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ABSTRACT

A proofof-concept tool, the Produced WelEgonomic, Socio, Environmental Simulation model
(PW-ESESIm), was developed to support eamabfsis. The tool was designed to facilitatediead

head comparison of alternative produced water source, treatment, and reuse water management
strategies. A graphical user interface (GUI) guides the user through the selection and design of
alternative ipduced water treatment and reuse strategies and the associated health and safety risk and
economic benefits. At the highest conceptual level, alternative water strategies include the selection of
a source water (locally or regionally avapabtkiced war), treatment strategy (preatment,

physical, chemical, biological, desalination, antigaistent proces9eand product water purpose

(e.g., irrigation, industrial processing, environmdfiat)selection of these details,RN¢ESESim

outputa number of key economic, societal, environmental, public/ecological health and safety metrics
to support user decisiomaking; specific examples include, cost of treatment, improvements in
freshwater availability, human and ecologic health impactsvahdrglocal jobs and the economy.

Through the simulation of different produced water treatment and management strategies, tradeoffs
are identified and used to informfdit-purpose produced water treatment and reuse management
decisions. While the toochwinitially designed using Southeastern New Mexico (Permian Basin) as a
case study, the general design of th& BRGim model can be extended to support other oil and gas
regions of the U.S.
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ACRONYMS AND DEFINITIONS

Abbreviation

Definition

ADRPOT Acute Dose Rate

AT Averaging Time

BW Body Weight

cfs cubic feet per second

COCs constituents of concern

EPA Environmental Protection Agency

ED Exposure Duration

ESE deleterious economic, societal, and environmental
ESG environmental, social, and governance ESG

GUI graphical user interface

GWPC Groundwater Protection Council

ICMP Industrial/Commercial/Mining/Power

LADCPOT Lifetime Average Daily Concentration

LADDPOT Lifetime Average Daily Dose

MOO multi-objective optimization

NMOCD NM Oil Conservation Division

NMPWRC New Mexico Produced Water Research Consortium
NPDES National Pollutant Discharge Elimination System
o&M operation and maintenance

PW-ESESIm Produced Water-Economic, Socio, Environmental Simulation model
SAR sodium absorption ratio

SD System Dynamics

SDWA Safe Drinking Water Act

TDS total dissolved solids

WaDOH Washington State Department of Health's




1. INTRODUCTION

1.1. Background

The oil and gas industry consumes and produces water. In 2@/k2ethesed for oil and gas
extraction was estimated at ~0.95 trillion ga{Baser et al. 2014hile produced water volumes

were estimated at ~0.9 trillion gall¢visil 2015)Rapid growth in the industry has led to both
increased demand on freshwasewell as increased volumes of produced water that requires disposal

or treatment for reuse. Treating produced water for beneficial reuse both inside and outside the oll
and gas sector has become an attractive option; however, reuse outside thes Gtctod iga
challenging because of poorly understood risks on public and environmental health and safety for fit
for-purpose treated water discharges; complexity in selecting appropriate treatment technologies and
performance criteria; and highly varialalstewater quality and quantity. Ultimately, the means by
which these waters are managed has the potential for both beneficial and deletenoics

societal, anénvironmental (ESE) consequenceBo |l an et al . 2018; OdRour
There s some optimization tools currently in development to support operational and strategic
planning as well as infrastructure buuits (e.g., NETL 2022). Howeverany oil producensse

gualitative strategies to assess ESE tradeoffs (often referreslightty aifferent manner in the oll

and gas industgs avironmentalsocial, andjovernance (ESG3jncethere is no comprehensive

tool for quantitatively assessing the fEISEcosts and benefits of supplementing limited freshwater
resources in manyl and gas regions with alternative produced water treatment, management, and
reuse strategi@@anforth et al. 2019 fact, the Environmental Protection Agency (EPA) through

their Water Reuse Action Planning efforts have idemtibiddced water reugsr fit-for-purpose

uses outside the oil and gas sector as a potentially important source of new water but which requires
improved tools for socieconomic, environmental, ecological risk and toxicology cost benefit
analyse@JEPA 2020).

1.2. Goal

The goal bthis work is tadevelop an integrated model for assessing the economic, societal, and env
tradeoffs associated with alternative produced water FapageoseriteatdiEnt and reuse strategies related
to oil and gas developnmodactionhe toolis intended the easy to use, quantitatova that can

betailored to the unique characteristics of an oil/gas project and locale. Considerations will include
both source water selectias well aproduced water treatment, appitgtand disposition. The

model user interface will be desigonedipport diverse stakeholders, incluaioducers, technology
developers, economic development agencies, and regulatory agendig®tmtieépdevelopment

of sound sciendeased decmms on the reuse of treated produced water for maximum societal and
economic benefits while protecting public, environmental, and ecological health and safety.

1.3. Project Overview

A proof-of-concepteasy to use analysis tool, the Produced-Biaomic, Socio, Environmental
Simulation model (PAWSESim)was developedhe toolwasdesigned to facilitate hetaehead
comparison of alternative produced water source, treatment, and reuse water rsinatpeiesn

A graphical user interface (GUI) gsittee user through the selection and design of alternative
produced water treatment and reuse strategies and the associated health and safety risk and economi
benefits. At the highest conceptual leltelnative water strategies include the selection of a source
water (locally or regionally available produced water), treatment stratezptnyamat, physical,

chemical, biological, desalination, andtpeEsiment processes)d product water purposed.,




irrigation, industrial processing, environmerR&I}ESESimassistdhe userin identifyng the
resulting impasbn keyESE as well gaiblic/ecological health and safety metrics; specific examples
include, cost of treatment, improvements in fratgmavailability, human and ecologic health impacts
and growth in local jobs and the economy. Through the simulation of different produced water
treatment and management strategies, tra@deeftentified and used to inform-fidr-purpose
produced watetreatment and reuse management decisions. While thegoulially developed
usingoil and gas produced water treatment and reuse managgetaiésitom Southeastern New
Mexico (Permian Basay a case stydige PWESESim model seivas a proebf-concept platform

and sento inform future extensions to other oil and gas regions of the U.S.

1.4. Potential Impact

This project resddin the development of a fust-its-kind, proofof-conceptool for quantitatively
assessing the economic, social, emvironmental tradeoffs associated with alternative treated
produced water management strategied $®%ims also designed be broadly accessible and of
immediate value for a range of uses:

1 Oil and Gas Industry provides a quantitative trigdettomline assessment for treated
produced water project design and evaluation.

1 EPA supported efforts of the National Water Reuse Actiorr ptamides a much needed
analysis tool for treated produced water reuse nationally. Additionally, this tool could be
expanded to reuse assessments for othetraditional energwater source waters such as
for thermoelectric power plant cooling and blowdown water treatment and reuse.

1 Water and Economic Developegssisting developers of industrial, municipal, minohg, a
agricultural projects in evaluating treated produced water as a potential source water for
enhanced economic development locally, as well as guiding selection of competing treatment
and concentrate disposal options.

1 Requlators provides a means fortial assessment of proposed oil and gas produced water
treatment and reuse policies and projects.

1 Land Managerssupports necessary watdated assessments prior to extending or issuing
new oil and gas leases.

1 Public and environmental grougsovidesa quantitative tool for communicating complex
environmental and ecological risk and toxicdlaggd decisions on the treatment and reuse
of produced to the public.




2. MODEL ARCHITECTURE

Selection of an appropriate architecture for this modeling exesdsesed on two criteria. First, a
modelwas needed thatprovide n o0i nt egr at e d & omeithatwoupek the chngplexp r o b |
physics of oil and gas produced water treatment, management, and reuse with its diverse impacts on
the regional economy, &y, and the environment. Second, a nveateheeded that can be taken

directly to a wide range of stakeholders to support specific decisions, enhance risk communication
and provide an educational tool. For these reascadoptedan approach based or tprinciples

of System Dynamics (S{Pprrester 1990; Sterman 2020)

According to this architectuRAAV-ESESims organized according to a series of interacting modular
systems focused on engineered, economic, societal, environmental, and healty sysiesad
(Figure 1)In turn, each systascomposed of a series of interacting subsysiaese systems and
subsystems are eaglantified by traditional dynamical models of key physical/social processes.

=

SD Model I
Compute
- Processed | Economic, -
PW Data Initialize | Scenario Water Social, and | Summary Results to
Portal Setup Analysis Enviro Interface
tradeoffs

Economic [, 7|  IMPLAN

Analysis

Figure 1. Schematic of PW-ESESim model layout. iDST = integrated Decision Support Tool.

Modeled processes capture critical feedbacks that selected produced water treatment and managemen
strategies have on ESE syst@ihere are many feedbacks as multiple source waters are considered
(various treated produced waters, recycled wastewagasnuiltiple options for treated produced

water disposition; specifically, deep well injection, on onsite uses for hydraulic fracturing and drilling,
as well as other-fior-purpose beneficial uses (agricultural irrigatistreimam flow augmentation,

and other user defined optiong)ltimately, the value of this approach is treth eof
systensubsystemsaremodeled endogenously, that is fully interacting with one another.

In this application, the Sliased PWESESim model operat@ a geospatial context resolved at the
guarteittownship scale-@ m?). Analysis focuses on a particular locale to evaluate tradeoffs that can
be aggregated to regional scalecd@be study used for thi@deling domain encompasses Lea and
Eddy Counties Southeastern New Mex{€ogure 2)an area of prolific oil and gas producfibe.
smulation proceexin monthly timesteps up to a mudléicadal time horizon. This spatiotemporal

10



approach provideritical insight into how the integrated systeresolve and ideniiscritical time
dependencies across interacting systems.

