins is minimal (CH2MHILL,
2007a). A key issue surrounding the three local groundwaterbasins (Irwin, Bicycle, and Langford
Basins) is their longevity: “How long can local groundwaterbasins continue to meet local water
needs?” Two previous reports attempted to answer this question: the Regional Water Suppiy
Investigation (CHZMHILL, 2007a) and the Water Demand Management Plan (WDMP) (CH2M HILL,
2007h).

Two key uncertainties affect estimates of Basin lifespan: 1) estimate of the operating waterlevel
“floor” of Bicycle and Langford Basins, or the waterlevel elevation below which production begins
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to decline significantly, and 2) future groundwater pumpingrates from the Basins. Arange of water
level floors was used in the previous studies to estimate basin lifespan with varylng assumptions of
future groundwater pumpingrates. The Regional Water Supply Investigation concluded that, if
pumping rates and distribution amongst the three basins continued at rates from about 2005, the
basins could provide supply beyond year 2050 if the waterelevation floorwas at the lowerend of
the range, but that some declinesin production could begin between about 2035 and 2050 if the
waterelevation floorwas higher. However, the Regional Water Supply Investigation assumeda
relatively high total demand of about 3,900 afy compared with recent raw waterdemand of

2,385 afy. The WDMP assumed a lowertotal raw water demand of about 2,700 afy, still higherthan
recent waterdemand, and estimated decline in production beginning in about year 2065 usingthe
higherend of water elevation floor.

Both of the estimates above were developed using groundwater models and suggest that, forabout
every 650 af of combined groundwater withdrawal from Blcycleand Langford Basins, there is an
average of about 1foot of drawdown. The assumption of 1 foot of drawdown per 650 af of pumping
was used to estimate projected basin lifespan after management alternatives are implemented
{Section4.2.1).

3.2 Salt and Nutrient Balance

The salt and nutrient balance was developed using Baseline pumping conditions and average
concentrations of TDS and nitrate in each basin. Baseline pumping conditions are presentedin
Table 3-3.

TABLE 3-3
Baseline Pumping and Water Quality
Basin Pumplng (afy) Average TDS {mg/Ll Average Nitrate {mg/L)
lrwin 600 530 3.25
Bicyde 875 600 5
Langford 910 525 2
Total 2,385 554 342

3.2.1 Total Dissolved Solids

As discussedin the water balance section {Section 3.1), water (and naturally occurring dissolved salt)
is delivered to Irwin Basin for residentialand commercial uses, part ofitis consumptively used, and
the remainder returns to the groundwatersystem through deep percolation of applied irrigation,
leakage from pipes, and percolation from the wastewater ponds. The consumptive use of waterin
the Basin is evapotransplration (primarily from irrigated plants and the evaporation and percolation
ponds, but also cooking, vehicle washing, dust control, etc.). During this process, pure wateris
evaporated, butthe salts are leftbehindin the remaining water. Therefare, itis assumed that atl of
the salts pumped from the three basins are eitherexported to NASA Goldstone or returned tothe
Irwln Basin, either as deep percolation of applied irrigation water {(which hasalag time before
reaching the groundwater system) or percolation from the evaporation and percolation ponds.
some additional imported salts are added to the wastewaterstream, and additionalsalts may be
leached from the unsaturated zone as wastewater percolates. Each of these processesis
summarized below and plotted in Figures 3-1and 3-5.
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3211 Deep Percolation of Pipe Leakage

As discussed in Section 3.1, an estimated 119 afy of leaks from pipes recharges the groundwater. For
the purposes of this analysis, it is assumed that all of the leaki ng water from the pipes recharges the
groundwatersystem. Accordingly, assuming a TDS concentration of 554 mg/L, total salt mass
recharging the groundwater from pipe leakage is estimated to be about 90 tons peryear (tons/yr).

3.21.2 Deep Percolation of Applied Irrigation Water

Assuming recent distribution of groundwater pumping among the three groundwaterbasins and
average water quality from each of the wells as shown in Table 3-3, the average TDS of water
delivered forirrigation inthe Baseline condition (assuming no recycled water use) is estimated to be
about 554 mg/L, whichis consistent with observed DO waterquality discussed in Section 2.
Accordingly, the TDS mass of applied irrigation wateris estimated to be about 815 tons/yr. itis
assumed thatall of the TDS is returned to the groundwateras deep percolatlon. While there isa lag
time forwaterand salt to flow to the groundwatertable, mostirrigated areas have been irrigated
for a longtime. Therefore, recharge rates tothe watertable fromolderirrigation waterare likely
similartothe rate of water percolating thraugh the root zone. While some additionalsalts may be
added due to fertilizers and leaching of salts from the unsaturated zone, etc., itis assumed that
these are small relative to the total mass {based on application ratesin Henry etal., 2002,
approximately 15 tons/yrof TDS may be added due to fertilizers).

Assumingan applied waterrate of 1,083 afy and irrigation efficiency of 62 percent (see Section 3. 1),
the deep percolation rate is estimated to be about 406 afy with TDS concentration of about

1,476 mg/L or a total of 815 tons/yr (Figure 3-1). While some salt may accumulate in the soils, and it
may take some time forthe salt to travel to the watertable, for the purpose of this long-term
analysis itis assumed that the all salt reaches the watertable and any error associated with this
assumption is small relative to the overall uncertainty in quantification of waterand salt balances.
Nearly all of the salt associated with deep percolation of applied irrigation waterwas originally
pumped from the local groundwater basins; it is not new sailt being brought in.

