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FOREWORD

On September 1, 1965 the Texas Water Commission (formerly, before February
1962, the State Board of Water Engineers) experienced a far-reaching realign-
ment of functions and persomnel, directed toward the increased emphasis needed
for planning and developing Texas' water resources and for administering water

rights.

Realigned and concentrated in the Texas Water Development Board were the
investigative, planning, development, research, financing, and supporting func-
tions, including the reports review and publication functions., The name Texas
Water Commission was changed to Texas Water Rights Commission, and responsibil-
ity for functions relating to water-rights administration was vested therein.

For the reader's convenience, references in this report have been altered,
where necessary, to reflect the current (post September 1, 1965) assigmment of
responsibility for the function mentioned. 1In other words credit for a func-
tion performed by the Texas Water Commission before the September 1, 1965
realigmment generally will be given in this report either to the Water Develop-
ment Board or to the Water Rights Commission, depending on which agency now has
responsibility for that function.

Texas Water Development Board

-

ohn J. Vandertulip
Chief Engineer
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GROUND-WATER RESOURCES OF

GAINES COUNTY, TEXAS

ABSTRACT

Gaines County is in central West Texas on the High Plains of Texas, a part
of the Great Plains physiographic province.

Rocks of Precambrian to Recent age underlie the county, but only the rocks
of Triassic, Cretaceous, and Tertiary age contain ground water suitable for most
purposes., No usable ground water is obtained from rocks older than Triassic;
however, brine is produced with the oil from older rocks.

Ground water in Gaines County is obtained from three aquifers, the princi-
pal one being in the Ogallala Formation. In 1963, about 193,000 acre-feet of
ground water was pumped, nearly all of which was from the Ogallala. About
182,000 acre-feet was used for irrigation. Small quantities were pumped from
the Triassic and Cretaceous rocks, principally for irrigation and waterflooding.

Because of the low recharge rate, the water in storage in the Ogallala For-
mation is, in general, being depleted, even though water levels have risen in
some areas. Since pumping for irrigation began in 1946, water levels in wells
have declined in the western part of the county and have risen in the eastern
part. The maximum decline was 35.7 feet and the maximum rise was 28.3 feet.

The quantity of ground water estimated to be in storage in the county in 1964
was 8.5 million acre-feet, which would be enough to sustain nearly 50 years of
pumping at the 1963 rate of pumping. Not all of the theoretically available
water is practicably recoverable because as the saturated thickness and the
quantity of water in storage decreases, the yields from wells also will decrease.

The chemical quality of the ground water varies widely. The Ogallala
yields water suitable for irrigation and most other uses; the other aquifers
yield water that is more mineralized. The disposal of oil-field brines
(5,267,514 barrels or 679 acre-feet in 1961) into unlined surface pits has
resulted in the contamination of the ground water in the Ogallala Formation in
some places. Although this practice has been discontinued in many fields, the
effects may be long lasting.
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GROUND-WATER RESOURCES OF

GAINES COUNTY, TEXAS

INTRODUCTION

Purpose and Scope

The investigation of the ground-water resources of Gaines County, started
in September 1962, is a cooperative project of the U.S. Geological Survey, the
Texas Water Development Board, and the Commissioner's Court of Gaines County.
The purpose of the investigation was to evaluate and summarize the ground-water
resources of the county. Specifically, the investigation included a determina-
tion of the thickness, character, and areal extent of the saturated zone of the
Ogallala Formation, the principal aquifer; the quantity of water available to
wells from that formation; the chemical quality of the ground water in the aqui-
fers underlying the county; the capacity of the water-bearing beds to absorb,
store, and transmit water; and the quantity of water being withdrawn and the
effect the withdrawals have had on water levels, Special attention was given to
determining the source or sources and the areal extent of the contamination of
the ground-water supplies, principally by the disposal of oil-field brines into
unlined surface pits.

The investigation included the following fieldwork:

1. Location of all municipal, industrial, and irrigation wells and a repre-
sentative number of domestic and stock wells in areas where there were no large-
capacity wells (Plate 1). Only those wells for which data are available are
numbered and included in Table 2, The names of some of the well owners, as
shown in the table, were taken from a landownership map of the county available
at the time of the investigation; consequently, the owners' names in all
instances may not be correct, owing to the rapid exchange of landownership.

