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August 10, 2023

State of New Mexico

Energy, Minerals & Natural Resources Department
Oil Conservation Division

Environmental Bureau

1220 South St. Francis Dr.

Santa Fe, NM 87505

Re: Groundwater Discharge Plan Application Filing Fee
ETC Texas Pipeline, Ltd
Jal #3 Gas Plant, Lea County, New Mexico

ETC Texas Pipeline, Ltd (Energy Transfer) hereby presents the Groundwater Discharge Plan
Application Filing Fee for the Jal #3 Gas Plant. The intent of the submittal is to meet the
requirements of Water Quality Control Commission (WQCC) 20.6.2.3114 Table 2 “Filing Fee”. |
hereby certify that the information submitted with this application is true, accurate, and
complete to the best of my knowledge and belief.

This submittal is in response to the deficiency notice dated July 11, 2023, and the following was
updated:

e Provided type of secondary containment including below-grade tanks in Appendix J.

e Updated NMOCD nearest office contact information including emergency contact.

e Updated Public Notice by defining acronyms, describing waste streams, corrected
typographical errors, and replaced addressed personnel to correct personnel.

If you have any questions regarding the application filing fee, or require any additional
information, please contact me directly at (575) 997-6656 or lynn.acosta@energytransfer.com.

Thank you.

L@L-XW

Lynn A. Acosta
Environmental Specialist-North Area

" 800 N Marienfeld Street, Ste. 700 | Midland, Texas 79701 | (817)302-9766 | (812) 3029751 (fax)
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Discharge Plan Application Additional Information

A. Facility Description

Facility Purpose: Jal #3 Gas Plant Operator: ETC Texas Pipeline, Ltd

Facility Contact: Landowner:

Micheal Dean (469) 267-9595 Private

OGRID Number: Legal Description:

371183 Section: 33, Township: 24 South, Range: 37 East
Lea County, New Mexico
32.172222 -103.173611

B. Site Characteristics

1. General description of topography, elevations, and vegetation types;
a. The Jal #3 Plant is located 3268 feet above mean sea level (asml). Jal #3 GP
topography is relatively flat with minimal elevation changes. Jal #3 GP has surrounding
Creosote, Mesquite and native perennial vegetation.

2. Soil type(s), (sand, clay, loam, caliche);
a. Jal #3 GP has 6-12 inches of Caliche which overlays three different soil types,
throughout the plant. The three different soil types are Berino-Cacique, Pyote —
Maljamar, and Tonuco soils. The Berino-Cacique is a loamy fine sand, the Pyote —
Maljamar is a fine sand, and the Tonuco is a loamy fine sand. The NRCS soill
descriptions of the underlying soils is attached in Appendix G.

3. Name, description, and location of any bodies of water, streams (indicate perennial or
intermittent), or other watercourses (arroyos, canals, drains, etc.) and ground water discharge
sites (seeps, springs, marshes, swamps) within one mile of the outside perimeter of the facility;

a. There are 4 emergent wetlands, and an unnamed draw surrounding Jal #3 GP. The
wetland and the unnamed draw are within 2 mile of the Jal #3 GP. Reference Appendix
D.

4. Location of monitoring wells (existing and proposed) within and outside of the facility boundary.
a. In 2015, there was an application to drill five soil boring/monitor wells to
delineate/determine the potential vertical extent of an unintentional release of liquids
from a pipeline leak. There is no supporting evidence that the boring/monitoring wells
were ever due to a pipeline leak. The boring/monitoring wells were proposed due to a
below-grade tank (BGT) that was removed. The proposed boring/monitoring wells were
never drilled/Installed. The proposed closure strategy is attached as Appendix I.

5. Location of water wells within one-quarter mile of the outside perimeter of the facility, specify
use of water (e.g., public supply, domestic, stock, etc.);

a. There are no water wells within one-quarter mile of the facility (Appendix E). However, in
the NMOSE register there is a well that is active 434 feet west of the facility. The well
was drilled east of the facility (CP-00493-POD1) in 1971, the application of the well
stated that it is for a cathodic protection ground bed, cased with 300 feet of 8” plastic
pipe filled with metallurgical coke breeze, and containing 20 2” x 60” anodes. No
diversion of water proposed. The well log states that the principal water bearing strata
was from 80’ to 128’. Reference Appendix F
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6. Name of aquifer(s), including composition of aquifer material (e.g., alluvium, sandstone, basalt,

etc.);

a. The local aquifer surrounding the Jal #3 GP is the Ogallala Formation. The aquifer
material of the Ogallala Formation is a Fluviatile sand, silt, clay, and gravel capped by
caliche. The aquifer information was obtained from United States Geological Survey
(USGS). Reference Appendix H.

Depth to and lithological description of rock at base of alluvium below the discharge site (if
available);
a. No information available.

Explain the flooding potential at the facility with respect to major precipitation and/or run-off
events. Is any part of the facility in a flood plain or has there been any historical flooding at this
location? Describe flood protection measures (berms, channels, etc.), if applicable;

a. According to the Federal Emergency Management Agency (FEMA) floodplain map
(Appendix C) there is no flood potential. Physical barriers surrounding the facility include
agricultural terraces and natural topography. Storm water flows regionally to the
southeast. Besides the asset owned by ETP, a resource at risk includes a drinking water
aquifer in the City of Jal, NM south/southwest of the Facility. This resource has the
potential of being affected during a spill. Physical barriers surrounding the Facility
include agricultural terraces and natural topography. The most likely flow path for
discharge from the Facility is southeast off-Site towards dry creek beds and streams to
the southeast.

Provide the depth to groundwater, and total dissolved solids (TDS) concentration (in mg/l) of the
groundwater most likely to affect each potential discharge point. Include the source of the TDS
information and how it was determined. Provide a recent water quality analysis of the ground
water, if available, including name of analyzing laboratory and sample date.

a. Depth to groundwater ranges between 80—100 feet bgs. GHD (Consultant) monitors the
groundwater from an existing ETC site just north of Jal #3. GHD also shared additional
information on a GHD project just east of Jal #3. GHD has confirmed that TDS ranges
from 390 (mg/l) to 1,150 (mg/l) from the ETC site. Additionally, the GHD project just east
of the Jal #3 has a TDS range of 720 (mg/l) to 20,200 (mg/l). Attached in Appendix M is
a map depicting the ETC site (Jal #4) and GHD site in reference to Jal #3. Additional
also in the appendix is the 2021 Annual Groundwater Report for Jal #4.

10. Stormwater Management

a. Stormwater at Jal #3 Gas Plant flows in a south-southeastern direction across the plant.
The Jal #3 was built up and is higher in elevation from the area outside the fence line.
Jal #3 is designed to be higher on the northern end and lower on the southern end
where no on-site equipment or chemicals are stored to direct on-site stormwater towards
the pasture area within the facility where it pools and evaporates.

Potential and Intentional Discharges

Jal #3 Plant has divided its waste into three sectors: municipal, universal and plant waste. Municipal
waste is categorized as paper, plastics, glass, textiles, and other waste that cannot be recycled. ETC
approximates their disposal of municipal waste to be 288 cubic yards per month. Universal waste is
categorized as batteries, pesticides, mercury-containing equipment, lamps and aerosol cans per Title

> 7 7 4 o N1 /3N
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40 of the Code of Federal Regulations (CFR) in part 273. ETC approximates their disposal of
universal waste to be less than 20 cubic yards per month. Plant waste is categorized as used filters
for the amine, glycol, and oil systems. The filters are sent for disposal or recycled with a third party.
Sludges are an additional example of this category. According to the 1988 EPA regulatory
determination of sludges are RCRA subtitle C exempt under Oil and Gas. It is routed to a sump where
is it disposed or recycled by a third party. All waste identified above are transported by a DOT waste
hauler to a permitted disposal facility.

There are no known groundwater impacts at this facility. Refer to Appendix B for facility layout
details, including stormwater flow direction. Various berms and curbing prevent run-off and/or run-
on as appropriate. There are no stormwater ponds/basin at the facility and no intentional Discharges

D. Collection and Storage Systems
Collection and storage of process fluids such as spent amine, TEG, used oil, and rainwater are
collected in a sump and sent for disposal or recycled with a third party. ETC approximates about 240
bbls per month. Additional process fluids such as produced water and RO water are discharged
down Jal #3 AGI well. ETC discharges produced water and RO water 84 M bbls per year. The facility
is under Operating Permit P090-R3.
Refer to Appendix B provides a diagram detailing location of buried pipelines associated with sumps
at the compressor skids as they relate to transfer of oily wastewater from the sumps to the storage
tank(s). Documentation/records are maintained at the facility.

E. Inspection, Maintenance, & Reporting
Routine inspection procedures for facility operations are daily and in accordance with applicable
regulations, organization procedures and various operational plans. Documentation/records are
maintained at the facility.
Refer to Appendix B for locations of various berms and/or curbing.

F. Proposed Modifications
No modifications are required.

G. Spill/Leak Prevention & Reporting Procedures
The facility has a Spill Prevention, Control and Countermeasures (SPCC) plan in accordance with 40

CFR §112. In the event of a release, OCD will be notified in accordance with 20.6.2.1203 NMAC and
19.15.29 NMAC.
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H. Public Notice

Upon approval of the Groundwater Discharge Permit application, ETC Texas Pipeline, LTD (Energy
Transfer) will provide public notice as required in 20.6.2.3108(A) NMAC. A physical copy of the notice
will be posted at the ETC Texas Pipeline, LTD office at 610 Commerce, Jal, New Mexico 88252, and
at the City of Jal City Hall.

A notice will also be delivered to all property owners withing 1/3 mile of the property boundary
and will also be placed in the Jal Record as the paper of general circulation in the discharge area.

ETC Texas Pipeline, LTD (Energy Transfer) with offices at 610 Commerce, Jal, New Mexico
88252, has applied to the New Mexico Energy, Minerals and Natural Resources Department, Oil
Conservation Division for an initial application of a discharge permit for the Jal #3 Gas Plant located
in Section 33, Township 24 South, Range 37 East in Lea County. The Mailing address at Jal #3 is
115 Adrian Nieto Rd, Jal, New Mexico 88252.

The facility processes and treats natural gas of up to 100 mmscfd per day of and 800 bbls per
day of condensate sold to O&G operators. Potential contaminants from discharged processed and
treated natural gas include VOC (propane, benzene, butane, etc.) and non-VOC (methane, ethane,
hydrogen sulfide, etc.) components. Potential contaminants from condensate discharges include
Total Petroleum Hydrocarbons (TPH) which consist of Motor Range Organics (MRO), Diesel Range
Organics (DRO) and Gasoline Range Organics and BTEX (benzene, toluene, ethylbenzene, and
xylene) compounds.

All wastes (sludges, pigging waste, solids entrained in O&G stream, rainwater, spent amine, and
spent TEG) at Jal #3 are considered exempt wastes, while used oil is considered a non-exempt waste
as stated in the Resource Conservation and Recovery Act (RCRA) Subtitle C regulations listed in 40
CFR261. These wastes are manifested or tracked with appropriate contractor for transportation and
disposal. All liquids utilized at the facility are stored in dedicated above ground or below-grade storage
tanks prior to offsite disposal or recycling at an OCD approved site. All storage tanks are within
properly engineered and OCD approved secondary containments. Groundwater most likely to be
affected is at a depth of approximately 80 feet and the total dissolved solids (TDS) range of 320 mg/I
tfo 20,200 mg/l.

Any interested person or persons may obtain information; submit comments or request to be placed
on a facility-specific mailing list for future notices by contacting Leigh Barr at the New Mexico OCD at
1220 South St. Francis Drive, Santa Fe, New Mexico 87505, Telephone (505) 795-1722. The OCD
will accept comments and statements of interest regarding the discharge permit application and will
create a facility-specific mailing list for persons who wish to receive future notices.

l. Additional Information

No other additional information is necessary.
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J. Facility Closure Plan

Once activities at the location have completed, the facility will be closed, and the area reclaimed
according to the closure plan detailed below.

Liquid Removal

All liquids will be removed from liquid containers and equipment and re-used at other Energy Transfer
facilities or disposed of as required where applicable. Chemical containments will be emptied, and
their contents disposed at an Energy Transfer approved disposal facility. Unused engine oils will be
taken to other sites with compression operated by Energy Transfer and used engine oils will be
recycled according to applicable regulations regarding the recycling of oil.

Condensate will be sold to Energy Transfer’s oil transportation and sales vendor and produced water
will be transported and disposed of at an Energy Transfer approved third-party commercial disposal
facility.

Unused coolants will be taken to other sites with compression operated by Energy Transfer, returned
to the vendor from which they were obtained, or disposed at an Energy Transfer approved disposal
facility.

Unused gasoline, diesel, Varsol, and methanol will be taken to other Energy Transfer sites.

Liquids in any slop oil tanks will be heated to separate the oil and water, as is the current process,
and the oil will be sold to Energy Transfer’s oil transportation and sales vendor, and transported off
site under their custody. Separated water will then be transported and disposed of at an Energy
Transfer approved third-party commercial disposal facility.

Estimated cost of liquids removal activities: $29,800

Equipment Removal

On-site equipment will be cleaned and removed from the location for disposal, recycling, or re-use,
depending on the condition of the on-site equipment at the time of site closure.

Compressors and generators will be removed from the location to be used at another location
operated by Energy Transfer. Alternatively, they may be sold for re-use or disposed of as scrap metal.

All above ground tanks will be removed and reused at another location operated by Energy Transfer
or will be disposed of or recycled.

Knockouts, contactors, and separators will be cleaned out, and the cleanout water will be transported
and disposed of at Energy Transfer approved disposal facility. The knockout, contactor or separator
will then be transported to another Energy Transfer location for re-use or will be disposed of or
recycled.
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Above ground piping and meter runs will be disconnected by a third-party contractor and recycled as
scrap metal. All underground piping will be excavated and removed by a third-party contractor, with
all piping being recycled as scrap metal.

Other non-production type equipment and materials will be removed from the site, and either sold to
a third party, recycled, or disposed of in accordance with local, state and federal regulations.