3.2.1.3 Percolation of Wastewater, Saits from Local Basins and Imported Salts

Wastewatereffluentis akey component of the salt mass balance. Wastewater effluent is sampled
quarterly forTDS concentration. During the period 2012-2013, seven measurements of wastewater
TDS concentration were available with values ranging between 720 mg/Land 910 mg/Land an
average of 797 mg/L. Accordingly, average TDS concentration of 795 mg/Lwas assumed. When
applied to Baseline (average 2012-2013) influent flow rates of 1,066 afy, the resulting estimate of
mass fluxis about 1,152 tons/yr(Figure 3-1}, Based on mass balance calculations presentedin
Figure 3-1, only about 852 tons/yrofthese salts are coming from indoordelivery (RO and DO) and
the RO waste stream, plusan additional Stons/yrfrom otherseptage, suggesting that about

295 tons/yr of salt are imported {Figure 3-1),

As a check on the estimate of 295 tons/yr of imported salts, water quality of the WWTP effluent was
compared with water quality of delivered water. Foreach effluent TDS sample, individual well
pumping rates and assumed concentrations were used to calculate ave rage delivered water quality
for that day. Overthe six sample dates, TDS of delivered waterwas estimated to be 590 mg/L, with
wastewater effluent TDS concentration averaging about 800 mg/L. Considering wastewater flow
rates, this differencein concentration resulted in an estimate of about 300 tons/yrof extrasalt
beingadded to the system.

Two known sources ofimported salts are hypochloriteused as disinfectant in recycled effluent and
commercial grade bleach for potable watertreatment. These additives are estimated to be about
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50 tons/yr. Othersources of imported salts may include coagulants added at the wastewater
treatment plant, watersofteners in businesses and homes, human waste, cleaning chemicals, and
food waste. These othersources were not quantified individually as part of this work due the
relatively small component of overallsalt loading, butare qualitatively summarized as follows:

e Polyaluminum chloride (PACI)is added duringtertiary treatment at the wastewater freatment
plant for use as a coagulant. While alum, acommon coagulant, may resultin increased TDS
concentrations of effluent of about 0.5 mg/Lfor each mg/Ldosage of alum, “use of chemicals
such as polyaluminum chloride and polyaluminum hydroxychloride could resultinasmalleror
even negligible increase in TDS” {Patoczka, 2007).

e Thoughknown to be scarce at Fort irwin, watersofteners could account for about 100 tons/yr
based on average salt consumption rates applied to 25 percent of residences {Eastern Municipal
Water District, 2014).

e Human waste, cleaning, and food waste are assumed to account for the remaining 145 tons/yr.

32.14 Percolation of Wastewater and Leached Salts

Based on isotope data and observed TD5 concentrations increasing withdepthinthe unsaturated
zone, the USGS (1997 and 2003) concluded that the TDS concentrationsin groundwaternearthe
WWTP cannot be explained by wastewateralone. Forthe purposes of this Saltand Nutrient
Management Plan, it was assumed that the difference between concentration of the pe rcolating
wastewater {evapoconcentrated) and the conce ntration in the groundwater can be attributedto
leachingof salts from the unsaturated zone. Based on average evaporation rates discussed in
Section 3.1, percolating wastewateris expected to have aTDS concentration of about 1,013 mg/L,
compared with observed concentration at the watertable in the area of about 1,200 mg/L. This
increase in concentration, considering estimated flow rate, yields amassloading rate of leached
salts of about 213 tons/yr(see Figure 3-1).

As part of this evaluation, drillers’ logs were evaluated, and locations of wells that the USG5
suggested had a different salt source were evaluated. No evidence was found forageologiclayer,
such as an evaporite bed, contributing salts to the groundwater. Rather, the highest observed
concentrations in groundwaterare both located undercurrent orformerlyirrigated areas, While itis
not clear what the additional source of saltsis, itis currently assumed thatitis buildup of saltsinthe
subsurface due to past irrigation and percolation of wastewaterin the area. itis possible, therefore,
that the amount of salts leached will be reducedin the future.

3215 Summary of Salt Balance (TDS) and Assimilative Capacity

Figure 3-5 summarizes the salt balance of the Jocal basins. In summary, nearly all of the salt pumped
fromthe three local basins (about 1,736 tons/yr}, less net of about 34 tons/yrof export {38 tons/yr
less minoramountin otherseptage thatis returned), is returned to the groundwaterin lrwin Basin.
An additional 295 tons/yrof saltis added tothe system through imported salts in the wastewater
stream, an additional 213 tons/yr of saltis estimated to be leached from the unsaturated zone near
the WWTP, and about 34 tons/yrare estimated as inflow with naturat recharge {assuming 50 afy of
recharge, as discussed in Section 3.1, and background concentration of 500 mg/L). Total salt
enteringthe Basin, then, is estimated to be about 2,304 tons/yr.

