This paper describes objective technical results and analysis. Any subjective views or opinions that might be expressed
in the paper do not necessarily represent the views of the U.S. Department of Energy or the United States Government.
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Abstract )=,

Advancements in directional drilling and well completion technologies
have resulted in an exponential growth in the use of hydraulic fracturing for oil
and gas extraction. Within the New Mexico Permian Basin, water demand to
complete each hydraulically fractured well is estimated to average 7.3 acre-feet
(2.4 million gallons), resulting in an increase to the regional water demand of
over 5000 acre-feet per year. This rising demand is creating concern for the
region’s ability to meet demand in a manner that fulfills the Bureau of Land
Management’s (BLM) role of protecting human health and the environment
while sustainably meeting the various needs of water users in the region.

This presentation provides a summary of the study that developed the
modeling tool, PBWater, to aid the BLM based on the data collection and
analysis efforts that established a water-level and chemistry baseline for this
region. The modeling tool assists users to understand the regional water supply
dynamics under different management, policy, and growth scenarios and to
pre-emptively identify risks to water sustainability.




Problem Statement ) e

With the increase in drilling activity and hydraulic fracturing in particular,
there is need to insure the regions ability to meet increasing water
demands in a manner that is sustainable while also avoiding unintended,
localized impacts.

Approach

Use a multi-disciplinary approach to identify, assess, and evaluate the
cumulative impacts of future water demands. Of key importance is
determining the risk to water sustainability and estimating the risk under
different future scenarios.

1. Data Collection

2. Field Verification

3. Field Testing and Monitoring
4. System Dynamics Modeling




Reasonable Foreseeable Development (RFD) (1 Ex.

= Study by Engler et al. (2012, 2013, 2014) to estimate the development of
hydrocarbon production in southeast NM (Chaves, Eddy, Lea, and
Roosevelt counties) over the next 20 years

= |dentified the major oil (16) and gas (10) plays and categorized them into
potential areas of ‘low’, ‘moderate’, ‘high’, or ‘very high’

= Qil production ~800 wells / yr, gas production decreasing, water demand

increasing (7.3 AF/well ave.)

Future Drilling Potential Recent Well Completions

Southeast New Mexico
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Water production by county
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year

Engler T.W., R. Balch, and M. Cather, 2012, Reasonable Foreseeable Development (RFD) Scenario
for the B.L.M New Mexico Pecos District, Final Report submitted to Jim Stovall, Project Manager
Carlsbad Field Office, 55p
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Data Collection, Verification, Testing®™ &=

= |nventory of the water users and water sources: Areas of high and
very high potential

» |dentify past studies and/or tests that may pertain to conditions at
each site.

= Verify the data

= Contact and work with each water user to access their well(s)

=  Field Testing and Sampling
= Measured and Verified: GPS coordinates, surface elevation, well diameter, distance

to top of casing depth to water, total depth
=  Sampled: Cations/anions, pH, conductivity, trace metals

Established current baseline from which future
changes can be compared to and provide
hydrogeologic parameters to the model.
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Working with Private Well Owners @

Figure 56 (House Well) North

Dear XXXXXXX, May 24, 2016

On behalf of the Bureau of Land Management (BLM), Sandia National Laboratories (Sandia) is
conducting a study to assess the sustainability of water resources in Eddy, Lea, and Chavez Counties.
The demand for water is increasing proportionally with the recent increase in hydraulic fracturing and the
BLM would like to better und d the inability of these on federal land given the
limitations on water in our arid region.

As part of this study Sandia will be collecting field data on water wells in your area that includes depth to
water, overall depth, water quality, and the primary purpose of the well. This information will be
compiled into a database and utilized to develop a model that can predict impacts on the regional water
supply in correlation with changes in oil and gas production.

You are receiving this letter because one or more wells on your property have been identified as
candidates for field data collection. We are asking landowners to participate in our study by granting
Sandia access to their wells for the purposes of gathering the various measurements. In return for
allowing access, participating landowners will receive a hensive report d ing the current
status and state of each of their wells. To preserve your ymity the infc ion will be assigned a
generic identification number that will be used in documents released to the public.

The value of this study is greatly dependent on the quality and quantity of information gathered in the
field so we hope you will support us as we attempt to find a balance between development and preserving
our water resources.

By signing this letter, the Landowner agrees to allow Sandia access to their well(s) for the purposes of
measuring water level and total well depth and to collect water samples that will be analyzed for general
geochemistry and metals profiling. A copy of the water quality report and the water level data will be
supplied to the landowner.

(i) Sancia National Laboratories

Results of Well Survey and Water Quality Analysis
BLM Dewey Lake Study

xxxxxxx Geographic Area Wells

Lea County, New Mexico
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Data Collection, Verification, Testing® &=
—m

Total 158

Measured 7 10 16 4 37
Continuous 3 2 5 4 14
Sampled 19 11 30 7 67
Found, Not Measurable 70 24 86 1 181
Not Found 28 17 29 0 74

60% —
50%
40%

30% Most of the wells (72%) were either not

20% found or not measurable

Percent of Wells (354 Total)

)
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Continuous Measurements

COC #13 Confinuous Water Level (L AMSL)
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Modeling =,

= System Dynamics Modeling —
Develop the Permian Basin Water
Availability Model (PBWater), a
system dynamics simulation tool to
simulate water availability over a
range of different future scenarios
as identified in the RFD.

= Table-top player

= Simulate the increase in drilling
activity and water demand relative
to each formation and water source
to identify the
areas/users/formations that are
most vulnerable and to estimate the
risk to water quantity and quality.

= Provide decision makers with a tool
to assess localized, cumulative
impacts.