PW-ESESimcan beused to perform tradeoff analysis by adjusting key exogenouqédagtood

production rates, produced water disposal cdsis)analysis is accomplisheduph an eagyp-

use graphical user interface that includes slider bars and radio buttons that allow the analyst to try
alternative source and produced water treatment and reuse and management strategies. Through this
same interface, reswdterenderedd a variety of tables, graphs, and maps for eval&a@motion

of the smulationis very efficienféw tens of seconds to a few minyeowingfor rapid scenario
testing at oneds desk or in a stakeholder wor

processvasextensive interaction wit/ [ “~——
a range of stakeholders; particula T
industry, regulators, water develop
among others. This team o
stakeholdersvas engaged to aid it
conceptual model developmel
identification of critical data set~
defining model spdiciations andin ~ Figure 2. Map of mo
final vetting focus
performance. Stakeholder

engagementvas accomplished by way of virtual workshops plus other ad hoc meetings and
communications as requir@édseries of proje@ndworkshog allowedstakeholder® testspeciic
reatworld problemsand give feedback on the efficacy of the mdtelNew Mexico Produced
Water Research ConsortiuRMPWRQ servel as the convener, providing direct access to an
extensive stakeholder team inclu@ngundwater Protection Councd\WW/PC); NMTech and their
Petroleum Recovery Research Cevdeous state agenciBBv Departmentof Agriculture NM

State Engineer, NM Dagmentof Health, NM Environment Deptment NM Oil Conservation
Division (NMOCD) of EMNRD); as well aecal and regial economicdevelopment groupdn

addition NMPWRC providé access to over 100 member groups including producers, midstream
companis, acadercg consultants, vendoend state and federal agenaoessOklahoma, Texas

and Wyoming.

A key feature of the model buildirf'

Thefollowingsection containdetailed description tife systensubmodes.
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3. OIL AND GAS MODEL

This submodel addresses the engineered system associated with oil and gas development. This systel
is limited to those elements that influence the production positii of produced water, namely:

1 Oil and gas/produced water production

1 Source water for oil and gas development
1 Produced water treatment

1 Wastewater disposal, and

1 Transport of produced water

Each of these elements are discussed in greater detail in the following subsections.

3.1. Oil and Gas/Produced Water Production

There is no clear reason to model actual gas/oil production. Rather, the economic output of the
oil/gas industry (see Economic suldelpwas used as a proxy for these values. Current economic
production numbers by county are availabile future economic production is scaled to changes in
source water demands for oil & gas development (see below). Also computed are the overall costs
related to produced water management. Additionally, the economic production values are adjusted
based on the change in costs for produced water management (see Economic submodel for more
details).

More precision is required for produced water productiom.déta sets were merged to create a
detailed accounting of produced water production. First, produced water historically disposed in salt
water disposal wells was taken from the New Mexico Produced Water WaRa&iTr Réral

developed by the Groundwaterotection Council. This data set included historical volumes of
produced water and water quality tiatiéed to total dissolved solids (TDS) and some of the major

ions. The data were organized by township parcels. For each township monthly peddsietiemer

averaged from 20E920. Second, the New Mexico Recycling Facilities Database, collected by
NMOCD, provided data to help locate and determine the quantity of produced water that is treated
and recycled in oil and gmeductior. NMOCD recognize that this database is incomplete, which
agreed with comparisons that we drew between this dataset and statewide projections of produced
water reuse (NMOCDO6s Water Use Summary Report .
order of magnitude. sAsuch, estimates of reused produced water for oil and gas development was
approached in a different way (see Section 3.2). Total produced water volumes were then estimated
by adding the salt water disposal volumes with the produced water reuse values.

Given the limited availability of produced water quality data and the stegehpgpose of the

model, water treatment decisions were based on TDS data, which is available at the township level.
Data were available only through 2015 so aggregatedvesduesnstructed over available monthly

data from 20%2015. Other constituent levels are based onhids®stimates, which scale with the

TDS level.

Future production ratesmd chemistry are not expected to vary significantly from month to month as
produced water is mixed from numerous wells. However, production rates are expected to grow in
the future as new wells are drilled. It is assumed that production will scale directly with the increase in
oil & gas development. If new development stalls daemarket downturn, produced water

1 https://waterstarmnm.cstestsite.com
2 https://www.emnrd.nm.gov/ocd/ocdlata/statistics/

12


https://waterstar-nm.cstestsite.com/
https://www.emnrd.nm.gov/ocd/ocd-data/statistics/

production rates will be kept constant over this period to reflect continued production from existing
wells.

3.2. Source water for oil and gas development

In this submodule, the location, volume, and source of water us&dgadevelopment (drilling
and stimulation) is simulated. This includes current water use as well as projections for future use.

Two sources of data were compiled to estimate current use characteristeg| tata on a

monthly basis was collecfed o m NMOCDGs Wat er? Ihthided dewolumasroff Rep
water used and type of source water (fresh, brackish, produced, saline). An important limitation is that
collection of this data only started in October 2020. This dataset will be extersitegl the Frac

Focus chemical disclosure redisTiyis dataset substantially increases the time period of data and
includes water use volumes and well locatbrewe ver , it doesndt incl ude

Characterization of current waise requires estimation of the volume, source, and location of the
demand. To do this we began by comparing thdestat@rojections from OCD with oil & gas water

use values from Frac Focus combined over Lea and Eddy Counties (where the majarity of wate
used for oil and gas development in the state). The Frac Focus totals tended to be a little higher (14%)
than the stateride number from the OCD. Given the comparability of the two datasets and the lack

of a better alternative, we adopted the FraosFdata to map out oil & gas water demand by
township. Current water demand, data collected between 2018 and 2020 were averaged (note that
there was a steep growth in demand prior to 2018). An average was taken over this period to address
annual variations activity.

From the Frac Focus data, total water demands by location (township/range) were estimated. The
next step was to identify the source water. The only information available isl¢velsdata from

the OCD and limited specific data foalamd Eddy counties. Using the state and limited county level
data, the mix of source waters was determined (see Table 1). The mix ratios were applied uniformly
by countfi with one exception. Township elements that overly the Capitan Underground Water
Basinwvere not assigned any fresh groundwater use as very limited freshwater is available in this region.

Table 1. Source Water Mix Ratios

Source Water Eddy Lea
Produced Water 0.42 0.40
Brackish Water 0.50 0.45
Fresh Water 0.08 0.15

Again, future production rates are dictated by usenMipilé.the model user can adjust growth rates

as desired a single haided option is offered. This growth rate is based on growth in water use for

oil & gas development as taken from the Frac Focus data set (see above). Over the last four years
(2018 mid 2021) a steady growth of 450 af/yr of water demand across each county has been realized.
This equates to a growth rate of 3%. A couple of other points of reference were in the regional water
plans, which project growth in water demand for oil & gas. Eigwlesir projections from 2610

2020 significantly underpredicted reality. A report by Scanlon et’au(f#2® the Delaware Basin

could have an additional 80 years of life and water demands could double.

3 https://wwwapps.emnrd.state.nm.us/ocd/ocdpermitting/Reporting/Wells/WaterUseSummaryReport.aspx
4 https://fracfocus.org/datalownload
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Along with the quantity of water used in the&ayas sector is the cost associated with the water
accessing the water for drilling and stimulation. Here a simple price per barrel of water is used which
varies by source. Based on feedback from our local stakeholders, freshwater is assumed to be lease
at $1/barrel while brackish groundwater costs about $0.6/barrel. The default cost to treat and recycle
produced water is set at $0.50/barrel within the model. However, all costs can be adjusted by the
model user.

3.3. Produced Water Treatment

Necessary levelSproduced water treatment are modeled using the integrated Decision Support Tool
(iDST) (Geza et al. 2018; Ma et al. 2018). iDST is designed to select produced water treatment
processessing a constrained mudbjective optimization (MOQO) approache&#on follows user

defined objective functions and constrdiaged on water quality, costs, energy, and other technical
criteria.The IDST includes 62 standalone and hybrid configurations of treatment technologies and
their removal capacities for eagtier quality constituent for the selection ofneament, physical,
chemical, biological, desalination, and-tpemiment processeBeyond proposing a specific
treatment trairthe iDST calculates system costs based on the selected treatmergies; luesioed

product water flow rate, and economic inputs assigned by the user, and outputs unit cost, and annual
capital cost, operation and maintenance (O&M) costs, and energy consumption.

To estimate levels of produced water treatment, three kéypdegaare required: produced water
quality, total system through put, and product water quality. It was realized that the viable produced
water reuse options for southeastern New Mexico resulted in the need to simulate a relatively small
number of wateréatment scenarios. Specifically, twaatgn scenarios were found to adequately
span the range of treatment options. These were selected to both span the range of reuse options as
well as the nehnear scaling of technology costs across capacity antefrielevels. Treatment
scenarios were organized according to the following 3x3x3 matrix:
1. Produced water quality
a. Low: <40,000 mg/L (25,000 mg/L)
b. Medium: 40,000 100,000 mg/L (100,000 mg/L)
c. High: >100,000 mg/L (150,000 mg/L)
2. Treatment capacity
a. 5000 billbon barrels of petroleum liquids per day (bbl/d)
b. 20,000 bbl/d
c. 50,000 bbl/d
3. Beneficial use scenarios
a. Applications that require drinking water quality (i.e., potable water), such as
groundwater recharge (TDS 500 mg/L)
b. Ag irrigation / stream augmentation, elands (2000 mg/L)
c. Clean brine for hydraulic fracturing (oil and gas), industry (e.g., potash mining)

As we were able to distill the viable treatment options into a manageable number of scenarios, it was
not necessary to couple iDST directly withBESBE$m. Rather, the 27 simulations were performed

offline with IDST and results were organized into an Excel worksheet that was linke& B

iDST results that captured in the database and subsequently usdtSBSRWinclude:

1 Proposedreatment train,
1 Capital cost,
1 Annualized capital cost,
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Total annual O&M costs,

Total energy demand,

Water recovery, and

Normalized cost per barrel of treated water

= =4 4 =

As noted above, produced water quality data beyond TDS is veryTionftkdn this @p, we

collected produced water samples from salt water disposal wells in the Permian Basin, and used the
average concentrations of different constituents to develop produced water quality profiles that varied
according the TDS level. These profiles aradad in Table 2.