Afteraccounting forsalt removal from the Basinvia groundwater pumping {432tons/yr) and
outflow to Langford Basin (107 tons/yrassuming 105 afy flow at concentration of 750 mg/L}, the net
accumulation of salts in the Basin is about 1,764 tons/yr. The water budget suggests thatthe net
accumulation of salts is accompanied by a net recharge of water of about 706 afy (Section 3.1).
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Assimilative capacity is defined as the difference between average concentratlonin the Basin and
the waterquality objectives. Average concentration was assumed to be 700 mg/L based on

Figure 2-11. The waterquality objective for TDS was assumed to be waterwith less thanthe
secondary MCL of 1,000 mg/L. To evaluate future average waterquality underthe Baseline
condition, a mixing calculation was performed by adding 706 afy of waterand 1,764 tons/yrof salt
to an assumed starting watervolume In the basin of 79,900 af {(CH2M HILL, 2007a). Using this
methodology, average TDS inthe Basin is expected toreach about 905 mg/Lin 25 years {Figure 3-6).
This amounts to using nearly 80 percent of the Basin’s assimilative capacity.

3.2.2  Nitrogen

As discussed In Section 2, nitrateis foundin waterin mostwells inlrwin, Bicycle, and Langford
Basins, and is believed to have natural sources of historic atmosphericdeposition followed by
leaching from the soils (Densmore and Bohtke, 2000). It should be noted that the mabilization of
historicatmospheric deposition is a one-time occurrence when anareais firstirrigated (orfirst has
treated wastewater percolated through), and is not considered an ongoing source of nitrogen in this
section.

The process of accounting for nitrogen in this reportis similar to that of TDS; however, thereare a
few differences as follows:

* Domesticsources of nitrogen make up a significant contribution of nitrogen inthe WWTP
influent.

¢ Fertilizers may be an additional source of nitrogen.

* Nitrogendoes not behave conservatively in the waterand wastewatersystem at Fort Irwin.
Nitrogen accursina number of different compounds, can change form among the various
compounds, can be converted to nitrogen gas th rough denitrification, and can be taken up by
plantsinirrigated areas.

* Some nitrogen is removed from the system at the WWTP th rough nitrification and
denitrification processes as well as in solids removal process, Nitrogen is captured inthe
biosolids produced atthe WWTP, Solids wasted from the treatme nt process are containedin
concrete- orgeotextile-lined drying ponds for drying by evaporation. Decant waterfrom the
poends is pumped backto the head of the WWTP and the remaining dried biosolids are removed
to the lined landfill on site.

A summary of the nitrogen balance is presentedin Figures 3-7and 3-8. Total nitrogen pumped from
the local basins s about 11.1 tons/yr. Individual components of the Irwin Basin nitrogen balanceare
discussed below.

3.2.2.1  Deep Percolation of Applied Imigation Water

Two sources of nitrogen are applied to irrigated areas: 1) naturally occurring nitrogenin DO water,
and 2) nitrogen infertilizers. Assuming recent distribution of groundwater pumping amongthe
three basins and average water quality from each of the wells as shown inTable 3-3, the average
nitrate concentration of waterdelivered forirmrigationis estimated to be about 3.4 mg/L, whichis
consistent with observed DO waterquality discussed In Section 2. Based on an applied irrigation rate
of 1,083 afy (see Section 3.1), nitrogen mass of applied irrigation wateris estimated to be about

5.0 tons/yr,

Based on an estimated fertilizer application rate of fourpounds nitrogen per 1,000 square feet of
turf peryear (Henry, etal., 2002), itis estimated that about 4.8 tons/yrof nitrogen are applied to
irrigated turf areas. Assumingfertilization of trees and shrubs at about half that rate (2 pounds
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nitrogen per 1,000 square feet of canopy), itis estimated that about 2.3 tons/yr of nitrogen needs to
be applied toirrigated tree and shrub areas. Fertllizerapplication datawere not available as part of
this analysls. It was assumed that the total nitrogen requirement would be metbya combination of
fertilizerand the nitrate in the delivered water. Accordingly, total fertilizerapplication rate in the
Baseline condition Is estimated to be about 2.1 tons/yr{7.1tons/yr requirement minus 5.0tonsfyr
Inthe delivered water).

Much of the applied nitrogen is taken up by the plants; whateveris not takenup by plantsis
assumed to enterthe groundwater during the deep pe rcolatlon of irrigation water. The nitrogenuse
efficlency describes the percent of applied nitrogen that gets takenup by plants. Nitrogen use
efficiency can be greaterthan 90 percent{U.C. Davis, 2012}, but could also be as low as the
irrigation efficiency, whichiis estimated to be about 62 percent at Fort Irwin (Section 3.1}. For the
purposes of this analysls, anitrogen use efficiency of 78 percent was used (average of 62 percent
irrigation efficiency and an upper limit of about 95 percent). Based on 78 percent nitrogen use
efficiency, itis estimated that ofthe 7.1 tons/yrof applied nitrogen, 5.5tons/yris taken up by plants
and 1.6 tons/yris addedto the groundwaterduring deep percolation {Figures 3-7and 3-8). The

1.6 tons/yris further parsed out (as shownin Figure 3-8) into nitrogen thatis from DO water

(1.13 tons/yr) and fertilizers (0.46tons/yr) based on the relative applied nitrogen from those two
sources.

3.2.2.2 Percolation of Wastewater

Baseline (average 2012-2013) wastewater influent flow rate is 1,066 afy with average total nitrogen
concentration of about 55 mg/L for a total of 79.7 tons/yr. Average total nitrogen concentration of
wastewatereffluent is about 8 mg/L (thoughitis highly variable; see Figure 2-29) or a total of about
11.6 tons/yr. The difference betweeninfluent and effluenttotal nitrogen suggests net nitrogen
removal at the WWTP of about 68.1 tons/yr. 5ome ofthe nitrogen that is removed s containedin
biosolids that are removed to the local lined landfill and do not contribute to the water cycle.