2. Location of all surface pits used for disposal of oil-field brines
(Figure 16).,

3. Collection of electric, radioactivity, and drillers' logs of wells
(Table 3) for correlation and evaluation of subsurface characteristics of the
water-bearing units. All the electric and radioactivity logs used in this
report have been placed in the permanent file of well logs maintained by the
Texas Water Development Board,

4. Measurements of water levels in wells and compilation of available
records of past fluctuations in water levels (Table 4).



5. Collection of samples of water from wells to determine the chemical
quality of the water (Table 5) and samples of oil-field brines from oil wells
and disposal pits or tanks (Table 6).

6. Inventory of present (1963) municipal, industrial, and irrigation pump-
age, and an estimate of past pumpage.

The study was made under the immediate supervision of A, G, Winslow, dis-

trict geologist of the U.S. Geological Survey in charge of ground-water investi-
gations in Texas.

Location and General Features

Gaines County occupies a 1,479-square-mile area in central West Texas (Fig-
ure 1), The county is bounded on the north by Yoakum and Terry Counties, on the
east by Dawson County, on the south by Andrews County, and on the west by the
New Mexico State line. Seminole, the county seat, is near the center of the
county and is about 80 miles southwest of Lubbock, Texas. According to the U.S.
Bureau of the Census, the county had a population of 12,267 in 1960, of which
5,737 were in Seminole and 2,307 were in Seagraves.

Gaines County is on the High Plains of Texas, a part of the Great Plains
physiographic province. The land surface is nearly level to gently rolling and,
in general, slopes southeastward at about 13 feet per mile. The total relief in
the county is about 750 feet, the altitude ranging from about 3,700 feet above
sea level in the northwestern part of the county to 2,950 in the southeastern
part. The general flatness of the surface is interrupted by many shallow dish-
shaped depressions, several playa basins, sand dunes, and small stream valleys.

Surface drainage in Gaines County is poorly developed. Most of the sur-
face runoff drains into depressions to form temporary shallow ponds or lakes.
The larger depressions contain '"alkali' or "saline' lakes, such as Cedar Lake
and McKenzie Lake, except during prolonged periods of drought. In general, the
"alkali" lakes are fed by ground water as well as by surface runoff from a small
area.

Only a few stream valleys are recognizable in Gaines County. Seminole Draw
and McKenzie Draw rise in Lea County, New Mexico, and cross the county from
northwest to southeast. Monument Draw drains a small area in the southwestern
corner of the county. The drainage areas of these intermittent streams are
limited to narrow belts of sloping land adjacent to the valleys. Surface water
accumulating in the draws generally flows for only a short distance before being
lost by seepage or evapotranspiration, and only during rare periods of heavy
rainfall does water flow out of the county in the draws.

Economic Development

The story of the economic growth of Gaines County is one of an abundance of
oil, gas, fertile soil, and ground water. In the early 1900's, the raising of
beef cattle was the principal source of income; later, dryland farming became
important. In the early 1930's, oil and gas were discovered, and by the mid
1940's, irrigation farming began.
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0il was discovered in the Cedar Lake area in eastern Gaines County in 1933,
and since that time, the production of oil and gas has been the most important
source of income (about $89,000,000 in 1961). According to records of the Rail-
road Commission of Texas (1962), about 670 million barrels of oil had been pro-
duced to January 1, 1963; the production in 1962 was about 31 million barrels,
The production of natural gas in 1962 amounted to 7,257,367 mcf (thousand cubic
feet). Part of the natural gas is used in the production of carbon black, prin-
cipally in the vicinity of Seagraves.

The extensive development of irrigation also has contributed substantially
to the economic wealth of the county. The acreage devoted to irrigation farming
has increased rapidly since 1946, 1In 1949, about 7,200 acres was irrigated, and
by 1959, about 67,000 acres, or slightly more than 30 percent of the total acre-
age in cultivation, was under irrigation, According to an irrigation survey
made by the Texas Agriculture Extension Service, 210,640 acres was irrigated in
1964, of which 100,000 acres was in grain sorghum and 78,240 acres in cotton.
Other agricultural pursuits include stock farming and poultry production.

