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1.0 Executive summary

Hudspeth County in Far West Texas is a sparsely-populated area located in the northern
part of the Chihuahuan desert. Several proposed water export projects there have
engendered concerns about its groundwater resources. These concerns prompted the
Executive Director of the Texas Commission on Environmental Quality (Commission)
and the Executive Administrator of the Texas Water Development Board (Board) to add
Hudspeth County to a list of proposed Priority Groundwater Management Area studies.
The Executive Director of the Commission asked the Executive Administrator of the
Board to conduct a study on the area’s hydrogeology and immediate, short-term, and
long-term water supplies and needs. We completed the study and sent it to the
Commission in January 2005. This report provides results from the study conducted for
the Commission.

Hudspeth County contains all or parts of the Bone Spring—Victorio Peak, Capitan Reef
Complex, Diablo Plateau, Hueco Bolson, and West Texas Bolsons aquifers. The Bone
Spring—Victorio Peak aquifer in northeast Hudspeth County is the primary groundwater
resource in the county producing about 100,000 acre-feet per year of brackish
groundwater for irrigation in recent years. The Capitan Reef Complex aquifer extends
slightly into the northeast part of the county and is reportedly capable of producing
substantial amounts of fresh water. Hudspeth County overlies the southeastern-most
extent of the Hueco Bolson aquifer, which is capable of producing moderate amounts of
brackish water. The Red Light Draw, Eagle Flat, and Green River Valley parts of the
West Texas Bolsons aquifer lie in the southeastern part of the county and can produce
limited amounts of fresh to brackish water. Little information is currently available on the
Diablo Plateau aquifer, but it may be able to produce moderate amounts of fresh water.

The 2001 Far West Texas Regional Water Plan projects that the population of Hudspeth
County will not exceed 4,000 people by 2030 and that the in-county demand for surface
water and groundwater will be about 118,000 acre-feet per year by that time. However,
current planning activities for the preparation of the 2006 Far West Texas Regional
Water Plan suggest that the in-county demand for surface water and groundwater will be
greater than previously thought, about 176,000 acre-feet per year by 2030. More than 99
percent of this water demand is for irrigation. There may also be a future demand for
water in Hudspeth County from users outside the county. The 2001 Far West Texas
Regional Water Plan includes a water management strategy to export as much as 30,000
acre-feet of water per year by 2030 from the Bone Spring-Victorio Peak aquifer to El
Paso. El Paso Water Utilities recently purchased land that straddles Hudspeth and
Culberson counties and overlies the Capitan Reef Complex aquifer. El Paso Water
Utilities may produce as much as 25,000 acre-feet per year from this aquifer by 2060.
Another possible export project involves State lands in southern Hudspeth County, but no
specific plans for locations, volumes, and destinations are currently publicly available.
There are also several proposed export projects for the Bone Spring—Victorio Peak
aquifer in New Mexico north of the Dell Valley area.



According to the 2001 Far West Texas Regional Water Plan, total groundwater
availability for Hudspeth County in times of drought is 1,988,500 acre-feet. There is no
surface water available for use during a repeat of the drought-of-record. Groundwater
supplies, which are limited by infrastructure and other factors, are about 150,000 acre-
feet per year through 2060 with 93 percent of those supplies from the Bone Spring—
Victorio Peak aquifer. By implementing the water management strategies in the 2001 Far
West Texas Regional Water Plan, all groundwater needs for the county as a whole are
met, including the export of water to El Paso. Hudspeth County does have unmet
agricultural needs along the Rio Grande, but that is due to the absence of available
surface water from the Rio Grande during a repeat of the drought-of-record. Because of a
lack of information, we were not able to assess the effects of additional groundwater
exports (outside of those planned by El Paso Water Utilities) on groundwater resources in
Hudspeth County within the context of the 2001 Far West Texas Regional Water Plan.
Additional information will be needed before this analysis can be attempted.



2.0 Introduction

Although sparsely populated and located in the Chihuahuan desert, Hudspeth County has
been the focus of several groundwater issues over the last several years. These
groundwater issues include the potential transport of groundwater from the Bone Spring—
Victorio Peak and Capitan Reef Complex aquifers to El Paso and the possible leasing of
groundwater rights beneath State lands to private interests. The groundwater acquired
through these leased rights would, presumably, be pumped at some point, although
whether the water would be used locally or transported elsewhere is unknown. These
issues, along with the concerns of local citizens, prompted the Executive Director of the
Texas Commission on Environmental Quality (Commission) and the Executive
Administrator of the Texas Water Development Board (Board) to add Hudspeth County
to a list of proposed Priority Groundwater Management Area studies. In a letter dated
July 2™, 2004, the Executive Director asked the Executive Administrator to prepare a
study on the area’s hydrogeology and immediate, short-term, and long-term water
supplies and needs. We completed the report and delivered it to the Commission in
January 2005. This report provides results from the study conducted for the Commission.

A Priority Groundwater Management Area is defined as an area designated or delineated
by the Commission that is experiencing or expected to experience critical groundwater
problems in the next 25 years. The ultimate purpose of a Priority Groundwater
Management Area is to create a groundwater conservation district(s), either through local
initiative or by the Commission. The requirements and implications of a Priority
Groundwater Management Area designation are explained in Chapter 35 of the Texas
Water Code. The Commission writes a Priority Groundwater Management Area report
based on studies by the Board and the Texas Parks and Wildlife Department and makes a
final decision on designation based on these reports, their own analysis, and public
comment.

To respond to the Commission’s request, we (1) reviewed existing hydrogeologic
information for the county from Board, Bureau of Economic Geology, and U.S.
Geological Survey reports and (2) reviewed water demand, supply, and availability
information from the 2001 Far West Texas Regional Water Plan. In this report, we first
introduce the study area, summarize the status of its water management, and briefly
review existing studies. We then discuss the aquifers of the county in detail. Finally, we
discuss the water demands, availability, and supply for the county. Most of the
information in this report is based on previously published studies. However, we provide
new or updated analyses on water levels and water quality and propose a new boundary
for the Bone Spring—Victorio Peak aquifer.

3.0 Study area

The study area is located in Hudspeth County, Texas, which is in the Far West Texas
Regional Water Planning Area (Figure 3-1; Region E). The Hudspeth County
Underground Water Conservation District No.1 occupies the northeastern part of the
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Figure 3-1.  Major physiographic features of Hudspeth County, Texas.

county. Although a Priority Groundwater Management Area study generally excludes
areas that already have groundwater conservation districts the Commission requested that
this study include the existing underground water conservation district. Our description of
the study area includes a discussion on the regional physiography, climate and vegetation,
and geologic history.

3.1 Regional physiography

Hudspeth County lies within the Trans-Pecos region and the larger Basin and Range
Province of western North America (Stewart, 1978). The county includes part of the Rio
Grande Rift (Chapin, 1971), which extends from central Colorado to Far West Texas and
the state of Chihuahua, Mexico. As such, much of the county’s physiography is typical of
other continental rift zones and areas of extensional tectonism. Rugged, northwest-
southeast-trending, fault-bounded mountains are separated by broad, internally drained
bolsons, or basins, underlain by aquifers (Figure 3-1). This is especially evident in the
southeastern part of the county where the Quitman and Eagle mountains alternate with
the Red Light, Eagle Flat, and Hueco bolsons (Langford, 1993). Elevations in the



mountains in this part of the county are between 7,500 and 4,500 feet (ft), with elevations
for the intervening valleys ranging from 4,500 to 3,200 ft.

Red Light Bolson is about 55 miles long and four to six miles wide, with surface drainage
that is to the southeast into the Rio Grande (Langford and others, 1999). Darling (1997)
subdivided Eagle Flat Basin into two sub-basins, one to the northwest and the other to the
southeast. Northwest Eagle Flat Basin drains internally by ephemeral streams to a desert
playa lake. Coalesced alluvial fans separate the sub-basin from its southeastern
counterpart, which drains to the east-southeast along Eagle Flat Draw (Darling, 1997,
Langford, 1993). Green River Valley is the southward extension of Eagle Flat Basin,
separated from it by a broad surface water divide approximately 14 miles north of the Rio
Grande. The valley drains the Green River, which is an ephemeral tributary to the Rio
Grande. Northwest of Red Light Bolson is the much larger Hueco Bolson, considered to
be the southern continuation of the Rio Grande Rift. It extends some 115 miles from the
Quitman Mountains to north of the Texas-New Mexico border where it merges with the
Tularosa Basin of south-central New Mexico (Collins and Raney, 1991). Elevations in
the Hueco Bolson in Hudspeth County are approximately 4,300 to 3,400 ft.

Northeast of the Hueco Bolson is the Diablo Plateau. It is a broad area of low-relief hills
of limestone and windblown sand that drains to the northeast along wide shallow valleys.
Elevations on the plateau decrease from about 5,000 to 4,200 ft where it merges into the
Dell Valley. The Dell Valley is an alluvial outwash plain that slopes eastward to an
elevation of about 3,600 ft where it meets the northern Salt Basin. The Salt Basin is a
closed basin draining much of the Sacramento Mountains of New Mexico to the north,
the western flank of the Guadalupe Mountains, and parts of the Diablo Plateau. Natural
discharge and evaporation of groundwater flowing to and within the basin occurs in dry
salt flats located there (Ashworth, 1995). The Guadalupe Mountains to the east rise to an
elevation of 8,749 ft at Guadalupe Peak, which is the highest point in Texas.

3.2 Climate and vegetation

Hudspeth County lies in the northern Chihuahuan desert, an area of relatively high
elevations and extreme temperatures (Schmidt, 1979). Larkin and Bomar (1983) classify
its climate as subtropical arid with low rainfall and high evaporation creating drought
conditions for all or parts of most years. Most rain in Hudspeth County falls from May to
October during widely scattered thunderstorms. These thunderstorms, due to their
convective nature, produce greater precipitation with increasing elevation (Gile and
others, 1981). Precipitation averages 15.64 for quadrangle 602 (which covers the central
part of the county) and 16.95 inches for quadrangle 702 (which covers the southern part
of the county) over a period from 1940 to 2002 (Figure 3-2). Evaporation rates average
70.95 inches in quadrangle 602 and 62.90 in quadrangle 702 based on monthly and
annual gross lake surface evaporation data from 1954 through 2002. Maximum and
minimum temperatures, averaged over forty years, are 80°F and 45°F in the Hueco
Bolson, 72°F and 41°F in the Eagle Mountains, 78°F and 45°F at Red Light Draw, and
77°F and 44°F on the Diablo Plateau (Figure 3-3).
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Figure 3-2.  Precipitation and evaporation in Far West Texas (contour map based on
data from the Spatial Climate Analysis Service, Oregon State University;
data for graphs from monitoring sites operated by the National Weather
Service and the Texas Water Development Board).

The extreme climatic conditions, including some hard freezes, have resulted in a
distribution of plants dominated by shrubs and grasslands (Figure 3-4). At higher
elevations in the Eagle Mountains and Sierra Diablo, there are relatively small areas of
oak, pine, and juniper.

3.3 Geologic history

Numerous periods of tectonism over more than a billion years have affected Trans-Pecos
Texas, including Hudspeth County. Structural deformation produced during these periods
of tectonic activity are superimposed upon one another and likely involved reactivation of
major structural trends (Muehlberger and Dickerson, 1989). Muehlberger and Dickerson
(1989) believe that Precambrian rifting about 1,450 million years ago (Sears and Price,

1978) along the southwestern margin of the North American plate produced a northwest-
striking structural grain that oriented later deformation (Figure 3-5).
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During the early and middle Paleozoic, the region was part of a passive continental
margin characterized by broad epeirogenic uplift and subsidence (Ross, 1978; Horak,
1985). From Cambrian to Mississippian time, repeated marine transgression and
regression deposited carbonates and siliciclastics on a shallow platform (Kottlowski,
1963). In the late Paleozoic, from Mississippian to Early Permian time, the collision of
North and South America produced a variety of deformational structures in the study area
(Figure 3-5). A proto-Chihuahua Trough, including the Hueco Basin, began developing
during Late Mississippian time (Muehlberger and Dickerson, 1989), as did segmentation
of the Tobosa Basin to form the Diablo Plateau (Kluth and Coney, 1981).

In Late Pennsylvanian to Early Permian time the northwest-advancing Ouachita-
Marathon tectonic front began to significantly deform the region, both along the fold and
thrust belt and in the foreland as well (Muehlberger, 1980; Ross and Ross, 1985;
Muehlberger and Dickerson, 1989). Foreland deformation, which involved episodic uplift
and syntectonic sedimentation, affected the Diablo Plateau. Dickerson (1980) invokes
wrench faulting, in addition to vertical uplift, to explain the northwest-southeast-trending
Babb and Victorio flexures of the Diablo Plateau (Figure 3-5). Both structures are north-
side-down monoclines that formed in post-Early Pennsylvanian/pre-Hueco Limestone
(Wolfcampian) time. Lower Permian (Wolfcampian) limestones, represented by the
Hueco Formation in the study area, indicate a return to passive margin conditions and a
shallow marine depositional environment (Figures 3-6 and 3-7).

The Chihuahua tectonic belt of DeFord (1958) is a northwest-trending fold and thrust belt
that borders the Diablo Plateau to the southwest (Figure 3-5). It likely formed under
extensional or transtensional conditions associated with the opening of the Gulf of
Mexico (Dickerson, 1980; Salvador, 1987). Siliciclastic and carbonate rocks exposed
along the belt were deposited in a rapidly subsiding Chihuahua Trough during Jurassic
and Cretaceous time (DeFord and Haenggi, 1971). From Late Jurassic through Middle
Cretaceous time some 12,000 to 21,000 ft of sediments accumulated in the trough.
Towards the east and northeast, onto the relatively stable Diablo Plateau, thicknesses of
Cretaceous rocks decrease significantly (Figures 3-6 and 3-7). Overall marine
transgression continued on the plateau during Albian and Cenomanian time, depositing
carbonate and siliciclastic sediments in a tectonically stable setting.

Tectonic stability in Trans-Pecos Texas came to an end with the onset of the Laramide
Orogeny in Late Cretaceous time. Laramide deformation in the region involved thrust
faulting, folding, and monoclinal warping of Cretaceous and older rocks (Figure 3-5).
From Late Cretaceous to early Eocene time, east-to-northeast-directed compression
produced crustal shortening. Imbricate thrust slices of sedimentary rock from the
Chihuahua Trough were transported eastward and stacked up against the southwestern
edge of the Diablo Plateau (Hennings and others, 1989).