For purposes of this analysis, itis assumed that all of the nitrogen in the treated wastewaterre aches
the groundwatersystem. Thisisa conservative assumption as some denitrification may he occurring
inand below the evaporation and percolation ponds {Viers, et al., 2012).

3.2.2.3 Other Potential Sources

Atmosphericdeposition is a known source of nitrogen loading in most areas. The National
AtmosphericDeposition Program (NADP)/National Trends Network (NTN) operates a network of
monitoring stations around the United States that are used to measure the atmosphericdeposition
of various chemicals, including inorganic nitrogen. Based on 2000-2012 data from the closest
operational stationto FortIrwin (loshuaTree National Park), the annual average deposition of
inorganicnitrogenis estimated at0.5 Ib peracre per year (NADP/NTN, 2014). While this could result
inabout 1.2 tons/yroverthe saturated area of thetrwin Basin (about 4,500 acres), there isno
mobilization mechanism totransport this nitrogento the watertable. \fthe rate isappliedtothe
irrigated areaonly, about 0.03 tons/yr of nitrogen may reach the watertable. Because this isa small
value relative to the total, itis not consideredin this study.

3224 Summary of Nitrogen Balance and Assimilative Capacity

Figures 3-7 and 3-8 summarize the nitrogen balance of the three groundwater basins used forwater
supply. About 11.1tons/yrof nitrogenis pumped from the groundwaterin the three basins, with
about 2.65 tons/yrbeing pumped from Irwin Basin. In addition, it is estimated thatthere is about
0.48 tons/yr of nitrogen that discharge out of the Basin to the southeast toward Langford Basin
based on a flow rate of 105 afy and nitrate concentration of about 3.4 mg/L {average of
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concentrations at the southernmost well; see Figure 2-17). Total nitrogen removal from Irwin Basin
Is estimated to be about 3.1 tons/yr.

Total nitrogen entering the Irwin Basin is estimated to be about 13,7 tons/yrfroma combination of
deep percolation of applied irrigation water, including fertillzers, pipeleakage, and percolation of
treated wastewater. Afteraccounting for nitrogen removal from the Basin via groundwater pumping
(2.65 tons/yr) and outflow to Langford Basin (0.48 tons/yr), the net addition of nitrogen to the Basin
Is estimated to be about 10.6 tons/yr. The net addition of nitrogen is accompanied by net recharge
of about 706 afy of waterto the Basin (see Section 3.1).

The assimilative capacity was defined based on an average nitrate concentration in the Basin of
about 3.25 mg/L based on Figures 2-17 and 2-24. The water quality objective was defined as the
MCL (< 10 mg/L), so the assimilative capacity is cu rrently about 6.75 mg/L. To evaluate future
average water quality underthe Baseline condition, a mixing calculation was performed by adding
706 afy of waterand 10.6 tons/yrof nitrate (as N) to an assumed starting watervolume in the basin
of 79,900 af {CH2M HILL, 2007a). Usingthis methodology, average nitrate in the Basin would be
expected toincrease in the future, in the absence of manage ment strategies, to an average
concentration of about 4.6 mg/Lin 25 years (Figure 3-9). The projected increaseis due to recharge
watergenerally having higher total nitrogen concentration than that of the watersupply being
pumped out of the basin (see Figure 3-7). It should be reiterated that this projectionincludes a
conservative assumption that no denitrification occursin or below the evaparation and percolation
ponds.
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4.0 Salt and Nutrient
Management Strategies

Currently several projects and operational changes are planned that will reducethe salt and nutrient
loading to the Irwin Basin. This section summarizes the planned activities, followed by asummary of
theireffect onthe TDS and nutrientloading of the Basin and assimilative capacity inthe Basin.

4.1 Summary of Strategies

Planned salt and nutrient management strategies evaluated, and collectively described as the
*Scanaric” insubsequent figures and tables, includethe following:

» Newwater treatment plant. A new WTP, Irwin Water Works, is currently under construction.
Based on the design {CDOMSmith, 2013), the plantwill remove between 75percentand
86 percent of salts and between 84 percent and 92 percent of nitrates depending on the source
water concentration. For the purposes of this evaluation, the average removal percentages
were assumed to be 79 percent removal of salts and 87 percentre moval of nitrate. The new
WTP is designed to be 99 percent efficient. Concentrate disposa! will be through evaporation
ponds withsalts periodically collected anddisposed ofina lined landfill, thereby removing salts
fromthe local watersystem.

e Increased use of recycled water. The recycled watersystem at Fort Irwin s currently being
expanded. Recycled waterwill be used to meet existing irrigation demands; total irrigation
demand will not increase due to recycled wateruse. Future recycled wateruse of 297 afyin the
Scenariois based on planned and funded expansion of the recycled watersystemas
summarized inthe Recycled Water Master Plan {CH2M HILL, 2014a). In addition to promoting
waterconservation and smart wateruse at Fort Irwin, recycled wateruse will suppottwater
sustainability at Fortrwinin the followingways:

- Recycled waterwill be usedtosu pply existing irrigation demand inthe Scenario. Therefore,
less raw water will need to be pumped from the local groundwaterbasins to meet Fort
Irwin’s waterdemand.