Assumed product water quality standards are based\@atitimal Primary and Secondary Drinking
Water Regulatiorset by thdJSEPA Safe Drinking Water AGDWA), Irrigation Guide by US
Department of Agriculture (USDA, 2011 and 1993), New Mexico state regulations (NMAC, 2020),
andemerging industry standafdsclean brine (Horn, 2019). The standards for the three product
water quality scenarios are inetlich Table 2.

3.4. Wastewater Disposal

Wastewater disposal applies to both any unused produced water as well as any concentrates produce
by way of produced water treatment. As noted above, we have good data on the location of salt water
disposal wells and thenount of produced water currently being injected (New Mexico Produced
Water WaterSTAR Data Poral). This disposal volume will change over time based on the amount of
produced water treated; that is, disposal volume is reduced by the treated volusde Desposal

will also change based on growth in oil & gas production.

Beyond the modeling of changes in disposal volumes, efforts are made to estimate the cost of disposal.
Through our stakeholder engagement process, we received a range of estispates cogds for

SE New Mexico ($0.5%1.5/barrel). This range reflect the variety of factors influencing costs,
including contracting between producer and the disposal company. Long term contracts generally
result in lower costs. In SE New Mexico, appear between. We adopt a value of $0.75/barrel but

allow the user to adjust this value. Also, the costs are expected to rise over time as has been the trenc
over the last 2@ears. Following this historical trend, a growth factor in cost of $0.0634=aris|

adopted here.

3.5. Wastewater Disposal

Based offieedback fronstakeholder engagement effaris apparent thaihe majority of produced
water transport occurs via permanent underground pipelines. Approg®aislyransported by
truck, primarilyfrom regions with spse oil & gas activitlyut trucking is also used to handle large
initial fl owbacHK iwalngnme 0fprmhrynotevastiogur dhadaling are
the costs associated with produced water transport, which ineladestnuction of pipelines and
operational expenses of trucking.

15



Table 2. General Water Quality of Different Produced Waters Expected to Be Treated (based
on general New Mexico produced water quality data) and General Product Water Quality in
Different Beneficial Scenarios. All values are in mg/L except for Temperature (0C) and Turbidity
(NTU)

_ : Potabl_e use, Crop '
Low TDS Medium TDS High TDS aquifer irrigation Clean brine
PW PW PW recharge
Alkalinity (as - - -
CaCO3) 180 900 1300
Aluminum 1 3 4 0.200 5 -
Ammonia 300 600 99 2 - -
Barium 1 3 4 2 - -
Benzene 170 170 170 0.005 - -
Boron 5 20 30 - 0.750 -
Bromide 120 650 950 - - -
Calcium 500 2500 3800 - - -
Chloride 12,000 60,000 90,000 250 110.0 -
Ethylbenzene 100 100 100 0.700 - -
Iron (111) 10 40 60 0.300 5 20.0
Lithium 1 6 10 - 15 -
Magnesium 100 400 600 - - -
Manganese 0.10 1 1 0.050 0.200 -
Oil and Grease 80 80 80 - - 30.0
pH 6.80 6.80 6.80 - 6-8 6-8
Silica (SiO2) 2 10 15 - - -
Sodium 7,000 35,000 50,000 - - -
Strontium 50 300 400 - - -
Sulfate 150 800 1200 250 - 1000.0
TDS 25,000 100,000 150,000 500 1500 -
Temperature 38 38 38 - - -
Toluene 2 2 2 1 - -
Total Organic ] ] ]
Carbon (TOC) 150 150 150
Turbidity 50 50 55 0.300 - 25.0
Uranium 0.20 0.50 0.50 0.030 - -
Zinc 0.60 1 1 5 - -

Pipeline TranspOritrent cost for produced water transport via pipelines is $0.25/barrel (feedback
from local stakeholders). This cost is assumed for all produced water except that which is trucked
(e.g., ~25%), this includes any growth in production due to addition oil Begas wells. New

pipeline costs are assessed only to deliver the treated water. We assume treatment will occur at the
disposal site to take advantage of the existing network. Costs then are incurred to build a pipeline
between the treatment facilindahe final point of use. For beneficial reuse projects pipeline costs,

C,, are the product of the pipe diamediey,pipe length, and cost facto€GF.
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5 6 0Q (1)

The cost factor is set at $10, while the diameter depends linearly on the flow rate (6 inch for 0.15
MGD to 12 inch for 1.5 MGD; not to exceed 36 inch). The length varies by township and is assumed
to be the average distance between salt water disdesaidvitle township centroid. If the project
requires transport beyond the township, the distance between township centroids is added.

Trucking Transp@ust for truck transport depends on how much water is moved. There are no data
characterizing theolumes of water trucked in each township. As such, we assume townships with
really low produced water production are not piped. A cutoff of 5 million gallons/month appeared to
capture the majority of townships with sparse oil & gas wells. Howeve, tbiitotaof produced

water production in these sparse townships was less than 1% of the total production. As such, from
the remaining townships, 24% (or 1% less than that specified by the model user) of the total produced
water production is assumed tdribbeked (assumed associated with transport of high capacity flows
following initial production of a new well).

Trucking cost also depends on the distance it is nidedgain, the average length between the

oil & gas wells and the salt water dispestlis usedi(where is the township). This distance is
increased by a factor of 1.5 to account for the difference between straight line and road distance. This
distance is then doubled to account for coming and going between well and dispastaihdehe di

also depends on the number of trips, which accounts for fact that New Mexico limits transport
volumes to 120 barrels. Together the distance calculation takes the form:

YO azp®zgz — 1)

To get the transport co3iC, we convert the distance to time assuming a maximum speed to 40mph
and a cost of $90/hr:

Yo 2 A o3 )

Note that the parameters supplied above were acquired from conversations with local stakeholders
however, these values can be adjusted by the model operator. Where piping replaces trucking we will
assume transport costs equal $0.4/barrel to capture the added expense of managing these more
difficult waters. We also assume that trucking will alwagsdssary for at least 10% of all produced

water generated.

Truck traffic is also of concern for evaluating impacts to environmental justice. Here we track changes
in the total miles of trucked produced watEx)(as an input to justice calculatice® (Section 7).
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4. HYDROLOGY MODEL

This submodel addresses all potential source waters in Lea and Eddy counties, including:
1 Fresh groundwater,

Fresh surface water (Pecos River),

Brackish groundwater,

Reclaimed wastewater, and

Produced water.

= =4 =4 =

The overarchingurpose of the model is to track how water use choices impact the supplies of
alternative sources of water (e.g., how new demands are sourced). Key demand sectors include:

1 Oil & Gas,

Agriculture,

Municipal,

Industrial/Commercial/Mining/Power (ICMP), and
Domestic/Livestock.

= 4 4

The model user has the option to control how water demands change over time and how those new
demands are allocated. These choices will be input to other portions of the model, gheticularly
economic submodel in terms of water costs and tradeoffs in the economy (e.g., new industrial growth,
added crop land). Below we break down the modeling for each water source, but first we address
modeling of water demand.

4.1. Water Demand

Current water @sconditions in the basin form the baseline for the analysis. Water use as reported in
the most recent Regional Water Plans (2048:(/www.ose.state.nm.us/Planning/rwp.phyere

compared tdhe 2015 USGS Water Census (Dieter et al. 2018). Estimates were relatively similar so
the USGS data were adopted (Table 3). Demands are characterized on the basis of water withdrawals
across the five demand sectors noted above.

In each sector, the demasifurther distinguished on the basis of source water and point of diversion.
For example, water used in the oil and gas industry is predominately from brackish and recycled
produced water with minor use of fresh water; use data is captured by NMO@Rddesection

5). Agricultural water use statistics are available at the county level from the Regional Water Plans and
USGS Water Census. Water use is then spatially distributed according to land use classifications by
township (land use/land cover ddéscribed iMa (202Q. Municipal water use data by community
is given in the Regional Water Plans:s8pfilied ICMP data as well as domestic/livestock are
available at the county level from the Regional Water Plans and USGS Water Census. ICMP demands
ae spatially distributed according to the NM Water Rights Reporting System
(https://www.ose.state.nm.us/WRARBMhile domestic water use is distributed by relative acreage in
ranching and farming.
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Table 3. Water withdrawals by county (Dieter et al. 2018). Values in AF/yr

Use Category Lea Eddy

Public Supply 11,409 15059

DomestiéLivestock 4377 1545

Irrigation 165895 89,884 plus 65,975 from Pe(
ICMP 5094 3303

From the 2015 baseline, there is interest in projecting changes in demands and or the sourcing of new
and/or existing demands. A growth scenario is offered that is patterned after projections in the
Regional Water Plans (Table 4). The user also hasdhdmptoject their own new growth rates.

Beyond the growth rate, the user could select the mix of water sources that are tapped. Specific
details/constraints for each sector are as follows:

1 Oil & Gas: the base growth scenario will be patterned afteicaigrends in water use. The
user can increase or decrease the trend as well as adjust the mix of fresh/brackish/produced
water used for new fracking jobs (at the county level).

1 Agriculture: Agriculture in the region is not projectatttease without a new water source.

Here the user will have the option to click on a location to add new irrigated acreage watered
with treated produced water or change current sources from freshwater to treated produced
water.

1 Municipal: User can adopetgrowth projection or choose their own; they can also choose
whether the new water supply is sourced from fresh or brackish water (or both).

1 ICMP: User can adopt the growth projection or choose their own by county. Will also have
the option to choose wiiner the new water supply is sourced from fresh, brackish, reclaimed
wastewater, or treated produced water (or a mixture of the four).

1 Domestic/Livestock: User can adopt the high or low growth projections or choose their own
for each county. Will assumewgth will be served from fresh groundwater.