Laramide thrust faulting and folding ended about 50 million years ago, but a weakened
state of compression existed in the Trans-Pecos region until about 31 million years ago
(Price and Henry, 1984, 1985). During the intervening period, from middle Eocene to
early Oligocene time, widespread volcanism occurred throughout the region (Figures 3-6
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1979, 1983).

Texas, and Barnes,

9

Geologic map of Hudspeth County (based on digital data from the U.S.
Austin

Geological Survey,

Figure 3-6a.
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Qws-Windblown sand
Qwsd-Windblown sand
Qaf-Alkali flat deposits
Qalr-Young Quaternary deposits
Qal-Young Quaternary deposits
' Qf-Young Quaternary deposits
Qb-Young Quaternary deposits
Ql-Landslide deposits
Qao-Old Quaternary deposits
1 QTb-Bolson deposits
- Ti-Intrusive igneous rocks
P tt-Tarantula Gravel
- Tv-Extrusive igneous rocks undivided
- Tga-Garren Group undivided

- Tp-Pantera Trachyte
- Thg-Hogeye Tuff
Tur-Upper rhyolite
I Ttr-Trachyte porphyry
- Tir-Lower rhyolite
K-Cretaceous rocks undivided
" Ko-Ojinaga Fm
Kcu-Comanchean rocks undivided

[ Kbu-Buda Limestone
- Kem-Eagle Mountain Sandstone

- Kbe-Buda Limestone and Eagle
Mountain sandstone

- Klp-Loma Plata Limestone

- Key-Espy Limestone
- Kb-Benevides Fm

Kf-Finley Limestone

Keg-Campagrande Formation

Kbm-Bluff Mesa Formation

- Kyu-Yucca Formation
- Ke-Etholen Conglomerate

‘ Kt-Torcer Formation

Jm-Malone Formation

- Kbef-Espy Benevides Finley
Limestones undivided

- Kex-Cox Sandstone

| . Pcb-Carlsbad Group
I Pc-Capitan Limestone

I Pgs-Goat Seep Limestone

Pbg-Briggs Formation
" Pl-Leonardian rocks undivided
Pco-Cutoff Shale
B Pve-Victorio Peak Limestone
- Pbs-Bone Springs Limestone
Ph-Hueco Limestone
I iPm-Magdalena Formation
- DM-Devonian Mississippian undivided
I sf-Fusselman Formation
- Om-Montoya Dolomite
Oe-El Paso Formation
COb-Bliss Sandstone
- pCv-Van Horn Sandstone
B coGranite
- pCr-Rhyolite
I pch-Hazel Fm
- pCa-Allamoore Fm

- pCci-Carrizo Mountain Group
- pCcs-Carrizo Mountain Group

Figure 3-6b. Legend for geologic map of Hudspeth County (based on digital data from

the U.S. Geological Survey, Austin, Texas, and Barnes, 1979, 1983).
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and 3-7; McDowell, 1979). At about 31 million years ago, regional stress orientations
changed from compression to extension, which set the stage for Basin and Range
faulting. Early extension was oriented east-northeast but changed to west-northwest,
possibly around 10 million years ago (Price and Henry, 1984, 1985). From 24 million
years ago to the present, normal faulting and related sedimentation have dominated the
geologic and physiographic setting of the region.

Since early Miocene time, sediments have been eroded from uplifted horst blocks in the
region and deposited into adjacent grabens (Stevens and Stevens, 1985). Large amounts
of sediment accumulated in these intermontane basins partly filling them and
constructing broad alluvial slopes, alluvial fans, and bajadas (Figure 3-8; Collins and
Raney, 1997). In the study area, these basins include southeast Hueco Bolson, Red Light
Bolson, northwest Eagle Flat Basin, southeast Eagle Flat Basin, and Green River Basin.
The thickness of accumulated sediment varies considerably both within and between
these basins.

Miocene to early Pleistocene basin fill defines the extent of many of the aquifers in the
study area (Figure 3-6). For Red Light Draw, basin-fill deposits are well exposed only in
the south where they have been subdivided into the Bramblett and Love formations
(Figure 3-7; Akersten, 1967). To the northwest in the Hueco Bolson, basin fill has been
subdivided into lower and upper units based on the distribution of a distinct seismic
reflector, which may also be a regional unconformity (Collins and Raney, 1991). Only
about 100 ft of the youngest upper basin fill are exposed and have been studied in detail
(Gustavson, 1991). These sediments have been subdivided into the Fort Hancock and
Camp Rice formations and are correlated to the Bramblett and Love formations of Red
Light Draw (Akersten, 1967; Gustavson, 1991). Middle and upper Pleistocene deposits
overlie the Fort Hancock and Camp Rice formations in the southeast Hueco Basin and
include the Miser, Madden, Gills, Ramey, and Balluco gravels (Figure 3-7; Albritton and
Smith, 1965).

Quaternary faults in the region have movement and associated deposition occurring along
range fronts and within the basins (Figure 3-9; Collins and Raney, 1991, 1997). The
lengths of most individual faults in the region are between 11 and 25 miles, although
there are larger fault zones between 43 and 65 miles long (Collins and Raney, 1991,
1997). Fault zones strike northwestward or northward, and individual faults dip between
60° to 88° near the surface and from 50° to 80° in the subsurface. The most active basins
include the Hueco Bolson and southern Red Light Draw, with Eagle Flat and Green River
basins being tectonically less active. Quaternary faults of southeast Hueco Bolson consist
of two main zones, one along the northeast margin of the graben and the other along its
southwest margin (Collins and Raney, 1991, 1997). There also are several shorter faults
within the graben itself. Red Light Bolson has several down-to-the-west faults along its
eastern margin that are part of a larger 54-mile-long fault zone extending into Mexico.
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Figure 3-8.  Cenozoic basins, northwestern Trans-Pecos Texas (modified from Collins
and Raney, 1997).
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4.0 Water management

There are, at present, two water management entities in the county. They are the
Hudspeth County Underground Water Conservation District No.1 (Underground Water
Conservation District) and the Hudspeth County Conservation and Reclamation District
No. 1 (Conservation and Reclamation District). Both entities are located in areas of
irrigated croplands.

4.1 Hudspeth County Underground Water Conservation District No. 1

The Hudspeth Underground Water Conservation District was created in 1956 and is
located in the Dell Valley irrigation area of northeast Hudspeth County, with Dell City
lying approximately in the center of the district (Figure 3-1). District activities primarily
include monitoring water levels in the aquifer and permitting groundwater use. The
Underground Water Conservation District revised its groundwater management plan in
May 2002 (HCUWCD, 2002a) to include these goals: provide for the most efficient use
of groundwater, control and prevent the waste of groundwater, address natural resource
issues, and manage the aquifer in a sustainable manner.

Groundwater production in the district is managed on an acre-ft per acre basis, with
preference given to existing and historic users. The Underground Water Conservation
District issues two categories of production permits: “validation permits” issued to
existing and historic users and “operating permits” issued to new users. Under both
permit types the authorized annual production amount increases or decreases as aquifer
levels rise or fall. Depending upon aquifer level, validation permit holders may pump
between three and four acre-ft per acre per year and operating permit holders may pump
between zero and four acre-ft per acre per year.

4.2 Hudspeth County Conservation and Reclamation District No. 1

The Conservation and Reclamation District occupies approximately 18,300 acres of Rio
Grande bottomlands from the El Paso-Hudspeth county line downstream to Fort
Quitman. Organized in 1924, the district was created to provide adequate irrigation to
those bottomlands and to consolidate water diversions from the Rio Grande. It does not
supply potable water, and its operations are primarily recycling and reuse of water in the
Rio Grande Basin. Under a Warren Act contract, the District has been making a diversion
of tailwater, returns, and excess flows from the Rio Grande Project since 1925. A board
of directors governs the District, headquartered in Fort Hancock, Texas.

In November 1991, the Conservation and Reclamation District developed an irrigation
district plan to conserve Rio Grande waters to the maximum extent possible. These
waters include untreated water obtained from permitted Rio Grande diversions, drainage
waters, return flows from farming operations, operational waste associated with the U.S.
Bureau of Reclamation’s Rio Grande Project, and return flows from El Paso water and
sewage treatment plants. Because the water supply to the Conservation and Reclamation
District is completely dependent on the El Paso County Water Improvement District No.
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1, the supply is erratic, and the optimal use of available water is difficult. When supply is
erratic, the Conservation and Reclamation District provides drought contingency
planning. If a mild or moderate predicted shortage occurs, the District notifies its users of
the amount of the expected shortage. For a severe shortage, in which the water supply
provides less than 50 percent of the expected demand, the District asks agricultural
producers to prioritize their water requests based upon crop needs.

5.0 Previous hydrogeologic studies

Previous hydrogeologic studies in Hudspeth County have been concentrated in three
regions: the southeastern Hueco Bolson and Diablo Plateau area, the Red Light Draw-
Eagle Flat-Green River basins, and the Dell Valley area in the northeastern part of the
county. The U.S. Geological Survey, the Bureau of Economic Geology at The University
of Texas at Austin, the Texas Water Development Board, and the Department of
Geological Sciences at The University of Texas at Austin have been the primary
institutions involved in basic hydrogeologic research in the area. A great deal of the
research done in the Hueco Bolson and on the Diablo Plateau was to characterize possible
low-level radioactive waste repository sites.

There have been no Groundwater Availability Models developed within Hudspeth
County. However, several numerical groundwater flow models have been developed.
Mullican and Senger (1992) constructed a numerical groundwater flow model to help
determine controlling factors of regional flow in southwest Hudspeth County. Darling
and others (1994) and Hibbs (1996) developed an interpretive cross-sectional numerical
groundwater flow model of the formations beneath Red Light Draw and Eagle Flat. The
Texas Water Development Board and the New Mexico Water Resources Research
Institute developed a cross-sectional model for the southwest part of the county (TWDB
and NMWRRI, 1997). The Bureau of Economic Geology developed an unpublished
three-dimensional numerical groundwater flow model of West Texas Bolsons aquifers in
Hudspeth County (Robert Mace, personal communication, 2004). The U.S. Geological
Survey developed a model of the Hueco Bolson aquifer in El Paso County (Heywood and
Yager, 2003) with an emphasis on the hydrogeology in the northwestern part of the basin
near the city of El Paso (Figure 3-1). Mayer (1995) and Mayer and Sharp (1998) used a
two dimensional steady-state finite-element model to test potential configurations of
regional transmissivity in rocks including the Bone Springs-Victorio Peak aquifer in
northeastern Hudspeth County. El Paso Water Utilities is currently working on a
groundwater model in the same general area. (Bill Hutchison, EI Paso Water Utilities,
2004, personal communication).

6.0 Hydrogeology of Hudspeth County

Hudspeth County contains parts of the Bone Spring—Victorio Peak, Capitan Reef
Complex, Hueco Bolson, and West Texas Bolsons aquifers. Although not recognized as a
named minor aquifer by the Texas Water Development Board (it would fall under the
‘other’ category), the Diablo Plateau aquifer is also present in the county. We describe
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each of these aquifers below and present information on water levels, recharge, hydraulic
properties, discharge, and water quality.

6.1 Bone Spring—Victorio Peak aquifer

The Texas Water Development Board recognizes the Bone Spring—Victorio Peak aquifer
as a minor aquifer of Texas. Its current boundaries, as defined by the Texas Water
Development Board, are in the Dell Valley irrigation area in northeastern Hudspeth
County (Figure 3-1; Ashworth and Hopkins, 1995; TWDB, 2002). The delineated extent
of the aquifer is based on the occurrence of irrigable land that overlies the Bone Spring
and Victorio Peak limestones, the location of a dominant fault to the south, and the edge
of the Salt Basin to the east (Ashworth and Flores, 1991). The Bone Spring—Victorio
Peak aquifer extends north into Crow Flats in New Mexico.

6.1.1 A proposed new boundary

There have been a number of studies on the Bone Spring—Victorio Peak aquifer since the
Texas Water Development Board delineated its boundary. These studies, as well as
geologic and hydrogeologic evidence, suggest that the boundary of the aquifer should be
expanded.

The same formations that make up the current delineation of the Bone Spring—Victorio
Peak aquifer extend over a much broader area (Figure 6-1). The Bone Spring and
Victorio Peak limestones extend to the south beneath the Salt Basin, to the west and
southwest beneath the Diablo Plateau, and to the northwest into New Mexico (Mullican
and Mace, 2001).

Recent studies have shown that the currently defined aquifer has a broader hydrologic
connection to the surrounding area. Mayer (1995) and Mayer and Sharp (1998) showed
through water-level mapping and a groundwater flow model that the Dell Valley area
receives groundwater flow not only from the north, but also from the west. A numerical
groundwater flow model of the Bone Spring—Victorio Peak aquifer in the Dell City area
being developed by El Paso Water Utilities also includes a larger area to capture the full
hydrologic system (Bill Hutchison, El Paso Water Utilities, 2004, personal
communication).

Given that the formations making up the Bone Spring—Victorio Peak aquifer (the Bone
Spring and Victorio Peak limestones) extend over a large area, where should the limits of
the aquifer be? An argument can be made that the aquifer should contain the entire extent
of Bone Spring and Victorio Peak limestones. In other words, the Bone Spring—Victorio
Peak aquifer should include all of the Diablo Plateau. However, an argument can also be
made to not include all of the Diablo Plateau in the aquifer delineation. Cretaceous rocks
appear in the southern part of the Diablo Plateau on top of the Permian Bone Spring and
Victorio Peak limestones creating a separate hydrostratigraphic unit or aquifer (Figure 6-
1; Kreitler and others, 1986, 1987, 1990; Mullican and Mace, 2001). The Bone Spring
and Victorio Peak limestones in the northern part of the county, especially in the
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northeast, are heavily fractured and karstified. This does not appear to be the case
elsewhere in the area.