- Recydedwateruse reduces wastewaterdischarged to the evaporation and percolation
ponds. This inturn will reduce the amount of salts leached from the subsu rface below the
ponds and might reduce evapoconcentration, both pote ntially resultinginimproved water
quality of percolating water. In addition, while recharge through deep pe rcolation of
irrigation water will not change with recycled water use {assuming the same applied water
rates), less water will percolate from the evaporation and percolation ponds, thereby
reducing the total volume of recharge to lrwin Basin and helpingalleviate the water
imbalance inthe Basin.

e Increased nitrogenremoval at the wastewater treatment plant. Upgrades tothe WWTP are
under construction, including a new anoxic basin and oxidation ditch to provide nitrogen
removal as described in the WDR. These facilities are expected to increase nitrogen removal and
consistently lowertotal nitrogen concentrations in the WWTP effluent.
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* Increased water supply from the Irwin Basin. With the new Irwin Water Works, there will be
more flexibility in the water quality of source water, thereby allowing more waterto be pumped
from Irwin Basin. As part of the Irwin Water Works project, an inactive industrial well, -9, has
been rehabilitated and connected to the watersupply system, The addition of asecond water
supply wellin Irwin Basin, once permitted, will allow pumping toincrease and helpalleviate the
waterimbalance. In addition, this will allow for reduced pumping from Bicycle and Langford
Basins, thereby conservingthe watersupplyin those basins.

* Additional water metersto collect water use data, Water meter datawill promote
accountability, potentially reducing water loss. Water meterinstallation is an ongoing capital
improvement project. The first group of area water meters have been installed; the next group
of meters should be installed in 2016,

4.2 Projected Scenario
Water, Salt, and Nutrient Balances

This section summarizes the results of the planned Scenario activities. The management alternatives
insome cases build upon each other; forexample, when there are changesin delivered water
quality fromthe new WTP, the water quality of wastewater, and therefore recycled water, will also
change. Accordingly, the effects of the planned Scenario are evaluated together. Where possible,
the effects of each individual management alternative are identified separately; however, because
these are all planned activities, the net effects are emphasized in this section.

4.2.1 Projected Water Balance

The Scenario assumes that total water demand does not change from Baseline conditions. A
schematicof the Scenario waterdemand is presentedin Figure 4-1and can be com pared with the
Baseline condition schematicin Figure 3-1. Figure 4-1includes the following conditions, which result
ina change in the total amount of raw water that needs to be supplied by local groundwaterwells:

* Aportionoftheirrigationdemandis met by recycled water (297 af of 1,200 af total de mand),
thereby reducing the raw watersupply requirement by an equivalentamount.

* The WTP losses have changed. The existing RO WTP will be decommissioned, eliminating the RO
brine of 90 afy. The new WTP is assumedto be 99-percent efficient (COM Smith, 2013) with the
new WTP waste concentrate being treated onsiteand no discharge stream sent to the WWTP. It
is estimated that 20 afy of water (1 percent of influent; also consistent with design criteria
adjusted forscenaria water demand) will be lost to evaporation in the ponds and elsewherein
the facility. Overall, the raw water supply need is reduced by an additional 70afyin the Scenario
due to the new WTP,

The total Scenario demand for raw water pumped from the local groundwaterbasins is estimated to
be 2,018 afy. The portion of this watersupply that will come from Irwin Basin will be based onthe
Irwin Basin water balance, The only otherchange from the Baseline condition Irwin Basinwater
balance is a reduction of deep percolation from treated wastewater at the evaporation and
percolation pends because that recycled waterwillbe used forirrigation. Forthe purpose of
quantifyingthe water budget underthe Scenario, itwas assumed that the ratio of evaporationto
percolationwillremain the same as underthe Baseline condition. Accordingly, it is estimated that
future deep percolation of treated wastewaterat the evaporation and percolation ponds will
decrease to about 544 afy from about 836 afy in the Baseline condition.
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One of the management strategles was toincrease Irwin Basin pumping to equal recharge to the
basin. To balance the net recharge to the Irwin Basin (1,014 afy, calculated as 544 afy at WWTP plus
406 afy deep percolation of applied irrigation water, plus 119afy of pipe leakage, plus SOafy natural
recharge, minus 105 afy discharge to Langford Basin), itwas assumed that approximately 1,014 afy
of watershould be pumped from the Irwin Basin. The remaining 1,004 afy would come from
Langford and Bicycle Basins, apportioned at the same ratioas in the Baseline condition {512 afy
from Langford and 492 afy from Bicycle).

The resultant changes in the Irwin Basin water budget are presented in Figure 4-2. Underthe
Baseline conditions, a net of about 706 afy of water was being added to the Basin; underthe
Scenario, the Irwin Basin will be in balance, with recharge approximately equal to discharge.

Regionally, the local basin lifespan was estimated using the simplified relationship of one footof
drawdown per 650 af of combined groundwater pumping from Bicycleand Langford Basins (see
Section 3.1.4). Using this approach, it is estimated that the local basin lifespan underthe Scenario
will extend beyond year 2100, usingthe conse rvatively high waterlevelfloor. The estimate of basin
lifespan underthe Scenariois significantly longerthan the estimate of year 2065 presented inthe
WDMP (see Section 3,1.4) because estimates of total groundwater withdrawals from Bicycle and
Langford Basins in the Scenario (1,004 afy) are less than half of the projected withdrawal rates
assumed inthe WDMP (2,250 afy). Reduced reliance on Bicycle and Langford Basinsin the Scenario,
as compared with the WDMP, is caused by a} lower total waterdemand {2,385 afyinthisreport
comparedto 2,700 afyin WOMP), b) increased use of recycled water resultingin further reduction
in raw water demand, and c} increased groundwater pumping from Irwin Basin.