Previous Investigations

No detailed investigation of the ground-water resources of Gaines County
had been made prior to this study; however, many reports on the geology and
water resources of a large part of the Southern High Plains of Texas have pre-
sented data pertaining to the county. Special aspects of the geology of Gaines
County also have been discussed in articles published in technical journals.
However, very few of these reports have been concermed with the post-Permian
formations, which are the only ones that are pertinent to the ground-water
resources of the county.

The only hydrologic investigation specifically on Gaines County consisted
of an inventory of wells in 1946 by Cromack. The report consisted of records of
wells, drillers' logs, water analyses, and a map showing location of the wells
inventoried.

Since 1937, the results of measurements of water levels in observation
wells in Gaines County have been published in the annual reports of the U.S.
Geological Survey on water levels and artesian pressures in the United States.,
Water-level measurements made in a large number of wells in Gaines County up to
and including 1962 have been published also in bulletins of the Texas Water Com-
mission,

The public water supplies of Seagraves and Seminole were described by
Broadhurst and others in 1951 (p. 71-74).

The occurrence and development of ground water in the Southern High Plains
of Texas were summarized by Cronin (1964). In his report, Cronin estimated the
quantity of water potentially available for development in Gaines County. 1In
addition, the report graphically shows the approximate saturated thickness of
the Ogallala Formation in the county as of 1958. A reconnaissance ground-water
study of the Colorado River Basin, which included Gaines County, was made by the
Texas Water Commission and is pending publication.
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Well-Numbering System

The well-numbering system used in the report is one adopted by the Texas
Water Development Board for use throughout the State and is based on latitude
and longitude., Under this system, each l-degree quadrangle in the State is
given a number consisting of 2 digits. These are the first 2 digits appearing
in the well number. Each l-degree quadrangle is divided into 75-minute quad-
rangles, which are also given 2-digit numbers from 01 to 64. These are the
third and fourth digits of the well number. Each 72-minute quadrangle is sub-
divided into 25-minute quadrangles and given a single digit number from 1 to 9.
This is the fifth digit of the well number. Finally, each well within a 25-
minute quadrangle is given a 2-digit number in the order in which it is inven-
toried, starting with Ol., These are the last two digits of the well number.
Thirty-two 7§-minute quadrangles are shown on the well location map of this
report (Plate 1) and numbered in the northwest corner of each quadrangle. The
3-digit number shown with the well symbol contains the number of the 2%-minute
quadrangle in which the well is located and the number of the well within that
quadrangle. In addition to the 7-digit well number, a 2-letter prefix is used
to identify the county. The prefix for Gaines County is KD.

An index of well numbers published previously and corresponding numbers in
this report is shown in Table 1.

Climate

The climate of Gaines County is semiarid and is characterized by a wide
range in temperature, low precipitation, and high evaporation.

Annual precipitation at Seminole during the period 1923-63 averaged 15.83
inches, The wettest year was 1941 with 37.63 inches, and the driest year was
1934 with only 6.57 inches (Figure 2). About 70 percent of the annual precipita-
tion normally falls during the growing season April through September (Figure 3).
Although the distribution of rainfall in time is advantageous for agriculture,
the amount generally is insufficient and must be supplemented by irrigation from
ground-water supplies. About one-third of the annual precipitation falls in
showers of less than half an inch per day, an amount that contributes little or
nothing to the recoverable water supply, and probably not more than 10 percent
of the average annual precipitation falls in storms exceeding 2 inches per day.



Table 1,--Index of well numbers published previously and
corresponding numbers used in this report