Based on the above information, we propose a new boundary for the Bone Spring—
Victorio Peak aquifer in Texas that is focused on containing all of the groundwater
flowing into the Dell Valley and is based on geologic and hydrogeologic information
instead of the extent of irrigable lands. This boundary is defined on the east by the center
line of the Salt Basin, which is the original, pre-development discharge area for the
groundwater flow system (A to B, Figure 6-1). The southern boundary follows the
Bitterwell Break (B to C, Figure 6-1; Goetz, 1977; Boyd and Kreitler, 1986) out of the
Salt Basin, a feature that reportedly corresponds to a groundwater divide (Nielson and
Sharp, 1985; Boyd and Kreitler, 1986). Bitterwell Break is a Tertiary normal fault that
deforms the sediments of the Salt Basin. Moving westward, the southern boundary
transfers from the Bitterwell Break to the Babb Flexure, a structural hinge or bend in the
rocks (C to D, Figure 6-1; King, 1965; Goetz, 1977; Boyd and Kreitler, 1986). The
southern boundary follows the Babb Flexure, which coincides with a groundwater flow
line, to the northwest. The mapped extent of the Babb Flexure does not reach the state
line. Therefore, we followed a flow line based on the potentiometric surface of Mayer
(1995) and Mayer and Sharp (1998) that extends from the Babb Flexure to the state line
(D to E, Figure 6-1). The northern extent of the aquifer in Texas is then defined by the
state line with New Mexico (see Mayer [1995] and Mayer and Sharp [1998] for
information and extent of the aquifer in New Mexico). We plan to present this new,
proposed boundary to the Texas Water Development Board for approval as part of the
2007 State Water Plan.

6.1.2 Geology and hydrostratigraphy

The Diablo Plateau, the Salt Basin, and the Guadalupe Mountains are the three primary
structural features in northern Hudspeth County (Figure 6-2). Permian limestones and
dolomites of the Diablo Plateau dip to the east-northeast (Figure 3-6). Superimposed onto
the general homoclinal structure of the plateau are two northwest-southeast-trending,
north-side-down monoclines, the Babb and Victorio flexures (Figure 3-5). Both of these
structures formed in post-Early Pennsylvanian/pre-Hueco Limestone (Wolfcampian) time
(King, 1965; Dickerson, 1980). The Salt Basin is an approximately 260-mile-long north-
to-northwest-trending graben (Goetz, 1977, 1985; Angle, 2001). The basin has a
structural floor that dips to the southwest and is overlain by as much as 2,460 ft of
Tertiary basin fill and Quaternary alluvium (Veldhuis and Keller, 1980).

Numerous high-angle faults and fractures occur between an area just north of Dell City
and the southern Sacramento Mountains in New Mexico (Mayer, 1995; Mayer and Sharp,
1998). This area, named the Otero Break, is characterized by a series of down-to-the-west
normal faults and a zone of intense fracturing. The fractures provide pathways for
groundwater flow between the Sacramento Mountains to the north and the Dell valley
area to the south (Mayer, 1995; Mayer and Sharp, 1998).
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The principal water-bearing units of the Bone Spring-Victorio Peak aquifer are carbonate
rocks of Permian age. This includes the Bone Spring Limestone, which consists mainly
of black to dark gray cherty limestone with thin interbedded black or brown shale
(Figures 3-6 and 6-2). It has a reported thickness of at least 500 ft in the study area and
thicknesses of 900 to 1,700 ft to the south near Sierra Diablo (Peckham, 1963; Dietrich
and others, 1968). The Bone Spring Limestone grades upwards and southwestward into
the Victorio Peak Limestone. The Victorio Peak Limestone is a light gray, thick-bedded,
mainly calcitic, but slightly dolomitic, limestone. It has a maximum thickness of 800 ft in
the study area and a thickness of 900 to 1,500 ft at Sierra Diablo (Peckham, 1963;

Dietrich and others, 1968). Both formations have developed significant solution cavities
along joints and fracture planes (Ashworth, 1995).
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6.1.3 Water levels and groundwater flow

The water-level map, or potentiometric surface, for northern Hudspeth County indicates
that groundwater flows regionally towards the east-northeast from the Diablo Plateau to
the Salt Basin (Figures 6-3 and 6-4; Ashworth, 1995). Within the Salt Basin groundwater
is drawn upwards towards the surface by evaporation through the capillary fringe in the
salt flats (Boyd and Kreitler, 1990). Significant amounts of groundwater also flow into
the Dell Valley area from the Sacramento Mountains in New Mexico through a set of
northwest-southeast trending fractures (Mayer, 1995). Kreitler and others (1990) have
postulated there may be some southeasterly subsurface flow through Permian carbonate
rocks below the Salt Basin. Farther south in Culberson County, groundwater flow within
the Salt Basin is to the southeast (Angle, 2001). In Dell Valley, groundwater flow is
probably controlled by the orientation and concentration of solution cavities developed
along prominent fractures and bedding planes (Ashworth, 1995). In the irrigation season,
groundwater flows toward pumping centers.

Water levels in the Bone Spring—Victorio Peak aquifer show declines over a period of
about 55 years (Figure 6-5). The declines range from 5 to 60 ft with a mean of about 30 ft
and are likely due to irrigation pumping. The latter 30 years of this period, however,
display essentially constant groundwater levels, except for the last few years due to
drought. Because it was measured more frequently, one well, well 48-07-516, also shows
seasonal fluctuations, probably due to pumping (Figure 6-6).

6.1.4 Recharge

Recharge to the Bone Spring—Victorio Peak aquifer is sourced from the Sacramento
River, the Diablo Plateau—Otero Mesa, and irrigation return flow. The primary source of
recharge to the aquifer occurs through the Sacramento River in New Mexico where the
river leaves higher elevations in the Sacramento Mountains of New Mexico and
encounters flatter surfaces on the mesa to the south (Scalapino, 1950; Ashworth, 1995). A
broad regional fracture zone, extending from the Sacramento Mountains to the Salt Basin
near Dell City, is a major conduit for groundwater to flow into Texas (Mayer, 1995).

Most of the recharge in the Diablo Plateau occurs through fractures along arroyos, which
allow relatively rapid recharge to the aquifer. Recharge in the Diablo Plateau, which is
similar to recharge in the Otero Mesa in New Mexico, is discussed in Section 6.2.3.

In the Dell Valley area, recharge occurs through irrigation return flow. Logan (1984)
estimated that 35 percent of groundwater pumped returns to the aquifer. Davis and
Gordon (1970), however, estimated a return-flow as high as 50 percent, while the
Hudspeth County Underground Water Conservation District (2002b) estimated a leaching
fraction, or return flow, of 30 percent.

On the western side of Dell Valley, flood control structures have the capability of
providing as much as 3,300 acre-ft of recharge annually through seepage (EP-HSWCD
and others, 1969). In addition, the Natural Resources Conservation Service of the U.S.
Department of Agriculture drilled 11 wells to use captured water from the dams to
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Figure 6-6.  Hydrographs for well 48-07-516, completed in the Bone Spring—Victorio
Peak aquifer at the Dell City Community Center.

recharge the Bone Spring—Victorio Peak aquifer at a rate of at least 2,000 gallons per
minute (Logan, 1984).

Ashworth (1995) estimated 90,000 to 100,000 acre-ft for total annual recharge to the
Bone Spring-Victorio Peak aquifer, based on values of annual pumpage in the Dell
Valley area. This figure includes both lateral inflow and irrigation return flow.
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6.1.5 Hydraulic properties

The hydraulic properties of the carbonate aquifers of Dell Valley and the surrounding
Diablo Plateau area are highly variable on a small scale. In many parts of the Dell Valley
area, one well produces at a rate of more than 2,000 gallons per minute while another
well 100 ft away produces less than 100 gallons per minute (Scalapino, 1950). This
variability is due to numerous fractures that were produced by faulting and subsequently
enlarged by dissolution (Kreitler and others, 1987, 1990; Ashworth, 1995; Mayer, 1995;
Mayer and Sharp, 1998; Mullican and Mace, 2001). On a relatively larger scale, the
limestones and dolomites of the aquifers are extremely transmissive. Wells in the Bone
Spring-Victorio Peak aquifer in the Dell City area have produced approximately 98,500
acre-ft per year for 30 years with only 33 ft of drawdown (Kreitler and others, 1990).
Individual wells, sited using lineament analysis and aerial photographs, can produce
2,000 to 3,000 gallons per minute.

Several pumping tests from wells on the Diablo Plateau showed no measurable
drawdown during extended periods of production (pumping tests with discharges of less
than 20 gallons per minute typically lasting 48 hours or longer; Kreitler and others,

1990). The Far West Texas Regional Water Planning Group encountered similar results
on the plateau in northwest Hudspeth County, where wells produced 40 to 300 gallons
per minute for 48 hours with no drawdown (FWTRWPG, 2001). In the Dell City area,
Peckham (1963) reported a range in specific-capacity values of 5 to 64 gallons per minute
per foot in the Bone Spring—Victorio Peak aquifer. Using the Thomasson and others
(1960, C equals 1.2) method of estimating transmissivity from specific capacity, Mullican
and Mace (2001) calculated transmissivity values of 1,200 to 15,000 ft*/day.

6.1.6 _Discharge

Groundwater discharges from the Bone Springs—Victorio Peak aquifer through
evaporation, interbasin flow, and pumping. Groundwater from the Diablo Plateau to the
west and the Sacramento Mountains and Otero Mesa to the north in New Mexico flows
into the northern Salt Basin where it evaporates (Chapman, 1984; Boyd and Kreitler,
1986; Kreitler and others, 1990; Mayer, 1995; Mayer and Sharp, 1998). Evaporation
produces gypsum, halite, and carbonates in the salt flats of the basin. Precipitation of
gypsum also appears to be occurring within much of the Quaternary fill of the basin,
which reduces the permeability of these sediments (Kreitler and others, 1990).
Evaporation rates on the salt flats could theoretically range from 15.7 to 78.7 inches per
year (Boyd and Kreitler, 1986), which equates to about 49,000 to 243,000 acre-ft of water
evaporating annually (Ashworth, 1995).

Groundwater from the Diablo Plateau may also be discharging by interbasin flow beneath
the salt flats through Permian carbonates and eventually discharge to the Balmorhea area
or the Cenozoic Pecos Alluvium aquifer in Pecos County (Nielson and Sharp, 1985;
Kreitler and others, 1990). Kreitler and others (1990) suggest that groundwater flow is
forced beneath low permeability evaporites and Quaternary sediments in the Salt Basin to
Permian strata. This could explain the lack of springs along the western edge of the salt
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flats, provide an outlet for the thick fresh-water section of the Diablo Plateau, and
account for the calcium-sulfate composition of Balmorhea area spring water (Kreitler and
others, 1990).

Significant amounts of groundwater have been pumped and are being pumped from the
Bone Spring—Victorio Peak aquifer in the Dell Valley irrigation district. Since the late
1940s, pumping has been the principal means of discharge for the aquifer (see Section
7.2; Ashworth, 1995). Pumping on the Diablo Plateau is limited to scattered wells used
for livestock or domestic purposes (TWDB, 2005).

6.1.7 Water quality

Water quality on the Diablo Plateau is generally slightly saline with total dissolved solids
values of 1,000 to 3,000 milligrams per liter (mg/L; Figure 6-7). In the Dell Valley area,
salinity increases to moderately saline in the 3,000 to 10,000 mg/L range. Chloride,
sulfate, magnesium, and sodium concentrations are higher in the Dell Valley area than on
the Diablo Plateau (Figure 6-8). Fluoride, however, shows the opposite pattern, with
higher concentrations on the plateau than in Dell Valley.

Significant differences in major ion compositions exist between the Bone-Spring—
Victorio Peak and other aquifers in the area (Figure 6-9). Samples from Cretaceous
carbonates on the Diablo Plateau have relatively higher sodium concentrations compared
to Permian carbonates but fairly equal concentrations of bicarbonate, sulfate, and chloride
(Figure 6-10). The Bone Spring—Victorio Peak aquifer is characterized by low
bicarbonate, high sulfate, and a wide range of calcium and sodium values (Figure 6-11).
Major ions from the Bone Spring—Victorio Peak aquifer define four major and two minor
hydrochemical facies.

Water quality in this area of Hudspeth County appears to be controlled by two
mechanisms: (1) groundwater flowing through the aquifer system and dissolving minerals
along its flow path, and (2) irrigation water percolating down through the soil zone
(Ashworth, 1995; Mayer, 1995). The first mechanism is the main geochemical process
acting in aquifers of the Diablo Plateau and involves the dissolution of gypsum (Mayer,
1995). As groundwater flows to the northeast towards Dell Valley, calcium replaces
sodium as the dominant cation and anion composition changes from mixed-facies to
sulfate facies (Figures 6-11 and 6-12).

In the Dell Valley area, since the beginning of agricultural development in the late 1940s,
irrigation has affected natural geochemical processes involving mineral dissolution and
reprecipitation. Groundwater in the area has shifted from a calcium-sulfate water type
before 1950 to a mixed calcium-sodium-sulfate-chloride type after 1950 (Figure 6-13).
Salinity has increased over time due to irrigation. Major ions in wells 48-07-502 and 48-
07-205 display increases in concentration, with some ions showing larger increases than
others (Figure 6-14). One exception to this is a slight decrease in bicarbonate values.

These changes in water chemistry suggest that gypsum dissolution and dedolomitization
(Back and others, 1983) are the dominant chemical reaction affecting the area (Mayer,
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Figure 6-7.  Total dissolved solids in Hudspeth County groundwater, 1939 to present.
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Figure 6-10. Piper plot and selected Stiff diagrams of groundwater from Cretaceous
rocks, northeastern Hudspeth County.
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1995). With the dissolution of gypsum, calcium concentrations increase, causing the
precipitation of calcium carbonate. This removes carbonate ions from solution, which
produces an undersaturation with respect to dolomite. Together, the reactions can account
for the increases in calcium, magnesium, and sulfate and the slight decrease in
bicarbonate concentration (Mayer, 1995). The increases in sodium and chloride
concentrations are likely due to some combination of the following: (1) irrigation return
flow dissolving salts in the vadose zone and flushing them into the aquifer; (2)
concentration of return flow by evaporation during the hot, dry growing season; and (3)
cross-formational flow from a perched aquifer with high total dissolved solids values to
the main Bone Spring—Victorio Peak aquifer (Mayer, 1995).

Water quality in the Dell Valley area is also strongly influenced by groundwater flow
from New Mexico to the north (Mayer, 1995; Mayer and Sharp, 1998). A large plume of
relatively fresh water enters the Dell Valley area from the north, lowering total dissolved
solids values and increasing the potential for dissolution.

6.2 Diablo Plateau aquifer

The Diablo Plateau aquifer is not one of the named minor aquifers of Texas but falls
under the ‘other’ category (see Ashworth and Hopkins, 1995; TWDB, 2002). Its
boundaries coincide with the Diablo Plateau in the central part of Hudspeth County
(Figures 3-1 and 3-5), but this section of the report does not discuss the part of the plateau
already described in Section 6.1 on the Bone Spring—Victorio Peak aquifer.