4.2.2 Projected Salt Balance

This section summarizes the projected salt balance in the Irwin Basin underthe Scenario. Itis broken
into two sections: methods and results.

4221 Projected Salt Balance Methods

The water balance described above forms the basis of the salt balance. As discussed, itis assumed
that the new WTP would remove 79 percent of the TDS in the influent water. Based on the ratio of
groundwater pumping among the three basins, influent TDS concentration wi!l be about 546 mg/L
with a salt mass of 1,498 tons/yr. The estimated WTP finished water TDS concentration is 115 mg/L,
and will form the basis of the water supply for both potable {(non-recycled water) irrigationand
indoordemand.-

The estimated wastewater effluent TDS concentration was calculated assuming the same volumeof
waterwould be treated and the same amount of imported salts would continue in the Scenario.
Accordingly, wastewater effluentis estimated to have a TDS concentration of about 342 mg/L. This
isthe assumed TDS concentration of both effluent flow to the evaporation and percolation pondsas
well as recycled water used forirrigation purposes. To estimate the waterquality of water
percolating fromthe wastewater evaporation and percolation ponds, it was assumed thatthe same
percent of discharged water evaporatesas inthe Baseline condition. It was also assumed that salts
are leached from the subsurface at a rate that is proportional tothe flow rate of percolating water.

4.22.2 Projected Salt Balance Results

The salt mass balance underthe Scenario suggests that there will be net removal of sait fromthe
Irwin Basin of about 71 tons/yronce the Basin has equilibrated tothe new management strategies
{particularly deep percolation of applied irrigation water, which may take years to reach the water
table). This can be compared with a net addition of about 1,764 tons/yrin the Baseline condition
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{Figure 4-3) or a decrease of about 1,835 tons/yr of net salt entering the Basin. To better understand
the effect of individual management strategies on the overall salt balance, the total change in salt
loadingwas broken outinto individual components.

The greatest change in the salt balance is due to removal of salts at the hew WTP, comprising about
65 percent of the total change ({Table 4-1). Increasing pumping from irwin Basin resultsinan
increased removai of salts from the Basin by about 298 tons/yror 16 percent of the total change in
netsalt loading to the Basin. Recycled water use makes up the remainderof the difference. Because
recycled water replaces existing raw water de mand, less waterand salt enterthe system th rough
the raw watersupply. In addition, less wastewateris discharged to the wastewater evaporation and
percolation ponds, thereby reducing the amount of salts leached from the subsurface.

TABLE 4-1
Components of the Net Change in Salt Mass Loading
Description Mass (tons/yr} Percent of total

New WTP salt removal anddisposal 1,186 65%
Increased pumpingfrom Irwin Basin (increased removal of salts from
the Basin) {change In "out” term) 298 16%
Decreased saltin rawwater supply, due to lessrawwater demand and
different distribution of pumping amongbasins 298 16%
Less leaching (less percolation at WWTP) 74 4%
Changeinsalts exported from Basin (export water will be treated at
Irwin Water Warks) -26 -1%
Total . 1,830 100%

In consideration of water quality in the Irwin Basin, it s important to consider both the water
balance and the salt balance of the Basin together. This can be accomplished by looking ata plot
showing the change in average concentration in the Basin through time comparedwith the
assimilative capacity. Figure 4-4 shows that the average TDS concentration in the Basin is projected
to decline slightly under the Scenario, whereas it was projectedtoincrease underBaseline
conditions. It should be noted that it may take some time forwater quality improvements to take
effectin the groundwater due to travel time for recharge waterto reach the groundwatersystem.

The combined effect of the management strategies included in the Scenario results in TDS
concentrations of groundwater recharge being lowerthan the background groundwater
concentrations in the Basin (Figure 4-1). Concentration of percolating wastewater is expected to be
less than 700 mg/L aftersalts are leached from the subsurface. Concentration of deep percolation of
applied irrigation wateris expected to be about 472 mg/L(the average of areas irrigated with
recycled waterand potable water),

423 Projected Nitrogen Balance

This section summarizes the projected hitrogen balance in the Irwin Basin underthe Scenario. It is
broken into two sections: methods and resuits.

FOR OFFICIAL USE ONLY
4-4



FORT IRWIN
EINAL SALT AND NUTRIENT MANAGEMENT PLAN 4.0 SALT AND NUTRIENT MANAGEMENT STRATEGIE 5

et

423.1 Projected Nitrogen Balance Methads

The water balance described above forms the basis of the nitrogen balance. As discussed, itis
assumed that the new WTP would remove 87 percent of nitrate {and therefore total nitroge n) inthe
influent water. Based on the ratio of groundwater pumping among the three basins, influent nitrate
concentration will be about 3.4 mg/Lwith a nitrogen mass of about 9.2 tons/yr. The estimated WTP
effluent nitrate concentration is 0.44 mg/L and is assumedto be the delivered waterquality

(Figure 4-5).

Future wastewater effluent totai nitrogen concentration was estimated using CH2M's Pro2D model
developed to support design of the WWTP upgrades. Pro2D (Professional Process Design and
Dynamics) is a steady state and dynamicwhole WWTP simulator that has been developed by CH2M
to perform complete wastewater treatment plantsimulations and calcutate full-plant mass
balances. The model results suggest that the average wastewater effluent totai nitrogen
concentration in the Scenario will be about5 mg/L4.