Estimated cost of equipment removal activities: $177,000

Environmental Assessment, Remediation, and Reclamation

Any areas of visible staining or soil impacts encountered and observed after all equipment has been
removed will be remediated pursuant to 19.15.29 NMAC standards for the site, with confirmation
samples being collected pursuant to those listed in Table | for sites with groundwater between 51-
100 feet below ground surface. Impacted soils will be removed by a third-party contractor under the
direction of a third-party environmental contractor. Once impacted soils have been removed,
confirmation samples will be collected pursuant to 19.15.29 NMAC Table |. Impacted soils will be
transported for disposal in accordance with local, state and federal regulations.

Following remediation activities, the sites will be reclaimed to match the surrounding area.
Restoration, reclamation, and re-vegetation activities will be conducted in accordance with
19.15.29.13 NMAC.

Estimated cost of environmental remediation activities: $195,000

Total Estimated Cost: $401,800
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APPENDIX A
Facility Plot Plan
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APPENDIX B:
Facility Detailed Map
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SITE VISIT: APRIL 27, 2018.
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APPENDIX C:
FEMA Flood Zone
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January 31, 2023
Wetlands

This map is for general reference only. The US Fish and Wildlife
Service is not responsible for the accuracy or currentness of the
base data shown on this map. All wetlands related data should
Freshwater Emergent Wetland Lake be used in accordance with the layer metadata found on the
i . Wetlands Mapper web site.
. Estuarine and Marine Deepwater

. Freshwater Forested/Shrub Wetland Other
Estuarine and Marine Wetland

= Freshwater Pond Riverine
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OSE POD Locations Map
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WELL RECORD
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AD ENGR. Luc

L-493

INSTRUCTIONS: This form should be executed in triplicate, preferably typewritten, and submitted to the
ne2arest district office of the State Engineer. All sections, except Section 5, shall be answered as completely and

accurately as possible when any well is drilled, repaired
record, only Section 1A and Section 5 need be completed.

Section 1
(A) Owner of well

or deepened. When this form is used as a plugging

El Paso Natural Gas Company

Street and Number

P,0. Box 1492

City E1l Paso

State _Texas 79999

+&

(B) Drilling Contractor¥s

Well was drilled under %?'Irlnoi?iﬁo
NE Vo SE__Ya . _ NE ¥ of Section._______ 32 Twp....

Protact lon groundb%crlld is located in the

Perry Smith License No.. -zt ¥%2 &

Street and Number

1704 Hampton R d

City Wichita Fells State _Texas
Drilling was commenced May 15 19 7
Drilling was completed. May--19 1971
(Plat of 640 acres)
Elevation at top of casing in feet above sea level Total depth of well 50Q!
State whether well is shallow or artesian Depth to water upon completion
Section 2 PRINCIPAL WATER-BEARING STRATA
No. Depth in Feet Thickness in Description of Water-Bearing Formation
From To Feet
1 80 1281 48 Sand and Gravel
2
3
i
5
Section 3 RECORD OF CASING
Dia Pounds Threads Depth Feet Type Shoe Perforations
in. ft. in Top Bottom From To
B Surfade 300! 300! Nine
S)
Section 4 RECORD OF MUDDING AND CEMENTING
Depth in Feet Diameter Tons No. Sacks of
From To Hole in in. Clay Cement Methods Used
None
I
Section 5 PLUGGING RECORD
Name of Plugging Contractor None License No
Street and Number City State
Tonsiof Clay Used..s. ¥ - . Tons of Roughage used Type of roughage
Plugging method used Date Plugged 19

Plugging approved by:

Cement Plugs were placed as follows:

. . Basin Supervisor

Depth of Plug

et To No. of Sacks Used

FOR USE OF STATE ENGINEER ONLY

B I
11 1

Date Received

J GQAJIRIVITd JdlivAy

TV A
|

File No C//O“‘ ’L/ygj

USEC\# MOC{I i
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Section 6 LOG OF WELL
nf;"th s Fe;‘o s Color Type of Material Encountered
0 1 1 Brown Sand
1 7 6 Off White Caliche
7 10 3 Light Brown Sandstone & Caliche’
10 40 30 Off White Caliche
40 55 15 Light Borun Sand 5
55 64 Q. s _Bnmm Hard Sandstone
64 80 16 :
Light Brown Sand
80 120 40 Red Red Sand
120 128 8 Red Brown Gravel
1281 140 112 | Red Brown _Sandy Red Clay
140 500 360 Red Red Shale & Clay
4
LSFlevi o 328 E
—DBepiiio r\ﬁ._,".__M«.,_Te’:_/_l.._'.lzj_*& /
Elev. of K L (s AP,

toc. No. Y 3T 22, 2H2/3
Hydro. Survey __Field Ch&CK___&_m

SOURCE OF ‘ALTITUDE GIVEN

Interpolated from Topo. Sheet X

Determined by Inst. Leveling

Other

The undersigned hereby certifies that, to the best of his knowledge and belief, the foregoing is a true and cor-

rect record of the above described well Q ;
() T2zresy /7«1]52
f % ! ‘Well Driller /

P 4
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Soil Map—Lea County, New Mexico
(Jal #3 GP)
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UsSDA  Natural Resources Web Soil Survey 1/31/2023
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Soil Map—Lea County, New Mexico
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(Jal #3 GP)
MAP LEGEND MAP INFORMATION
Area of Interest (AOI) = Spoil Area The soil surveys that comprise your AOI were mapped at
1:20,000.
Area of Interest (AOI) 8 Stony Spot
Soils {f  Very Stony Spot Warning: Soil Map may not be valid at this scale.
Soil Map Unit Polygons .
o Wet Spot Enlargement of maps beyond the scale of mapping can cause
- Soil Map Unit Lines ! misunderstanding of the detail of mapping and accuracy of soil
Soil Man Unit Points Fa Other line placement. The maps do not show the small areas of
o P s Special Line Features contrasting soils that could have been shown at a more detailed
Special Point Features scale.
o) Blowout Water Features
Streams and Canals Please rely on the bar scale on each map sheet for map
= Borrow Pit measurements.
Transportation
#  Clay Spot ey Rails Source of Map:  Natural Resources Conservation Service
) Web Soil Survey URL:
Oy Closed D .
e osed bepression —— Interstate Highways Coordinate System: Web Mercator (EPSG:3857)
G | Pit
e ravertt US Routes Maps from the Web Soil Survey are based on the Web Mercator
2 Gravelly Spot Major Roads projection, which preserves direction and shape but distorts
i distance and area. A projection that preserves area, such as the
o Landfill Local Roads Albers equal-area conic projection, should be used if more
A Lava Flow accurate calculations of distance or area are required.
% Background
A Marshor swamp ~ Aerial Photography This product is generated from the USDA-NRCS certified data as
of the version date(s) listed below.
L= Mine or Quarry
) Soil Survey Area: Lea County, New Mexico
{@  Miscellaneous Water Survey Area Data: Version 19, Sep 8, 2022
()  Perennial Water Soil map units are labeled (as space allows) for map scales
w Rock Outcrop 1:50,000 or larger.
Saline Spot Date(s) aerial images were photographed: Jan 18, 2020—Feb
17, 2020
et Sandy Spot

Severely Eroded Spot

]

s} Sinkhole
) Slide or Slip
Sodic Spot

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor
shifting of map unit boundaries may be evident.

USDA
USDA

Natural Resources
CAancamra $imm Camrinna
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Soil Map—Lea County, New Mexico Jal #3 GP

Map Unit Legend

Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI
BE Berino-Cacique loamy fine 32.1 19.3%
sands association
PU Pyote and Maljamar fine sands 58.5 35.2%
SR Simona-Upton association 1.0 0.6%
TF Tonuco loamy fine sand, 0 to 3 745 44.8%
percent slopes
Totals for Area of Interest 166.2 100.0%
UsDA  Natural Resources Web Soil Survey 1/31/2023
==l Conservation Service National Cooperative Soil Survey Page 3 of 3
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GEOHYDROLOGY OF THE DELAWARE BASIN
AND VICINITY, TEXAS AND NEW MEXICO

By Steven F. Richey, Jane G. Wells, and Kathleen T. Stephens

ABSTRACT

The Delaware Basin study area includes all or part of Crane, Culberson, Loving,
Pecos, Reeves, Ward, and Winkler Counties, Texas, and Eddy and Lea Counties, New
Mexico. Major aquifers in the Delaware Basin are the Capitan aquifer, Rustler
Formation, Santa Rosa Sandstone (Dockum Group), and aquifers in the Cenozoic
alluvium.

The Capitan reef complex {Capitan aquifer) consists of the Capitan and Goat Seep
Limestones and includes in ascending order, the Grayburg, Queen, Seven Rivers, Yates,
and Tansill Formations of the Artesia Group. Water from the Capitan aquifer is used for
domestic and irrigation purposes in Eddy County, New Mexico, and for irrigation and
industrial purposes in Texas. Available analyses indicate that dissolved-solids
concentrations range from 303 to 31,700 milligrams per liter, chloride concentrations
range from 16 to 16,689 milligrams per liter, and fluoride concentrations range from 0.5
to 3.0 milligrams per liter.



The Rustler Formation contains water that generally is not suitable for domestic
use because of its salinity. Chloride concentrations range from 15 to 210,000 milligrams
per liter, and dissolved-solids concentrations range from 286 to 325,800 milligrams per
liter. Fluoride concentrations range from 0.5 to L4 milligrams per liter. Water from
this aquifer is used for irrigation and stock watering where it is of suitable quality.

The Santa Rosa Sandstone is the principal source of ground water in the western
third of Lea County and in the eastern part of Eddy County. In parts of Texas, the Santa
Rosa Sandstone and the Cenozoic alluvium are hydraulically connected and are called the
Allurosa aquifer. The Santa Rosa Sandstone-Allurosa aquifer is the source of municipal
supply for the cities of Barstow, Pecos, Monahans, and Kermit, Texas. Water quality is
variable. For those analyses where the Santa Rosa Sandstone is a distinct entity,
chloride concentrations range from |0 to 4,800 milligrams per liter, dissolved-solids
concentrations range from 205 to 2,990 milligrams per liter, and fluoride concentrations
range from 0.4 to 5.0 milligrams per liter.

Water from the Cenozoic alluvium is used extensively for public water supplies,
irrigation, industry, livestock watering, and rural-domestic supply throughout the
Delaware Basin. The majority of the population in the study area in Texas utilizes this
aquifer. The quality of water in the Cenozoic alluvium is variable. Chloride
concentrations range from 5 to 7,400 milligrams per liter, dissolved-solids concentrations
range from 188 to 15,000 milligrams per liter, and fluoride concentrations range from 0.3
to 10 milligrams per liter. The Cenozoic alluvium is hydraulically connected to
Cretaceous units in parts of Reeves and Pecos Counties, Texas; in these areas, the units
are considered as one aquifer, the Pecos aquifer.



INTRODUCTION

The Texas League of Women Voters of Odessa, Texas, petitioned the U.S.
Environmental Protection Agency in October 1979 to declare or determine if the
freshwater aquifers of the Delaware Basin are the sole or principal drinking water
sources for that area (section 1424(e), Safe Drinking Water Act of 1974). The aquifers
under investigation are aquifers in the Cenozoic alluvium, the Santa Rosa Sandstone, the
Rustler Formation, and the Capitan aquifer. The League expressed interest in these
aquifers because of the location of the Waste Isolation Pilot Plant project (WIPP) (fig. 1),
a proposed storage facility for radioactive wastes in massive Permian salt beds near
Carlsbad, New Mexico. There is concern that these aquifers could be contaminated if
the facility were breached.

The purpose of this report, prepared in cooperation with the Environmental
Protection Agency, is to provide available geohydrologic data and other information that
will assist in the decision regarding a sole-source designation for these Delaware Basin
aquifers.

According to available data, Loving, Ward, and Winkler Counties in Texas are
totally dependent on these aquifers for their drinking water. Crane, Culberson, Pecos,
and Reeves Counties, Texas, and Eddy and Lea Counties, New Mexico are partially
dependent on these aquifers.

GEOHYDROLOGIC SETTING

The Delaware Basin of western Texas and southeastern New Mexico covers an area
of about 12,000 square miles and forms one of the larger subdivisions of the Permian
Basin of Texas, New Mexico, Oklahoma, Kansas, and Nebraska. The Delaware Basin
includes the area within the Capitan reef complex of Late Permian age, the narrow belt
of older and deeper-lying sands in the back reef areq, and the reef itself (Maley and
Huffington, 1953). The Texas part of the study area includes all or part of Crane,
Culberson, Loving, Pecos, Reeves, Ward, and Winkler Counties. Small parts of Brewster,
Jeff Davis, and Hudspeth Counties are within the Delaware Basin but are not part of the
study area. The southern parts of Eddy and Lea Counties, New Mexico, are within the
Delaware Basin and the study area (fig. |).

Major physiographic features on and around the Delaware Basin are the High Plains
on the northeast and east, the Guadalupe Mountains on the northwest, the Salt Flat
Bolson and Delaware Mountains on the west, the Apache and Davis Mountains on the
southwest, and the Glass Mountains on the south. The topography within the Delaware
Basin is mostly a flat to gently sloping plain covered by alluvium from the surrounding
higher areas with local outcrops of Permian, Triassic, and Cretaceous rocks forming low
hills and ridges. The Pecos River, the main drainage through the basin, enters from the
north in Eddy County, New Mexico, and exits to the southeast along the Reeves-Ward
County line in Texas.
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Throughout the Paleozoic Era, the area now called the Delaware Basin was an
embayment covered by a shallow sea. During the Early Permian Epoch about 10,000 feet
of sediments accumulated, represented by sand, shale, and limestone. In middle
Guadalupian time of the Permian Period, a reef (the Capitan Limestone) began forming
the Delaware Basin margins. In the Delaware Basin, sandstone and shale beds, also of
Guadalupian age, were covered by evaporites and limestone (Castile Formation) of
Ochoan age, and these were covered by evaporites interbedded with limestone, dolomite,
sand, and shale (Salado and Rustler Formations), also of Ochoan age (figs. 2 and 3).

A transition from the marine environment of the Permian Period to the humid
lacustrine (lake), fluvial (stream), and deltaic environments of the Late Triassic Epoch
initiated Dockum Group sedimentation. Units of the Dockum Group (in ascending order,
the Tecovas Formation, Santa Rosa Sandstone, and Chinle Formation) consist of
interbedded sandstone, shale, siltstone, limestone, and conglomerate.