6.2.1 Geology and hydrostratigraphy

The Diablo Plateau is an uplifted, east-northeast-dipping homoclinal structure (Figure 3-
5; King, 1965; Barnes 1983). It is bounded by Tertiary and Quaternary normal faults to
the south, east, and west and extends into New Mexico where it is called the Otero Mesa
(Henry and Price, 1985; Collins and Raney, 1991, 1997; Mayer, 1995). The plateau
consists of Permian and Cretaceous limestones interbedded with sandstones and shales
(Figure 3-6). Rocks exposed at the surface include the Cretaceous Finley Limestone and
Cox Sandstone and the Permian Victorio Peak and Bone Spring limestones. Miocene to
Holocene and Quaternary alluvium overlies the older rock in drainage areas.
Superimposed onto the general structure of the plateau are two northwest-southeast-
trending monoclines, the Babb and Victorio flexures (Figure 3-5). Both of these
structures are north-side-down monoclines formed in post-Early Pennsylvanian/pre-
Hueco Limestone (Wolfcampian) time (King, 1965; Dickerson, 1980).

The Diablo Plateau aquifer can be subdivided into two aquifers based on water-level
information (Kreitler and others, 1986, 1990; Mullican and Mace, 2001). The first aquifer
is located in the Cretaceous limestones in the southwestern part of the plateau, and the
second aquifer is located in the Permian limestones underlying the Cretaceous rocks in
the north-central part of the plateau (Figure 3-6). Although both aquifers are primarily
unconfined, the Cretaceous aquifer is locally perched and confined to semiconfined
(Kreitler and others, 1990), while the Permian aquifer is most likely confined beneath the
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Cretaceous rocks. The Permian rocks are the lateral equivalents to limestones of the Bone
Spring-Victorio Peak aquifer to the northeast (Mullican and Mace, 2001).

6.2.2  Water levels and groundwater flow

Water levels show that there is a mound of water in the south-central part of the Diablo
Plateau corresponding to a local topographic high (Mullican and others, 1987; Kreitler
and others, 1990). Groundwater flows outward from this high to the southwest toward the
Hueco Bolson, to the northeast toward the Salt Basin, and to the southeast toward the
Finlay Mountains and northwest Eagle Flats. Limited information also suggests that a
component of groundwater flows north. Most of the water flows down the structural dip
of the monocline toward the northeast, with only a minor amount of water flowing into
the Hueco Bolson (Mullican and others, 1987; Kreitler and others, 1990). Hydraulic
gradients are lower in the central Cretaceous part of the plateau and much higher along
the Hueco Bolson and southern and eastern edges of the plateau.

As mentioned in Section 6.2.1, there are two aquifers on the plateau. The Cretaceous
aquifer has water level elevations significantly higher than those in the Permian aquifer to
the northeast. Water level elevations range from about 4,000 to 4,600 ft in Cretaceous
rocks and about 3,400 to 3,600 ft in Permian rocks (Kreitler and others, 1987, 1990;
TWDB, 2005). Hydraulic gradients are lower in the Permian aquifer and much higher for
the Cretaceous aquifer.

The Permian and Cretaceous parts of the Diablo Plateau aquifer are vertically connected
to one another and are laterally connected to a number of other aquifers in the area. The
Cretaceous aquifer is hydraulically connected to the Hueco Bolson aquifer to the west
(Mullican and Senger, 1990, 1992), to the Salt Basin to the east, and to the Bone Spring—
Victorio Peak aquifer in the Dell Valley area to the northeast (Peckham, 1963; Young,
1975; Kreitler and others, 1990; Mayer, 1995; Mullican and Mace, 2001). Rocks of the
Permian aquifer are likely hydraulically connected to rocks of the Bone Spring—Victorio
Peak aquifer.

6.2.3 Recharge

Most recharge on the Diablo Plateau occurs through fractures along arroyos during storm
rainfall and flooding, which allows relatively rapid recharge to the aquifer. Recharge
occurs over the entire catchment area of approximately 2,900 mi’. Recharge is recent,
within about the last 50 years, based on tritium values in wells sampled on the plateau
(Mullican and others, 1987; Kreitler and others, 1990). Estimates of annual recharge for
the region range from 0.008 to 0.276 inches per year (Mayer, 1995).

Chloride concentrations on the plateau are significantly lower in arroyo soils compared
with those between the arroyos, suggesting flushing of chloride by precipitation recharge
(Mullican and others, 1987; Kreitler and others, 1987, 1990; Scanlon and others, 1991).
Water flux estimates based on chloride concentrations are as low as 0.0009 to 0.0022
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inches per year between the arroyos and 0.0028 to 0.0688 inches per year within arroyos
(Scanlon and others, 2001).

6.2.4 Hydraulic properties

Due to fractures caused by faulting and subsequent dissolution, the limestones of the
Diablo Plateau may have the ability to transmit large volumes of water (Mullican and
Mace, 2001). Aquifer tests in wells on the plateau support this notion of fracture flow
(Mullican and others, 1987; Kreitler and others, 1987, 1990). Kreitler and others (1987)
calculated transmissivity for both the Cretaceous aquifer in the southwest and the
Permian aquifer in the northeast. The Permian rocks had values ranging from 0.3 to 230
ft*/day. The Cretaceous aquifer, however, had significantly higher transmissivity values
ranging from about 5,000 to 6,700 ft*/day. In northwestern Hudspeth County, several
wells produced 40 to 300 gallons per minute with no drawdown (LBG-Guyton
Associates, 2001).

6.2.5 Discharge

Groundwater discharges from the Diablo Plateau aquifer by cross-formational flow,
evaporation at salt flats, and pumping. Groundwater that flows to the southwest across
the Hueco Bolson discharges to the Rio Grande through the Hueco Bolson aquifer
(Mullican and Mace, 2001). Groundwater flowing northeast through Dell Valley
discharges and evaporates in the Salt Basin. Evaporation precipitates minerals such as
gypsum, halite, and other carbonates, which has the effect of reducing the permeability of
sediments in the salt basin (Chapman, 1984; Boyd and Kreitler, 1986; Kreitler and others,
1990). Groundwater may also be discharging by interbasin flow beneath the Salt Basin
through Permian carbonates (Nielson and Sharp, 1985; Kreitler and others, 1990). This
groundwater is thought to discharge eventually to the Balmorhea area in Reeves County
or the Cenozoic Pecos Alluvium in Pecos County. Windmills and low-capacity pumps
also discharge limited amounts of water from the aquifer.

6.2.6 Water quality

Water quality is generally slightly saline with total dissolved solids values of 1,000 to
3,000 mg/L (Figure 6-7). Chloride, sulfate, magnesium, and sodium concentrations on the
Diablo Plateau are lower than they are in the Dell Valley area (Figure 6-8), while fluoride
concentrations are higher. Water quality samples from Cretaceous carbonates on the
plateau have relatively higher sodium compositions compared to Permian carbonates and
fairly equal concentrations of bicarbonate, sulfate, and chloride (Figure 6-9).
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6.3 Hueco Bolson aquifer

The Texas Water Development Board recognizes the Hueco-Mesilla Bolson aquifer as a
major aquifer of Texas (Ashworth and Hopkins, 1995; TWDB, 2002). In Texas, the
aquifer is made up of two bolsons: the Mesilla Bolson and the Hueco Bolson. Only the
Hueco Bolson part of the aquifer appears in Hudspeth County. Therefore, for this report,
we refer to the aquifer as the Hueco Bolson aquifer. Its boundaries in Hudspeth County
are based on the lateral extent of sediments in the Hueco Bolson (Figure 3-8). The aquifer
extends out of the county to the northwest into El Paso County and across the Rio Grande
to the southwest into Mexico.

The uppermost part of the Hueco Bolson aquifer includes the Rio Grande Alluvium,
which some consider as a separate aquifer. In this document, we consider the Rio Grande
Alluvium aquifer to be part of the Hueco Bolson aquifer. However, where appropriate,
we discuss groundwater in the Rio Grande Alluvium separately.

6.3.1 Geology and hydrostratigraphy

The southeastern part of the Hueco Bolson is bounded to the north and south by rugged
horst blocks of Cretaceous carbonates and siliciclastics. Deep Tertiary sediments of the
southeastern Hueco Bolson are separated from those in the northwestern part of the
bolson, creating two structural sub-basins (Collins and Raney, 1991). The nature of the
basin divide is not known, but it coincides with a change from north-south trending
structures to northwest-southeast-trending structures (Figure 3-5). The southeastern part
of the Hueco Bolson has a total surface area of 829 mi’, of which 61 percent lies in the
United States (TWDB and NMWRRI, 1997). The floor of the bolson slopes southwest
from elevations of 3,600 to 4,600 feet at the Diablo Plateau escarpment and Quitman
Mountains to 3,300 to 3,550 ft along the Rio Grande. It slopes to the northeast from
mountain fronts in Mexico from 4,100 to 4,450 ft to the Rio Grande.

The Hueco Bolson aquifer consists of Cenozoic basin-fill sediments that occur as minor
sand lenses interstratified with clays and silty clays (Mullican and Senger, 1992). These
sediments were deposited in environments ranging from alluvial fans to ephemeral lakes
and saline playas (Gustavson, 1991). The sediments are characterized by significant
internal discontinuities due to Basin and Range extensional faulting and the tabular and
lenticular nature of the deposits (Fisher and Mullican, 1990a, 1990b). The thickness of
Cenozoic basin fill increases from 500 to 650 ft along the eastern margin of the basin to
9,350 ft in its central and western parts (Collins and Raney, 1991). Saturated basin fill is
principally in the Fort Hancock Formation in sediments that are mostly lacustrine (lake-
deposited) clays; bedded gypsum; and sand, silt, and clay from alluvial fans and fluvial
deposits.

The Rio Grande Alluvium formed in Late Quaternary time from incision by the Rio
Grande into the Hueco Bolson (Figure 3-6, Qalr). The alluvium consists of reworked
basin-fill sediments, eroded bedrock from nearby mountains, and sediments transported
from New Mexico and Colorado. Braided and meandering fluvial sediments were
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deposited during alternating periods of scour and fill. They form lenses and beds of
gravel, sand, silt, and clay that are highly irregular in thickness and lateral extent (USBR,
1973; Alvarez and Buckner, 1980; TWDB and NMWRRI, 1997). The total thickness of
fill averages 210 ft in the United States and 170 ft in Mexico (IBWC, 1989). Windblown
sand and silt deposits with dunes of 15 ft or less overlie the alluvial fill (Figure 3-6, Qws,
Qwsd; IBWC, 1989) and act as surfaces for infiltration and recharge, because they are
well sorted and have very little vegetation.

Cretaceous carbonate and siliciclastic rocks exposed in the highlands of the Diablo
Plateau lie unconformably beneath Cenozoic basin-fill sediments of the Hueco Bolson
(Mullican and others, 1989; Fisher and Mullican, 1990a, 1990b). These units are likely
interconnected by fractures, although data are insufficient to determine if they are acting
as a single hydrostratigraphic unit or a series of discontinuous and poorly interconnected
strata (Fisher and Mullican, 1990a, 1990b).

6.3.2  Water levels and groundwater flow

Water levels show that groundwater in the Hueco Bolson aquifer in Hudspeth County
generally flows south and southwest from the Diablo Plateau and discharges along the
Rio Grande (Figures 6-3 and 6-15; Mullican and Senger, 1992). Water level elevations
are highest near the mountains and Diablo Plateau escarpment and decrease toward the
southwest from 3,720 to 3,480 ft (Figures 6-15 and 6-16). South of the Rio Grande the
potentiometric surface also slopes to the river from mountains in Mexico (TWDB and
NMWRRI, 1997). The peak elevations of the mountains in Mexico likely represent the
locations of groundwater divides.

We constructed maps of water levels in the Rio Grande Alluvium for the years 1962,
1973 and 1974, 1982 and 1983, 1994 and 1995, and 2002 to 2004. Water levels have not
changed significantly in the Rio Grande Alluvium in Hudspeth County since 1973
(Figure 6-17 and 6-18).

6.3.3 Recharge

Very little recharge occurs within the Hueco Bolson. Field studies and numerical
modeling in the Tertiary basin fill indicate that moisture penetration after rainfall is
restricted to the upper few feet of the unsaturated zone because of the low degree of
saturation in surficial sediments (Scanlon and others, 1991). Interdrainage areas in the
bolson have upward water-potential gradients, high chloride concentrations, evaporative
enrichment of stable isotopes of oxygen and hydrogen, shallow penetration of bomb-
pulse tracers during the past 40 to 50 years, and radioactive decay of '*C. Together, this
information indicates an absence of recharge (Scanlon and others, 1991, 2001). Water
potential profiles suggest upward water movement and long-term drying of sediments
during the past several thousand years. Chloride profiles indicate that during Pleistocene
times (more than 10,000 years ago) water fluxes were higher (Scanlon and others, 1991,
2001). Some minor recharge does appear to occur in areas of fissured sediments
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Figure 6-15. Water-level map of southwestern Hudspeth County.
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Figure 6-17. Water-level maps of the Rio Grande Alluvium aquifer over time,
southwestern Hudspeth County, Texas.
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underlain by fractures (Scanlon, 1992) as well as in areas of exposed Cretaceous rocks
along Quaternary normal faults (Mullican and Senger, 1992). The Hueco Bolson receives
only a minor amount of cross-formational flow from the Diablo Plateau (Kreitler and
others, 1987, 1990).

6.3.4 Hydraulic properties

Hydraulic properties of the Hueco Bolson aquifer vary because of its differing amounts
of gravel, sand, and clay. Mullican and Senger (1992) analyzed aquifer tests from 12
wells in the area of the Hueco Bolson in Hudspeth County and determined that
transmissivity values range from 0.19 to 290 ft*/day and that hydraulic conductivity
values range from 0.0015 to 2.82 ft/day (the wells tested included basin fill and
underlying Cretaceous rocks). Their results showed that basin-fill deposits are highly
nonuniform with respect to their aquifer properties. Kreitler and others (1987) measured
the hydraulic conductivity of two sequences of gravels, clays, and sand in basin fill in the
Fort Hancock area. They found that the hydraulic conductivity for the gravels was 0.02
ft/day, and the hydraulic conductivity for the clays and silty sand was 0.01 ft/day.