Biosolids produced atthe WWTP will capture nitrogen along with other nutrients {phosphorus and
potassium), pathogens, metals, and organics. Solids wasted from the treatment process are
contained In concrete- orgeotextile-lined drying ponds fordrying by evaporation. Decant water
from the ponds is pumped backto the head of the WWTP and the remainingdried solids are
removed to the lined landfill on the Post.

For Scenarioirrigation, itisimportantto note that with the reduced nitrate concentrationin
delivered water, more fertilizerwould be required to maintain heaithy turfand plants. It was
assumed that the same nitrogen requirement of 7.1tons/yr{see Section 3.2.2.1) would be met
through a combination of recycled waterand fertilizer. Because delivered water, including recycled
water, only supplies about 2.5tons/yrin the Scenario, fertilizer application rate would needtobe
increased to about4.6 tons/yr {Figure 4-5).

4232 Projected Nitrogen Balance Results

The nitrogen balance underthe Scenario suggests that there will be net addition of nitrogen to the
Irwin Basin of about 1.3 tans/yr (Figure 4-6}. This can be compared witha net addition of about
10.6 tons/yrin the Baseline condition oran overall decrease of about 9.3 tons/yr of net nitrogen
enteringthe Basin.

In consideration of waterquality in the Irwin Basin, itisimportantto considerboththe water
balance and nitrogen balance of the Basin together. This can be accomplished by lookingata plot
showingthe changeinaverage concentrationin the Basin through time and comparing the change
with assimilative capacity. Figure4-7shows that the average nitrate concentrationin the Basinis
projected toincrease slightly underthe Scenario toabout 3.6 mg/Lin 25 years (compared with

4,6 mg/L inthe Baseline condition) from current average concentration of about 3.25 mg/L. Total
nitrate concentration of recharge water is, on average, slightly greaterthanthe assumed average
Basin nitrate concentration of 3.25 mg/L, butis well below the water quality objectiveof 10 mg/L.

4 |t should be noted that the process development modeling for the WWTP upgrade simulates average nitrate (asN) concentration of
6.4 mg/L {CHZMHILL, 2014b), However, the simulations assume anmual average influent flow rate of 2,240 afy {2 milliongallons per day)
campared with the SNMP scemarioassurnptionof 975afy influent, whiich 15 based on recent demand. The lower influentflowrate results
in greater nitrogen removal.
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9.0 Basin Management Plan Elements

This section summarizes the SNMP goals and monitoring programs.

5.1 Goals

As part of the development of the SNMP, CH2M and the U.S. Army-Fort Irwin developed specific
goals with the overarchingintent of increasing sustainability of water resources in the Basin. The
goals of the SNMP are defined below. Each goal isfollowed by a description of how it s being met
underthis SNMP:

Goal: Reduce the quantity of saits and nutrients cyclingin to the Irwin Basin.

Approach to Meeting Goal: Under Baseline conditions, salts, and to some extent nutrients, are
accumulating inirwin Basin. The accumulation of salts is primarily due to importation of salt
with the watersupply from Bicycle and Langford Basins. While a portion of the wateris used
consumptively, the salts are left behind (evapoconcentrated) in recharge to Irwin Basin, both
from deep percolation of applied Irrigation waterand from percolation of treated wastewater at
the WWTP. As discussed in Section 4, the management strategies are estimated to reduce or
even eliminate cycling of salts in the irwin Basin. Assignificant portion of saltin the watersupply
will be removed at the new Irwin Water Works. The primary sources of nitrogen are domestic.
While most nitrogenis removed at the WWTP, the nitrogen concentration of WWTP effluent is
currently greaterthan the average groundwaterconcentration. The management strategies are
expected to reduce the total nitrogen concentration of the WWTP effluenttoaleve! closerto
that of naturally occurring nitrate in local groundwater.

Goal: Reduce the waterimbalance in Irwin Basin,

Approach to Meeting Goal: UnderBaseline conditions, groundwaterrecharge throughdeep
percolation of applied irrigation waterand percolation of treated wastewater exceeds the
extraction rates from watersupply wells. In response, the Irwin Basin water levels are rising
while there is an increased reliance on the Langford and Bicycle Basins. With the management
strategies implemented, groundwater pumping will be increased in the Irwin Basin. Inaddition,
groundwaterrecharge from the wastewater percolation ponds will be reduced with increased
recycled water use (less discharge to the ponds).

Goal:Reduce dependence on Bicycle and tangford Basin watersupply sources.

Approach to Meeting Goal: By using additional water from Irwin Basin, the finite Bicycie and
Langford Basin watersources can be conserved forfuture use.

Goal: Promote waterconservation and smart wateruse through use of recycled waterfor
irrigation.

Approach to Meeting Goal: Recycled wateruse is a visible activity that promotes awareness of a
limited water supply. in addition, it has an added benefit of reducing consumptive use of water
at Fort Irwin. With less water dischargingto the wastewater evaporation and percolation ponds,
less wateris lost through evaporation. One of the management strategiesis toincrease use of
recycled water, Anothermanagement strategy is to continue toinstall water meters and collect
water use data to promote accountability and reduce water loss.
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e Goal: Be consistentwith nondegradation poilciesinthe Lahontan Region WaterQuallty Control
Plan.

Approach to MeetingGoal: The management strategies shoulid result in recharging the irwin
Basin with waterthat has a lowerTDS concentration than background conditions and atotal
nitrogen concentration well below the water quality objectiveof 10 mg/L.