During the Jurassic Period, the area was raised above sea level and was undergoing
erosion, The Cretaceous Period was characterized by a slow advancement of the sea
from the southeast into the basin and thick sand, shale, and limestone strata were
deposited. Cretaceous rocks were eroded from much of the study area but deposits
remain in Pecos, Reeves (Hiss, 1976, p. |11), and Culberson Counties (pl. ). The sea
underwent continuous transgressions and regressions in Late Cretaceous to late Tertiary
time. During late Tertiary time the Delaware Basin emerged, tilted somewhat to the
east, and thick fluvial sediments were deposited. In late Cenozoic time this tilting
caused block faulting and buckling of a basin and range type along the western margins of
the Delaware Basin (King, 1948, p. 106-108). These faults (pl. 1) sometimes cut earlier
structures and exhibit a general northwestern trend (Oriel and others, 1967, p. 60). A
transition to a more arid climate in Quaternary time resulted in the deposition of
windblown sand. The ongoing depositional processes in late Tertiary through Quaternary
time have caused an accumulation of silts, sands, and gravels (Cenozoic alluvium) from
surrounding high areas.
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GEOHYDROLOGY OF THE AQUIFERS

The major aquifers in the Delaware Basin study area are the Capitan aquifer,
Rustler Formation, Santa Rosa Sandstone (Dockum Group), and aquifers in the Cenozoic
alluvium. These aquifers are described in detail in the following sections of the report.
Water-bearing properties of these aquifers and other geologic units are summarized in
table 10.

Capitan Aquifer

The Capitan aquifer of Permian age is present in all of the counties in the
Delaware Basin study area except Crane and Loving Counties, Texas. The basinal edge is
inside the extreme eastern and southwestern corners of Reeves County, Texas (pl. |, fig.
). The aquifer parallels the edge of the Delaware Basin in an arcuate 'strip along its
northern and eastern margins, extending from the Guadalupe Mountains (southwest of
Carlsbad, New Mexico) to the Glass Mountains (southwest of Fort Stockton, Texas). The
Capitan aquifer probably is present along the western and southwestern margins of the
Delaware Basin. The Capitan aquifer is composed of the Capitan and Goat Seep
Limestones, and most or all of the Carlsbad facies of the Artesia Group (Meissner, 1972),
including in ascending order the Grayburg, Queen, Seven Rivers, Yates, and Tansill
Formations. Lithologically, the aquifer consists of dolomite and limestone strata
deposited as reef, fore-reef, and back-reef facies. The location of wells completed in
the Capitan aquifer for which data are included in this report is shown on plate 2; well
records are listed in table I.

Structure and Thickness

The thickness of the Capitan aquifer varies considerably (pl. 2); Hiss (1976)
describes the Capitan aquifer as being "composed of irregularly shaped and spaced,
alternating thick and thin accumulations of carbonate rock." The thicker areas are
generally behind the reef front and may be carbonate banks, islands, or mounds that
flourished behind the reef crest's protection (Kendall, 1969, p. 2509). On one of these
banks or mounds 13 miles northeast of Carlsbad, the Capitan aquifer reaches its
maximum thickness of 2,360 feet. Thinner sections represent depressions in the surface
of the aquifer and are probably due to nondeposition or erosion in surge channels and
submarine canyons rather than structural warping (Hiss, 1976, p. 149).

Ground-Water Occurrence and Use

Within the bounds of the Delaware Basin in New Mexico, the Capitan aquifer is of
primary importance to Eddy County, where it is the main source of domestic water for
Carlsbad, Happy Valley (a suburb of Carlsbad), and White's City (table |1), The Capitan
aquifer is also used extensively for irrigating 2,340 acres near La Huerta, Happy Valley,
and Carlsbad (Bjorklund and Motts, 1959, p. 156-159). In Lea County there is only one
well that yields potable water from Permian formations, but it is probable that this well
penetrates red beds of either Permian or Triassic age and not the Capitan aquifer
(Nicholson and Clebsch, 1961, p. 56). Nonpotable water is used for enhanced oil recovery
in Lea County, a use which has been declining in recent years. Enhanced oil recovery is a
process that involves flooding oil reservoirs with water, gases, and various chemicals to



displace residual oil. This decline in use is evidenced by a relatively rapid rise in water
levels. Water levels have risen in Lea County at a rate ranging from 5.3 feet per year to
10.2 feet per year between January 1976 and December 1979 (table 12). Ground-water
flow in the Capitan aquifer from the north and south converges on an area about 20 miles
southeast of San Simon Swale in the vicinity of well 618 (pl. 2).

Water from the Capitan aquifer is used primarily for irrigation and industrial
purposes in Texas (table 13). In northern Pecos County, only one well penetrates the
Capitan aquifer. It flows at about 1,000 gallons per minute from a producing interval of
about 3,200-3,600 feet below land surface. In southern Pecos County, there are a few
deep stock wells that tap the aquifer. In Ward and Winkler Counties, the Capitan aquifer
yields large quantities of moderately to very saline water, which is used for enhanced
recovery of oil.

Recharge and Discharge

The Capitan aquifer is recharged by precipitation on its outcrop in the Guadalupe
Mountains and Guadalupe Ridge along the New Mexico-Texas border and by infiltration
into the Gilliam Limestone in the Glass Mountains in Brewster and Pecos Counties,
Texas. "The Gilliam Limestone is the Glass Mountains equivalent of the Capitan." (King,
1942, p. 655). In the Guadalupe Mountains, recharge is by slow percolation of water
through shelf deposits and direct infiltration into a cavernous zone. Surface water also
flows directly into the formation through caverns in the area of outcrop adjacent to the
reef escarpment near Carlsbad (Bjorklund and Motts, 1959, p. 146-151).

Recharge by surface water was demonstrated by a heavy storm in the Carlsbad
vicinity in October 1954, Slightly less than 3 inches of rain fell in the Carlsbad areaq, but
it is believed that much more than 3 inches fell on the limestone uplands west of the
city, in the Guadalupe Mountains, and in the Seven Rivers Embayment. Water levels in
wells tapping the Capitan aquifer rose substantially over a wide area immediately after
the storm. One well, completed in the Capitan aquifer and equipped with a recorder,
rose a total of 2.3 feet in 7 days. During and after this storm, most of the ephemeral

streams west of Carlsbad in the Pecos River Basin were flowing (Bjorklund and Motts,
1959, p. 147).

A substantial amount of water is recharged to the Capitan aquifer from Lake
Avalon northwest of Carlsbad (pl. 1). Bjorklund and Motts (1959) estimated that during
most years, 10,000 to 20,000 acre-feet of water leaks through sediments under the lake
into the aquifer.

In 1940 about 9,500 acre-feet of water from the Capitan aquifer was discharged
naturally by Carlsbad Springs along the Pecos River north of Carlsbad (Hendrickson and
Jones, 1952). Flow in the aquifer in the Carlsbad area is generally toward this natural
discharge point (pl. 2). Most of the water from the springs is from the Capitan aquifer,
but some also originates in alluvium. It is also possible that some highly mineralized
water comes from the Rustler Formation in this same area.

According to Bjorklund and Motts (1959, p. 154), in the late 1950's, about 16,000
acre-feet of water was pumped from the Capitan aquifer in Eddy County each year. This
water was used for irrigation, stock watering, and for municipal, industrial, and domestic
needs.



Total estimated pumpage in Texas in 1960 from the Capitan aquifer was
approximately 13,000 acre-feet. Approximately 7,600 acre-feet was used for irrigation
and 5,000 acre-feet was used for industrial purposes. Very little water, if any, was used
for domestic purposes (Brown and others, 1965, p. M72). Pumpage in 1980 in Culberson
County, Texas, was 1,800 acre-feet (table 13).

Aquifer-Test Data

Aquifer-test information for the Capitan aquifer is very sparse. Hydraulic-
conductivity values are 2.4 feet per day for well 610 and 16 feet per day for well 611,
both of which are in Eddy County, New Mexico (table 6). Hiss (1976, p. 198) calculates
that the hydraulic conductivity of the Capitan aquifer along the western margin of the
Central Basin platform in Texas and New Mexico (fig. 1) ranges from | to 25 feet per
day. The average hydraulic conductivity of the aquifer for most of southern Lea County
and for east of the Pecos River valley at Carisbad is about 5.0 feet per day. The
hydraulic conductivity in the Capitan aquifer west of the Pecos River at Carlsbad,
however, appears to be several orders of magnitude larger (Hale, 1945 and 1946). This
wide range of hydraulic conductivity is explained by the physical characteristics of the
limestone. If solution cavities are very small or not in communication with one another,
hydraulic conductivity will be small; conversely, large solution cavities and channels
along joints in the rock will cause the limestone to have a very large hydraulic
conductivity. Average values of transmissivity for the Capitan aquifer reported by Hiss
(1976, p. 199), from east of Carlsbad around the northern and eastern margins of the
Delaware Basin to the Pecos-Brewster County boundary in Texas, range from 10,000 feet
squared per day in thick sections to 500 feet squared per day in less permeable incised
submarine canyons.

Water Quality

In southern Eddy County, New Mexico, Bjorklund and Motts (1959, p. 275-280) have
described three different ranges of water quality in the Capitan aquifer. The freshwater
zone contains water with a dissolved-solids concentration of less than 700 milligrams per
liter. This zone of the Capitan aquifer extends from the southern part of Carlsbad
southwestward for more than 20 miles, possibly as far as McKittrick Canyon in Texas, 40
miles southwest of Carlsbad.

The potable mixed-water zone contains water ranging in dissolved-solids
concentration from 700 to 1,700 milligrams per liter. This zone underlies the north and
west parts of Carlsbad, the south half of La Huerta, and most of Happy Valley. The
water in this zone is a mixture of moderately saline water (dissolved-solids concentration
of 3,000 to 10,000 milligrams per liter) moving southwestward from the area of Lake
Avalon through the Tansill Formation and Capitan Limestone, and freshwater moving
from the Guadalupe Mountains vicinity northeastward through the Capitan aquifer. The
water varies in quality depending on the ratio of the mixing.

The nonpotable-water zone contains water with more than 1,700 milligrams per
liter dissolved solids. This area is north of the potable mixed-water zone. The
nonpotable-water zone underlies the northern parts of Happy Valley and La Huerta and
the intervening area to Lake Avalon. |t then extends northeastward from the area of
Lake Avalon and La Huerta. About |0 miles east of Lake Avalon, in shelf deposits of
Guadalupian age north of the Capitan reef complex, water with more than 100,000
milligrams per liter dissolved solids has been reported (Bjorklund and Motts, 1959).



According to available information for Lea County, New Mexico, the quality of
water in the Capitan aquifer is very poor. Dissolved-solids concentrations are in the
range of 10,000 to 30,000 milligrams per liter.

Much of the water in the Capitan aquifer in Texas is unsuitable for domestic or
irrigation use; however, there are a few wells in Culberson and Pecos Counties that can
provide water for irrigation of salt-tolerant crops.

Over the entire Delaware Basin, available analyses of water from the Capitan
aquifer show that dissolved-solids concentrations range from 303 milligrams per liter in
Pecos County to 31,700 milligrams per liter in Eddy County (table 2), chloride
concentrations range from |6 milligrams per liter in Pecos County to 16,689 milligrams
per liter in Eddy County, and fluoride concentrations range from 0.5 milligram per liter
in Eddy County to 3.0 milligrams per liter in Pecos County. Water quality varies widely
over relatively small areas, probably because of hydraulic communication with the Pecos
River and with formations containing very poor quality water, or possibly because of
injected brine (due to enhanced oil recovery) that has migrated into the Capitan aquifer.

Rustler Formation

The Rustler Formation underlies most of the Delaware Basin (pl. 3). The water in
the Rustler Formation is mostly used for irrigation, some stock watering, and enhanced
recovery of oil. Water from this formation is generally not suitable for domestic use
and the quality ranges from slightly saline to brine. The known water-bearing zones in
the Rustler Formation in the vicinity of the WIPP site are the Rustler-Salado contact
zone and the Magenta and Culebra Dolomite Members (Mercer, 1983). The lithology of
the Rustler consists mainly of anhydrite or gypsum and two dolomite marker beds (the
Magenta and Culebra Dolomite Members) with a basal zone of sandstone, siltstone, and
shale. It can also contain minor amounts of halite and limestone, which may be
cavernous in some places. The location of selected wells completed in the Rustler
Formation is shown on plate 3; well records are listed in table |.

Structure and Thickness

The Rustler Formation east of the Capitan reef escarpment overlies both the
Salado and Castile Formations; as close as 2 to 3 miles from the escarpment, however,
the Rustler directly overlies the Castile rather than the Salado. Toward the center of
the basin, the Rustler overlies the Salado conformably and is overlain conformably by the
Dewey Lake Red Beds (Jones, 1954, p. |07-112). The structure of the resistant Culebra
Dolomite and Magenta Dolomite Members of the Rustler Formation in Eddy County is
often greatly distorted. Dissolution, which results in the removal of the underlying
soluble beds of salt and anhydrite, causes the dolomite to be irregularly folded. Gypsum
and brick-red silt, residues from solutional activity, are interbedded with the dolomite
(Bjorklund and Motts, 1959, p. 124-125),

The thickness of the Rustler in Winkler County, Texas, ranges from 300 to 500 feet
(Garza and Wesselman, 1959, p. 17). The thickness usually ranges from 200 to 500 feet in
Ward County; the depth to the top of the formation ranges from 340 feet in the
southeastern corner of the county to 1,900 feet in the Monument Draw trough (White,
1971, p. 14). The range of thickness in Reeves County, Texas, is 280 to 520 feet (Ogilbee
and Wesselman, 1962, p. 22).



It was not possible to draw a thickness map of the Rustler Formation because
depths to the base of the formation were not available and because of the wide variation
in thickness caused by evaporite dissolution.

Ground-Water Occurrence and Use

Water in the Rustler Formation, except in outcrop and collapsed areas, occurs
under artesian conditions. Most production is reported to be from solution openings or
fractures in the Magenta and Culebra Dolomite Members (Mercer, 1983, p. 1-2). In parts
of the formation where there are few solution openings, wells are commonly acidized to
increase yield. Water is withdrawn from the basal sand in Pecos and Reeves Counties,
but this water is usually very saline and is present in relatively small amounts (Armstrong
and McMillion, 1961, p. 34; Ogilbee and Wesselman, 1962, p. 22).