As an example, a user could decide, for a givenirdgminthe generation of produced water will
grow at a particular rad)(® ) and chooses to reduce the amount of brackish water used in oil
and gas developme(lo i w@fg) while increasing the use of produced water for oil & gas
(Y0 &g ) and agricultu®/d & ).

Table 4. Projected growth rates by county and sector captured as defaults within the model.

Growth rates in AF/yr. Data taken from the Regional Water Plans.

Lea Eddy
High Low High Low
Municipal 178.94 83.82 118.18 71.5
Domestic/Livestock 26.7 5.82 No growth | No growth
Irrigation No No growth | No growth| No growth
growth
ICMP 8.46 No estimate| No growth| No growth
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4.2. Fresh Groundwater

There will be no attempt to develop a groundwater model for the region as this is beyond the scope
and need of this screening tool. Rather, a water use budget approach will be taken where the focus
will be on projecting changes in water use with time. It is important to note that all declared
underground water basins in Lea and Eddy Counties are closed to new appropriations except for
domestic and livestock permits. However, the purpose and pomtobfexssting water rights can
be changed. As such, the pumping rates are fixed except for small projected growth in domestic and
livestock uses.
Water use budgets were developed for each declared Underground Water Basin in Lea and Eddy
Countief Lea Count (Ogallala), Jal, Carlsbad, Capitan, and Roswell. The water use budget will take
the following form where we assume that any projected growth in fresh groundwater use will be met
by an equal decline in agricultural water use:

"Oi @i O @iy YOI @ YO @ ; YO @yih (3
where:
"Oi @i ; = Fresh groundwater use in agriculture in regidhimet

"Oi @i ; = Fresh groundwater useagriculture in regiomat the initial time step

YOI @i = Change in fresh groundwater use in the municipal sector iri,ragtonet
YOI @i = Change in fresh groundwater use in the ICMP sector in ireiimet

Y Oi @, = Change in fresh groundwater use in the oil and gas sector in etdiom.

All terms are in units of volume/tirgote that all the delta terms are user specified and incrementally
grow over time according to the asenario (high/low/other). However, the change in freshwater

use in the oil & gas sector is implemented over a defined time horizon consistent with the time to
construct the necessary infrastructure (assumed 5 years). Here we are also assumintethat freshwa
use by oil & gas is exchanged directly with agricultural use; that is, if oil & gas reduces freshwater use
then that water will be used in ag and-wacga (assuming oil & gas leases their water from
agriculture). The overarching water use budgeta#tesnthe form:

OF @iy O Wiy Y'Oi Qi Y'Oi Qi , 4)
where:
"Oi @i ; = Total fresh groundwater use in regjai timet

"Oi @i ; = Total fresh groundwater use in regjait time-1 or prior time step

YOI @i ; = Change in fresh groundwater use in the domestic and livestock sectorijratéigien
t

YOI @i = Change in fresh groundwater use in the agriculture sector in @giore. Note that
this only applies to user specified decreases in agriculture, generally due to offsetting use
of treated produced water

Again,all in units of volume/timeNote thatOi @i ; accumulates over time (i.e., create a stock
and accumulate thetal water surplus or deficit). None of the other water use budgets accumulate
over time.
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4.3. Brackish Groundwater

Unlike fresh groundwater, there are no administrative controls on brackish water use (nor do we
expect any physical controls will limit use)inAgavater use budget approach is used which takes
the form:

61 OO 61 W Y61 GOQ Y61 GOQ Yoi wc@ﬁ) (5)

Terms follow similar naming convention as above (all in units oéitoheh Again, all delta terms

are defined by the usand incrementally grow over time according to the use scenario
(high/low/other). However, the change in brackish water use in the oil & gas sector is implemented
over a defined time horizon consistefith the time to construct the necessary infrastructure
(assumed 5 yearNpte that brackish water use in the oil & gas sector could go up or down.

Currently there is little brackish water use outside of oil and gas, within Lea and Eddy counties. The
one exception is potash mining which we have no way of estimating.

4.4, Reclaimed Wastewater
Reclaimed wastewater supply is limited by the amount of wastewater that is produced and captured
by a treatment facility. The water use budget takes the form:
0w R 0ww 4 YOI @i R R (.O(I)KA ZOn0 Yoo R (6)
Where:
ww = The wastewater available for use in regairtiimet
ww ;= The wastewater available for use in regaithe previous time stef

WWF= The portion of the municipal water withdrawal that is returned to the wastewater plant (65%
is adapted based on long term averages from USGS).

Yoo ;= Changén reclaimed wasted water use in the ICMP sector initegitmet.

All in units of volume/time except WWF which is dimensiorAegssn, all delta terms are defined

by the useand incrementally grow over time according to the use scenario (fogidiowAlso

calculated is the reclaimed wastewater that is being used which is determined by simply summing
Yoo .

Wastewater production data was taken from the regional water plans. Data was distributed by
township and range. There is noent indication of any recycling of local wastewater.

4.5. Produced Water
The water use budget (estimated by county) for produced water is calculated as:
G(bﬁ 0 "000 ® A Y0 o ﬁﬁyf)(bﬁ Y0 o A yﬁ(boﬁ (7)

Whereall in units of volume/time
0 @ f = The total produced water put to beneficial use in regibtimet
0 @ = The total produced water generated in regairtime-1 or the previous time step

Y0 @ = The change in produced water generated in iegicimet
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Y0 @ = The change in produced water use by sector in regidimet

The MIN function is simply used to prevent the new demands for produced water from exceeding
the produced amount. All delta terms are defined by the user. The production term grows
incrementally over time, while the use ternmimatemented over a defintgtie horizon consistent

with the time to construct the necessary infrastructure (assumedEgeadetails about produced

water generation is captured in Section 3.

4.6. Fresh Surface Water (Pecos River)

Operations of the Pecos River are very complexeguog beyond the ability to model at a scoping

level. Nevertheless, the value of adding treated produced water to the Pecos is assessed. In discussion
with Pecos River water managers, we were informed that there is little need for the water to meet
downsteam compact requirements with the State of Texas. As such, water added to the river would
fulfill one of two purposes. First, the treated produced water would help augment flows for
environmental services. However, the amount of water is small rafaivatoral flow of the river.

A single project (50,000 bbls/d) would add ~1.62 cfs to the river, which has an annual average stream
flow of 165cfs (this water could be managed in Brantley Reservoir to meet environmental flow targets
during unseasonabtev flows alternatively). The second, more likely purpose for the water would be
use by the Carlsbad Irrigation District. This would represent about 1200 AF of water to a district that
uses 66,000 AF of water per year from the Pecos.

4.7. Total Change in Beneficial Water Use
The total water put to beneficial use in the model is calculated as:

0 O Wip 6i (A)(:)F:Q Vo B Yo o A (8)
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5. ECONOMICS

The economics framework is built upon a macomomic model using the commercial software
IMPLAN (2021). The IMPLAN model is an ijoutput model that looks at the interdependencies
between economic sectors. Within the study area (Lea and Eddyfepingignce, an increase in

oil and gas mining could result in an economic gain to other industries that depend upon oil and gas
or support oil and gas such as trucking and transport, road maintenance and residential growth. The
outputs from this modelemonstrate the dependency between sectors of an economy.

A strength and weakness of an imquiput model is that it is linear in nature, this allows for rapid
computation and flexibility in computations. However, if the interdependencies betwsenesecto
not linear in nature, an inpadtput model cannot account for this structure. Figure 3 demonstrates
the theoretical flow of the economic model. The IMPLAN model is able to calculate economic
benefits to sectors of the economy at the macro level.

Economic Benefits Economic
Sectors

Model Inputs

Agriculture Model Qutputs by Sector
. Toxicity Levels and ‘ - . County Level GDP
Regulation Thresholds ! . Employment Growth
. Quantity of Water Available W . Income by County
by Toxicity Level . Tax Revenue

. Economic Sector Water Oil and Gas
Demands

Environment

Economic Costs

Net Benefits

Figure 3. Schematic of economic systems model as implemented within PW-ESESim.

Table 5 displays the current economic conditions (i.e., baseline) in Lea and Eddy counties. The
IMPLAN model has over 500 economic sectors thatearacked at the county level. Twasity
sectors are shown in Table 5 as a point of re
to more water being available as an input to the sector), the IMPLAN model will report the changes
to other gctors as resulting from these changes. This creates the economic benefits from Figure 3.