Mullican and Senger (1992) constructed a numerical groundwater flow model to help
determine controlling factors of regional flow across the Hueco Bolson and found that (1)
bolson deposits along a Quaternary normal fault (Campo Grande fault) had relatively
high permeability, (2) bolson deposits along a subbasin axis located between the Diablo
Plateau and the Campo Grande fault had relatively high permeability, and (3) the
displacement of permeable Cretaceous strata at the normal fault against bolson deposits
to the south produced a low-permeability zone for groundwater flow toward the Rio
Grande.

The Texas Water Development Board and the New Mexico Water Resources Research
Institute (1997) constructed a two-dimensional, cross-sectional groundwater flow model
in the southwestern part of Hudspeth County across the Hueco Bolson (Figure 6-16, line
A-A’). They achieved their best match of measured and simulated heads using hydraulic
conductivity values of 0.2 to 1.0 ft/day with effective porosities from 0.18 to 0.25 for
basin fill. They used hydraulic conductivity values for Cretaceous rocks that ranged from
0.007 to 0.1 ft/day with effective porosities of 0.02 to 0.08. They assigned hydraulic
conductivity values of 10.0 ft/day and an effective porosity of 0.20 for the Rio Grande
Alluvium.

6.3.5 Discharge

Groundwater discharges from the Hueco Bolson aquifer through pumping, seepage to the
Rio Grande, spring discharge, evaporation, and consumption by phreatophytes such as
salt cedar (Mullican and Senger, 1992; TWDB and NMWRRI, 1997). Current well water
withdrawal from the southeastern Hueco Bolson is limited to pumpage from smaller
wells for municipal and livestock purposes (see Section 7.2). Groundwater from the
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Hueco Bolson aquifer discharges to the Rio Grande Alluvium (Mullican and Senger,
1992), which in turn seeps into the Rio Grande or is pumped from wells in the alluvium.

Hot springs are located near the southwestern end of the Quitman Mountains, where
discharge rates range from 2 to as high as 300 to 350 gallons per minute (1973
measurements; TWDB, 2005). The source of the water from the hot springs is likely from
rocks below the Hueco Bolson (Henry, 1979) but may include some groundwater from
the aquifer.

Significant groundwater is lost to the uptake of water by deep-rooted plants
(phreatophytes) such as salt cedar. A study conducted in the Mojave Desert of southern
Nevada (Sala and others, 1996) indicates evapotranspiration rates for salt cedar of 85
(minimum) to 234 (maximum) inches per year, or about 17,000 gallons per day per acre
(maximum). Salt cedar is common along the Rio Grande alluvium, especially below Fort
Quitman.

6.3.6 Water quality

The Hueco Bolson aquifer generally displays a northeast to southwest increase in total
dissolved solids values from 1,000 to 3,000 mg/L near the Diablo Plateau to 3,000 to
10,000 mg/L along the Rio Grande (Figures 6-7 and 6-19). Superimposed on this pattern
is a northeast-southwest-trending area of high total dissolved solids values (Fisher and
Mullican, 1990a, 1990b). Chloride displays similar patterns, increasing from less than
250 mg/L to greater than 2,000 mg/L (Figure 6-8). Sulfate increases from 250 to 750
mg/L to 750 to 2,000 mg/L and magnesium increases from less than 25 mg/L to greater
than 150 mg/L. Fluoride, however, displays an opposite pattern, decreasing towards the
southwest from 2 to 5 mg/L to less than 1 mg/L. Nitrate concentrations are generally low
at less than 10 mg/L, although some values fall within the 44 to 100 mg/L range along the
Rio Grande. Fisher and Mullican (1990a, 1990b) reported mean, minimum, and
maximum total dissolved solids values of 1,730; 960; and 4,420 mg/L, respectively, from
the southeastern Hueco Bolson aquifer.

Based on previous work by Fisher and Mullican (1990a, 1990b, 1997), we describe four
hydrochemical facies types for water in the Hueco Bolson aquifer in Hudspeth County:
sodium-chloride, sodium-sulfate, calcium-sulfate, and sodium bicarbonate (Figure 6-20).
Sodium-chloride facies are located near the river, sodium-sulfate facies are located
between the river and the Diablo Plateau, and one sample, on the edge of the plateau, has
a calcium-sulfate facies (Figure 6-21). Groundwater in the Diablo Plateau aquifer
bordering the Hueco Bolson aquifer has a hydrochemical facies type of sodium-
bicarbonate (Fisher and Mullican, 1990a, 1990b, 1997).

An analysis of soils, soil leachates, bolson-fill sediments, water from the unsaturated
zone, and groundwater from southwestern Hudspeth County suggests that a simple set of
processes is responsible for the hydrochemical evolution of groundwater flowing between
the Diablo Plateau and the Rio Grande Alluvium aquifer through the Hueco Bolson
(Fisher and Mullican, 1990a, 1990b, 1997). Ionic relations, mineral saturation states, and
geochemical modeling indicate that groundwater compositions are controlled by
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Figure 6-19. Total dissolved solids in groundwater in southwestern Hudspeth County.
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Figure 6-21.  Stiff diagrams showing the distribution of hydrochemical facies (as
defined in Fischer and Mullican, 1990) in southwestern Hudspeth County.

reactions in the unsaturated zone, the mineralogy of unsaturated sediments and aquifers,
location in the groundwater flow system, and extensive irrigation. Recharge on the
Diablo Plateau leaches carbonate soil salts and produces calcium-bicarbonate
groundwater that moves downward through soil- and sediment-filled fractures. With
continued flow and mineral-water interaction, saturation of calcite and dolomite is
maintained: gypsum is dissolved: and aqueous calcium and magnesium are exchanged for
adsorbed sodium. Groundwater evolves to a sodium-bicarbonate hydrochemical facies
type in unsaturated bolson sediments and then to a sodium-sulfate type in both bolson
sediments and underlying Cretaceous rocks. The sodium-chloride type groundwater from
the Rio Grande Alluvium aquifer is a product of the composition of irrigation water,
salinity increases caused by evapotranspiration, dissolution of soil salts, and possibly the
application of agricultural chemicals (Fisher and Mullican, 1997).
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6.4 West Texas Bolsons aquifer

As defined by the Texas Water Development Board, the West Texas Bolsons aquifer is a
minor aquifer. It is a complex of smaller aquifers located in Culberson, Hudspeth, Jeff
Davis, and Presidio counties. The degree to which these smaller aquifers are connected
hydrologically in Hudspeth County is not well known since there has been little research
on the subject (Darling and Hibbs, 2001). For each bolson aquifer, however, there is a
significant amount of hydrogeologic information available.

6.4.1 Geology and hydrostratigraphy

The West Texas Bolsons aquifer in Hudspeth County can be subdivided, based on
physiography, into the Red Light Draw, Green River Valley, and Eagle Flat aquifers
(Figure 3-1; Ashworth and Hopkins, 1995). These aquifers may include sediments in the
bolsons and the underlying bedrock. Wells in Red Light Draw produce from Cretaceous
limestones and sandstones in the northwest and from Tertiary and Quaternary volcanic
gravels and basin fill towards the south (Figures 3-6, and 3-7). The Red Light Draw
aquifer has a combined section of Tertiary and Quaternary volcanic gravels and basin fill
that thickens southward from 500 ft to as much as 3,600 ft (Gates and others, 1980).
Thicknesses of Cretaceous rocks are highly variable in the area, as are their lithologies.
Wells located within the Rio Grande floodplain produce from alluvium consisting of
coarse- to fine-grained sand and silt (Darling and Hibbs, 2001).

The Green River Valley aquifer consists of Cretaceous limestone, sandstone,
conglomerate, siltstone, and Tertiary volcanic rocks. Maximum basin-fill thickness
ranges from 1,700 to more than 2,000 ft and includes thick sequences of coarse-grained
volcanic debris eroded from the surrounding mountains. Basin fill is more than 2,000 ft
thick near the Rio Grande and is composed predominately of fine-grained clay, silt, and
possibly altered tuff (Gates and others, 1980).

The Eagle Flat aquifer is more variable in terms of host rock. In northwest Eagle Flat the
aquifer consists of Cretaceous-age limestones and sandstones. The rocks appear to be
highly fractured in places based on single-well aquifer tests (Darling and others, 1994;
Darling, 1997). Some 500 to 700 ft of overlying Tertiary basin fill is not a source for
groundwater (Gates and others, 1980; Darling, 1997). However, interbedded Tertiary
gravel, sand, and silt contain groundwater to the southeast (Darling, 1997; Langford and
others, 1999). Thicknesses of the basin fill there are on the order of those to the south in
the Green River Valley. The aquifer is composed of Precambrian metamorphic rocks in
the vicinity of the Carrizo Mountains (Gates and others, 1980).

6.4.2 _ Water levels and groundwater flow

The water level map for the West Texas Bolsons aquifer and surrounding area of
Hudspeth County is based on water-level information from Texas Water Development
Board files (Figures 6-3 and 6-22). Water levels were taken over a time period of about
1940 to the present. We used the most recent measurement for each well. Because this
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Figure 6-22. Water-level map of southeastern Hudspeth County with groundwater
divides according to Darling (1997).

area has not had significant groundwater withdrawals, selecting data from this extended
period should not adversely affect the resulting potentiometric surface.

Generally, water level elevations in the study area mimic topography (Figure 6-22). They
are highest in the mountains and shallowest in the intervening basins. A plot of land-
surface elevation versus static water levels displays a reasonably high degree of positive
correlation for most of the data (group 1; Figure 6-23; Darling, 1997). However, some of
the data (group 2) show a less pronounced correlation between topography and water
levels. This suggests two different hydrogeologic regimes (Darling,
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Figure 6-23. Comparison between water-level elevation and land-surface elevation for
wells measured in southeastern Hudspeth County (modified from Darling,
1997).

1997). Wells with water levels correlating strongly to land surface draw from shallow to
relatively shallow groundwater, and wells with water levels that do not correlate as
strongly to land surface draw from deeper groundwater unaffected by local topography.

On the basis of water level data, Gates and others (1980), Darling and others (1994), and
Darling (1997) located groundwater divides in this part of Hudspeth County (Figure 6-
22). Differences in contouring procedures between Darling (1997) and our study account
for the crossing of some contour lines with the divides. The divides form hydraulic
barriers to groundwater flow between parts of the West Texas Bolsons aquifer.

In the Red Light Draw and the Green River Valley aquifers, south of the groundwater
divides, groundwater flows southward and discharges into Rio Grande alluvium (Figure
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6-22; Darling, 1997). Water flows through Cretaceous rocks in northern Red Light Draw
and through Tertiary basin fill and Quaternary alluvium to the south (Albritton and
Smith, 1965; White and others, 1980). Quaternary alluvium and Tertiary volcanics are
the main water-bearing units in the Green River Valley (White and others, 1980).
Groundwater flows south from the Precambrian rocks of the Carrizo Mountains and east
from the Cretaceous limestones of the eastern Eagle Mountains (Figure 3-6).
Groundwater passes through Precambrian rocks and Tertiary basin fill as it flows
eastward under Scott’s Crossing towards Lobo Flat (Darling, 1997).

Darling (1997) suggests that the northeast-southwest-trending groundwater divide
between the Carrizo and Eagle mountains limits flow between the Eagle Flat and Green
River Valley aquifers. Northwest of the divide is an area of closed water level contours
surrounded by three groundwater divides. There are several closed water level contours,
as low as 3,600 ft in elevation, in this area (Figure 6-22). This enclosure by groundwater
divides, as well as the topographic enclosure of the area, suggests a closed hydrogeologic
system where groundwater discharges into a central playa. However, evidence suggests
that groundwater flows south beneath the groundwater divide that borders Red Light
Draw (Devil Ridge groundwater divide; Darling, 1997).

Wells north of the city of Sierra Blanca in northwest Eagle Flat produce from relatively
deep Cretaceous rocks and have water level elevations that correlate poorly to land-
surface elevation (Figures 6-22 and 6-23, group 2; Darling, 1997). An analysis of single-
well aquifer tests in the Eagle Flat Basin indicate that the Cretaceous bedrock aquifer is
confined to leaky confined (Darling, 1997). This confinement necessitates an outlet for
groundwater flow in order for water to enter the area. Darling (1997) proposed vertical
flow beneath recharge areas to more porous and permeable rocks below the Cretaceous
bedrock aquifer. Differences in the elevations of the potentiometric surface in the Eagle
Flat and Red Light Draw aquifers would allow vertical flow to merge with an
intermediate to regional flow system permitting groundwater to move south beneath
Devil Ridge groundwater divide (Figure 6-24, cross-section A-A’).

6.4.3 Recharge

In their initial estimates of the recharge, Gates and others (1980) assumed that 1 percent
of the area’s annual precipitation of 12 inches, distributed uniformly across the basins,
recharged the aquifer. This assumption translated into 2,000 acre-ft of annual recharge for
the Red Light Draw aquifer, 1,000 acre-ft for the Green River Valley aquifer, and 3,000
acre-ft for the Eagle Flat aquifer.

More recent information on the isotopic composition of the groundwater in the area
significantly decreases those early estimates (Darling, 1997). Carbon-14 and tritium
concentrations indicate that major recharge areas are limited to mountains and uplands,
such as the Diablo Plateau and the Eagle Mountains (Figure 6-24). In these areas
fractures allow rapid infiltration of meteoric water down to a point where flow is directed
laterally, due to a decrease in fracture permeability, beneath alluvial fans. Precipitation
recharges directly into the alluvial fans but is thought to be inhibited by the presence of
well-developed, low-permeable soils that divert runoff to topographically lower areas
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(Darling, 1997). This diverted water is subsequently evaporated and does not recharge
the aquifer. This is supported by isotopic values of deuterium and oxygen-18 in shallow
soils from the floors of the flats and draws, indicating significant evaporative enrichment.
Darling (1997) estimated, based on these isotopic data and a cross-sectional numerical
flow model (Hibbs and Darling, 1995), that recharge in the West Texas Bolsons aquifer
may be as little as 14 percent of the earlier annual estimates by Gates and others (1980).
This equates to annual recharge estimates of 280 acre-ft for the Red Light Draw aquifer,
430 acre-ft for the Eagle Flat aquifer, and 120 acre-ft for the Green River Valley aquifer.

The most recent estimates for recharge in the West Texas Bolsons assume that the
margins of the basins and the channels of ephemeral streams draining the mountains are
the primary recharge areas (FWTRWPG, 2001). Like those of Gates and others (1980),
they are based on the assumption that one percent of average annual precipitation is
converted to recharge. The estimates of recharge are about 700 acre-ft per year in the Red
Light Draw aquifer, about 700 acre-ft per year in the Green River Valley aquifer, and
about 1,000 acre-ft per year for the Eagle Flat aquifer.