In 1961, there were 31 wells in the Rustler Formation in Pecos County, Texas; of
these, 8 wells were used for irrigation, 4 were used for enhanced recovery in oil and gas
fields, and the others were used for stock. |n some cases the water from flowing wells
was allowed to run off and evaporate (Armstrong and McMillion, 1961). It is unlikely that
many new wells will be drilled into the Rustler Formation in the northern part of Pecos

County because the formation yields water of poor quality (Armstrong and McMillion,
1961, p. 34-35).

There were about 30 irrigation wells penetrating the Rustler Formation in eastern
Reeves County in 1962. Nearly all of them were east of Toyah Creek. These wells,
completed in the upper part of the formation, produced slightly to moderately saline
water (1,000 to 10,000 milligrams per liter dissolved solids) and yielded 500 to 1,000
gallons per minute (Ogilbee and Wesselman, 1962, p. 22-23). Three of the 30 wells are
listed in table I.

Most wells in the Rustler Formation in Ward County yield less than 300 gallons per
minute, but some produce as much as 650 gallons per minute. In 1971, five flowing wells
near the south-central edge of the county were yielding moderately saline water that was
successfully used for irrigation. In the eastern third of the county, however, water from
the Rustler is either very saline or brine (dissolved-solids concentration greater than
10,000 milligrams per liter) and is used for enhanced recovery of oil (White, 1971, p. 14).

Most wells drilled into or through the Rustler Formation in Winkler County yield
artesian water that is either very saline or brine. This water is used mainly for enhanced
oil recovery. Production of water from the Rustler is sporadic because of the irregular
occurrence of cavernous openings, but yields of as much as 800 gallons per minute have
been reported (Garza and Wesselman, 1959, p. 17).

A few wells draw water from the Rustler in the sandhills area of Crane County.
However, it is believed that the water is highly mineralized in all formations of Permian
age in Crane County (Shafer, 1956, p. 11).

The only domestic use of water from the Rustler Formation appears to be at Red
Bluff in Eddy County, New Mexico, where there is a compressor station on an interstate
natural-gas line (Hendrickson and Jones, 1952). About 25 residents use the water from
wells tapping the Cenozoic alluvium and/or the Rustler Formation. Data on the Rustler
in Eddy County near the WIPP site indicate water quality is variable, but is generally
brine (Mercer, 1983).
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Recharge and Discharge

Recharge to the Rustler Formation is by precipitation, by seepage from streams
where the formation crops out in the Rustler Hills area of northeastern Culberson County
(pl. 1), and by inflow from adjacent formations. Some water also percolates into the
Rustler from formations of the same age and similar lithology that crop out in the Glass
Mountains in Brewster and Pecos Counties, Texas (Ogilbee and Wesselman, 1962, p. 23).

In southeastern Eddy County, just north of Red Bluff Reservoir, an aquifer test was
used to demonstrate that there is probably fair to good hydraulic connection between the
Rustler Formation and the Pecos River (Reed and Associates, 1975). Transmissivities in
the area ranged from 52,377 to 238,754 feet squared per day and storage coefficients
ranged from 0.0l to 0.21, with an average value of 0.l. After 8 days of pumping, the cone
of depression apparently intercepted sufficient recharge from Red Bluff Reservoir and
the Pecos River to cause the rate of water-level decline to decrease. Water levels began
rising even with continued pumpage. Rising and falling water levels in the reservoir
corresponded with the changing water levels in nearby wells in the Rustler Formation.

Ground-water movement generally is down gradient from recharge areas in the
higher elevations to discharge areas along the Pecos River and its tributaries. In the
southern part of the region, movement is to the north, probably from a recharge area in
the Glass Mountains south of Pecos County, where Permian rocks crop out that are
hydraulically connected to the Rustler. Near the Eddy-Lea County line and the WIPP
site, the flow in the Rustler Formation is generally to the southwest, and much of the
water eventually discharges into the Pecos River at Malaga Bend (Mercer, 1983). In the
WIPP site area, the presence of impermeable beds of halite and anhydrite probably
restricts vertical flow between the water-bearing zones in the Rustler Formation
(Mercer, 1983). Direction of flow throughout the extent of the Rustler Formation in the
Delaware Basin can be influenced locally by variations in the potentiometric surface
caused by pumping or flowing wells, or by local characteristics of the formation affected
by evaporite dissolution and collapse.

Ground water is discharged from the Rustler from wells (some of which flow),
naturally by seeps and springs in the outcrop areas, and probably by upward leakage into
the overlying strata (Brown and others, 1965, p. 58). A natural discharge point for the
Rustler in Eddy County is through a series of springs near Malaga Bend on the Pecos
River. Theis and Sayre (1942) estimate that in the Malaga Bend area this discharge
increases the sodium chloride content in the river by as much as 342 tons per day with a
discharge rate of about 200 gallons per minute (table 14).

Aquifer-Test Data

Aquifer-test data for the Rustler Formation are limited. Specific capacity values
for three wells in Ward County range from |.7 to 8.6 gallons per minute per foot
(table 7).

Water was found in only the Culebra Dolomite Member of the Rustler Formation at
the Project Gnome site in southern Eddy County. Trqngmissivi’ries averaged 468 feet
squared per day and storage coefficients averaged 2 x 107 from the Project Gnome data
collected in March 1963 (Cooper and Glanzman, 1971, p. A10-All).



Geohydrologic studies at and near the proposed WIPP site were begun in 1975 by
the U.S. Geological Survey. Aquifer tests were conducted in test holes penetrating three
water-bearing zones in the Rustler Formation. Transmissivities for the Igagem‘a
Doi?mi're Member of the Rustler Formation at the WIPP site range from 4 x 107 to | x
10~ foot squared per day, but immediately west of the WIPP site in Nash Draw (pl. 1)
transmissivities range from 53 to 375 feet squared per day (Mercer, 1983, p. 1-2).
Tronsm&ssiviﬁes for the Culebra Dolomite Member of the Rustler Formation range from
I x 107 to 140 feet squared per day at the WIPP site and from 18 to 1,250 feet squared
per day at Nash Draw. At the contact between the Rustier Formation and the Salado
Formation, tronsmissivifiei range from 3 x 107 to 5 x 107“ foot squared per day at the
WIPP site and from 2 x 10~ to 8 feet squared per day at Nash Draw (Mercer, 1983, p. 2).

Water Quality

Water from the Rustler Formation in New Mexico is generally of poor quality.
Water-quality data for the three water-bearing zones in the Rustler in Eddy County at
the WIPP site indicate that although water quality is variable, it is mostly brine (Mercer,
1983). Interim studies from Mercer and Orr (1979) provide the following water-quality
data from wells in the Rustler at the WIPP site:

Dissolved solids Chloride Fluoride
Water-bearing (milligrams (milligrams (miltigrams
zone per liter) per liter) per liter)
Rustler Formation- 311,000-325,800 180,000-210,000 -
Salado Formation
contact zone
Culebra Dolomite 23,721-118,292 2,800-11,000 0.5-2.0
Member
Magenta Dolomite 10,347-29,683 4,100-15,000 1.8-2.0
Member

Water from well 574 (table 3), in Eddy County about a mile southwest of the WIPP
site, has a dissolved-solids concentration of 3,860 milligrams per liter, a chloride
concentration of 510 milligrams per liter, and a fluoride concentration of 2.4 milligrams
per liter. This well probably penetrates either the Magenta Dolomite Member or the
Culebra Dolomite Member of the Rustler (Walker, 1979).

Rustler Formation water quality in Texas is extremely variable. The few common
characteristics of this water include a high calcium concentration (usually greater than
500 milligrams per liter), low bicarbonate (usually less than 200 milligrams per liter), and
a high sulfate to chloride ratio. Hydrogen sulfide is frequently present in the water, but
it readily dissipates into the atmaosphere after the water reaches the surface. Generally,



mineral concentration is highest in the northern part of the study area (Brown and others,
1965, p. M58). In the entire Delaware Basin area, potable Rustler Formation water is
almost nonexistent. It can be used for watering stock and for irrigation where the water
is satisfactory for these purposes. Dissolved-solids concentrations in water from the
Rustler generally range from 286 milligrams per liter in Ward County to 157,000
milligrams per liter in Winkler County, chloride concentrations range from |5 milligrams
per liter in Culberson County to 89,700 milligrams per liter in Winkler County, and
fluoride concentrations range from 0.5 milligram per liter in Ward County to |l.4
milligrams per liter in Crane County. For the Delaware Basin study area in Texas,
average values of these constituents calculated from table 3 are: dissolved solids, 16,110
milligrams per liter for 37 analyses; chloride, 6,472 milligrams per liter for 40 analyses;
and fluoride, 2.8 milligrams per liter for 10 analyses.

Santa Rosa Sandstone

The Santa Rosa Sandstone is part of the Dockum Group of Late Triassic age. The
Dockum Group consists of, from oldest to youngest, the Tecovas Formation, the Santa
Rosa Sandstone, and the Chinle Formation. The Santa Rosa Sandstone is present in parts
of every county in the Delaware Basin study area except Culberson.

Lithologically, the Santa Rosa Sandstone wusually consists of reddish-brown and
gray, medium- to coarse-grained, cross-stratified sandstone. Cementing agents are
mainly calcite with some silica. The Santa Rosa sometimes also contains red and green
shale, siltstone, claystone, and conglomerate.

The Santa Rosa Sandstone and Chinle Formation in parts of Ward County are
hydraulically connected with the Cenozoic alluvium and called the Allurosa aquifer or, in
some areas, the Santa Rosa aquifer. A large majority of the population in Ward County
uses the Santa Rosa Sandstone, the Allurosa aquifer, or both for public water supply.

The location of wells completed in the Santa Rosa Sandstone is shown on plate 4,
Data from these wells are given in tables |, 4, and 8,

Structure and Thickness

The maximum thickness of the Santa Rosa Sandstone is 520 feet in Ward County,
Texas (White, 1971). This maximum thickness, which may include parts of the overlying
Chinle Formation and alluvium, is present in a deep trough that developed by dissolution
of underlying evaporites. Thicknesses in other areas in the Delaware Basin are affected
similarly by other troughs. The approximate values of thickness for the Santa Rosa
Sandstone shown on plate 4 do not include the thickness of the Chinle Formation or
Cenozoic alluvium.

The Santa Rosa Sandstone in Eddy County, New Mexico, crops out in north-trending
scarps a few miles to the west of the Eddy-Lea County line and also in the south-facing
scarps of Paduca Breaks in the extreme southwest corner of Lea County (pl. 1). The
general dip of the Triassic rocks in Lea County is toward the south and east (Nicholson
and Clebsch, 1961, p. 56).



The formations of the Dockum Group in Pecos County, Texas, have not been
differentiated (Armstrong and McMillion, 1961). In Reeves County, Texas, however, the
Santa Rosa Sandstone has been recognized as a distinct unit of cemented sandstone
(Ogilbee and Wesselman, 1962).

The Santa Rosa Sandstone crops out below the rim of the Quito Escarpment in Ward
County, Texas (pl. |). West of the Quito Escarpment in the Pecos trough, the Santa Rosa
Sandstone is absent except for local slumpage blocks at the base of the alluvial fill. 1t is
also absent because of erosion in the southeastern corner of the county. The Santa Rosa
Sandstone lies near the land surface east of Quito Escarpment, but plunges to depths as
great as 1,000 feet in the Monument Draw trough. The Santa Rosa throughout the study
area in Texas generally ranges from 100 to 350 feet thick (pl. 4).

Ground-Water Occurrence and Use

The Santa Rosa Sandstone (or in some cases, undifferentiated sandstones of the
Dockum Group) in eastern and southeastern Eddy County yields some water for stock
purposes. The Triassic Dockum Group and possibly the Permian Dewey Lake Red Beds
are the chief sources of ground water in the eastern part of the county in a belt 10 to 20
miles wide along the Lea County border. The quality of water is generally sufficient for
stock or domestic use and the depth to water is generally less than 400 feet (Hendrickson
and Jones, 1952, p. 75).

The Santa Rosa Sandstone is the principal aquifer in the western third of Lea
County and was the principal domestic aquifer at Jal in southeastern Lea County before
1954 (Nicholson and Clebsch, 1961, p. 56-58), at which time the Jal well field was moved
because of insufficient production. The new well field is probably completed in the
Tertiary Ogallala Formation and Cenozoic alluvium (Dinwiddie, 1963, p. 81). The only
community in Lea County that obtains part of its water from Triassic rocks is Qil Center
(table I'1). According to a local resident, the water from one well is nonpotable because
of contamination from nearby oil wells.

The estimated annual pumpage in Texas from the Santa Rosa Sandstone is in excess
of 25,000 acre-feet. Of this, irrigation accounts for about 5 percent of total pumpage,
municipal supply about 40 percent, industrial supply about |5 percent, and mining about
40 percent (table 13).

According to Armstrong and McMillion (1961, p. 37), the undifferentiated
sandstones in the Dockum Group have yielded small amounts of water in Pecos County.
However, shallower aquifers provide an ample source; consequently, the Dockum Group
has not been widely developed.

The Santa Rosa Sandstone provides the municipal water supply for Pecos in Reeves
County, which used approximately 3,600 acre-feet of water in 1980 (Texas Department
of Water Resources, 1980). In 1933, Pecos drilled a test well about 10 miles southeast of
the city that produced an average of about 500,000 gallons per day for a week. The
water from this well was of satisfactory quality for domestic supply, so a pipeline was
built and the well was put on-line. Several additional wells were drilled in this area



by 1952 to meet additional municipal demands. Another well field was started in 1952
about 2 miles southeast of the original one. There were |7 operational wells by 1959, 7
in the original well field and 10 in the new one. About | mile northwest of these two city
well fields, the water in the alluvium and the Santa Rosa Sandstone is unsuitable for
human consumption because of high sulfate and chloride content. Water of similar poor
chemical quality is also found to the north, west, and southwest of the city wells (Ogilbee
and Wesselman, 1962, p. 24-25).