Ten sectors are targeted as industries with the potential to grow due to access to treated produced
water. These include grain farming; all other crop farmirgy (dieeof treated produced water or
through discharge and later capture from the Pecos River); tree nut farming; beef production;
petroleum refineries; potash, Soda and Borate mining; and data centers; manufacturing; and crop
grown for carbon sequestratitdsing data from the baseline model (Table 5) the current economic
value of each of these sectors is known. Water use data from the USGS Water Census and NM
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Table 5. Economic Baseline (2019) Values for the Two Counties Used in the Case Study

Lea Eddy
Year 2019 2019
Population 71,070 58460
Employment 42,931 42,370
Households 24,870 22,274
Number of Industries 219 224
Output $11,371,733,109.45| $13,255,494,023.61

Petroleum refineries (154)

$1,701,018,709.52

$2,031,646,600.35

Oil and gas extraction (20)

$1,485,051,628.79

$2,843,265,088.37

Support oil and gas (36)

$1,472,959,279.30

$1,553,607,229.90

Drilling oil and gas (35)

$808,963,799.61

$199,653,274.53

Truck Transportation (417)

$378,795,634.15

$249,368,960.42

Potash soda and borate (31)

$42,604,703.40

$186,723,308.31

Metal Mining (37)

$150,465,910.44

$316,096,586.44

Plastics pipe and pipe fitting manufacturing (188

$85,169,695.44

Readymix concrete (204)

$5,163,189.96

$46,749,168.65

Grain Farming (2)

$1,636,121.49

$1,739,330.43

Tree nut farming (5)

$4,483,700.68

$20,131,466.78

All other crop (10)

$17,109,017.29

$19,538,386.93

Dairy Cattle and milk (12)

$135,590,690.21

$36,494,504.57

Beef Cattleanching (11)

$64,361,679.78

$26,361,063.63

Construction of highways and streets (54)

$52,382,836.20

$53,024,065.51

Construction of new manufacturing (51)

$27,956,647.13

$27,414,251.43

Power and transmission (47)

$156,428,560.27

$219,700,566.88

Wholesale Machinery Equipment and supplies
(395)

$118,791,342.50

$105,174,049.00

Retail Gasoline stores (408)

$20,631,079.17

$58,535,613.15

Retail General Merchandise (411)

$54,161,191.22

$56,647,954.53

Hospitals (490)

$127,892,636.10

$171,821,432.72

Full service restaurants (509)

$57,648,686.20

$65,118,204.37

Local government education (542)

$158,974,595.15

$110,039,521.09

Water sewer and other systems (49)

$2,668,271.85

$22,822,107.32

Construction of new poweasind communication
(52)

$121,755,934.41

$125,540,865.63

Construction of single family residence (57)

$118,914,310.99

$117,942,946.44

Value Added (GDP)

$5,988,885,717.74

$7,593,747,168.19

Employee Compensation

$2,522,451,767.30

$2,825,860,351.46

Proprietor Income

$363,961,674.85

$184,401,716.23

Other Property Income

$2,447,875,785.99

$3,852,781,464.56

Taxes on Production and Imports

$654,596,489.61

$730,703,635.93
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Water Rights Reporting System the associated watathusach sector is also determined. We
assume that this ratio between water use and economic production hold constant. Thus, we are able
to relate a percent change in water use (due to the addition of treated produced water) to a percent
change in sectproduction.

The IMPLAN model is used to create a data set of economic benefits across economic sectors. Model
runs are performed for differing target economic sectors (sector where water is added) and different
assumed levels of growth. All outputs éonemic benefits are at the county level and reported as
changes in economic value by sector.

The IMPLAN model was run independently from-PSESim. IMPLAN was run under different
economic sector assumptions and different levels of water availabddteta database of results
that was then linked to PBRSESIim. This greatly simplifies future distribution as arsopeed
tool.

Due to the selection of a macroeconomic model such as IMPLAN, we are not able to conduct a micro
level cost benefit anag/sRather, the outputs of the IMPLAN model will provide economic benefits

to the region demonstrating what could occur if the produced water is treated and made available to
these economic sectors. The costs to treat and deliver the water arelatisd aattinfluence the

net economic benefit for projects of interest (Figure 3).
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6. HUMAN AND ECOLOGICAL HEALTH MODEL

The screening | evel mod el used here i s adopte
E-FAST Modélused to support assessmehth® potential exposures to new chemicals. The model
generates estimates of chemical concentrations in surface waters (and groundwaters) and resultant
dose rates to humans through ingestion, inhalation, and dermal ekpesuoelel can also be used

to essesimpacts to aquatic life and soils.

Here we are concerned with impacts on aquatic species due to stream augmentation with treated
produced water; ingestion of fish from streams (Pecos) where treated produced water could be
released; ingestion ottBs water while swimmimghalation of vaporized water from spray irrigation

using treated produced waserd potentiadlontamination of groundwater suppled for drinking. Note

that there is no use of surface water in Eddy or Lea counties for drinding wat

This submodel will require inputs from other parts oEHSESImM. Streamflow timeseries data will

be input from the hydrology submodel. Similarly, produced water volumes and contaminant
concentrations will be input from IDST. The dose rate calculagtos are for individual
contaminants of concern. As there are many potential contaminants remaining in the treated produced
water, only a subset will be considered. Specifically, key indicator species will be identified that are
representative of classésontaminants of concern, e.g., metals, volatiles, radionuclides, salinity.

The model will be configured to estimate the baseline exposure (current dose rate using current water
source, Tabl®) and then the exposure when water source is changedit produced water (Table
7. Additional environment al concentrations
targets.

W |

Table 6. Current average water quality parameter values for select constituents in southeastern
NM. Also included are associated drinking water standards and concentration of concern levels.

Indicator (Category of | surface groundwater Concentration| Drinking Water

Constituents) water of Concern MCL

Lead Metal3 <1.1 ug/L 3.7 ug/L 15ug/| 15 ug/L

BenzengVolatile Not detected | Not detected | 0.46 ug/l 0.005 mg/L

organic compounjls

ammoniaN (Nutrienty | 0.15 mg/L 0.2 mg/L Not defined | Not defined

nitrateN (Nutrient9 1.2 mg/L 9.4 mg/L 3.2 mg/L 10 mg/L

Ral26 and 128 1.9 pCi/L 11.6 pCi/lL 5 pCi/L 5 pCi/L

(Radionuclidgs

TDS (Salty 4500 mg/L | 1230 mg/L 500 mg/L 500L
6.1. Estimation of Potential Doses from Surface Water Bodies

The EFast Model estimates surface water concentrations in rivers and streams under four receiving
stream flow conditions (1Q10 low flow, 7Q10 low flow, 30Q5 low flow, and harmonic mean flow) as
recommended in thBechnical Support Document for Widleas@dalioxics Cofiir&. EPA, 1991).

5 https://www.epa.gov/tscgcreeningools/e-fastexposurandfateassessmestreeningool-version2014
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Harmonic mean flows are used to generate estimates of chronic human exposure via fish ingestion.
EPA recommends using the ldegn harmonic mean to assess potential human health impacts
because it provides a mamnservative estimate than the arithmetic mean flow. The 30Q5 flows
(lowest consecutive 30day flow during anyyé&se period) are used to generate estimates of acute
human exposure via fish ingestion. To estimate potential acute and chronic inagestimmiaind

aquatic life impacts, the model uses 1Q10 and 7Q10 flows, which are thelboneast the lowest
consecutive-day average flows during anyyd#&x period, respectively. The stream data used are
estimated flows at the downstream end offgpstteam segments (reaches), and are presumed to
include the discharge flow from any facility on that reach.

Stream related contamination will be limited to effects on the Pecos. Here we will use historical gage
data above Brantley Reservoir (T@bfitespecific surface water concentrations are calculated from
estimated arithmetic mean and 7Q10 stream flows. Harmonic mean, 30Q5, and 1Q10 flows are
calculated from the 7Q10 flows and arithmetic mean flows. The units of flow are million liters per day
(MLD). The estimated chemical concentrations are presented for each flow rate. The following are
short definitions of the flows.

1 Harmonic Mean Flow (SFamonic) i inverse mean of reciprocal daily arithmetic fiman
values. In other words, harmonic mean (H) is defined as H =xg/F1(1/x2) +...+ (1/xn)]
wherex is a particular number in a group of measured values and n is the number of
measurements in the series. These flows are used to generate estinatés lofiman
exposures via drinking water and fish ingestion.

1 30Q5 Flow (Skeey i 30 consecutive days of lowest flow oveyeab period. These flows
are used to determine acute human exposures via drinking water.

1 7Q10 Flow (Skug i 7 consecutive dayf lowest flow over a 4@ar period. These flows
are used to calculate estimates of chronic surface water concentrations to compare with the
constituents of concer@QCg for aquatic life.

1 1Q10 Flow (Sk19 i1 single day of lowest flow over ayg@r priod. These flows are used
to calculate estimates of acute surface water concentrations to compare with the COCs for
aquatic life.

1 4Q3 Flow (SF4s) 64 consecutive days of lowest flow oveyea3 period. These flows are
used by the State of New Mexicodtculate critical low flows.

The following equation is used to calculate surface water concentratiorfbowirfge@vers and
streams:

Yo 0

" (9)

where:

SWC = Surface water concentration (parts per
WWR = Chemical release to wastewater (kg/day)

SF = Estimated flow of the receiving stream (MLD)

CF1 = Conversion factor (g / k g )

CF2 = Conversion factor (10day/MLD)
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Table 7. Water quality values for treated produced water. Values in mg/L.

Treatment | Lead Benzene ammonia- | Nitrate-N | Ra-126/128 | TDS
Level (metals) | (volatile N (nutrient) | (radionuclide) | (salt)
organic (nutrient)
compound)
Drinking 0.015 0.005 2.0 10.0 4.0 500
Irrigation | 0.005 0.005 2.0 10.0 4.0 1500
Clean Bring 0.015 0.005 2.0 10.0 4.0 25000

The amount of chemical released to the environment (e.g., produced water used for stream
augmentation) are input values to this equation (output from iDST/)Tdble conversion factor
of1lconverts the chemical r edn diadeceby the stream Hog int 0 Q¢
MLD, which is converted to L/day €10day/MLD). The results of this equation are chemical
concentrations in units of Qg/ L. For very dil
considered equivalent.

Surfae water concentrations are calculated for four streamflow conditions (Equation 9). The
equations used to estimate the harmonic mean, 30Q5, and 1Q10 flows from estimated arithmetic
mean and 7Q10 flows (the arithmetic mean and 7Q10 are calculated dire¢klgy fnodeled
streamflow timeseries) also are presented below (Versar, 1992). The units for the arithmetic mean flow
(Skrinmeid and the 7Q10 flow (&) used in these equations (Equatiori2)@re MLD. The factor

0.409 is used to convert MLD tatsrof cubic feet per second (cfs).

Harmonic mean stream flows are used to generate estimates of chronic human exposure via
inadvertent ingestion and fish ingestion.

"Y"O 000 p® wza ° (10)

Skoos(30 consecutive days of lowest flow ovey@ab period) stream flows are used to generate
estimates of acute human exposures via inadvertent ingestion and fish ingestion.