The basins are primarily areas of evaporation and transpiration. Scanlon and others
(2000) found that interdrainage areas have low water potentials and high chloride
concentrations indicating low water fluxes (0.0008 to 0.002 inches per year). Drainage
areas had low water potentials and low-to-moderate chloride concentrations attributed to
higher water fluxes in the past. Localized topographic depressions such as fissures,
gullies, and borrow pits had high water potentials and low chloride concentrations, which
indicated high water fluxes (3.94 inches per year). However, the topographic depressions
make up less than one percent of the basin area, so their effect on recharge is minimal.

6.4.4 Hydraulic properties

Hydraulic properties for the West Texas Bolsons aquifer in Hudspeth County are
controlled by the distribution of fractures from Laramide and Basin and Range tectonism
and lithologic variability of the basin fill and underlying Cretaceous rocks.

In the Eagle Flat aquifer, single-well aquifer tests and specific-capacity analyses from the
Cretaceous bedrock aquifer indicate that the hydraulic properties of the carbonate and
siliciclastic formations are variable. Estimates of hydraulic conductivity varied from
0.00094 ft/day to 539 ft/day, based on specific-capacity data, and storativity was
estimated to be 0.0005 (Darling, 1997). Corresponding transmissivity estimates varied
from 0.40 to 25,000 ft*/day. Darling (1997) thought that inconsistent lithologies, along
with the distribution of fractures, were responsible for the variability of the hydraulic
properties.

Between the Eagle Mountains and the Rio Grande across Red Light Draw, Hibbs and
Darling (1995) used a two-dimensional finite difference model to simulate groundwater
flow using assumed hydraulic properties (Figure 6-24, cross-section C-C’). They based
their hydraulic conductivities on previously published values and described lithologies
(Underwood, 1962; Gates and others, 1980; Bedinger and others, 1986; Mullican and
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Senger, 1992). They used hydraulic conductivity values of 0.0009 ft/day for fine basin
fill, 1.0 ft/day for coarse basin fill, 30 ft/day for alluvium, and 0.0007 to 0.01 ft/day for
bedrock. The results of the modeling produce a close match between measured and
simulated heads (Hibbs and Darling, 1995). Modeled flow path trajectories support the
notion that groundwater flow is controlled by decreasing fracture porosity as water moves
down through bedrock to beneath alluvial fan deposits.

6.4.5 Discharge

Discharge of groundwater from the West Texas Bolsons aquifer in Hudspeth County
occurs by spring flow, interbasin flow, evaporation, consumptive use by salt cedar, and
pumping (see Figure 6-3 for well locations). There is very little information on spring
discharge in Hudspeth County. In fact, only one area in the extreme southeast corner of
the county has discharge data. At Mesquite Spring discharge has declined from 12 to 15
gallons per minute in 1974 to 0.3 gallons per minute in 1993. There is evidence that
indicates groundwater is discharging by interbasin flow to the east towards Lobo Flat and
south towards the Rio Grande (Gates and others, 1980; Darling, 1997). Darling (1997)
suggests regional discharge through Cretaceous rocks from north of Devil Ridge to the
Rio Grande (Figure 6-24). Shallower groundwater flow within the Red Light Draw and
Green River Valley aquifers discharges to low-lying areas along the Rio Grande. An
analysis of stream-gauge data suggests no discernible discharge of groundwater to the
river and that water in the Rio Grande alluvium is removed by evapotranspiration
(Darling, 1997). Geochemical and isotopic studies indicate evaporation of surface runoff
in the area within the West Texas bolsons (Darling, 1997; Scanlon and others, 2000), as
discussed in the previous section on recharge. Significant groundwater consumption by
phreatophytes, such as salt cedar, occurs along the Rio Grande below Fort Quitman
(TWDB and NMWRRI, 1997).

Water production in Red Light Draw is for either domestic use or livestock and wild
game (Gates and others, 1980; Darling and Hibbs, 2001). Irrigation wells in the Rio
Grande alluvium irrigated cotton fields during the 1950s and 1960s but are no longer in
use. In Green River Valley, water production is solely for the watering of livestock and
wild game. Well yields there vary widely, from only 25 gallons per minute to more than
100 gallons per minute from abandoned irrigation wells along the Rio Grande. To the
north in the Eagle Flat aquifer, wells are also used for domestic or livestock and wild
game purposes. At one time, however, Cretaceous formations were the sole source of
drinking water for the village of Sierra Blanca. Sierra Blanca now receives water from
Culberson County 35 miles to the east. Pumping rates from Eagle Flat aquifer vary
widely from 10 to 15 gallons per minute in many cases to substantially larger yields for a
smaller number of wells (Gates and others, 1980; Darling and others, 1994; Darling,
1997).

6.4.6 Water quality

Southeast Hudspeth County generally has fresh water with total dissolved solids values of
less than 1,000 mg/L (Figure 6-7). Exceptions occur east and southeast of Sierra Blanca

58



and along the Rio Grande where values range from 1,000 to 10,000 mg/L. This pattern
holds true over time, although the number of wells sampled over the periods of 1939 to
1960 and 1980 to 1990 is small.

The distribution of chloride in the area mimics the pattern seen for total dissolved solids,
with the majority of wells having chloride values less than the Environmental Protection
Agency’s maximum contaminant level secondary standard of 250 mg/L (Figure 6-8). In a
more detailed analysis of chloride distribution, Darling (1997) found that levels increase
towards the center of Eagle Flat and southwards from the Eagle Mountains to the Rio
Grande. Sulfate concentrations are higher and more variable but are generally less than
300 mg/L (the maximum contaminant level for SO4 is 250 mg/L). Again, like chloride
levels, sulfate concentrations display higher levels, in the 750 to 2,000 mg/L range, east
of Sierra Blanca and along the Rio Grande. Nitrate concentrations are generally less than
10 mg/L, although there are a number of wells in the 10 to 44.27 mg/L range (44.27 mg/L
is the Environmental Protection Agency’s maximum contaminant level value for nitrate).
These wells are located southeast of Sierra Blanca, northwest of the Carrizo Mountains in
Eagle Flat, along the Green River Valley, and at the south end of Red Light Draw.
Fluoride levels are generally less than 3 mg/L (the maximum contaminant level for
fluoride is 2 mg/L), but a group of wells southeast of Sierra Blanca has values of more
than 4 mg/L. Magnesium concentrations are mostly less than 100 mg/L, but some are
greater along the Rio Grande.

Darling (1997) defined four hydrochemical facies types for groundwater in southeast
Hudspeth County: Type 1 consists of calcium-bicarbonate to mixed-cation-bicarbonate;
Type 2 consists of sodium-mixed-anion to mixed-cation-mixed-anion; Type 3 consists of
sodium-bicarbonate; and Type 4 consists of sodium-chloride to sodium-sulfate and
mixed-cation-sulfate. More recent data collection from the Texas Water Development
Board database confirms these facies types (Figures 6-25, 6-26, 6-27, 6-28, and, 6-29).

Compositions of major ions in this area can be in large part attributed to relatively
common reactions (Darling, 1997). Type 1 to Type 3 facies likely developed through
dissolution of calcite and dolomite as well as weathering of silicates such as albite,
pyroxene, or amphibole. Cation exchange appears to be an important process in
developing the Type 1 to Type 3 facies. Type 4 facies are dominated by the dissolution of
gypsum and halite. The release of calcium during dissolution of the gypsum and halite
drives exchange reactions that release sodium (Darling, 1997). With the continued
dissolution of gypsum, cation exchange becomes more significant.

Another mechanism is likely responsible for Type 4 facies groundwater from shallow
wells along the Rio Grande. Evaporative concentration of irrigation water builds up salt
concentrations in soil, which are subsequently flushed by return flow into local
groundwater. Darling (1997) has proposed this mechanism to account for the
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Figure 6-25. Piper plot of major ion compositions in groundwater in southeastern

Hudspeth County (Type 1 is calcium-bicarbonate to mixed-cation-
bicarbonate; Type 2 is sodium-mixed-anion to mixed-cation-mixed-anion;

Type 3 is sodium bicarbonate; Type 4 is sodium-chloride to sodium-
sulfate and mixed-cation-sulfate).
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Figure 6-26. Piper plot and selected Stiff diagrams of Type 1 (calcium-bicarbonate)
groundwater, southeastern Hudspeth County.
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Figure 6-29. Piper plot and selected Stiff diagrams of Type 4 (sodium-chloride to
sodium-sulfate and mixed-cation-sulfate) groundwater, southeastern
Hudspeth County.

anomalously high sodium and chloride concentrations from certain wells along the river
(Figure 6-30).

The distribution of compositions displays a pattern characteristic of cation exchange
whereby calcium and magnesium in solution are replaced by sodium (Figure 6-25;
Hounslow, 1995). This pattern may represent the progressive evolution of groundwater
from Type 1 through Type 4. In Red Light Draw, Type 1 groundwater at the northwest
end of the valley generally changes to Type 2, 3, and 4 facies farther south (Figure 6-30;
see also Plate 5 of Darling, 1997). This may also represent the evolution of groundwater
from a calcium-bicarbonate Type 1 facies to a sodium-sulfate Type 4 facies. Fisher and
Mullican (1997) describe a similar scenario just to the northwest in the area of the
southwestern Diablo Plateau and the southeastern Hueco Bolson. In the Carrizo
Mountains and Eagle Flat area, Type 1 groundwater changes to Type 2 and finally
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changes to Type 3 in the area of Scott’s Crossing. This would show a similar progression
in Red Light Draw were it not for the potentiometric map and location of the
groundwater divide between the Eagle and Carrizo mountains (Figure 6-22).

Whether or not progressive groundwater evolution is taking place, we can make some
general observations by mapping hydrochemical facies. For example, Type 1
groundwater is found in association with fractured Cretaceous rocks in the Eagle
Mountains and northwest Red Light Draw as well as in the Precambrian metamorphic
rocks in the Carrizo Mountains. Type 2 and 3 facies are located at lower elevations within
the basins, and Type 4 groundwater is common in wells along the Rio Grande. One
exception to this is the grouping of water samples with Type 4 facies southeast of Sierra
Blanca (Figure 6-30). In this area, concentrations of chloride, sulfate, and fluoride are
high compared to the surrounding areas (Figure 6-8). One possible explanation for this is
the dissolution of halite and gypsum from Jurassic evaporates by geothermal fluids
associated with volcanic rocks. Groundwater temperatures southeast of Sierra Blanca are
about 30°C, which are relatively high. Volcanic rocks also outcrop just to the west
(Figure 3-6). Jurassic evaporates are present in the Malone Mountains to the northwest
and are thought to occur at depth (DeFord and Haenggi, 1971). This scenario has also
been proposed for the occurrence of Type 4 groundwater along the Rio Grande (Henry,
1979; Darling, 1997).

6.5 Capitan Reef Complex aquifer

The Texas Water Development Board recognizes the Capitan Reef Complex aquifer as a
minor aquifer. The majority of the aquifer is located outside of Hudspeth County in
Culberson, Jeff Davis, Pecos, Reeves, Ward, and Winkler counties. Only a small part of
the aquifer is in the county, located to the east of Dell Valley and the Salt Basin (Figure
3-1). Information on the aquifer in this area is limited relative to the other aquifers in the
county.

6.5.1 Geology and hydrostratigraphy

The Guadalupe Mountains border the Salt Basin along its eastern edge and consist of
Permian carbonate rocks of the Capitan Reef Complex (Figure 3-1; King, 1948). Middle
to late Tertiary Basin and Range block faulting uplifted the Permian rocks, creating an
approximately 5 to 10 degree regional eastward dip (Grauten, 1965). Uplift and erosional
exhumation of the original Permian topography resulted in the widespread influx of
meteoric waters with renewal of deep groundwater circulation, dissolution, and/or
replacement of Permian evaporites and widespread cavern formation in limestones of the
Guadalupe Mountains. It also produced numerous high-angle faults and fractures of the
Permian rocks of the Guadalupe Mountains, especially along the western escarpment
(King, 1948).

The Permian rocks exposed along the western flank of the Guadalupe Mountains include

the Capitan and Goat Seep formations (Figure 3-6). Both of those formations, in addition
to the Carlsbad Formation, comprise the Capitan Reef Complex aquifer (Hiss, 1975;
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Uliana, 2001). The Capitan Formation consists of reef limestone with thicknesses of
1,000 to 2,000 ft. It grades upwards and to the north into back-reef facies of the Carlsbad
Group, which includes the Tansill, Yates, and Seven Rivers formations (King, 1948). The
Goat Seep Formation is mostly limestone, but in part dolomitic, and has thicknesses of
200 to 1,200 ft. Like the younger Capitan Formation, the Goat Seep Formation represents
a fossil reef system (King, 1948; Newell and others, 1953; Crow and Bell, 2004).

6.5.2  Water levels and groundwater flow

Regional groundwater flow in the aquifer is to the east and northeast and is concentrated
in the rocks of the Capitan Reef Complex (Hiss, 1975, 1980). Flow in the Capitan Reef
Complex aquifer has been affected by the incision of the Pecos River and by
development of petroleum and groundwater resources over the last 70 years (Hiss, 1975,
1980; Uliana, 2001).

Kreitler and others (1990) suggest that groundwater from the Diablo Plateau may be
flowing southeast through reef facies rocks buried beneath the Salt Basin. Water levels
from northeastern-most Hudspeth County support this notion of southeast flow in the
Capitan Reed Complex aquifer into the Salt Basin (Figure 6-4).

6.5.3 Recharge

The Capitan Reef Complex aquifer is recharged primarily by rainfall (ranging from about
14 to 24 inches annually) over the Guadalupe, Glass, and Apache mountains (Figure 3-2;
Ashworth and Hopkins, 1995). Reef rocks are exposed in these areas, and it is likely that
water enters the aquifers through fractures and karst features. Muller and Price (1979)
estimated that effective annual recharge of the Capitan Reef Complex aquifer is 12,500
acre-ft. Of this amount, they attributed 2,500 acre-ft to infiltration of precipitation in the
Diablo Farms area of Culberson County and 10,000 acre-feet to the Apache Mountains.
About 2,100 acre-ft of recharge can be added to this total if 110 mi” of Capitan Reef,
exposed in the Glass Mountains in Brewster County, is included in the estimate.
Estimates of natural recharge for the aquifer in the Guadalupe Mountains of New Mexico
are 10,000 to 20,000 acre-ft per year (OSE/ISC, 2003).