The Pecos city wells initially yielded about 200 to 700 gallons per minute each.
This relatively high productivity is probably a result of structural deformation, which
uplifted and fractured the sandstone in this part of Reeves County. Wells in other areas
where the sandstone is not fractured have much lower yields (Ogilbee and Wesselman,
1962, p. 25; Brown and others, 1965, p. M53).

The city of Barstow in southwestern Ward County obtained its water from wells in
the Allurosa aquifer until July 1966. These wells were about 4 miles east of the city.
However, the quality of the water was poor and steadily deteriorating (Ogilbee and
Wesselman, 1962, p. 25,59). Barstow presently purchases water from the city of Pecos.
In 1980, Barstow used 193 acre-feet of water (table |1).

Other cities that obtain part of their municipal water supplies from the Santa Rosa
Sandstone are Monahans in northeastern Ward County, and Kermit in Winkler County
(table 11). The total pumpage of these two cities was about 500 acre-feet in 1980.

Recharge and Discharge

The Santa Rosa Sandstone in Eddy and Lea Counties, New Mexico, is recharged in
three ways: by precipitation on sand dunes that overlie the aquifer, by precipitation and
runoff directly on the outcrop, and probably by migration of ground water from the
overlying Ogallala Formation and Cenozoic alluvium. The direction of flow is generally
to the south and southwest, away from these recharge areas in southwestern Lea County
(pl. 4). Locally in Lea County, it is possible that the dominating topographic influence on
the direction of flow is San Simon Swale. Ground water probably flows toward the Swale
from the west, north, and east (Nicholson and Clebsch, 1961, p. 57) and may discharge
downward in the collapse structure to other formations.

A main area of recharge to the Santa Rosa Sandstone in Texas is from the Allurosa
aquifer along the Pecos River. This recharge is accomplished by percolation and seepage
into the aquifer from many sources, including canals along the Pecos River, irrigation of
crops, and precipitation. The Cenozoic alluvium and Santa Rosa Sandstone aquifers in
Pecos, Reeves, Ward, and Winkler Counties are recharged by approximately 71,000 acre-
feet of water per year (Texas Water Development Board, 1977, p. 764-765). The
direction of flow in the Santa Rosa Sandstone in Texas is generally to the southeast
(pl. 4).

Discharge from the Santa Rosa Sandstone is mainly by the pumping of wells for
domestic and irrigation use. Approximately 25,800 acre-feet of water was pumped from
the Santa Rosa Sandstone in Texas in 1980 (table 13). Figures are not available for
pumpage in New Mexico. Water is also discharged by evapotranspiration where the
formation is close to the land surface and by ground-water flow to other formations.



Aquifer-Test Data

The only available aquifer-test data for the Santa Rosa Sandstone are from Winkler
County, Texas. Transmissivities range from 350 to 3,200 feet squared per day (table 8).

Water Quality

None of the wells completed in the Santa Rosa Sandstone in Eddy County produce
water that is too highly mineralized for use by stock. Probably half of the wells are
considered useful for domestic purposes. In a study by Hendrickson and Jones (1952, p.
75), analyses were made on 21 samples of water from wells withdrawing all or part of
their water from Triassic sandstones of the Dockum Group in Eddy County. Hardness (as
calcium carbonate) ranged from 20! to 3,590 milligrams per liter and was more than
1,000 milligrams per liter in 14 of the 21 samples. Chloride concentration ranged from
7 to 785 milligrams per liter and was more than 200 milligrams per liter in 10 of the
samples.

Nicholson and Clebsch (1961, p. 100) reported that the Dockum Group or Santa
Rosa Sandstone in southern Lea County generally yields water that is low in silica (9 to
41 milligrams per liter) and that has a wide range of calcium and magnesium
concentrations. Only 6 of |7 samples had fluoride concentrations less than 1.5
milligrams per liter. In the seven analyses from Lea County listed in table 4, sodium
concentrations range from I3l to 563 milligrams per liter, sulfate concentrations range
from 74 to 934 milligrams per liter, and chloride concentrations range from 21 to 252
milligrams per liter.

The water quality in the Santa Rosa Sandstone in Texas is variable, ranging from
freshwater to brine, but it generally contains the best quality of water of the aquifers
studied. Chloride concentrations range from [0 to 4,800 milligrams per liter, dissolved-
solids concentrations range from 205 to 2,990 milligrams per liter, and fluoride
concentrations range from 0.4 to 5.0 milligrams per liter (table 4). Average values for
these constituents calculated from table 4 are: chloride, 258 milligrams per liter for 37
analyses; dissolved solids, 984 milligrams per liter for 34 analyses; and fluoride, 1.9
milligrams per liter for 27 analyses.

<

The water in the eastern half of Winkler County in the Santa Rosa Sandstone is
more mineralized than the water in the western half (table 4, pl. 4). The area around
Kermit has the least mineralization. In a study by Garza and Wesselman (1959, p. 50),
three wells in eastern Winkler County had dissolved-solids concentrations ranging from
[,110 to 4,090 milligrams per liter. Samples from wells in the remainder of the county
contained less than 1,000 milligrams per liter dissolved solids. In some areas of the
county, oilfield waste water may be a cause of ground-water pollution.

Aquifers in Cenozoic Alluvium

Cenozoic water-bearing alluvium and bolson deposits are scattered throughout
many areas in Texas and New Mexico. Bolson deposits usually originate as alluvial
accumulations washed into a basin or valley from surrounding mountains. Although the
alluvium and bolson deposits are completely separated geographically, they have similar
geologic and hydrologic characteristics and may be considered together as the aquifers in
Cenozoic alluvium (Muller and Price, 1979, p. 25).
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The aquifers in Cenozoic alluvium are present in all counties within the Delaware
Basin. The lithology is highly variable, consisting of clastics eroded from surrounding
uplands, fluvial deposits of the Pecos River and other streams, caliche, gypsite,
conglomerates, terrace deposits, windblown sand, and playa deposits. The location of
selected wells completed in aquifers in Cenozoic alluvium is shown on plate 5; well
records are listed in table 1.

Where the Cenozoic alluvium is hydraulically connected with underlying Cretaceous
formations in Pecos County, Texas, the aquifer is called the Pecos aquifer. Similarly, in
areas of Ward, Winkler, Reeves, and Pecos Counties, Texas, where the Cenozoic alluvium
is hydraulically connected to the Triassic Dockum Group (including the Santa Rosa
Sandstone), the aquifer is called the Allurosa aquifer.

Structure and Thickness

The saturated thickness of the Cenozoic alluvium is as much as 1,400 feet (pl. 6).
Most of the alluvium is concentrated in two large subbasins or troughs trending north to
northwest in the eastern half of the Delaware Basin (Maley and Huffington, 1953, p.
541). A third large subbasin, the Salt Basin in western Culberson County, Texas, contains
bolson fill as much as 2,400 feet thick (Gates and others, 1980, p. 33). Based on available
geophysical data from the Salt Basin, an average saturated thickness was estimated to be
about 1,000 feet (Muller and Price, 1979). An additional shallow-fill areq, structurally
disconnected from these major troughs, is located in the Carlsbad-Black River drainage
area of Eddy County, New Mexico (Maley and Huffington, 1953, p. 541).

The two large troughs were probably formed by the dissolution and collapse of
underlying evaporite formations (Maley and Huffington, 1953) and are the result of
tectonic-hydrologic interactions. During the late Tertiary, the Delaware Basin was tilted
eastward, resulting in surface exposure of lower evaporite sections. The troughs were
probably formed by local concentration and consequent downward percolation of surface
water, which gradually dissolved the Permian evaporites.

The deposition in the Salt Basin occurred after favlting in the late Cenozoic. The
faulting formed structurally high areas (mountain blocks) and structurally low areas
(basins such as the Salt Basin). Erosional sediments from the mountain blocks were
deposited in the basins and valleys.

Ground-Water Occurrence and Use

Because of the tilting and subsequent erosion of older stratigraphic units, the
Cenozoic alluvium lies unconformably on Permian, Triassic, and Cretaceous rocks
throughout most of the study area. Saturated deposits in the Triassic Dockum Group
(Santa Rosa Sandstone) and the alluvium in Ward, Winkler, Reeves, and Pecos Counties,
Texas, are hydraulically connected. This combined aquifer is called the Allurosa aquifer
(White, 1971, p. 17). Similarly, in parts of Pecos County, Texas, the Cenozoic alluvium is
hydraulically connected with underlying Cretaceous formations. This combined unit is
called the Pecos aquifer. Aquifers in the Cenozoic alluvium in the remaining counties of
the study area are generally considered as distinct units and are usually under water-
table conditions, but artesian conditions may exist locally where clay layers act as
confining beds.

20



Throughout the Delaware Basin, the aquifers in Cenozoic alluvium are extensively
used for domestic water supplies, irrigation, industry, and livestock. The Allurosa and
Pecos aquifers are a primary source of municipal water. An estimated 248,400 acre-feet
of water per year was pumped from the aquifers in Cenozoic alluvium in the Delaware
Basin in Texas in 1980 (table 13). Approximately 5 percent of this was for municipal use,
2 percent was for industrial use, 5 percent was withdrawn for mining, and 88 percent was
for irrigation. Water from the Cenozoic alluvium is also used in scattered areas
throughout New Mexico. A general decline of water levels has been observed in the
Carlsbad areaq; the rate of decline ranges from 0.3 to 4.0 feet per year (table 12) in wells
used for industrial and stock purposes (table 1). A saturated thickness map of the
Cenozoic alluvium (pl. 6) is provided to illustrate the potential availability of water.

Recharge and Discharge

The Cenozoic alluvium generally is recharged by infiltration of surface water from
surrounding uplands and along the channels of ephemeral streams and the Pecos River.
Because of the semiarid climate, recharge by infiltration from precipitation is significant
only during intense storms of long duration or frequent occurrence when the surface soil
attains a maximum moisture content and deep percolation takes place. Such climatic
conditions are infrequent but have occurred historically. Muller and Price (1979)
estimated the annual effective recharge for the bolson deposits in the Salt Basin and its
subareas (Culberson County) to be about 6,000 acre-feet per year. The estimate is based
on | percent of the mean annual precipitation recharging the aquifers. Dune sands in
Crane, Ward, and Winkler Counties, Texas, serve as excellent precipitation-infiltration
areas.

The amount of recharge by flow from adjacent formations depends on the hydraulic
and lithologic nature of these formations. For example, near Carlsbad, New Mexico, the
alluvium is partially recharged by flow from underlying Permian artesian limestone
aquifers. Similarly, recharge is greater from formations with high permeability such as
Cretaceous limestones and the Pecos aquifer in Texas, which contain solution cavities,
sinkholes, fractures, and sand units.

The Pecos River may be providing recharge to the Cenozoic alluvium in parts of
Reeves, Ward, and Pecos Counties, Texas. Heavy pumpage for irrigation in central
Reeves County and the area around Coyanosa in Pecos County has reversed the gradient
of the water table away from the Pecos River (pl. 5). The Pecos River generally
becomes more saline as it flows southward through the Delaware Basin (table 14). The
river is generally very saline in Pecos and Reeves Counties, which may cause the
deterioration of water quality in the Cenozoic alluvium. Wells 353 and 354 in Pecos
County and well 404 in Reeves County penetrate the aquifers in Cenozoic alluvium near
the areas of heavy pumping. Water from these wells is moderately saline; dissolved-
solids concentrations range from 4,217 to 9,760 milligrams per liter (table 5).

Muller and Price (1979) estimated the total annual effective recharge for the
Cenozoic alluvium in western Texas to be 70,800 acre-feet. !"The methodology. . .was
based on an increase in base flow of 34,000 acre-feet (41.9 hm?) along a segment of the
Pecos River between the New Mexico State Line and Girvin (U.S. Geological Stérvey,
1918; and White, 1971). Additional effective recharge of 36,800 acre-feet (45.4 hm>) per
year was estimated using 60 percent of the Pecos River average annual diversions for
irrigation as infiltration into the aquifer." (Muller and Price, 1979, p. 35).
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The Rustler Formation may be recharging the Cenozoic alluvium with water of
poor quality in northern Reeves County, Texas, where Dewey Lake Red Beds are not
separating the two units, as indicated by the higher dissolved-solids concentrations in
water in the Cenozoic alluvium in this area. The water is slightly to moderately saline.

Movement of ground water in the bolson deposits in Culberson County is generally
from recharge areas around basin margins and the ephemeral-stream channels to areas of
discharge in the lower parts of the basin. Ground water moves eastward to the Salt Flats
of western Culberson and northeastern Hudspeth Counties where it discharges primarily
by evapotranspiration. Where the water table is close to the land surface,
evapotranspiration is a source of discharge. Bjorkiund and Motts (1959, p. 215) state that
"The depths from which plants can lift ground water varies greatly with the species and
may be as much as 50 feet." Water-level contours below Salt Flats show that much of
the ground water moves into two water-table depressions, one in Wild Horse Flat and one
in Michigan Flat (pl. 5), where it is withdrawn for irrigation (Gates and others, 1980).

The most significant discharge of ground water from the Cenozoic alluvium is from
the hundreds of wells tapping this unit throughout the study area (pl. 5). Approximately
249,000 acre-feet was withdrawn in this manner in 1980 (table 13).

Agquifer-Test Data

Aquifer characteristics in the Cenozoic alluvium vary widely over the Delaware
Basin study area. Transmissivities range from |70 feet squared per day in Winkler
County, Texas, to 22,000 feet squared per day in Reeves County, Texas. Hydraulic
conductivities range from 1.2 feet per day in Winkler County, Texas, to 294 feet per day
in Ward County, Texas (table 9).

Water Quality

Water quality within the aquifers in Cenozoic alluvium and associated aquifers (the
Allurosa aquifer and the Pecos aquifer) of the Delaware Basin is highly variable because
of the local presence of adjacent evaporite beds (notably gypsum and halite) (Bjorklund
and Motts, 1959, p. 290), recharge by highly mineralized irrigation and Pecos River
water, and saline intrusion due to extensive pumping in areas where discharge is not
balanced by recharge. Dissolved-solids concentrations range from 188 to 15,000
milligrams per liter with an average value of 2,319 milligrams per liter for 315
analyses. Chloride concentrations range from 5 to 7,400 milligrams per liter with an
average valuve of 627 milligrams per liter for 360 analyses. Fluoride concentrations range
from 0.3 to 10 milligrams per liter with an average value of 1.8 milligrams per liter for
201 analyses (table 5).
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SUMMARY

The Delaware Basin in western Texas and southeastern New Mexico covers an area
of about 12,000 square miles and includes all or part of Crane, Culberson, Loving, Pecos,
Reeves, Ward, and Winkler Counties, Texas, and part of Eddy and Lea Counties, New
Mexico.  Major aquifers in the Delaware Basin are the Capitan aquifer, Rustler
Formation, Santa Rosa Sandstone, and aquifers in Cenozoic alluvium.