E—— 4

YO 000 P& Pr— — (11)

SFai0(7 consecutive days of lowest flow over-gea period) stream flows are used to generate
estimates of exceedances of chronic COCs for aquatiadifésiS§le day of lowest flow over a 10
year period) stream flows are used to determine if there are acute ecological concerns.

YO 000 T o— - (12)

Dose rates are then calculated using the concentrations calculated above (Edlexgoth®).
concern is inadvertent ingestion of water while swimming by children and fish ingestion.
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Table 8. Flow rates for Pecos River at Artesia (1960-2020). Values in Million Liters per Day

Statistic Value (MLD)
Arithmetic Mean 404.6
Harmonic Mean 45.5
7Q10 4.4
30Q5 7.8
1Q10 3.7
40Q3 2.2

Exposure Types

A Potential Lifetime Average Daily Dose (LADDor) fi from ingestion while swimming;
calculated to represent chronic exposures to contaminated drinkingveratetifetime.
These doses are generally used for cancer calculations.

A Potential Lifetime Average Daily Concentration (LADGor) fi of the chemical of
concern in swimming water; calculated to represent chronic lifetime concentrations. These
concentrationare generally used for cancer calculations.

A Potential Acute Dose Rate (ADRor) fi from ingestion while swimming; normalized over
a shorter time period (e.g., 1 day).

Exposure Factors

A Exposure Duration (ED) i number of years a resident swims. Use modéidiizen

A Averaging Time (AT)@i period of time over which exposures are averaged. Use model time
horizon

A Body Weight (BW)fi mean body weight for the population being assessed.

A Drinking Water Ingestion Rate (IRw) fi used for calculating acute ahtbnic exposures.

The following equations are used to estimate how much of a given chemical a person will ingest while
swimming. These equations convert an estimated surface water concentration to an exposure estimate.
The surface water concentratiorQig / L) i s mul ti plied by the esti:
in liters per day, the number of release days per year, and exposure duration in years. This product is
then divided by body weight (in kg) and averaging time to yield the exposuraglkgéday.

6 0'Y - (13)
0600 S (14)
0606 ——— (15)

where:

ADRror= Potential Acute Dose Rate (mg/kg/day)

LADDvror= Potential Lifetime Average Daily Dose (mg/kg/day)

LADCror= Potential Lifetime Average Daily Concentration in drinking water (mg/L)

SWC = Surface water concentration (ppb or Qg/
IRsw= Swimming Ingestion rate (L/day) 0.0013 LA Exposure Factors Handbook 2011)

RD = Release days (1 day for ARRLO days/yr for LADBorand LADGor)

BW = Body weight (kg) 32kelé yrs old (EPA Exposure Factors Handbook 2011)
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ED = Exposure duration (use model time horizon)

AT = Averaging timéuse model time horizon for LAR&Zand LADDror; day for ADRor)
CF1 = Conversion factor (&g / Qg )

CF2 = Conversion factor (365 days/year)

The harmonic mean streamflow concentration is used to calculate thedafDDADGor. The

30Q5 streamflow conaieation is used to calculatethe ABR Thi s 1 s consi stent
guidance (U.S. EPA, 1991). The mean (central tendency) drinking water intake rate is used to calculate
LADD rorand the higlend swimming ingestion rate is used to calculatesxADR

6.2. Aquatic Health

The following metrics (as noted above) can be used to assess chronic and acute concentrations in
surface water bodies for aquatic life:

1 7Q10 Flow (Skoig i 7 consecutive days of lowest flow overyea® period. These flows
are used to taulate estimates of chronic surface water concentrations (Equation 9) to
compare with the COCs for aquatid.life

1 1Q10 Flow (Ski9 i single day of lowest flow over ayg@r period. These flows are used
to calculate estimates of acute surfater concentrations (Equation 9) to compare with the
COCs for aquatic lite

6.3. Fish Ingestion

The Fish Ingestion Information tab presents the exposure doses for individuals who ingest fish from
streams and rivers that receive wastewater dischargesngottiai chemical of concern. The
exposure types and exposure factors are defined below.

Exposure Types

A Potential Lifetime Average Daily Dose (LADRor) i from ingestion of fish tissue;
calculated to represent chronic exposures to fish over a lifetiseeddbes are generally
used for cancer calculations.

A Potential Lifetime Average Daily Concentration (LADGor) fi of the chemical of
concern in ingested fish tissue; calculated to represent chronic lifetime concentrations. These
concentrations are generafigd for cancer calculations.

A Potential Acute Dose Rate (ADRor) i from ingestion of fish tissue; normalized over a
shorter time period (e.g., 1 day).

Exposure Factors
A Exposure Duration (ED) fi length of time the fish consumer is exposed.
A Averaging Time (AT) @i period of time over which exposures are averaged.
A Body Weight (BW)fi mean body weight for the population being assessed.
A Fish Ingestion Rate (IRfish)fi used for calculating acute and chronic exposures.

6 https://www.epa.gov/wqgc/nationalecommende@aterqualitycriteriaaquatidife-criteriatable#table
7 https://www.epa.gov/wgc/nationalecommendewaterqualitycriteriaaquatidife-criteriatable#table
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The following equations are dige estimate how much of a given chemical a person will ingest
through eating fish. These equations convert an estimated surface water concentration to a fish
ingestion exposure estimate. The distinction between acute and chronic fish ingestiontisemade on
basis of daily ingestion rate. The meantérng fish ingestion rate is used to calculate chronic
exposures and the mean serving size is used to calculate acute fish ingestion exposures for adults. Thi
is in contrast to drinking water estimatesremMie distinction between acute and chronic values is

made on the basis of stream flows and on ingestion rates. The reason for this difference is that it takes
time for chemical concentrations to accumulate in fish; therefore, the harmonic meamdaav is us
calculate concentrations for both acute and chronic scenarios. It is not appropriate to use a very low
streamflow value that occurs rarely as the basis for calculating a chemical residue in fish.

z z z z

5 0'Y _ (16)
0 6 ‘O ‘O z z . ZZ z z (17)
D606 S (18)

where:

ADReor = Potential Acute Dose Rate (mg/kg/day)

LADD eor = Potential Lifetime Average Daily Dose (mg/kg/day)

LADCeror = Potential Lifetime Average Daily Concentration in fish tissue (mg/kg)

SWC = Surface water concentration (ppb or Qg/
BCF=Est mate of chemical 6s bi oconcentration pote
in Karlsson et al. 2002

IRsish = Fish ingestion rate (kg/day) 12.3 g/day sport caught fish3®y(E®PA Exposure Factors
Handbook 2011)

RD = Release days (1 dayA®RPOT; days/yr for LADRor and LADGor based on produced

water discharge schedule)

BW = Body weight (kg) use 80 kg (EPA Exposure Factors Handbook 2011)

ED = Exposure duration (use model time horizon)

AT = Averaging time (use model time horizorLADCpror and LADDsor; day for ADRor)

CF1 = Conversion factor (B0 mg/ Qg)

CF2 = Conversion factor (365 days/year)

Again, the harmonic mean streamflow concentration is used to calculate the LADDPOT and
LADCPOT. The 30Q5 streamflow concentration is usealt¢alate the ADRPOT.

6.4. Estimation of Surface Water Exposure Concentrations in Lakes,
Bays, Estuaries, and Oceans

No simple streamflow value represents dilution in these types of water bodies. To account for further
dilution in the water body, dilutiontfars for the water body of interest are used. Measured dilution
factors are typically between 1 (representing no dilution) and 200 and areNadsebiRollutant
Discharge Elimination Systé@dPDES)permits or regulatory policy. Here, to determineiliieon
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factors we will estimate dilution from a simple mass balance approach, balancing other local inflows,
precipitation on the lake and evaporative losses. In this case dilution values are expected to be low.

The following equation to calculateatefwater concentrations in still bodies such as bays, lakes, and
estuaries:

Yoo —— (19)

where:

SWC = Surface water concentration (ppb or Qg/
WWR = Chemical release to wastewater (kg/day) from iDST

PF = Effluent flow ofthe discharging facility (MLD) based on produced water discharge schedule

DF = Acute or chronic dilution factor used for the water body (typically between 1 and 200) calculated
by model (Brantley reservoir snbdel)

CF1 = Conversion factor (109 0Qg/ kg)

CF2 = Conversion factor (106 L/day/MLD)

For the case @butheastern New Mexico there are a couple of reservoirs on the Pecos River (the only
free flowing river in the regiodBrantley and Avalon reservoirs. However, these reservoirs are not
expected to produce any dilution. Any rain on reservoir, local inflow and groundwater exchange are
at best expected to be offset by reservoir evaporation. Given the screening nature of this tool, no
dilution/enrichment of contamination by these lakesinsated.

6.5. Estimation of Groundwater Exposure Concentrations and Doses
from Releases to Landfills

A simple conservative methisdused to estimatgoundwater concentrations that may result from
chemical releases due to land application of treated prodteed

Sitespecific estimation of groundwater (drinking water) exposure from land application requires
information on climate, soil, groundwater flow direction, and location of receptor drinking water wells.
Because this level of information is commoaotyavailable for screenilegel estimates, a simple,
conservative, generic method developed by EPA is used (U.S. EPA, 1987a). The only chemical specific
parameter required is theganic carbon partition coeffici€lity Koc), and it is assumed that a

reliable value (measured or estimated) exists. It is also assumed that the substance does not degrad
abiotically or biologically at a rate sufficient to significantly affect its potential to reach ground water.

This method is based on studies that modieéegroundwater concentrations that resulted from the

| and application of hypothetical norSathatil e
m3/mol) of varying soil sorption characteristics (i.e., tag/&ues ranging from 0 to 4.5) in soll

types with different organic carbon contents and groundwater hydraulic characteristics (U.S. EPA,
1996). The transport of the chemicals through the soil and groundwater was modeled using the
SESOIL and AT123D models, respectively. The loading of chemmalhectare landfill was

assumed to be 1,000 kg/year for 10 years. The distance to groundwater was assumed to be 8 meters
and the depth of a drinking water well 200 meters from the edge of the landfill was set at 20 meters.
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EPA used the results of thesedies to develop a conservative method for predicting groundwater
exposures from landfill disposals by assigning migration descriptors based on log Koc values and the
maximum londgerm (>70 year) average groundwater concentrations associated withctiiake&

(Table 9).