New 01ld* Cromack New 0ld* Cromack New 0ld* Cromack
number number | (1946) number number | (1946) number number | (1946)
KD-26-08-501 173 = KD=-27-06-705 s 55 Kp-27-17-109 =< 125‘__
26-08-502 | A~ 16 13 27-06-901%| 184 - 27-17-201 177 (13
26-08-601 | A= 41 -- 27-06-906 -- 58 27-17-301 | 192 --
26-08-801 174 - 27-07-401 183 - 27-17-801 | 204 -
26-08-802 l66-A == 27-09-201 - 19 27-18-101 182 =
26-08-808 166 = 27-09-301 167 == 27-18-128 - 118
26-16-501 | E- 2 = 27-10-201 |B- 2 - 27-18-201 181 =
26-16-601 202 -- 27-10-202 |B- 1 - 27-18-207 - 115
26-24-201 | E- & - 27-10-801 178 - 27-18-408 = 117
26=-24-301 | E- 7 = 27-11-114 == 29 27-18-709 s 139
27-01-501 [ A- 54 —— 27-11-301 |B- 9 - 27-18-808 - 140
27-01-502 172 - 27-11-322 - 36 27-19-101 | 193 o=
27-01-601 | B- 3 == 27-11-412 == 112 27-19-301 = 7
27-01-701 175 = 27-11=-701 171 - 27-19-302 et 6
27-01-705 = 16 27-11-808 =w 109 27-19-513 o 106
27-01-904 e 21 27-11-809 e 110 27-19-601 6-A 6-A
27-02-501 168 - 27-11-810 - 111 27-19-602 = e
27-02-701 169 = 27-11-901 - 8 27-19-802 e 142
27-03-501 188 - 27-12-101 - 10 27-20-106 - 97
27-03-615 =i 32 27-12-201 191 1 27-20-407 - 98
27-03-701 170 - 27-12-401 i 9 27-20-801 = 151
27-03-721 = 30 27-12-906 == 9 27-21-101%] 180 ==
27-04-404 == 33 27-12-907 - 95 27-21-201 - 90
27-04-501 190 - 27-13-101 206 = 27-21-202 s 91
27-04-502 = 12 27-13-301 187 = 27-21-601 == 80
27-04-506 -= 42 27-13-601 179 - 27-21-602 - 77
27-04-513 o 44 27-13-607 o 63 27-21-603 =t 78
27-04-613 == 45 27-13-801 - 87 27-21-904 - 154
27-04-719 s 11 27-13-901 - 88 27-22-203 - 65
27=-05-401 185 == 27~14-302 == 61 27-22-403 - 81
27-05-601 186 e 27-14-901 -—- 67 27-22-404 e 79
27-05-921 == 54 27-17-101 176 L 27-22-801 —- II.G(}_J




Table l.--Index of well numbers published previously and
corresponding numbers used in this report--Continued

New 01lg* Cromack ( New 0ld* Cromack New 0ld* | Cromack
number number (1946) number number (1946) number number | (1946)
KD-27-23-501 —— 73 KD-27-26~-106 — 138 KD-27-27-601 == i
27=-25-101 ] - 128 27-26-604 ~= 136 27-28-501 - 148
27-25-204 Fosd 129 27=-27-102 -- 141 27-30-402 = 157
27-25-301 207 = 27-27-206 - 143 27-30-802 - 158
27-25-604 == 132 27-27-301 2 2 27-31-105 - 162

#* Well number in bulletins of Texas Water Commission.
T Well number 27-06=-601 in Texas Water Commission Bull. 6207.
# Well number 27-21-301 in Texas Water Commission Bull., 6207.
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at Seminole, Texas

Annual Precipitation
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Figure 3
Average Monthly Temperature and Precipitation at Seminole and Evaporation in

Gaines County, Texas
(From records of U.S. Weather Bureau and Lowry,|960)

U. S. Geological Survey in cooperation with the Texas Water Development Board and the
Gaines County Commissioner's Court
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Since 1923, precipitation was below the annual average in 21 years and
above it in 16, Precipitation at Seminole probably was below normal in the 4
years (1927 and 1946-48) for which data are not available. This assumption is
based on records of the Weather Bureau station at Lamesa in Dawson County, about
40 miles east of Seminole. Precipitation was near or slightly below average
from 1923 to 1939, well above average in 1940-42, and below average from 1943-63,
During the period 1923-42, precipitation averaged 16.93 inches, whereas from
1943-63 it averaged 14.45 inches. Although the period 1943-63 might seem to be
one of deficiency, analysis of the graph (Figure 2) shows that it can be divided
into two parts--that is, for the period 1943-56, the annual precipitation was
clearly less than the long-term average, and for the period 1957-63, it was
greater,

Wide fluctuations in temperature are characteristic of the climate in
Gaines County. Winters are characterized by frequent cold periods followed by
rapid warming. Summers are hot and usually dry; however, low humidity and ade-
quate wind circulation help to moderate the effect of the heat,

The average monthly temperature at Seminole ranges from 41.9°F in January
to 79.5°F in July (Figure 3); the average annual temperature is 61.4°F and the
recorded extremes are 113°F and -23°F, The average maximum temperature is
77:2°F,

The average annual gross lake evaporation for Gaines County is about 81
inches (Lowry, 1960), or more than 5 times the average yearly precipitation
(Figure 3). The growing-season (April-September) evaporation of about 55 inches
is similarly about 5 times the average concurrent precipitation.