The Capitan aquifer is present in all of the counties in the Delaware Basin except
Crane, Loving, and Reeves Counties. It is composed of the Capitan and Goat Seep
Limestones and the Artesia Group, which includes in ascending order, the Grayburg,
Queen, Seven Rivers, Yates, and Tansill Formations. The aquifer parallels the edge of
the Delaware Basin in an arcuate strip along the northern and eastern margins, extending
from the Guadalupe Mountains to the Glass Mountains and is probably present along the
western and southwestern margins of the Delaware Basin. The thickness is quite
variable, with a maximum of about 2,357 feet. The Capitan aquifer is the source of
domestic water supply in southern Eddy County and municipal water supply in Carlsbad,
Happy Valley, and White's City. |t is a source for irrigation water in Eddy County and a
few places in Texas. Dissolved-solids concentrations range from 303 milligrams per liter
in Pecos County to 31,700 milligrams per liter in Eddy County. Chloride concentrations
range from 16 milligrams per liter in Pecos County to 16,689 milligrams per liter in Eddy
County. Fluoride concentrations range from 0.5 milligram per liter in Eddy County to
3.0 milligrams per liter in Pecos County. Water quality varies widely over relatively
small areas, probably because of hydraulic communication with the Pecos River and with
formations containing very poor water or possibly because brine injected for enhanced
recovery of oil has migrated into the Capitan aquifer.

The Rustler Formation is present in most of the Delaware Basin. Its thickness in
Texas usually ranges from about 200 to 500 feet. Water quality in Texas is generally
poor, with dissolved-solids concentrations ranging from 286 milligrams per liter in Ward
County to 157,000 milligrams per liter in Winkler County. Chloride concentrations range
from 15 milligrams per liter in Culberson County to 89,700 milligrams per liter in
Winkler County. Fluoride concentrations range from 0.5 milligram per liter in Ward
County to |l.4 milligrams per liter in Crane County. Where the water quality is
satisfactory, water can be used for irrigating salt-tolerant crops.

The Santa Rosa Sandstone is present in all or part of each county in the Delaware
Basin study area except Culberson County, Texas. The maximum thickness is 520 feet.
In the eastern part of Eddy County and the western third of Lea County, New Mexico,
the Santa Rosa Sandstone is the principal aquifer. In Texas, where the Santa Rosa
Sandstone and the Cenozoic alluvium are hydraulically connected, they are collectively
called the Allurosa aquifer. The estimated annual pumpage in Texas from the Santa Rosa
Sandstone-Allurosa aquifer is in excess of 25,000 acre-feet. Cities that obtain their
municipal water from the aquifer include Barstow, Pecos, Monahans, and Kermit,
Texas. Water quality is variable. Where the Santa Rosa Sandstone is a distinct entity,
chloride concentrations range from 10 milligrams per liter in Ward and Winkler Counties
to 4,800 milligrams per liter in Ward County. Dissolved-solids concentrations range from
205 milligrams per liter in Winkler County to 2,990 milligrams per liter in Winkler
County. Fluoride concentrations range from 0.4 milligram per liter in Reeves County to
5.0 milligrams per liter in Crane County.
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Aquifers in Cenozoic alluvium are present in every county in the Delaware Basin.
They consist of clastic deposits from surrounding uplands, Pecos River and other fluvial
deposits, caliche, gypsite, conglomerates, terrace deposits, windblown sand, and playa
deposits. The maximum saturated thickness is more than 1,400 feet. The Cenozic
alluvium is used extensively throughout most of the Delaware Basin for public water
supply, irrigation, industry, livestock, and rural domestic use. The water quality in
aquifers in Cenozoic alluvium including the Allurosa aquifer and the Pecos aquifer can be
highly variable due to the local presence of evaporite deposits, recharge by highly
mineralized water from irrigation and the Pecos River, and saline intrusion caused by
extensive pumping. Dissolved-solids concentrations range from 188 to 15,000 milligrams
per liter. Chloride concentrations range from 5 to 7,400 milligrams per liter. Fluoride
concentrations range from 0.3 to [0 milligrams per liter.

All of the aquifers in the Delaware Basin study area locally contain water that is
not suitable for human consumption. The following table shows the four formations or
aquifers studied and the average concentrations of dissolved solids, chloride, and fluoride
calculated from the samples listed in the water-quality tables.

Capitan Rustler | Santa Rosa Cenozoif
Constituent aquifer Formation~ Sandstone alluvium#2/

Dissolved solids

Number of analyses 21 37 34 315

Average

concentration (mg/L) 8,196 16,110 984 2,319
Chloride

Number of analyses 21 40 37 360

Average

concentration (mg/L) 3,350 6,472 258 627
Fluoride

Number of analyses 10 10 27 201

Average

concentration (mg/L) 1.7 2.8 1.9 1.8
1/ Texas only
2/ Includes Allurosa and Pecos aquifers.

24



REFERENCES

Adams, J. E., 1944, Upper Permian Ochoa series of Delaware Basin, west Texas and
southeastern New Mexico: American Association of Petroleum Geologists Bulletin,
v. 28, no. |1, p. 1596-1625,

___1965, Stratigraphic-tectonic development of Delaware Basin: American Association of
+  Petroleum Geologists Bulletin, v. 49, no. 11, p. 2140-2148,

Anderson, R. Y., 1978, Deep dissolution of salt, northern Delaware Basin, New Mexico:
Consultant's report to Sandia Laboratories, 106 p.

___198l, Deep-seated salt dissolution in the Delaware Basin, Texas and New Mexico in
Environmental geology and hydrology in New Mexico, 1981: New Mexico Geological
Society Special Publication 10, p. 133-145.

Anderson, R. Y., Dean, W. E., Jr., Kirkland, D. W., and Snider, H. 1., 1972, Permian
Castile varved evaporite sequence, west Texas and New Mexico: Geological Society.
of America Bulletin, v. 83, p. 59-85.

Armstrong, C. A., and McMillion, L. G., 1961, Geology and ground-water resources of
Pecos County, Texas: Texas Board of Water Engineers Bulletin 6106, v. | and 1,
536 p.

Audsley, G. L, 1956, Reconnaissance of ground-water development in the Fort Stockton
area , Pecos County, Texas: U.S. Geological Survey open-file report, 68 p.

Bachman, G. O., 1973, Surficial features and late Cenozoic history in southeastern New
Mexico: U.S. Geological Survey open-file report, 32 p.

___1974, Geological processes and Cenozoic history related to salt dissolution in
southeastern New Mexico: U.S. Geological Survey Open-File Report 74-194, 8l p.

___ 1976, Cenozoic deposits of southeastern New Mexico and an outline of the history of
evaporite dissolution: U.S. Geological Survey Journal of Research, v. 4, no. 2,
pc |35-|49¢

___1980, Regional geology and Cenozoic history of Pecos Region, southeastern New
Mexico, U.S. Geological Survey Open-File Report 80-1099, 116 p.

___198l, Geology of Nash Draw, Eddy County, New Mexico, U.S. Geological Survey Open-
File Report 81-3l, 8 p.

Barnes, V. E., 1975, Geologic atlas of Texas, El Paso Sheet: University of Texas Bureau
of Economic Geology, scale 1:250,000.

___1976aq, Geologic atlas of Texas, Hobbs sheet: University of Texas Bureau of Economic
Geology, scale 1:250,000.

25



REFERENCES - Continued

Barnes, V. E., 1976b, Geologic atlas of Texas, Pecos sheet: University of Texas Bureau
of Economic Geology, scale 1:250,000.

___1979, Geologic atlas of Texas, Marfa sheet: University of Texas Bureau of Economic
Geology, scale 1:250,000.

Bates, R. L., and Jackson, J. A., eds., 1980, Glossary of geology, second edition: Falls
Church, Virginia, American Geological Institute, 749 p,

Berg, R. R., 1979, Reservoir sandstones of the Delaware Mountain Group, southeast New
Mexico, in Guadalupian Delaware Mountain Group of west Texas and southeast New
Mexico: Permian Basin Section-Society of Economic Paleontologists and
Mineralogists Publication 79-18, p. 75-95,

Bjorklund, L. J., and Motts, W. S., 1959, Geology and water resources of the Carlsbad
area, Eddy County, New Mexico: U.S. Geological Survey open-file report, 322 p.

Bredehoeft, J. D., and Papadopulos, S. S., 1980, A method for determining the hydraulic
properties of tight formations: Water Resources Research, v. 16, no. |, p. 233-238,

Brokaw, A. L., Jones, C. L., Cooley, M. E., and Hays, W. H., 1972, Geology and hydrology
of the Carlsbad potash area, Eddy and Lea Counties, New Mexico: U. S. Geological
Survey Open-File Report 72-49, 86 p.

Brown, J. B., Rogers, L. T., and Baker, B. B., 1965, Reconnaissance investigation of the
ground-water resources of the middle Rio Grande basin, Texas, in Reconnaissance
investigations of the ground-water resources of the Rio Grande basin, Texas: Texas
Water Commission Bulletin 6502, p. M 1-M80.

Cooper, H. H., Jr., Bredehoeft, J. D., and Papadopulos, S. S., 1967, Response of a finite-

diameter well to an instantaneous charge of water: Water Resources Research, v. 3,
no. 1, p. 263-269,

Cooper, J. B., 1960, Geologic section from Carlsbad Caverns National Park through the
Project Gnome site, Eddy and Lea Counties, New Mexico: U.S. Geological Survey
Trace Elements Investigations 767, | sheet.

__196l, Test holes drilled in support of ground-water investigations Project Gnome, Eddy
County, New Mexico: U.S. Geological Survey Trace Elements Investigations 786,
116 p.

___1962a, Ground-water investigations of the Project Gnome area, Eddy and Lea
Counties, New Mexico: U.S. Geological Survey Trace Elements Investigations 802,
60 p.

26



REFERENCES - Continued

Cooper, J. B., 1962b, Ground water in Cenozoic fill in collapse structures, southeastern
Eddy County, New Mexico, in Geological Survey Research, 1962: U.S. Geological
Survey Professional Paper 450-E, p. E152-153.

Cooper, J. B., and Glanzman, V. M., 1971, Geohydrology of Project Gnome site, Eddy
County, New Mexico: U.S. Geological Survey Professional Paper 712-A, 24 p.

Cooper, J. B., and others, 1962, Hydrologic and geologic studies for Project Gnome,
preliminary report: U.S. Geological Survey Project Ghome Report PNE-I30P, 54 p.

Core Laboratories, Inc., 1972, A survey of the subsurface saline water of Texas: Texas
Water Development Board Report 157, 8 vol.

Cox, E. R., and Havens, J. S., 1961, Evaluation of the Queen Lake Depression, Eddy
County, New Mexico, as a storage basin for brine: U.S. Geological Survey open-file
report, 110 p.

___1965, A progess report on the Malaga Bend experimental salinity alleviation project,
Eddy County, New Mexico: U.S. Geological Survey open-file report, 9l p.

Cox, E. R., and Kunkler, J. L., 1962, Feasibility of injecting brine from Malaga Bend into
the Delaware Mountain Group, Eddy County, New Mexico: U.S. Geological Survey
open-file report, 69 p.

Dane, C. H., and Bachman, G. O., 1965, Geologic map of New Mexico: U.S. Geological
Survey, scale 1:500,000, 2 sheets.

Darton, N. H., Stephenson, L. W., and Gardner, J., 1937, Geologic map of Texas: U.S.
Geological Survey, scale 1:500,000,

Dennehy, K. F., 1982, Results of hydrologic tests and water-chemistry analyses, wells H-
6A, H-6B, and H-6C at the proposed Waste Isolation Pilot Plant site, southeastern
New Mexico: U.S. Geological Survey Water-Resources Investigations 82-8, 68 p.

Dennehy, K. F., and Mercer, J. W., 1982, Results of hydrologic tests and water-chemistry
analyses, wells H-5A, H-5B, and H-5C at the proposed Waste Isolation Pilot Plant
site, southeastern New Mexico: U.S. Geological Survey Water-Resources
Investigations 82-19, 83 p.

Dinwiddie, G. A., 1963, Municipal water supplies and uses, southeastern New Mexico, New
Mexico State Engineer Technical Report 29A, 140 p.

Gard, L. M., Jr., 1968, Geologic studies, Project Gnome, Eddy County, New Mexico: U.S.
Geological Survey Professional Paper 589, 33 p.

Garza, S., and Wesselman, J. B., 1959, Geology and ground-water resources of Winkler
County, Texas: Texas Board of Water Engineers Bulletin 5916, 200 p.

27



REFERENCES - Continued

Gates, J. S., White, D. E., Stanley, W. D., and Ackermann, H. D., 1980, Availability of
fresh and slightly saline ground water in the basins of westernmost Texas: Texas
Department of Water Resources Report 256, 108 p.

Grauten, W. F., 1965, Fluid relationships in Delaware Mountain sandstone, in Fluids in
subsurface environments: American Association of Petroleum Geologists Memoir 4,
p. 294-308.

Grove, D. B., and Beetem, W. A., 1971, Porosity and dispersion constant calculations for a
fractured carbonate aquifer using the two well tracer method: Water Resources
Research, v. 7, no. |, p. 128-134.

Guyton, W. F., and Associates, 1958, Report on ground-water resources in the Monahans -
Toyah Areq, including parts of Winkler, Ward, Pecos, Reeves, and Loving Counties,
Texas: Consultant's report to Texas Electric Service Company, Fort Worth, Texas,
69 p.

Hale, W. E., 1945, Ground-water conditions in the vicinity of Carlsbad, New Mexico: New
Mexico State Engineer 16th and 17th Biennial Report, 1942-46, p. 195-260.