6.5.4 Hydraulic properties

In reef rocks the aquifer is characterized by high primary porosities and permeabilities,
extensive karstification, and regional fracture trends (Uliana, 2001). Measured
transmissivities average 5,390 ft*/day (Gates and others, 1980) and reach 16,200 ft*/day
(Reed, 1965). In New Mexico the aquifer is capable of providing large quantities of fresh
water and is a significant water source for the City of Carlsbad (Ashworth and Hopkins,
1995).

Wells located behind the reef rocks in the Permian shelf facies, geographically located in
New Mexico, have highly variable yields suggesting that permeability is a function of
fracture and karst porosity (Nielson and Sharp, 1985; Mayer and Sharp, 1998).
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Transmissivities, measured in wells from cavernous zones in shelf facies rocks, average
21,300 ft*/day (Davis and Leggat, 1965) and 33,400 ft*/day (Scalapino, 1950).

6.5.5 Discharge

Groundwater discharges from the Capitan Reef Complex aquifer by flow to the Pecos
River, cross-formational flow, and pumping in the aquifer and in oil fields. Discharge of
groundwater to the Pecos River occurs where the river has incised into the aquifer near
Carlsbad, New Mexico (Hiss, 1975, 1980). In addition, some groundwater is thought to
flow into the San Andres Limestone towards the east. Also, the numerous producing oil
fields in the region are areas of discharge and have significantly affected groundwater
flow in the aquifer (Hiss, 1975, 1980). Hydrochemical analyses from the San Solomon
spring system indicates discharge there of groundwater that originated in rocks of the
Capitan Reef Complex aquifer in the Apache Mountains and west of the Delaware
Mountains (Chowdhury and others, 2004).

In many areas of Culberson and Hudspeth Counties, the yields of wells are commonly
more than 1,000 gallons per minute. Further to the south, in the Apache Mountains of
Culberson County, well yields appear to be in the range of 400 gallons per minute. There
is no reported production data for the Glass Mountains portion of the Capitan Reef
(FWTRWPG, 2001).

6.5.6 Water quality

The quality of water from the Capitan Reef Complex aquifer is generally poor, having an
average total dissolved solids value of about 3,000 mg/L and an average chloride
concentration of about 900 mg/L (Brown, 1997). However, there are some exceptions.
Several wells in Culberson and Hudspeth counties and a spring in Culberson County have
water that is good enough to be used for domestic purposes. These sites are close to
recharge areas where the time available for the water to dissolve minerals from the
formation is limited (Brown, 1997). Generally, fresher water is located near areas of
recharge where reef rocks are exposed, such as in the Guadalupe and Apache mountains,
and where evaporites are absent (Ashworth and Hopkins, 1995).

Samples from wells in the Reef Complex located in Hudspeth County have relatively
high levels of calcium and sulfate (Figure 6-31). Total dissolved solids values for this
same area are generally in the slightly saline water range (1,000 to 3,000 mg/L; Figure 6-
7).

7.0 Water demands

Water demands describe how much water is needed for the various uses in an area. Based
on population projections and historical use, water demands are projected into the future
by the Texas Water Development Board and the Far West Texas Regional Water
Planning Group.
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Figure 6-31. Piper plot and selected Stiff diagrams of groundwater from the Capitan
Reef Complex aquifer and associated limestones, northeastern Hudspeth

County.

7.1 Population

Hudspeth County has the 32" lowest population of the 254 counties in Texas. According
to the U.S. Census Bureau, the population of Hudspeth County in 2000 was 3,344, a 23
percent increase from its 1980 population of 2,728 (Table 7-1). Since 1930, the

population of the county has ranged from about 2,400 to 4,300 people (Table 7-1). The
2002 State Water Plan projects that the population in Hudspeth County will increase to

3,995 by 2030 and 4,060 by 2050.
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Table 7-1. Past, present, and projected population figures for Hudspeth County.

Water User Group 2010 2020 2030 2040 2050

County-other 2,197 2,403 2,503 2,570 2,585
Dell City 781 809 827 834 840
Sierra Blanca 653 672 665 650 635
Total: 3,631 3,884 3,995 4,054 4,060

Source: 2002 State Water Plan
County-other refers to rural population

U.S. Bureau of the Census population for Hudspeth County:

1920 1930 1940 1950 1960 1970 1980 1990 2000
962 3,728 3,149 4,298 3,343 2,392 2,728 2915 3,344

7.2  Historical water use

According to Texas Water Development Board estimates, the total annual amount of
water used (groundwater and surface water) between the years of 1974 and 2002 ranged
from 113,000 acre-ft in 1992 to about 300,000 acre-ft in 1999 (Table 7-2). The majority
of water (more than 99 percent) was used for irrigation during this period. Average
annual water use during this period was about 124,000 acre-ft from groundwater and
67,000 acre-ft from surface water. The majority of groundwater was pumped from the
Bone Spring—Victorio Peak aquifer for irrigation (Table 7-3). Water-use values have
changed considerably due to changes in irrigated acreage. For instance, groundwater
withdrawal from the Hueco Bolson aquifer in Hudspeth County has declined significantly
since 1992 from more than 2,400 acre-ft per year to less than 200 acre-ft per year in
2000. Groundwater withdrawal from the Capitan Reef Complex aquifer has increased
from less than 50 acre-ft per year in 1992 to more than 3,500 acre-ft per year in 2000.

A recent study suggests that water use for irrigation in Hudspeth County is not as great as
indicated by Texas Water Development Board published estimates. The Underground
Water Conservation District and the Conservation and Reclamation District funded a
study by Blair (2003) to revise projected irrigation demands for Hudspeth County. Blair
(2003) used detailed local data to estimate use, rather than the broader information used
by the Natural Resources Conservation Service, who conducted irrigation surveys for the
Texas Water Development Board at the time. Blair’s (2003) and the Natural Resources
Conservation Service’s estimates for surface water irrigation were similar, but they
differed significantly in estimates of groundwater irrigation. Local records showed
irrigated acreage of 23,380 acres whereas the Natural Resources Conservation Service
had estimated 49,127 acres. Blair (2003) estimated groundwater use in 2000 at about
103,000 acre-ft, while the Natural Resources Conservation Service estimated water use at
about 222,000 acre-ft. Much of this difference is explained by a significantly lower
estimate of alfalfa acreage by Blair (2003) (Dan Hardin, TWDB, personal
communication, 2005).
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Therefore, Texas Water Development Board estimates of historical groundwater use for
irrigation may have been overestimated.

7.3 Projected water demands

Water demands are projected as part of the regional water planning process and provide
information on the amount of water that cities and counties will need for municipal,
manufacturing, mining, power generation, livestock, and irrigation purposes. The Texas
Water Development Board bases the estimates on population growth and past use.
Specifics of the methodology used to determine these projections are described in detail
in the 2002 State Water Plan (TWDB, 2002). Based on the 2001 Far West Texas
Regional Water Plan, projected water demands decrease or remain constant in Hudspeth
County for all categories except manufacturing, which increases slightly (Table 7-4).
Overall demands decrease from about 123,000 acre-ft per year in 2010 to about 118,000
acre-ft per year in 2030 and about 113,000 acre-ft per year in 2050. More than 99 percent
of this water demand is for irrigation. Irrigation use decreases from about 122,000 acre-ft
per year in 2010 to about 117,000 acre-ft per year in 2030 and about 113,000 acre-ft per
year in 2050.

Regional and state water planning is on a five-year cycle that systematically revisits
various projections, including demand projections. The Texas Water Development Board
has approved new water demand projections for Hudspeth County submitted by the Far
West Texas Regional Water Planning Group for inclusion in their 2006 Far West Texas
Regional Water Plan and the 2007 State Water Plan. These water demand numbers are
projected out to 2060 and, in total, are about 50,000 acre-ft per year greater than the
numbers in the 2002 State Water Plan (Table 7-5). The projected numbers in the 2001 Far
West Texas Regional Water Plan were based on historical demands from around 1990,
while the newer demand numbers are based on more recent, and higher, pumping figures.
Overall demands decrease from about 184,000 acre-ft per year in 2010 to about 165,000
acre-ft per year in 2060, primarily due to an expected decrease in irrigation use. Blair’s
(2003) work, described in the previous section, is considered in these new demands.

7.4 Water export

In addition to the demand for water by users in Hudspeth County, there is a demand for
Hudspeth County water by users outside of the county. We are aware of three potential
groundwater export projects in the county: (1) the export of groundwater from the Bone
Spring—Victorio Peak aquifer in the Dell City area to the City of El Paso, (2) the export of
groundwater from the Capitan Reef Complex aquifer to the City of El Paso, and (3) the
possible export of groundwater from the Hueco Bolson and West Texas Bolsons aquifers
in southern Hudspeth County to users yet to be determined.

The 2001 Far West Texas Regional Water Plan includes a water management strategy to
export water from the Bone Spring-Victorio Peak aquifer in the Dell Valley area to the
City of El Paso (FWTRWPG, 2001, strategy 71-6B). This strategy calls for the export of
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Table 7-4. Water demand projections for 2000 to 2050, reported at 10 year
increments, Hudspeth County, Texas, in acre-feet per year.

Water use category 2000 2010 2020 2030 2040 2050
Municipal: County other 207 214 215 216 214 213
Municipal: Sierra Blanca 113 114 111 107 103 100
Municipal: Dell City 38 36 33 30 26 25
Manufacturing 2 3 4 4 5 6
Livestock 422 422 422 422 422 422
Irrigation 124,521 121,939 119411 116,935 114,510 112,136
Total: 125,303 122,728 120,196 117,714 115,280 112,902

Source: 2001 Far West Texas Regional Water Plan, 2002 State Water Plan; County other refers to rural

domestic use.

Table 7-5. Water demand projections for 2010 to 2060, reported at 10 year
increments, Hudspeth County, in acre-feet per year.

Water use category 2010 2020 2030 2040 2050 2060
Municipal: County other 287 297 301 288 284 284
Municipal: Sierra Blanca 123 130 134 132 131 131
Manufacturing 2 2 2 2 2 2
Mining 1 1 1 1 1 1
Steam Electric 0 0 0 0 0 0
Livestock 613 613 613 613 613 613
Irrigation 182,627 178,840 175,132 171,501 167,945 164,463
Total: 183,653 179,883 176,183 172,537 168,976 165,494

Source: Far West Texas Regional Water Planning Group for inclusion in their 2006 regional water plan;

County other refers to rural domestic use.
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as much as 30,000 acre-ft per year in 2030 and 45,000 acre-ft per year in 2050. The
strategy suggests that any water produced for export will need to be balanced with a
commensurate reduction in net agricultural production (FWTRWPG, 2001). According to
the regional water plan, this reduction is needed to maintain the sustainability of pumping
from the aquifer and to prevent the migration of poorer quality water from the Salt Basin
into the production area.

In 2003 and 2004, El Paso Water Utilities purchased about 28,000 acres of land that
overlies the Capitan Reef Complex aquifer straddling the Hudspeth and Culberson
County lines in an area adjacent to the Salt Basin southeast of Dell City. Possible export
of water from this location is not in the current regional and state water plans. Long range
planning by El Paso Water Utilities includes the transfer of 10,000 acre-ft per year of
groundwater from the Capitan Reef Complex by 2031 through 2060 (Bill Hutchison, El
Paso Water Utilities, 2005, personal communication). This project is not listed as a water
management strategy in the existing regional or state water plans, but will be added to the
next version of the plans.

Current plans by El Paso Water Utilities call for producing 50,000 acre-ft per year of
groundwater from the Bone Spring-Victorio Peak aquifer (to be completed in three
increments of 16,600 acre-ft per year between about 2030 and 2060) (Bill Hutchison, El
Paso Water Ultilities, 2005, personal communication). These numbers are slightly
different than those presented in the 2001 Far West Texas Regional Water Plan, and will
be added to the next version of the plan in 2006.

The State of Texas owns land in Hudspeth County. The General Land Office, which
manages this land, is considering leasing groundwater rights in southern Hudspeth
County to a private interest. Most of this land overlies the Hueco Bolson and West Texas
Bolsons aquifers. It is unclear at this time how much and when this water might be
produced or if production of this water will be included as a water management strategy
in the regional and state water plans.

Other water export ventures that could affect Hudspeth County are originating in New
Mexico. Various groups have filed applications with that state’s Office of the State
Engineer to transport groundwater from the Bone Spring-Victorio Peak aquifer north of
the Dell Valley area. These include an application by Cimarron Agricultural, Ltd. of El
Paso, Texas (File ST-123 of the New Mexico State Engineer Office) to withdraw 76,000
acre feet of water per year from the Bone Spring—Victorio Peak aquifer. If permitted, this
group intends to transport the water across the New Mexico-Texas state boundary, treat
the water to meet drinking standards of the State of Texas, and provide it to users in West
Texas, Southern New Mexico, and the Republic of Mexico for municipal and industrial
use. In 1997, a group of ranchers formed the Last Chance Water Company, LLC,
intending to sell water to both in- and out-of-state users. In 2002, the group applied to
withdraw 100,000 acre-feet of water per year, which they would market for municipal,
industrial, commercial, domestic, agricultural, livestock, recreational, environmental, or
public use purposes (File ST-179). Both applications are currently the subject of protests.
The final application is by the New Mexico Interstate Stream Commission filed in 2002
(Files ST-176, ST-177, ST-178). The purpose of the application is to provide water to the
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Pecos River for delivery to Texas under interstate stream compacts. It proposes drilling
about 110 wells in three separate well fields and diverting 30,000 acre-feet per year from
each of the fields (Calvin Chavez, District [V Manager, New Mexico Office of the State
Engineer, to the New Mexico Interstate Stream Commission, written communication,
February 28, 2002).

8.0 Water availability and supply

Water availability is the amount of water that could be used if the infrastructure existed to
transport the water to users, and it may be limited by management philosophy or legal
restrictions. Water supply, however, is the amount of water that can be used if water
rights, water quality, infrastructure limitations, and contract restrictions are taken into
account (TWDB, 2002).

8.1 Groundwater availability

The Far West Texas Regional Water Planning Group and the Underground Water
Conservation District include estimates of groundwater availability in their water plans.
The Far West Texas Regional Water Planning Group’s estimates reflect drought-of-
record conditions.