GEOLOGIC UNITS AND THEIR WATER-BEARING PROPERTIES

The geologic units that underlie Gaines County range in age from Precam-
brian to Recent, but rocks older than Triassic have little significance regard-
ing the occurrence of water suitable for most purposes. The older rocks are the
source of the brine produced with the oil in the county.

The following brief description of the geologic units overlying the Permian
rocks is based principally on drillers' logs of water wells, seismograph shot-
holes, stratigraphic test wells, and radioactivity logs of oil tests. In gen-
eral, the electric logs of oil tests begin below the top of the Triassic rocks
and the drillers' logs of these and other oil tests describe only in the most
cursory fashion the sediments overlying the prominent anhydrite member of the
Rustler Formation of Permian age. The geologic structure of the units above
the Rustler Formation and the relation between the various units are shown in
Figure 4.

Triassic Rocks

Triassic rocks do not crop out in Gaines County, but they underlie the sur-
face at depths ranging from about 55 feet in the southern part of the county to
355 feet in the central part. They consist principally of sandstone, shale,
silt, and conglomerate, and range in thickness from 1,500 feet to about 2,110
feet. However, these thicknesses are somewhat questionable because the contact
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with the underlying Permian rocks is somewhat obscure. In fact, recent petro-
graphic studies by Millerl/ strongly suggest that the lower 45 to 300 feet of
rocks assigned to the Triassic and composed principally of red shale should be
assigned to the Permian. For the purposes of this report, however, this lower
red shale is considered as a part of the Triassic, probably equivalent to the
Upper Triassic Tecovas Formation. The Santa Rosa Sandstone is the principal
aquifer in the Triassic rocks. It is overlain by a series of shale and sand-
stone beds that probably are equivalent to the Upper Triassic Chinle Formation
in New Mexico,

Santa Rosa Sandstone

The Upper Triassic Santa Rosa Sandstone (Figure 4), whose average thickness
is about 235 feet, is a persistent massive sandstone interbedded with red shale
and clay. It is readily identified in radioactivity logs by its low degree of
natural radioactivity as compared to the adjoining clay and shale. The Santa
Rosa dips east-northeastward from an altitude of about 2,340 feet above sea
level (1,200 feet below land surface) in the southwest cornmer of the county to
about 1,510 feet (1,600 feet below land surface) in the eastern part.

The Santa Rosa Sandstone yields water to seven wells in Gaines County. The
wells, 1,760 to 1,880 feet deep, reportedly furnish small to moderate quantities
(30 to 200 gpm--gallons per minute) of water that generally is considerably more
highly mineralized than that in the Cretaceous rocks or Ogallala Formation. Six
of the seven wells are in the eastern part of the county where the water is
highly mineralized and generally is suitable only for some industrial uses,
principally waterflooding. The chemical analyses (Table 5) indicate, however,
that the mineralization of the water in the Santa Rosa decreases toward the area
of outcrop in New Mexico. Two wells, KD-27-09-804 and KD-27-26-301, in the
western half of the county yielded water that, although too highly mineralized
for domestic or municipal supplies, was suitable for livestock and some indus-
trial uses.

Chinle(?) Formation Equivalent

The Chinle(?) Formation equivalent, the uppermost formation of the Triassic
rocks, ranges in thickness from about 1,050 to 1,600 feet. It comsists princi-
pally of variegated soft shale and clay, although thin beds of sandstone of
finer texture than those in the underlying Santa Rosa are common.

The Chinle(?) equivalent is known to furnish water to only one well
(KD-27-29-502) in Gaines County. The water from this well is used for sanitary
purposes and for lawn watering. The water is highly mineralized, being unsuit-
able for domestic or public supply use. Undoubtedly some water is obtained
locally from the Chinle(?) equivalent where it is overlain directly by the
Ogallala Formation; however, the Chinle(?) equivalent should not be considered
a major source of water in the county.