___1955, Ground-water conditions in the vicinity of Rattlesnake Springs, Eddy County,
New Mexico: New Mexico State Engineer Technical Report 3, 54 p.

1961, Availability of ground water in New Mexico, in Sixth annual New Mexico water
conference, November 1-2, 1961: Ground water availability, quantity, quality, uses:
Las Cruces, New Mexico State University, p. [1-22.

Hale, W. E., and Clebsch, Alfred, Jr., 1958, Preliminary appraisal of ground-water
conditions in southeastern Eddy County and southwestern LLea County, New Mexico:
U.S. Geological Survey Trace Elements Memorandum 1045, 23 p.

Hale, W. E., Hughes, L. S., and Cox, E. R., 1954, Possible improvement of quality of
water of the Pecos River by diversion of brine at Malaga Bend, Eddy County, New
Mexico: Pecos River Commission, New Mexico and Texas, 43 p.

Harms, J. C., 1974, Brushy Canyon Formation, Texas: A deep-water density-current
deposit: Geological Society of America Bulletin, v. 85, no. 11, p. 1763-1784.

Havens, J. S., and Wilkins, D. W., 1980, Experimental salinity alleviation at Malaga Bend
of the Pecos River, Eddy County, New Mexico: U.S. Geological Survey Water-
Resources Investigations 80-4, 65 p.

Hem, J. D., 1970, Study and interpretation of the chemical characteristics of natural
water (2d ed.): U.S. Geological Survey Water-Supply Paper 1473, 363 p.

Hendrickson, G. E., and Jones, R. J., 1952, Geology and ground-water resources of Eddy
County, New Mexico: New Mexico Bureau of Mines and Mineral Resources Ground
Water Report 3, 169 p.

28



REFERENCES - Continued

Herald, A., ed., 1957, Occurrence of oil and gas in West Texas: University of Texas
Bureau of Economic Geology Publication 5716, 442 p.

Hiss, W. L., 1973, Capitan aquifer observation well network, Carlsbad to Jal, New
Mexico: New Mexico State Engineer Technical Report 38, 76 p.

1976, Stratigraphy and ground-water hydrology of the Capitan aquifer, southeastern
New Mexico and west Texas: Boulder, University of Colorado, unpublished Ph.D.
dissertation, 396 p.

Jones, C. L., 1954, The occurrence and distribution of potassium minerals in southeastern
New Mexico, in Guidebook to Southeastern New Mexico: New Mexico Geological
Society 5th Field Conference, p. 107-112.

Jones, C. L., and others, 1973, Salt deposits of Los Medailos area, Eddy and Lea Counties,
New Mexico: U.S. Geological Survey open-file report, 67 p.

Kendall, C. G., 1969, An environmental re-interpretation of the Permian evaporite
carbonate shelf sediments of the Guadalupe Mountains: Geological Society of
America Bulletin, v. 80, no. 12, p. 2503-2525.

King, P. B., 1942, Permian of West Texas and southeastern New Mexico, Part 2, in
DeFord, R. K., and Lloyd, E. R., eds., West Texas-New Mexico--a symposium:
American Association of Petroleum Geologists Bulletin, v. 26, no. 4, p. 535-763.

___ 1948, Geology of the southern Guadalupe Mountains, Texas: U.S5. Geological Survey
Professional Paper 215, 183 p.

Maley, V. C., and Huffington, R. M., 1953, Cenozoic fill and evaporite solution in the
Delaware Basin, Texas and New Mexico: Geological Society of America Bulletin,
Vn 6[‘;’ nO. 5’ pn 539-546.

Meissner, F. F., 1972, Cyclical sedimentation in mid-Permian strata, in Elam, J. G., and
Chuber, Stewart, eds., Cyclic sedimentation in the Permian Basin (2d ed.): West
Texas Geological Society Publication 72-18, p. 203-232.

Mercer, J. W., 1983, Geohydrology of the proposed Waste Isolation Pilot Plant site, Los
Medafios areq, southeastern New Mexico: U.S. Geological Survey Water-Resources
Investigations Report 83-4016, 113 p.

Mercer, J. W., and Orr, B. O., 1979, Interim data report on the geohydrology of the
proposed Waste Isolation Pilot Plant site, southeast New Mexico: U.S. Geological
Survey Water-Resources Investigations 79-98, 178 p.

Muller, D. A., and Price, R. D., 1979, Ground-water availability in Texas: Texas
Department of Water Resources Report 238, 77 p.

Muse, W. R., 1965, Water-level data from observation wells in Pecos and Reeves
Counties, Texas: Texas Water Commission Bulletin 6507, 59 p.

29



REFERENCES - Continued

Myers, B. N., 1969, Compilation of results of aquifer tests in Texas: Texas Water
Development Board Report 98, 532 p.

Nicholson, Alexander, Jr., and Clebsch, Alfred, Jr., 196l, Geology and ground-water
conditions in southern Lea County, New Mexico: New Mexico Bureau of Mines and
Mineral Resources Ground-Water Report 6, 123 p.

Ogilbee, W., and Wesselman, J. B., 1962, Geology and ground-water resources of Reeves
County, Texas with a section on Quality of water by Burdge Irelan: Texas Water
Commission Bulletin 6214, 2 vols., 438 p.

Oriel, S. S., Myers, D. A., and Crosby, E. J., 1967, West Texas Permian Basin region, in
McKee, E. D., Oriel, S. S., and others, Paleotectonic investigations of the Permian
System in the United States: U.S. Geological Survey Professional Paper 515, p. 17~
60.

Papadopulos, S. S., Bredehoeft, J. D., and Cooper, H. H., Jr., 1973, On the analysis of
"slug test" data: Water Resources Research, v. 9, no. 4, p. 1087-1089.

Perkins, R. D., Buckner, A. W., and Henry, J. M., 1972, Availability and quality of ground
water in the Cenozoic alluvium aquifer in Reeves, Pecos, Loving, and Ward
Counties, Texas: Texas Water Development Board, E| Paso District Office, open-
file report, 28 p.

Powers, D. W., 1981, Geologic investigations of the WIPP site--overview and issues in
Environmental genlogy and hydrology in New Mexico: New Mexico Geological
Society Special Publication 10, p. 119-122,

Powers, D. W., Lambert, S. J., Shaffer, S. E., Hill, L. R., and Weart, W. D., 1978,
Geological characterization report, Waste Isolation Pilot Plant (WIPP) site,
southeastern New Mexico: Sandia Laboratories Report SAND78-1596, two volumes.

Rayner, F. A., 1959, Records of water-level measurements in Crane and Midland
Counties, Texas, 1937 through 1957: Texas Board of Water Engineers Bulletin 5906,
19 p.

Reed, E. L., and Associates, 1975, Evaluation of the Rustler aquifer, Ross Ranch, Eddy
County, New Mexico: Consultant's report to George Ross, Pecos, Texas, 9 p.

Reeves, R. D., 1968, A reappraisal of the ground-water resources of Winkler County,
Texas, with particular emphasis on conditions in the vicinity of Kermit: U.S.
Geological Survey open-file report, 38 p.

Richardson, G. B., 1904, Report of a reconnaissance in Trans-Pecos Texas, north of the

Texas and Pacific Railway: Texas University Mineral Survey Bulletin 9, and Texas
University Bulletin 23, 119 p.

30



REFERENCES - Continued

Robinson, T. W., and Lang, W. B., 1938, Geology and ground-water conditions of the
Pecos River valley in the vicinity of Laguna Grande de la Sal, with special reference
to the salt content of the river water: New Mexico State Engineer |2th and |3th
Biennial Reports, 1934-38, p. 77-100,

Roswell Geological Society, 1953, North-south correlation section, western flank of
Permian Basin southeastern New Mexico, De Baca County, New Mexico, to
Culberson County, Texas: Roswell Geological Society Stratigraphic Studies
Committee, | sheet.

Sandia National Laboratories and University of New Mexico, 1981, Basic data report for
drillhole WIPP |5 (Waste Isolation Pilot Plant-WIPP): Sandia National Laboratories
Report SAND79-0274, 80 p.

Shafer, G. H., 1956, Ground-water resources of the Crane sandhills, Crane County,
Texas: Texas Board of Water Engineers Bulletin 5604, 104 p.

Silver, B. A. , and Todd, R. G., 1969, Permian cyclic strata, northern Midland and
Delaware Basins, west Texas and southeastern New Mexico: American Association
of Petroleum Geologists Bulletin, v. 53, no. | I, p. 2223-2251.

Sullivan, N. M., 1979, Guadalupian Delaware Mountain Group of west Texas and southeast
New Mexico: Permian Basin Section--Society of Economic Paleontologists and
Mineralogists Publication 79-18, 244 p,

Texas Department of Water Resources, 1980, Computer printouts of ground-water-
quality samples, water-level measurements, and water-use data files for counties in
Texas, in Texas water-oriented data bank: Texas Department of Water Resources.

Texas Water Development Board, 1977, Continuing water-resources planning and
development for Texas: Austin, Texas, Texas Water Development Board, v. 2, 814 p,

Theis, C. V., and Sayre, A. N., 1942, Geology and ground water, in U.S. National
Resources Planning Board, 1942, Pecos River Joint Investigation - Reports of the
participating agencies: Washington, U.S. Government Printing Office, p. 27-38.

Trauger, F. D., 1972, Water resources and general geology of Grant County, New
Mexico: New Mexico State Bureau of Mines and Mineral Resources Hydrologic
Report 2, p. 115-118.

U.S. Congress, 1974, Safe Drinking Water Act: Public Law 93-523, 88 stat. 1660, 42
U.S.C. 300.

U.S. Environmental Protection Agency, 1976 , National interim primary drinking water
regulations: EPA-570/9-76-003, 159 p.

31



REFERENCES - Concluded

U.S. Geological Survey, 1981a, Water resources data for New Mexico, Water Year 1980:
U.S. Geological Survey Water-Data Report NM-80-1, p. 371-397.

___1981b, Water resources data for Texas, Water Year 1980: U.S. Geological Survey
Water-Data Report TX-80-3, p. 519-522,

___198lc, Annual observation-well water levels: unpublished data.
___ 1982, Computer printouts from WATSTORE, Eddy and Lea Counties, New Mexico.

Vine, J. D., 1963, Surface geology of the Nash Draw quadrangle, Eddy County, New
Mexico: U.S. Geological Survey Bulletin | 14]1-B, 46 p.

Walker, L. E., 1979, Occurrence, availability, and chemical quality of ground water in the

Edwards Plateau region of Texas: Texas Department of Water Resources Report
235, 336 p.

Watson, W. G., 1979, Inhomogeneities of the Ramsey Member of the Permian Bell Canyon
Formation, Geraldine Ford Field, Culberson and Reeves Counties, Texas, in
Guadalupian Delaware Mountain Group of west Texas and southeast New Mexico:

Permian Basin Section - Society of Economic Paleontologists and Mineralogists
Publication 79-18, p. 2-38.

West Texas Geological Society, Stratigraphic Problems Committee, 1962-63, Cross-
section through Delaware and Val Verde Basins from Lea County, New Mexico, to
Edwards County, Texas: West Texas Geological Society Publication 64-49,

___ 1949, East-west cross section through southern Permian Basin of West Texas, Fisher
County through El Paso County: West Texas Geological Society, 34 p.

White, D. E., 1971, Water resources of Ward County, Texas: Texas Water Development
Board Report 125, 219 p.

White, D. E., Gates, J. S., Smith, J. T., and Fry, B. J., 1980, Ground-water data for the
Salt Basin, Eagle Flat, Red Light Draw, Green River Valley, and Presidio Bolson in
westernmost Texas: Texas Department of Water Resources Report 259, 97 p.

Williamson, C. R., 1979, Deep-sea sedimentation and stratigraphic traps, Bell Canyon
Formation (Permian) Delaware Basin, in Guadalupian Delaware Mountain Group of
west Texas and southeast New Mexico: Permian Basin Section - Society of
Economic Paleontologists and Mineralogists Publication 79-18, p. 39-74.

Winslow, A. G., and Kister, L. R., 1956, Saline-water resources of Texas: U.S. Geological
Survey Water-Supply Paper 1365, 105 p.

32



SUPPLEMENTAL INFORMATION

Glossary of Geohydrologic Terms

(modified from Trauger, 1972)

Acre-foot--The amount of water (325,851 gal) that will cover one acre to a depth of |
foot.

Agquifer--A rock formation, group of formations, or a part of a formation containing
water that can be recovered through wells. An aquifer may be called also a water-
bearing bed, formation, or zone.

Artesian water--Ground water that rises above the level at which it is encountered by a
well, but which does not necessarily rise to or above the surface of the ground--also
called confined water. The rock in which artesian water is found may be called an
artesian aquifer, and the well an artesian well, especially if water flows at the
surface. Water that is semiconfined is also artesian. A semiconfined aquifer is one
that is confined by beds that do not form a perfect seal, thus permitting leakage into
or out of the aquifer, depending upon the head relative to the head in overlying and
underlying beds.

Bolson--A basin, depression, or wide valley, mostly surrounded by mountains, drained by a
system that has no outlet to the sea. Bolson fill is the alluvial detritus that fills a
bolson--also commonly called bolson deposits.

Cone of depression--The depression produced in a water table or potentiometric surface
by ground-water withdrawals (or artesian flow).

Confined water--The same as artesian water.

Confining bed--A rock formation that will not transmit water readily and which retards
or stops the free movement of water underground. Confining beds also have been
called aquicludes, aquitards, or semiconfining beds.

Few rocks are completely impermeable--most will transmit some water, though
slowly; hence, "aquifer" and "confining bed" are relative terms. A rock formation
with a low capacity to transmit water may abut or overlie a very permeable
formation, in which case it might act as a dam or as a confining bed. Elsewhere that
same formation might provide a small, reliable supply of water to wells, in which
case it would be considered an aquifer.

Discharge--Rate of flow at a given instant in terms of volume per unit of time: pumping
discharge equals pumping rate, usually given in gallons per minute; stream discharge,
usually given in cubic feet per second. In ground-water use, discharge is the
movement of water out of an aquifer. Discharge may be natural, as from springs, by
seepage, or by evapotranspiration, or it may be artificial, as by constructed drains or
from wells.
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Drawdown--The lowering of the water table or potentiometric surface caused by ground-
water withdrawals (or artesian flow).
Knowledge of the amount of drawdown at a given pumping rate, over a specified
length of time, is necessary to estimate the probable long-term effect on the water
table or potentiometric surface of withdrawals from the aquifer.