Table 9. Log Koc Values and groundwater concentrations for different migrations

Groundwater concentration
(GCW) (mg/L per kg
Mitgration Descriptor Log Koc release)

Negligibled no migration None

Negligible to slow > 45 3.21E6
Slow <4.5t03.5 2.67E5
Moderate <3.5t02.5 5.95E5
Rapid <2.5 7.55E5

Estimation of groundwater potential doses from releases to land applications is now considered. The
following equatiaareused to estimate how much of a given chemical a person will ingest through
groundwater (drinking water). These equations convert an annual chemical release and its estimated
groundwater concentration (from the preceding section) to a drinking watee eegiwsate. The

release amount is multiplied by the groundwater concentration (per kg release), the removal rate (if
any) of the chemical during treatment of the drinking water, the estimated drinking water ingestion
rate, the exposure frequency, anéxpesure duration. This product is then divided by body weight

and averaging time to yield the exposure dose.

z z

0500 (20)

D606 (21)

where:

LADD ror = Potential Lifetime Average Daily Dose (mg/kg/day)

LADCeror = Potential Lifetime Average Daily Concentration in drinking water (mg/L)

LFR = Chemical release rate to landfill per site (kg/yr) see below

GWC = Groundwateconcentration (mg/L per kg releasel/yr): see Table 10

IR« = Drinking water intake rate (L/day) Use 1.2 L/d (EPA Exposure Factors Handbook 2011)
BW = Body weight (kg) Use 80 kg (EPA Exposure Factors Handbook 2011)

DWT = Removal during drinking water treamtn(percent) Assume zero at domestic wells, if near
municipal well then include treatment

ED = Exposure duration (use model time horizon)

AT = Averaging time (use model time horizon for LADCPOT and LADDPOT)

EF = Exposure frequency (days/yr) Use 365ydays

CF1 = Conversion factor (365 days/yr)
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Cal cul ation of LFR is based on EPAGO6s modeling
olandfill 6 measuring 1 hectare. The foll owing
contaminant commtration given by the output of iDST:

b 0Oy ——— (22)

Where:

Conc = the contaminant concentration in the treated produced water (kg/m3) from iDST

Q = the volume of treated produced water (m3) from iDST

Area = the land area owghich the treated produced water is spread (m2) defined by the scenario
The denominator is the number of meters in a hectare

Table 10. Mapping target analytes to their log Koc categories

Indicator (Category of Constituents) | log Koc
category
Lead Metal3 <3.5to
2.5
BenzengVolatile organic compounds | <2.5
ammoniaN (Nutrientg <2.5
nitrateN (Nutrient9 <2.5
Ral126 and 12@Radionuclidgs <3.5t0
2.5
TDS (Salt} <2.5

6.6. Inhalation

Inhalation exposure can result from breathing air that is contaminated with particulate matter (e.qg.,
dust), vapors (e.g., volatile, or semi volatile contaminants), or aerosols. In this case, the primary
concern is vaporized water from spray irrigatidntvéated produced water. Since Eddy county
predominantly uses flood irrigation, inhalation only applies to irrigation in Lea county.

Estimating exposure from inhalation requires information on the concentrations of contaminants in
the air and the timeframover which inhalation exposure occurs. To calculate an inhaled dose,
inhalation rates and receptor body weights might also be needed.

The methods used in developing noncancer inhalationedpsase values are discussed in more
detail in the U.S. EPApert entitledviethods for Derivation of Inhalation Reference Concentrations
and Application of Inhalation DosimettySEPA1994).

The Superfund Program has also recently updated its approach for determining inhalaktias risk.
eliminated the use of inhalation rates when evaluating exposure to air contaimsedescribed

in Risk Assessment Guidance for Superfund (Part F, Supplemental Guidance for Inhalation Risk A
(USEPA, 2009).

This updated methodology recommends that risk assessors use the concentratioraofittatont
in air (Cair) as the exposure metric (e.g., mg/m3) instead of the intake of a contaminant in air based
on inhalation rate and body weight (dose; e.g., 1uayig
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The adjusted air concentrat{@airad) may be estimated as shown below

z z z z

8 (23)

Where:

Cair= Concentration of contaminant in air (mg/m3). Spray concentration is 0.019L/m3 (estimated
from New & Fipps 2000 assuming a single sprayer emits 0.29 g/min with sprayers spaced 6/7 feet
apart). To get air concentration multiply solute concentration by spray concentration
ET = Exposure time (hours/day) (24 hr/day) estimated from New & Fipps 2000
EF = Exposure frequency (days/year) (54 days/yr) estimated from New & Fipps 2000
ED = Exposure duration (use 1 yr)

AT = Averaging time (use 365 days)

6.7. Dermal Exposure

Dermal exposure is not considered. The inhalation pathway is expected to be more concerning for
farm workers (vs. exposure working with wet soils). Dermal exposure fnommgws expected to
be less of an issue relative to inadvertent ingestion.

6.8. Impact to Soils

Irrigation not only requires large water volumes, but also has stringent water quality criteria.
Specifically, for produced water, parameters such as theaststitption ratio are important criteria

for ensuring that the water quality is sufficient to not damage crops. The sodium absorption ratio
(SAR) is a calculation of the suitability for a water source for irrigation. The equation for the calculation
is:

B Y —— (24)

The concentrations of sodium (Na+), calcium (Ca+2), and magnesium (Mg+2) are in milliequivalents
per liter. When irrigation water has high SAR values, above three, then much more control of salt
accumulation is need®dater with high SAR can be used if enough water is applied to wash the salts
down below the root zone of the crops. The SAR and electrical conductiwityf Be water must

be considered together to determine the probable effect of using the watgmtion (Ayers and

Westcot 1994). When the source water has a higher conductivity, then there is a greater potential for
salt damage at lower SAR levaia. lrormally is expressed as decisiemens per meter (dS/m), which

is the same as siemens per cetging®/cm). Given the saline nature of produced water with high
sodium contenthe SAR and &v are both important parameters to consider before use.

Table 11 tabulates sodium, magnesincthcalcium levels in treated produced water. The conversion
from EC to TDS is as follows:

EC(dS/m) = TDS(mg/L)/800 (25)

35



Table 11. Water quality for calculating SAR. Values in mg/I.

Treatment Level Calcium Magnesium Sodium
Drinking 50 0.0 0.0
Irrigation 0.0 0.0 0.0
Clean Brine 2500 400 35000
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7. ENVIRONMENTAL JUSTICE

Al 't hough oil and gas production greatly contr |
concerns about industrial impacts on local communities. First, hydraulic fracturing poses significant
threat to environmental health and resource availabilite local level. Environmental exposures
include water, air, and soil pollution, as well as hazards associated with stress, noise, vibration, and
radioactivityGorski & Schwartz, 201%ealth outcomes associated with oil and gas development
include increased prevalence of low birth weight, respiratory and dermatologic symptoms, high risk
pregnancy, chronic headaches and fatiguesesadhl more negative health outcoi@esski &

Schwartz, 2019\t a community scale, oil and gas production has impacted sewdsabfttpe

built, social, and economic environnf&airski & Schwartz, 2019)il and gas development has also

been shown t@xacerbaténcome distribution, increasing economic disparity among community
membergBerisha et al., 202@t a larger scale, the combustion dfifdsels contributes to the

warming climate, perhaps the chief environmental concern among current and future generations
(MasonDelmotte et al., 2021)

The negative impacts associated with oil and gas development are especially important given the socia
and economic vulnerability of southeastern New Mbbaately 15.8% of Lea County residents and

14.6% of Eddy county rdents live below the poverty line, as compared to 12.3% natideually

USA, 2021a, 2021Bdditionally, the patient to doctor ratio in Lear@y is 3,164: 1 and 3,047:1 in

Eddy, as compared to 930:1 in the ¢2é¢a USA, 2021a)he majority of Lea County resitéen

were also born outside of the United States (65.4%), nearly twice as much as theearatiesal
(34%)(Data USA, 2021a%ocial inequity in community planning and development are important
considerations because communities at socioeconomic disadvantage are far more likely to bear the
burden of indusial and agricultural contamination than their advantaged coun{@paeiski et

al., 2015; Hicks, 202@ddressing this inequity is often termed environmental justice, which the
Department of Energy defines as:

oEnvironmental justice is the fair treatment and meaningful involvement of all people, regardless

of race, color, national origin, or income, with respect to the development, implementation, and
enforcement of environmental laws, regulations, and polickssr treatment means that no

population bears a disproportionate share of negative environmental consequences resulting from
industrial, municipal, and commercial operations or from the execution of federal, state, and local

laws; regulations; and policiedMeaningful involvement requires effective access to decision

makers for all, and the ability in all communities to make informed decisions and take positive
FOGA2ya G2 LINRPRdAzOS Sy @A NRpathiest of Edergyg 20415 A OS F2 NJ

Given the environmental risks of oil and gas development and th& smi@al and economic
vulnerability, environmental justicedstscal consideration for ensuring sustainable use of resources
in southeastern New Mexico.