5.2 Basin Monitoring Programs

During preparation of this Salt and Nutrient Management Plan, nosignificant datagaps were
identified. Therefore, existing monitoring programs willcontinue without modification. Data
collected from these programs can be used to support subsequent pe riodicreview of the SNMP as
discussed in Section 8. A partial list of the applicable monitoring plans follows:

s California Regional Water Quality Control Board Lahontan Region - FortIrwin Monitoring and
Reporting ProgramNo. R6V-2004-0005 (adopted November 14, 2012)

e CallforniaState Water Resources Control Board, Division of Drinking Water- Drinking Water
Monitoring Schedule, District 13 San Be rnardino—US Army Fart Irwin System Number: 3610705
(issued August 24, 2014}

e CH2M Fort irwin Wastewater Sampling and Analysis Plan (updated January 28, 2011)
e CH2M Fort Irwin Water Samplingand Analysls Plan (updated January 28, 2011)
e CH2M Fort irwin Vadose Zone Monltoring Plan {submitted to CRWQCB June 6, 2011)

included in the above-listed monitoring plans are the following types of data that will continue tobe
collected in support of periodicreview of the Sait and Nutrient Management Plan and effectiveness
of management strategies:

e Groundwaterextraction rates fromall watersupply wells
e Water quality from all water supply wells

« Water quality of water produced atthe WTP

o Wastewaterinfiuent flowrates and water quality

e Wastewatereffluent flow rates and water quality

s Rates of recycled wateruse

» Ratesof wastewaterdischarge tothe percolation ponds

e Monitoring of groundwater quality at monitoring wells throughout irwin Basin, particularly the
wells nearthe WWTP

5.3 Salt and Nutrient Load Allocations

This subsectionis included to be consistent with State guidelines for Salt and Nutrient Management
Plans. The readeris referred to Section 4 for a summary of projected salt and nutrient load
ailocations underthe planned Scenario.
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6.0 California Environmental Quality Act
Analysis

As a Federal facillty, Fortirwin is required to compiy with the National Environmental Policy Act
{NEPA), which requires federal agencies to integrate environmentalvalues into theirdecision-
making processes by considering the environmentai impacts of thelr proposed actions and
reasonable alternatives to those actions. Certain project actions trigger California Environmental
Quality Act (CEQA) compliance forFort Irwin (asa Federal entity), but most actions do not havea
CEQA compliance aspect. Permit revisions, such as changes to the WDR, are one of those triggers.
The management strategies discussed in Section 4would not resultin modifications to the WWTPor
to the existing WDR forthe WWTP, Therefore, the SNMP does not trigger CEQA compliance.
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7.0 Antidegradation Analysis

The planned Scenario elements are intended to reduce the salt and nutrient loading in Irwin Basin.
As discussedin Section 4.2, itis expected that, withimpiementation of the management strategies
TDS concentrations of waters recharging the Irwin Basin underthe Scenario will be lowerthan
average concentrations in the receiving groundwater, therebyimproving the quality of waterin the
Basin and promoting the longevity of the iocal watersupply. Pianned management strategies,

primarily upgrades to the WWTP, are expected to reduce nltrogen ioading to the Basin, slowing the
rate of accumulation,

’
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8.0 Plan Implementation

This section summarizes implementation of the Salt and Nutrient Management Plan including the
management strategies to be Implemented, schedule of implementation, and stakeholder
responsibiilties.

8.1 Salt and Nutrient Management Program
and Implementation Schedule

The sait and nutrient management program consists of the salt and nutrient management strategies
identified in Section 4.1and collectively referred to as the “Scenario” in Section4.2. Al activitiesin
the program are currently planned and scheduled. Anticipated timing of implementing these
strategies are as follows:

* Irwin Water Works. The Irwin Water Works (new WTP and associated pipelines) is currentiy
underconstruction. Itis expected to be operational by early 2016.

* Increased Recycled Water Use. Curre ntly funded expansion of the recycled water system
quantified in Section 4is expected to be complete in 2016, Additionalexpansion is anticipated
as fundingis available.

* Additional nitrogen removal at the WWTP. The WWTP upgrades (a new oxidation ditch and
anoxicbasin) are expected to be completed and operational priortoaregulatory deadline of
November15, 2017.

* Increased watersupply from the Irwin Basin. Rehabilitation of Irwin Basin Well i-9is compiete.
Accordingly, itis anticipated that Irwin Basin pumpingwilibe increased in 2016 when Irwin
Water Works is operational.

A cost analysis is not provided forthese implementation measures as all measures are eitherunder
construction, alreadyfunded, orin the current capital improvement program for Fort Irwin’s water
and wastewater infrastructure.

8.2 Periodic Review of SNMP

The salt and nutrient balances presented in Section 4are estimated results of impiementing the salt
and nutrient management strategies. It is important to periodically reviewdata collected in the
monitoring programs {Section 5.2) to evaiuate the effectiveness of the strategies. Considering that
the strategies will not be fully implemented until the end of 2016, CH2M and the U.S. Army plantao
perform the first periodic review of the Salt and Nutrient Management Plan in year 2020, and
perform subsequent reviews every Syears.

8.3  Stakeholder Responsibilities

CH2M will continue to hold primary responsibility for carrying out the monitoring programs
described in Section 5.2 as well as the periodicreviews of the Salt and Nutrient Management Pian.
CH2M will continue to work closely with the U.S. Army, the otherstakeholder.
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