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Motivation

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 and rank potential
cumulative impacts of future water demands. Of key importance 1s
understanding the current state of the groundwater system (quality

and quantity).
1. Data collection
2. Field verification

3. Field testing and monitoring
4. Modeling??



Reasonable Foreseeable Development (RFD) -

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

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

Oil production ~800 wells / yt, gas production decreasing, water demand
increasing (7.3 AF/well ave.)

Future Drilling Potential Water production by county

Southeast New Mexico

B Rooseveit

1996 1998 2000 2002 2004 2006 2008 2010

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

Inventory of the water users and water sources: Areas of high and very high
potential

Identify 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
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Working with Private Well Owners

May 24, 2016

On behalf of the Bureau of Land M ement (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 understand the sustainability of these practices on federal land given the @ Sandia National Laboratories
limitations on water in our arid region = .
Results of Well Survey and Water Quality Analysis

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 BLM Dewey Lake Study
compiled into a database and utilized to develop a model that can predict impacts on the regional water XXXXXXX Geographic Area WCUS
Lea County, New Mexico

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 dual report is tiered from a former geographic area names were selected based on the
Sandia access to their wells for the purposes of gathering the various measurements. In retumn for 1cted by Sandia National Laboratories landowner or grazing permittee’s name. This
allowing access, participating landowners will receive a comprehensive report documenting the current was an effort to t the Bureau of speciﬁc report is confined to the

aagement (BLM) - : Umbargeg
sing ground water ) ; pon-

status and state of each of their wells. To preserve your anonymity the information will be assigned a
generic identification number that will be used in documents released to the public

S ! r #Hereford
The value of this study is greatly dependent on the quality and quantity of information gathered in the a BLM, State and o el Py ) J “ m‘-iwimrﬁe!d

field so we hope you will support us as we attempt to find a balance between development and preserving  1ds, targeting the
our water resources. te and Santa Rosa
aring  formations

model boundary

the agency. The
tent of that work
was w vetter define the p At
Dewey Lake and Santa Rosa ||, i Loy o5
aquifers to aid the BLM with 3 I ~d il - oy o"f"_'
on-going and Analytical Repert ¥
gas permitting H . o " Lab Order 1412226
SR S all Environmental Analysis Laboratory, Inc. Date Reported: 12192014
mtm‘mmg e p—
environmental CLIENT: Sandia National Labs Client Sample ID: CP-1330-20141202
to BLM Lea Project: BLM-DL Collection Date: 127272014 9:50:00 AM
Study for the LabID:  1412226-001 Matrix: AQUEOUS Received Date: 12/4/2014 9.00.00 AM

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

ochemistry and metals profiling. A copy of the water quality report and the water level data will be

Figure 42 Wallen Fed. No. 9 East i
supplied to the landowner
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Data Collection,Verification, Testing

Percent of Wells (354 Total)

Total

Measured

Continuous

Sampled

Found, Not Measurable

Not Found
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Continuous Measurements

North Custer Water Level - CR-2015-005 Capitan Reef - CR-2015-002
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Water Chemistry

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

pH Magnesium (Mg,*) Sulfate (50,%)
Specific Conductance Sodium (Na*) Fluoride (F°)
Total Dissolved Solids (TDS) Potassium (K*) Nitrate (NO;)
Calcium (Ca,") Bicarbonate (HCOy') Nitrite (NO,’)
Chloride () Carbonate (COy)

Some wells also sampled for 17 trace metals



Water Chemistry

A = T4 - - S
Measured TDS
Based on wells sampled for this pr
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Cross-Sections

Cross-Section
Locations

| Eurice 2 9%

s South Area X-Section

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

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

= BLM High Potential Areas
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North-Central HPA - W to E

West
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West-East Geophysical Log Cross-section
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Explanation

GR -gamma ray

GRN - gamma ray/neutron log
formation contact

standard reference elevation
CN-201x-xxx: water well identifier
dtw: depth to water in ft

well diagram, at reference elevation
with scaled dtw in blue
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Modeling

System Dynamics Modeling — Develop a system dynamics (SD)
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.




Conceptual Model
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Summers, W.K., 1972, Geology and regional hydrology of the Pecos river basin, New Mexico, Open File Report #37, New Mexico Water Resources Institute, New Mexico State
University, Las Cruces, New Mexico, 393 p.



Conceptual Model
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Numerical Model

Observed Hydrographs for 3 Wells
Near Pecos River in Study Area
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Localized Impacts

Domain split into 1/200% degree grid
(~360 m)

Mean aquifer dynamics, T, S, pumping rate
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San Juan Basin

NMOSE Wells
Identified in
San Juan
SW Basin

WATERS Database Results
Well Type

Meter Attached

Well Log Not Received

Well Log Received

San Juan Surface Water Basin

San Juan Groundwater Basin
Land Ownership

Bureau of Land Mgmt

Bureau of Rec

Forest Service

Pueblo/Tribal

National Park Service

Private

State

State Game and Fish

County Boundaries




Past Work Oil Potential Map

REASONABLE FORESEEABLE DEVELOPMENT (RFD) FOR
NORTHERN NEW MEXICO
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Past Work
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HYDROLOGIC ASSESSMENT OF OIL AND
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SHALE IN THE SAN JUAN BASIN, NEW MEXICO
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Figure 3—Stratigraphy of the Jurassic, Cretaceous. and Cenozoic rocks in the San Juan Basin N

Modified from Molenaar (1977, 1989). Unconfined
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Past VWork

Spatial Distribution of GW Water Rights
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Questions for This Project

Field Work
Where, what, how often?

Modeling
Systems model? (Decision support?)

Basin-scale flow model?
Other?

Monitoring
Periodic vs continuous
T.ocations

Who manages it?
Data Repository
How to not be redundant? Collaboration with other agencies (USGS, OSE, etc.)

Benefits to BLM / Farmington Office / Nation
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