7.1. Existing models

Two environmental justice models were consulted to inform creation of the environmental justice
submodel

The first was California EnvironmentadtBction Agen@ Environmental Justice Screening Tool
(CalEnviroScreen 4.0), which combines multiple sources of pollutions and the characteristics that
could increase the sensitivity of a population to poll(dogust et al., 2021Jogether, the
parameters provide a relative evaluation of social vulnerability and environmental threat across the

37



state of California. Parameters include environmental exposure (epgrtdiekde matter, drinking

water contaminants, and pesticide use); pollution burden (e.g., groundwater threats, solid waste sites
and facilities, and impaired water bodies); sensitive populations (e.g., asthma, cardiovascular disease
low birth weightprevalence); and socioeconomic factors (e.g., educational attainment, poverty,
unemployment, and housing bur@&agust et al., 202Ihe CalEnviroScreen EJ metric rahges

0-100 and represents the percentile ranking of each census tract, relative®ogqibees al., 2021)

The second model consulted was the Washington Stadetnidep of Heall (WaDOH)
Environmental Health Disparities t¢oMW Department of Environmental & Occupational Health
Sciences, 2019) Model ed after the Cal EnviroScreen 4.
environmental parameters and methodologies to create a rankeaof e@tronmental disparity.

Unl i ke Cal EnviroScreen, WaDOHOs tool represent
to all other census tracts in the state. The mapping tool also allows its users to explore important
sociodemographic chaexadtics, such as racial distribution, age/sex distribution, and population
counts for each tract of interd3WW Department of Environmental & Occupational Health Sciences,

2019) Lastl vy, WaDOHOs tool us es -bagesl ddtaa juchmaips t
farmworker houmg, childcare centers, and tribal l@d@v Department of Environmental &
Occupational Health Sciences, 2019)

7.2. Approach

Similar to the CalEPA and WaDOH tools, our proposed approach emphasizes environmental
exposure as well as key socioeconomic and cultural factors. Under ¢nakeagegories, the
research team identified a series of indicators of environmental justice that would be particularly
relevant to produced water managenfinte the modeling activities do not explicitly capture
changes in demographics or oil andrdessiructure over time, we denote the indicators that are
static (i.e., do not change) and dynamic (i.e., do change) across modeling scenarios.

Environmental Exposure:

i Static
o Proximity to oil and gas activity Research shows that proximity to O&G activity
has been related to adverse birth outcomes such as low birth weight and small for
gestational age births in rural commun(fiean et al., 2020Yo capture these
proximity measures, we <calcul ated di st
betweeneachwon s hi pds centroid todthe nearest
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Figure 4. Proximity to O&G activity for Eddy and Lea County.

o Proximity to PW disposal Research shows that produced water contains chemicals
associated with adverse health effects, and can persist after wastewater treatment
(Ferrar et al., 2013; Gross et al., 28b3}he proximity of the salt water disposal wells
to each townshipds centroid wdaiguredal cul a
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Figure 5. Proximity to nearest saltwater disposal well in Eddy and Lea County.
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1 Dynamic

o Proximity to heavy traffic Increased noise and light pollution has been shown to
affect the psychological wellbeing of local resi(féster et al., 2018)ere we will
develop a proxy with miles of truck traffic (see Section 3.5)

o Decreased water quantity Water use projections suggest variable impacts from
water withdrawals, depending on water availability and competing detimahotsaht
level_(Nicot & Scanlon, 2012hanges in this nseme will be tracked by annual
change in freshwater use in Lea and Eddy Counties (see Section 4.2).

o Impaired waters Discharged effluents, surface waters, and stream sediments from
unconventional gas production often contain contaminants well over megulato
standards, which can threaten human H&wdthorn et al., 201This metric will be
tracked by noting changes in contaminant dose rates to the environment (Sections 6.1
and 6.5).

Socioeconomic:

1 Dynamic

o Unemployment Rate Community members in oil and gas producing communities
have deltad the number of jobs created for local members of the community, and
the impact on unemployment réewers et al., 201Bere we calculate the change
in unemployment by simply subtracting added jobs due to a new produced water
project from the unemployment rates in 2019.

o Poverty Rate Oil and gas development may increasemi disparity in
communities, which may negatively impaeiriomme families in the regi@erisha
et al., 2020Here we compare thecome rate of added jobs vs. the average income
of jobs in 2019.

Static parameters will be visualized as maps, while dynamic values are visualized over time, for eact
county, using model outputs from other-swdulels.
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8. PROOF-OF-CONCEPT: INTERACTIVE INTERFACE AND MODEL USE
GUIDE

The following describes the basic layout for theEBBSIm user interface and its use. The
description is divided into input/scenario interface pages and the output interface.

First, there are a few general instructions to opeaatingavigating through the model. Once the

user enters the model (pages beyond the initial splash page, see below), each page is fitted with basi
model controls. At the far top right of each page is a picture of a home which will return to the home
page o splash page from anywhere in the model. Next to the home page tab are a series of blue
buttons that control the operations of the model; specifically:

1 Double back arrows (left most button) redessimulation. The simulation must be reset
before making scenario selections or running a new simulation (more details below).

1 The single forward arrow runs the model forward in time to the end of the simulation.
1 The double vertical lines button padlsesimulation.

1 The back arrow with two vertical lines steps through the simulation one year at a time.
1 The question mark is currently not used.

Tabs for navigating through the various input and output pages of the model are organized along the
lefthand &le of each page. These are organized by Scenario or input pages (Map Interface, Project
Setup, Produced Water Distributor) and Results pages (Beneficial Use, IMPLAN Results, Freshwater
Summary, Human Ecological Summary, and Social Justice Summarg)icBioplypne page that

you desire to visit.

8.1. Input/Scenario Interface
D @EnereY &3,
setup projects
P — ust control —_—
‘\ flowback water ’," o :n:npa:edmads / \
\ —lp

\
\ I & Cropirmigation e .
| : I New Mexico Produced Water

Explore and understand the
production, treatment, and
uses of Produced Water.

Examine trade-offs in
treatment, economic and
social consequences.

A _4

Figure 6. PW-ESESim opening or splash page.

When entering the model, the analyst is greeted by a splash page that depicts key aspects of the
produced water cycle (Figuwe . Click on the oOlntroductiono
background on the project and Snedduepl .PrAojcelcitcsko
the analyst to the first input interface page. This input interface allows the analyst to configure future
scenarios for analysis. Configuration of a sc¢
term poject means a discrete development that will treat and use produced water). This is
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accomplished on the first input interface page (Map Interface pag&).Fgorap of Lea and Eddy

Counties is presented, while the analyst can choose among baselinkipg) lmn the associated

radio button (oil wells, salt water disposal wells, produced water volume by township, and gas wells).
The analyst can construct up to three project:
is designated by firdicking on the map in the desired location and then clicking on one of the tabs
(project one; project two, project three) in the lower left. For reference the amount of water currently
used in oil & gas, as well as the produced water generatedenttdtetsginship is referenced in the

table in the upper right. Once project locations are selected the analyst moves to the next interface
page by clicking on the 0Go to Project Setupo

The analyst is direct ed 8tHereprbjects ardfurthgr éefined irSe t u p
terms of the amount of water that is to be treated (not the desired product water) and the proposed
use of the produced water. Treated water volumes are selected by clicking on the down arrow in the
O0Tr eat me nlox. 8 drppdogvm mepwwill appear with three treated water volume options.
Click on the desired option.

Next, click on the down arrow in the o0Target
produced water. Again, several options are avaithblec k on t he desired optd.i
Wat er Qu adefinedybasedios thepaveeage TDS level for produced water generated in the
township selected. Two other options representing brackish and saline water sources in the region are
also providd. Click on either of these if a source water besides produced water is desired. Finally, the
OEnd Use Water Qualitydéd i s automatically set
can be selected if desired. This process can be repegi¢d &otatal of three different projects per

model run.

Addi ti onal l nput options are available by cli
(Figure9). Here the analyst has additional scenario options pertaining to the rate atdvaet pro

water production grows, recycling of produced water in oil & gas development as well as how
produced water is transported. First, the analyst can select the rate at which produced water production
grows by adjusting the slider bar in the middleeopdlge (either positive or negative). Rates are
adjusted separately for Eddy and Lea Counties, which are selected from the drop down box directly
above the slider bar. Water used in oil & gas for drilling and stimulation currently is sourced from
freshwate brackish water, and recycled produced water. The analyst is allowed to change the mix of
source water used in oil & gas development at a county level. For each county slider bars for each
source water are provided. As one bar is adjusted the othetonvatigally adjust to balance use

across the three options. The percent source water allocation is set to the current mix (Section 3. 2).
To adjust one of the settings, first click on
the radio box ext to the desired source water. Then slide the bar to adjust the source water to the
desired level. Similarly, the analyst has the option to shift the mix in produced water transport (from
the well to the treatment or disposal center) between truckirgpatide (see Section 3.5).
Adjustments are made in a similar fashion as described for oil & gas source water (see above).
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Steps to follow:

00000 —

map for reference
ship by

y clicking | Label Project1 | Project2 | Projectd |
Towmship 155 35€ 245206 ||| 22536€
Longitude “103.40 “103.98 “103.26
Latitude 33.01 3221 3238
Basin LeaCo.. ||| carlsbad Capitan
County Lea eddy ||| tea
CHOOSE A MAP Frosh water gal 4,040 29,773,466 o
* Oil wells (active) ‘Produced water gal 8,458 138675917 ||| o
EWD Wells rackish water gal 9538 ||| 165,437,936 o
- Produced Water > and <= avera
Total water demand gal ||| 22,036 ||[333,887,319 o
« Gas wells (active) S
o Average monthiy Pw bb ||| 1,228,342 ||| 25,695,162 ||| 8,279,212
Average Annual PW gal ||| 14,740,105 ||[308,341,948 ||| 99,350,546
~ Injection wells (active)
Averag wbi || 335,002 ||[ 7,007,772 ||| 2.257.967
05 Classification 3.00 3.00 3.00
Project one

Project two |

. Project three
mmary

Sur
b Ay
Setup
Clear
selections

NOTE: The maps are pictures and scale, distance, and direction are approximate.

Figure 7. Input interface page (Map page) for designating project locations.

Figure 8. Project Setup page. Projects can be further defined in terms of desired
treated water volumes and proposed use of the treated water on this page.
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