Regional water planning groups across the state estimated groundwater availability in
different ways in their regional water plans (Mace and others, 2002). The Far West Texas
Regional Water Planning Group defined groundwater availability for its aquifers using
one of two methods: drainable volume of water or sustainable annual production. The
drainable volume of water refers to the total volume of water that can be economically
produced from the aquifer. It is essentially a total volume of water in an aquifer
multiplied by a recovery factor. Sustainable annual production, however, is the amount of
groundwater that can be pumped from the aquifer each year without inducing undesired
effects. Note that groundwater availability defined as the drainable volume of water has
units of volume (acre-ft) and that groundwater availability defined as sustainable annual
production has units of volume per time (acre-ft per year).

Regional water planning groups develop regional water plans every five years, allowing
them an opportunity to consider new information, reconsider previous decisions, account
for changed conditions, and revise their numbers accordingly. For their 2006 plan, the Far
West Texas Regional Water Planning Group is considering using different groundwater
availability numbers from those in their 2001 plan that may be considerably lower for
many aquifers. Instead of using drainable volume to calculate their numbers as they did
previously, the group may determine availability by historical use and acceptable levels
of potential water level decline based on groundwater availability modeling results. (John
Ashworth, LBG-Guyton Associates, personal communication, 2005).

The 2001 Far West Texas Regional Water Plan defined groundwater availability for the
Capitan Reef Complex, Hueco Bolson, Rio Grande Alluvium, and West Texas Bolsons
aquifers as the drainable volume of water (FWTRWPG, 2001). It defined groundwater
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availability for the Bone Spring—Victorio Peak aquifer on a temporary increase of
pumping during times of drought from a sustainable annual production that minimizes the
risk of saline water intrusion from the Salt Flats.

The 2001 Far West Texas Regional Water Plan shows groundwater availability for
Hudspeth County remaining constant through 2050 with an annual production during
times of drought of 141,000 acre-ft per year for the Bone Spring—Victorio Peak aquifer
and a total drainable volume of 1,847,500 acre-ft for all of the other aquifers (Table 8-1).
This suggests that projected groundwater production, at least the groundwater production
considered at the time of the plan, will be sustainable because drainable volumes do not
decrease over time.

The 2001 Far West Texas Regional Water Plan suggests that there is about 708,000 acre-
ft of recoverable water from the West Texas Bolson aquifer beneath Red Light Draw
(Table 8-1). Because only scattered ranch wells produce groundwater in Red Light Draw,
the aquifer is not expected to show any depletion over the period 2000 to 2050. The
bolson aquifers beneath Green River Valley and Eagle Flat, based on similar
assumptions, have groundwater availability estimates of 89,000 and 409,000 acre-ft,
respectively, from 2000 to 2050. The Rio Grande Alluvium aquifer in Hudspeth County
is another significant potential source of water with an estimated 626,000 acre-ft of
available groundwater (Table 8-1; FWTRWPG, 2001). The 2001 Far West Texas
Regional Water Plan indicates a volume of 500 acre-ft of fresh groundwater in the Hueco
Bolson aquifer in Hudspeth County. The amount of brackish groundwater in the Hueco
Bolson aquifer in Hudspeth County would be much greater.

Ashworth (1995) concluded that annual withdrawals of 90,000 to 100,000 acre-ft could
be maintained in the Bone Springs—Victorio Peak aquifer without lowering the water
table so much it induced the flow of saline water from the Salt Flats. The Far West Texas
Regional Water Planning Group decided that producing as much as 141,000 acre-ft could
be maintained for one season during times of drought (FWTRWPG, 2001). The
Underground Water District includes an estimate of groundwater availability (indicated
as the total amount of usable groundwater) for the Bone-Springs-Victorio Peak aquifer in
its groundwater management plan. They estimate that the usable amount of groundwater
(groundwater availability) in the district for the Bone-Springs—Victorio Peak aquifer is
63,000 acre-ft per year and state that this value is the long-term average amount of
groundwater available for consumptive use or transfer (HCUWCD, 2002a). They also
note that the aquifer is recharged by about 27,000 acre-ft per year of irrigation return
flow.

We could not find an estimate of groundwater availability for the Diablo Plateau aquifer.
The 2001 Far West Texas Regional Water Plan lists an estimate of 10,000 acre-ft for the
groundwater availability of other aquifers in the county. Additional research is required
to develop a specific estimate.
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8.2  Groundwater supply

Groundwater supply projections represent the volume of groundwater that a specific user
or group of users may reasonably expect to pump from an aquifer based on limitations
imposed by factors such as the depth to water, existing infrastructure, cost of pumping,
and water quality (Table 8-2; FWTRWPG, 2001).

Given current infrastructure, the groundwater supply in Hudspeth County is projected to
be about 151,000 acre-ft per year through 2050 (Table 8-2). The Bone Spring—Victorio
Peak aquifer, capable of providing 93 percent of current groundwater supplies, is the
most important source of water in the area. The 2001 Far West Texas Regional Water
Plan projects that the aquifer can supply as much as 140,000 acre-ft of water per year for
irrigation through 2050. The aquifer also currently supplies the city of Dell City, although
the water has to be desalinated. All other water sources in the county are small in
comparison.

Fort Hancock and McNary, located in southwest Hudspeth County above the Hueco
Bolson aquifer, have relied on groundwater from one well owned by the Fort Hancock
Water Control and Improvement District No. 1 and 11 wells owned by the Esperanza
Water Service Company (FWTRWPG, 2001). The 2001 Far West Texas Regional Water
Plan indicates that the Fort Hancock Water Control and Improvement District No. 1 well
is completed in the Rio Grande Alluvium aquifer, but Texas Water Development Board
records suggest that it is actually completed in the Hueco Bolson aquifer. Water quality is
an issue in these wells, with total dissolved solids values ranging from about 1,000 mg/L
to as much as 2,500 mg/L and fluoride and manganese levels exceeding drinking water
standards. The Fort Hancock Water Control and Improvement District No. 1 has plans to
drill an additional well (probably in the Hueco Bolson aquifer) and to install a reverse
osmosis plant to desalinate produced groundwater to comply with Texas Commission on
Environmental Quality drinking water standards. The Esperanza Water Service Company
has installed a reverse-osmosis desalination plant to treat its water (FWTRWPG, 2001).

The community of Sierra Blanca is supplied water from production wells located in Wild
Horse Flat in Culberson County. Water levels in the Wild Horse Flat well field have
remained constant, and water quality has not been reported to be a problem for the
community. The Wild Horse Flat well field has substantial room for expansion if an
additional well is needed to meet demand (FWTRWPG, 2001).

8.3 Surface-water availability and supply

The Rio Grande has historically provided significant water for irrigation in southwestern
Hudspeth County where the river overlies the Hueco Bolson (Table 7-2). However, the
stretch of river from below Fort Quitman to Presidio is often a dry riverbed. The amount
of water that flows into Hudspeth County from upriver depends on the climate in
Colorado and northern New Mexico and releases from dams located in Texas and New
Mexico. According to the 2001 Far West Texas Regional Water Plan, there is no surface
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water available for use, and, therefore, no surface water supply, during a repeat of the
drought-of-record (Tables 8-1 and 8-2).

8.4 Recommended water management strategies

One way to increase water supply is to implement water management strategies identified
by the regional water planning groups in their regional water plans. Water management
strategies are plans, projects, and practices used to develop more water, such as drilling
wells, building pipelines, constructing dams, and conserving water. The Far West Texas
Regional Water Planning Group identified several water management strategies for
meeting needs in Hudspeth County in their 2001 regional water plan (Table 8-3;
FWTRWPG, 2001; TWDB, 2002). They recommended adding wells or expanding the
use of existing wells as the preferred strategy to provide more water for irrigation. Due to
the high salinity of wells along the Rio Grande, the planning group also proposed using
effluent from the City of El Paso for irrigation during extended drought periods
(FWTRWPG, 2001). They proposed that growers cease operations until river water
becomes available. In rural areas of Hudspeth County a number of private domestic wells
have gone dry as a result of drought induced water level declines. The Far West Texas
Regional Water Planning Group recommended that well owners deepen their wells to
produce deeper groundwater (FWTRWPG, 2001). They also proposed a water
management strategy to export groundwater from the Bone Spring—Victorio Peak aquifer
in Hudspeth County to the City of El Paso (Table 8-3; see discussion in Section 7.4).
Projected amounts for groundwater transfer range from 15,000 acre-ft per year to 45,000
acre-ft per year between 2010 and 2050.

9.0 Supplies and strategies versus demand

The difference between water supply (Table 8-2) and water demand (Table 7-4)
projections from the 2001 Far West Texas Regional Water Plan and the 2002 State Water
Plan indicates a countywide surplus of water after meeting in-county demands in
Hudspeth County through 2050 (Table 9-1). The largest contributor to this surplus is
groundwater from the Dell Valley area. The amounts of projected surpluses range from
about 72,000 acre-ft per year to 79,000 acre-ft per year between 2000 and 2050.
However, there are projected unmet needs within the county. In southern Hudspeth
County, the Rio Grande is not expected to produce any water during a repeat of the
drought-of-record, and groundwater from the Rio Grande Alluvium aquifer is limited due
to poor quality. During drought-of-record conditions, irrigated agriculture in the
Conservation and Reclamation District will be severely impacted and shortages ranging
from about 42,000 to 47,000 acre-ft per year are expected (Table 9-1; FWTRWPQG,
2001).

According to the 2001 Far West Texas Regional Water Plan, there are no unmet needs
related to groundwater supply in Hudspeth County as a whole. When we consider the
water management strategy to export water from the Dell Valley area to El Paso, there
are still no unmet needs related to groundwater supply.
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Table 9-1. Comparison of water supply and water demand projections for 2000 to
2050 reported at 10 year increments, Hudspeth County, in acre-feet per
year. Positive values indicate surpluses and negative values indicate

shortages.
Water user group 2000 2010 2020 2030 2040 2050
Municipal: Dell City 12 14 17 20 24 25
Municipal: Sierra Blanca 238 237 240 244 248 251
Municipal: County-other 41 34 33 32 34 35
Manufacturing 4 3 2 2 1 0
Mining 2 2 2 2 2 2

Irrigation (Dell Valley) 71,820 73,292 74,733 76,144 77,526 78,879
Irrigation (Rio Grande) -46,988  -45878  -44,791 -43,726 -42,683 -41,662
Livestock 97 97 97 97 97 97
Surplus: 25,129 27,704 30,236 32,718 35,152 37,530

Source: 2001 Far West Texas Regional Water Planning Group

Although not included in the regional water plans, groundwater may be exported from
properties that overlie the Capitan Reef Complex aquifer to the City of El Paso.
According to the 2001 Far West Texas Regional Water Plan, groundwater availability for
the Capitan Reef Complex aquifer in Hudspeth County is 5,000 acre-ft, which would not
be enough to support the expected 10,000 acre-ft per year of pumping. However, the
properties collectively extend into Culberson County where, according to the 2001 Far
West Texas Regional Water Plan, a volume of 383,000 acre-ft of groundwater is
available. Therefore, depending on where wells are located, how water flows within the
aquifer, and when pumping of the aquifer starts, there may be enough groundwater
available for this export according to the regional water plan.

We are not able to assess the effect of pumping from State lands in Hudspeth County
because we do not have any details on how much water will be pumped and where it will
be pumped from. As discussed in the groundwater export section, groundwater pumping
in New Mexico north of the Dell Valley area could affect groundwater availability and
water supplies in the Bone Spring—Victorio Peak aquifer of Hudspeth County.

10.0 Conclusions

Hudspeth County contains all or parts of the Bone Spring—Victorio Peak, Capitan Reef
Complex, Diablo Plateau, Hueco Bolson, and West Texas Bolsons aquifers. The Bone
Spring—Victorio Peak aquifer is the primary groundwater resource in the county
producing about 100,000 acre-ft per year of brackish groundwater for irrigation in recent
years. The Capitan Reef Complex aquifer extends slightly into the northeast part of the
county and is reportedly capable of producing substantial amounts of fresh water.
Hudspeth County also overlies the southeastern-most extent of the Hueco Bolson aquifer,
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which is capable of producing moderate amounts of brackish water. The Red Light Draw,
Eagle Flat, and Green River Valley parts of the West Texas Bolsons aquifer lie in the
southeastern part of the county and can produce limited amounts of fresh to brackish
water. Limited information is currently available on the Diablo Plateau aquifer, but it
may be able to produce moderate amounts of fresh water.

The 2001 Far West Texas Regional Water Plan projects that the population of Hudspeth
County will not exceed 4,000 people by 2030 and that the in-county demand for surface
water and groundwater will be about 118,000 acre-ft per year by 2030. Current planning
activities for preparing the 2006 Far West Texas Regional Water Plan suggest, however,
that the in-county demand for surface water and groundwater will be about 176,000 acre-
ft per year by 2030. More than 99 percent of these water demands are for irrigation.

There may also be a demand for water in Hudspeth County from users outside Hudspeth
County. The 2001 Far West Texas Regional Water Plan includes a water management
strategy to export as much as 50,000 acre-ft of water per year by 2060 from the Bone
Spring-Victorio Peak aquifer to El Paso. El Paso Water Utilities recently purchased land
that straddles Hudspeth and Culberson counties and overlies the Capitan Reef Complex
aquifer. El Paso Water Utilities may produce 10,000 acre-ft per year from this aquifer
between 2030 and 2060. Another possible export project involves State lands in southern
Hudspeth County, but no specific plans for locations, volumes, and destinations are
currently publicly available. Three permit applications for groundwater in New Mexico
north of the Dell Valley area could affect groundwater availability and water supplies in
the Bone Spring—Victorio Peak aquifer of Hudspeth County.

According to the 2001 Far West Texas Regional Water Plan, total groundwater
availability for Hudspeth County in times of drought is 141,000 acre-ft per year for the
Bone-Spring—Victorio Peak aquifer and a total drainable volume of 1,847,500 acre-ft for
all of the other aquifers. There is no surface water available for use during a repeat of the
drought-of-record. Groundwater supplies, which are limited by infrastructure and other
factors, are about 150,000 acre-ft per year through 2060 with 93 percent of groundwater
supplied from the Bone Spring—Victorio Peak aquifer. By implementing the water
management strategies in the 2001 Far West Texas Regional Water Plan, all groundwater
needs are met. Hudspeth County does have unmet agricultural needs along the Rio
Grande, but that is due to the lack of water available from the Rio Grande during a repeat
of the drought-of-record.

Because of a lack of information, we were not able to assess the effects of additional
groundwater exports (outside of those planned by El Paso Water Utilities) on
groundwater resources in Hudspeth County within the context of the 2001 Far West
Texas Regional Water Plan. Additional information is needed before this analysis can be
attempted.
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