Hydraulic_conductivity--The flow rate of water in feet per day (meters per day) through
a cross section of one square foot under a hydraulic gradient of unit change in head
through the unit length of flow (Bates and Jackson, 1980).

Infiltration--Movement of water through the soil surface into the ground. Infiltration
takes place above the water table, as distinguished from percolation, which is the
more or less horizontal movement of water in saturated material below the water
table.

Intermittent stream--A stream that flows for only a part of the time. Flow generally
occurs for several weeks or months during or after seasonal precipitation, due to
ground-water discharge, in contrast to the ephemeral stream that flows but a few
hours or days following a single storm.

Losing stream--A stream that loses water by infiltration through the bed and bank--
sometimes called influent stream.

Milligrams per liter (mg/L)--A measure of the concentration of a substance in a
solution. A milligram per liter is one thousandth of a gram (0.00! gram) of a
substance in one liter (about 1,000 cubic centimeters) of solution. A milligram per
liter (mg/L) is equivalent to | part per million (ppm) for concentrations of about
7,000 ppm or less.

Parts per million (ppm)--(See milligrams per liter.)

Perched water--Ground water held or detained above the regional water table by a layer
or bed of impermeable or semipermeable rock.

Percolation--(See infiltration.)

Porosity--The ratio of the total volume of pore space (voids in a rock or soil) to its total
volume, usually stated as a percentage. Effective porosity is the ratio of the total
volume of interconnected voids to the total volume. Unconnected voids contribute
to total porosity, but are ineffective in transmitting water through the rock.

Potentiometric surface--The surface which represents the static head, especially in those
aquifers in which water is confined under some hydrostatic pressure. As related to
an aquifer, it is determined by the levels to which water will rise in tightly cased
wells. The water table is a particular potentiometric surface, all points on which
are at zero hydrostatic pressure. Syn: piezometric surface; pressure surface.
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Pump test--Term commonly (though improperly) used to describe the testing of a well to
determine the potential yield; the term "aquifer test" is more appropriate as it is the
aquifer, not the pump, that is being tested.

Recharge--Process by which water infiltrates and is added to an aquifer, either directly
into the aquifer, or indirectly by way of another rock formation; also, the water
itself.

Recharge may be natural, as when precipitation infiltrates to the water table, or
artifical, when water is injected through wells or spread over permeable surfaces for
the purpose of recharging an aquifer.

Saturated thickness--The thickness of the zone of saturation. (See zone of saturation.)

Soil moisture--Moisture held in the soil zone.

Most precipitation that falls in arid and semiarid lands either evaporates
immediately or is held for a relatively short time in the soil zone where, if it is not
used by plants, it ultimately is evaporated. Some soil moisture generally is held so
tightly by capillary attraction that it is not available to plants and is not evaporated
by normal temperatures.

Specific capacity--Yield of a well in gallons per minute per foot of drawdown after a
specified period of pumping.

A well yielding 20 gallons per minute with a drawdown of 5 feet has a specific
capacity of 4 gallons per minute per foot at that time, at that particular rate of
pumping, and at that pumping level. The specific capacity may change with time. It
may increase as the formation is opened up by removal of fine material, or it may
decrease. Decreases are to be expected more commonly than increases as the
aquifer is dewatered and as perforations in the casing or screen or voids in the
aquifer become clogged for one reason or another,

Specific yield--ratio of (1) the volume of water a saturated rock will yield by gravity to
(2) its own volume, expressed as a ratio or percentage. If the time the material is
allowed to drain is known, it should be stated.

If 40 cubic feet of saturated rock yields 3 cubic feet of water by gravity drainage,
its specific yield is 3/40 or 0.075 or 7.5 percent.

Static water level--The level at which water stands in a nonpumping well--the
prepumping level. Also, the level to which water eventually will return after
pumping has stopped, sometimes called the recovery level.

The recovery level may not stand as high as the original or first static level if the
wcter) pumped has come from storage and is not replaced by recharge. (See water
level.

35



Storage coefficient--Volume of water released or taken into storage in an aquifer per
square foot of surface area per foot of vertical change in the head. The storage
coefficient is approximately equal to the specific yield for nonartesian (unconfined)
aquifers. It is much less for confined aquifers because in a confined aquifer it
represents the change due to the combined compressibility of the aquifer and water,
which is very slight.

Transmissivity--Ability of a rock to transmit water under hydraulic head. The
transmissivity is the rate of flow of water at the prevailing temperature, through a
vertical unit-wide strip of the aquifer, extending the full height of saturation, under
unit hydraulic gradient (I unit of head per unit of flow distance). In this report, the
units used are feet squared per day.

Water level--The surface of still water; the altitude or level of a water surface above or
below a given datum.

Water levels in wells fluctuate in response to natural causes and to activities of
man. Some fluctuations of water levels can be correlated with variations in
atmospheric pressure. Seasonal changes in water levels can result from variations in
rates of recharge and discharge. Increased precipitation, death of seasonal
vegetation, or reduced ground-water withdrawals can result in a rise in water levels;
declines generally begin during and after periods of drought, heavy pumping,
reactivated growth of vegetation, or upstream diversion of surface flow.

Fluctuations of water levels must be measured over definite periods of time to
determine their causes, to aid in understanding the occurrence and behavior of
ground water in an areg, and to help determine action for development or
conservation of supplies of water.

Water table--Upper surface of the zone of saturation where that surface is not confined
and is at atmospheric pressure. Where water is confined in an aquifer, different
terminology is used--see potentiometric surface.

Moisture usually occurs some distance above the water table within the capillary
fringe. The position of the water table below the land surface can be determined by
measuring the depth to water in wells.

Water year--The period October | through September 30 of any two successive years, as
October 1980 through September 1981.

A period based on the seasonal cycles of rainfall, runoff, and plant growth. Fall
and winter precipitation greatly affects the following year's early growth of
vegetation because it is stored as soil moisture and snowpack. For realistic
consideration of the relation of precipitation to plant growth, as with tree-ring
analysis or crop and range predictions, the October through December precipitation
must be considered with that falling during the successive spring and summer
growing months.

Zone of saturation--Zone in which all the connected interstices or voids in a permeable
rock are filled with water under pressure equal to, or greater than, atmospheric
pressure. The water table commonly is considered to be at the top of the zone of
saturation.
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Well-Numbering Systems

New Mexico

The system of numbering wells in New Mexico is based on the common subdivision
of public lands into sections. The well number, in addition to designating the well,
locates it to the nearest 10-acre tract in the land net (fig. 4).

The well number consists of four parts separated by periods. The first part is the
township number, the second part is the range number, and the third part is the section
number. Since all the township blocks in the Delaware Basin are south of the New
Mexico Base Line and east of the New Mexico Principal Meridian, the letters "S" and "E"
indicating direction are not used in this report. Hence, the number 20.35.31 is assigned
to any well located in sec. 31, T. 20 S., R. 35E.

The fourth part of the number consists of three digits that denote the particular
[0-acre tract within the section in which the well is located. The method of nhumbering
the tracts within a section is also shown in figure 4. For this purpose the section is
divided into four quarters, numbered 1, 2, 3, and 4, in the normal reading order, for the
northwest, northeast, southwest, and southeast quarter, respectively. The first digit of
the fourth part gives the quarter section, which is a tract of 160 acres. Each quarter is
subdivided in the same manner so that the first and second digit together define the 40-
acre tract. Finally, the 40-acre tract is divided into four 10-acre tracts and the third
digit denotes the |0-acre tract. Thus, well 20.35.31.113 in Lea County is located in the
SWi of the NW% of the NWH of section 31, T. 20S., R. 35E. Letters q, b, ¢, ... are added
to the last part of the location number to designate the second, third, fourth, and
succeeding wells in the same |0-acre tract, or the |0-acre tract can be subdivided
further.

If a well cannot be located accurately within a 10-acre tract, a zero is used as the
third digit of the fourth part of the well number, and if it cannot be located accurately
within a 40-acre tract, zeros are used for both the second and third digits. If the well
cannot be located more closely than the section, the fourth part of the well number is
omitted.

Texas

In previous Texas publications, many different systems of numbering wells have
been used. Guyton and Associates (1958) numbered wells consecutively in one series.
Garza and Wesselman (1959) used a 10-minute grid system. The grids were identified by
letters of the alphabet, from A to H, starting with the northwest grid and moving in a
west-to-east, north-to-south succession. Inside grids, individual wells were numbered
consecutively beginning in the northwest corner.
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Figure 4.--System of numbering wells in New Mexico.
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In order to facilitate the location of wells and to avoid duplication of well numbers,
the Texas Department of Water Resources (formerly the Texas Water Development
Board and the Texas Water Commission) adopted a statewide well-numbering system.
This system is based on division of the State into quadrangles formed by degrees of
latitude and longitude, and the division of these quadrangles into smaller ones (fig. 5).

The largest quadrangle, measuring | degree of latitude and longitude, is divided
into sixty-four 7%-minute quadrangles, each of which is further divided into nine 2%-
minute quadrangles. Each |-degree quadrangle in Texas has been assigned a number for
identification. The 7%2-minute quadrangles are numbered consecutively from left to right
beginning in the upper left-hand corner of the |-degree quadrangle, and the 2%-minute
quadrangles within the 7%2-minute quadrangle are similarly numbered. The first two
digits of a well number identify the |-degree quadrangle; the third and fourth digits
identify the 7%-minute quadrangle; the fifth digit identifies the 2%-minute quadrangle
(Brown and others, 1965, p. Mé). For example, well 57-15-701 in figure 5 is the first well
located in the seventh section of the 2%2-minute quadrangle, which is located in the
fifteenth section of the 7%-minute quadrangle that is in the fifty-seventh section of the
I-degree quadrangle.

Well-Numbering System Used in This Report

In this report, a unique set of arbitrary consecutive numbers was used for well
designations because of the multiplicity of independent numbering systems used in
previous publications. In table | of this report, if well information was obtained from
two different sources with different numbering systems, the well is listed twice to show
both well numbers. Table | can be used, therefore, as a limited cross reference to
different numbering systems.

Parts per Million and Milligrams per L iter

Because of the wide variation in dates of publication of previous reports and water
analyses, an explanation is needed about parts per million (ppm) and milligrams per liter
(mg/L). Before 1967, analyses of water quality by the U.S. Geological Survey were
expressed in parts per million. In 1967, however, milligrams per liter became the
reported unit. Units of concentration are reported in milligrams per liter throughout the
text in order to be consistent. Units of concentration in the water-quality tables are
listed as they were found in the original source; however, because of duplication of data
from one source to another, there is a degree of uncertainty as to what the original units
were at the time of analysis. If an analysis published in a report in parts per million is
incorporated into a newer report or computerized data base, for example, the units may
have been switched to milligrams per liter without using a conversion factor. This
introduces negligible error if the dissolved-solids concentration is less than 7,000 parts
per million. The reader is cautioned that values of dissolved solids over 7,000 (in either
parts per million or milligrams per liter) may not be to the accuracy indicated.
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Figure 5.--System of numbering wells in Texas.
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Definition of Saline Water

In this report, water that has a dissolved-solids concentration greater than 1,000
milligrams per liter is considered saline; all water containing less than 1,000 milligrams
per liter is freshwater. In the following discussion of the degree of salinity, Winslow and
Kister (1956, p. 5-6) refer to chemical concentrations in units of parts per million (ppm),
which for concentrations less than 7,000 is essentially equivalent to milligrams per liter.

For the purpose of this report, water containing more than 1,000 ppm of
dissolved solids is regarded as saline. This lower limit of dissolved
solids was selected because a dissolved-solids content of as much as
1,000 ppm in water is acceptable (though 500 ppm is recommended) to
the U.S. Public Health Service in potable water used by interstate
carriers (U.S. Public Health Service, 1946). |t must be recognized that
in many areas of Texas the only available water supply may have a
dissolved-solids concentration greatly in excess of 1,000 ppm.
Therefore, water discussed in this report will be classified as "slightly
saline," "moderately saline,”" or "very saline," or as "brine," according to
the following tabulation,

Description Dissolved solids, in parts per million
Slightly saline ...veverieirenneseenesosnsessssnsenas 1,000 to 3,000
Moderately saline ..oovvuennn. terrestesesans eeesess 3,000 to 10,000
Verysaline cvvveveveenrnnnnns Ceseessersesnans ... 10,000 to 35,000
Brine coveeieererererecsvnssonnsnnes ceesensesnnns More than 35,000

Water used by many small communities, farms, and ranches is in the
slightly saline range. Water of this class has been recognized as
somewhat unsatisfactory but generally not harmful. Water containing
as much as 3,000 ppm of dissolved solids generally has been considered
satisfactory for irrigation, depending on other factors relating to the
soil and to crop growth. Water having a dissolved-solids content ranging
from 3,000 to 10,000 ppm, herein described as moderately saline, is
unsatisfactory for most purposes and is rarely used for domestic
supply. Irrigation on the sandy soils of the Pecos Valley in Texas and
New Mexico has been carried on with this kind of water for many years,
generally with success, although some lands have been abandoned
because of salinity problems resulting from irrigation. Natural drainage
conditions, however, are particularly favorable in the Pecos Valley for
the use of this water, whereas in most other parts of the State and
Nation, where drainage conditions are not as favorable, such water
could not be used. Experiments have indicated that 10,000 ppm is about
the upper limit of salinity that can be tolerated by livestock (Smith,
Dott, and Warkentin, 1942, p. 15).
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Water containing 10,000 to 35,000 ppm of dissolved solids is classified
as very saline. The upper limit of this classification is set
approximately at the concentration of sea water. Some of the aquifers
in Texas yield varying amounts of water of this class. Closed lakes and
basins in which the water is concentrated by evaporation are also
capable of yielding supplies of very saline water. ...

Water having more than 35,000 ppm of dissolved solids is classed as
brine; such water probably cannot be demineralized economically at
present for general use. In addition to high costs of demineralization,
there would be a problem of disposal of salt residues. Brines are used in
places for repressuring oilfields, and they are a valuable source of
certain minerals.
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