= Constructed and calibrated around
historical data




Conceptual Model )
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Conceptual Model () i,

Physical Boundaries

USGS Water Gages
Lake Avalon 8403500
8404000 o T B Reach 1 (8.1 mi)
CARLSBAD B fanER AR Pecos North
----------- 8405200

| Reach 2 (27.0 mi)

Pecos Central

& Black River Confluence

““““““ 8406500 A

8407000
_ Reach 3 (27.0 mi)

Pecos South
8407500

8408500 | 5 Delaware River Confluence

Map view and conceptualization of the model
domain. The model simulates 62.1 miles along
the Pecos River from just below Lake Avalon
(gage #8403500) to the confluence with the
Delaware River.




Governing Equations of PBWater @&

r < reported gauged
O dark canyon
108405150 flows . O rag e
- —reported gauged
pecos river

rr- AR oS
§=Qr_Qp+st+ng

= Each reach consist of the appropriate length
S of the river and the adjoining alluvial aquifer

inflow from carlsbad

==, u  Flows
< = Pumping
= Recharge
A~ o e = Flows to and from surface water
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Governing Equations of PBWater @&

r .| reported reef
O western boundary
L - recharge

= Darcy Flow equation

= |nteractions between surface
and groundwater

Qsw = (H - SWE)CSW

= Interactions between Capitan
Reef aquifer: West and East
sides (Darcy Flow equation)

osa and dewey lake Q _ (Herw—Hcre) KbW
aquifers gW — L
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Localized Impacts

32.4

= Domain split into 1/200t

degree grid (~¥360 m) FHEE
= Mean aquifer dynamics, T,S, 3=
pumping rate
50
I < — — Well#3 Offline 320
1 . 7 Longitude Plot
“0 . - Well#10Mine el Drawdown function for confined aquifers
Well #3 Online . .
=) T (Theis equation)
= 30 _
% | Well #2 o;;r Y Ce
3 ] e ine h, —h=—— —du
5 20 - 4nT J, u
(o) 1 Well #2 Online ) _
] * h, [L]is the hydraulic head before
10 pumping started,
__ Well #1 Online * h[L]is hydraulic head,
0.0 A B L e 1 I T e Q [L3/t] is the pumping rate, and
1970 1975 1980 1985 1990 1995 2000 2005 2010 2015 2020 « T [L2A] is the aquifer transmissivity

coe U .
Date . fu Tdu = well function
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Simulated Future ) e

= Requires provisions for providing realistic inputs for
streamflow, recharge, and pumping

= Two options offered to simulate future input variables:

= Historical mean
= Statistical forecast

= Historical mean option
= Uses the monthly historical mean
= Produces a forecast that repeats each year into the future

= Statistical forecast option

= Based on the cumulative distribution function (CDF) of the historical
data for each month

= Random number generator (0 to 1)

= Yearly deviation using a normal distribution with a mean of 0.5 and a

variance of 0.17



Example of Results

800 —

600

400

" 3l LA I B

0 T T I T T T | T | T T T T T T T | T T |
2000 2005 2010 2015 2020 2025 2030

Flow Rate [cfs]

Statistical Forecast Historical Monthly Average

—— Historical Data

Example using flow data from the 0846500 gage (Pecos near Malaga)




Concluding Remarks ) =,

= Developed the Permian Basin Water Availability Model
(PBWater) as Table-top player
= Simulate the increase water demand relative to each formation and

water source to identify the areas/users/formations that are most
vulnerable and to estimate the risk to water quantity and quality

= Provide decision makers with a tool to assess localized, cumulative
impacts

= Allows BLM to screen future water extraction that may be
unsustainable

= Report is complete and to the customer
= Version 1 of the model in beta-testing

= Data to go through review process and be made available to
the public

= Continuous monitoring (13 wells) is ongoing and will be added
to the database as it is collected
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Cross-Sections B E=.

Cross-Section
Locations

s South Area X-Section

s North-Central Area (N-S) X-Section
Mescalero Ridge South X-Section

e North-Central Area (W-E) X-Section

= BLM High Potential Areas
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Conceptual Model () i,

Physical Boundaries

8399500 USGS Water Gages
Brantley
8401500
8402000
. Avalon  ___ 8403500
8404000 Reach 1 (8.1 mi)
CARLSBAD Lower Tansill Pecos North
___________ 8405200

4 Reach 2 (27.0 mi)

Pecos Central

8405500

Régghidl A1 & Prmmimemms s s 8406500

Black River
8407000

| Reach 3 (27.0 mi)

Pecos South

8407500

8408500

Reach 5

Delaware River

Map view and conceptualization of the model domain.
The model simulates 62.1 miles along the Pecos River
from just below Lake Avalon (gage #8403500) to the
confluence with the Delaware River.




Water Chemistry ) .

= Water samples on ~27% of wells identified/accessed
= Looked at cation/anion balance and other water quality indicators

pH Magnesium (Mg,*) Sulfate (S0,%)
Specific Conductance Sodium (Na*) Fluoride (F")
Total Dissolved Solids (TDS) Potassium (K*) Nitrate (NOy)
Calcium (Ca,*) Bicarbonate (HCO5") | Nitrite (NO,)
Chloride (°-) Carbonate (COjy)

= Some wells also sampled for 17 trace metals




Water Chemistr

)

‘ | Measured TDS

Based on wells sampled for this project as well as available historical data.

Legend

1. 0-500 ppm
2.501-1,000 ppm
3.1,001-3,000 ppm
4.3,001-8000 ppm
5.6,001-10,000
8
7
8

°

- 10,001-30,000 ppm
.30,001-142,000 ppm
Unknown/Unmeasured