1/Miller, D. N., Jr., 1955, Petrology of the Pierce Canyon red beds, Delaware
Basin, Texas and New Mexico: Univ, Texas Ph.D. thesis, unpublished.
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Cretaceous Rocks

Rocks of Cretaceous age in Gaines County are exposed only along the western
margins of Cedar and McKenzie Lakes but probably underlie all but the southern
third of the county. Whether they underlie the heavily irrigated area in the
northwestern part of the county could not be determined from the data available,
However, based on the reported occurrence of Cretaceous rocks in adjoining areas
in Yoakum County, Texas, and Lea County, New Mexico, Cretaceous rocks, if pres-
ent, probably are thin. The approximate extent of the Cretaceous rocks in the
subsurface in Gaines County is shown in Figure 11, In the southern part of the
county, the Cretaceous rocks, if present, occur as more or less isolated rem-
nants.

Few wells in Gaines County are logged accurately or completely; hence, it
is difficult to distinguish the formations that comprise the Cretaceous rocks in
the subsurface. Existing data from water wells and wells drilled for seismic
exploration show that the Cretaceous rocks have a maximum thickness of about 140
feet and consist mainly of blue and yellow clay, gray shale, light-gray gener-
ally thin-bedded limestone, and minor amounts of fine white sand. In general,
the uppermost part of the Cretaceous rocks consists of beds of blue and yellow
clay and shale except in the eastern part of the county where the blue and yel-
low clay is overlain by a fairly thick section of thin-bedded light-gray lime-
stone, in places highly fractured and cavermous. The lower part of the Creta-
ceous rocks generally consists of fine white sand, which may be equivalent to
the Lower Cretaceous Paluxy Sand (Brand, 1953, p. 27-55).

Little information is available on the water-bearing properties of the Cre-
taceous rocks in Gaines County. In general, they are not considered as an
important source of water except in places in the eastern part of the county.

In these places, wells that penetrate the permeable zones in the limestone yield
as much as 600 gpm., Locally, small quantities of water, probably less than 100
gpm, are obtained from the relatively unconsolidated fine sandstone in the lower
part of the Cretaceous rocks. The water in the Cretaceous rocks is only
slightly more mineralized than that in the Ogallala Formation at the same local-
ity; however, the water is generally suitable for most purposes.

Tertiary Rocks

Ogallala Formation

The Tertiary rocks in Gaines County are represented by the Pliocene
Ogallala Formation which underlies all the county except in Cedar and McKenzie
Lakes where it has been removed by erosion. The Ogallala lies unconformably on
the eroded surfaces of Triassic and Cretaceous rocks (Figure 5) and underlies a
thin mantle of windblown sand and silt, sand dunes, and alluvium,

The Ogallala Formation consists of silt, clay, fine to coarse sand, gravel,
and caliche; commonly the individual beds or lenses pinch out or grade both
laterally and vertically into the finer or coarser material of another bed or
lens. Most of the formation is uncomsolidated, although near the top and
locally within it, the sediments have been cemented with calcareous material.
Drillers' logs of water wells in the western half of the county show that rock,
probably sandstone, occurs in discontinuous beds in a northwest-trending belt
that includes parts of quadrangles 27-09, 27-17, 27-18, 26-08, 26-16, and 26-24.
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It is not possible to determine from most drillers' logs if the sand and
gravel are clean or if silt and clay are associated with them. However, drill-
ers report that, in general, the Ogallala in the southern part of the county,
particularly in grids 27-25 and 27-26, contains considerable quantities of silt
and clay in the lower part; consequently, most of the water is obtained from the
upper part.

Caliche generally occurs in single or multiple layers in the uppermost part
of the Ogallala Formation, although in some places it is absent. The caliche
ranges from a soft white chalky or powdery material to a hard dense mass.

In general, the Ogallala Formation is thickest in the northwestern part of
the county where Cretaceous rocks are absent or thin. In this area, the
Ogallala has a maximum thickness of 310 feet. In the area west and southwest of
Cedar Lake, the thickness is less than 50 feet, owing to the underlying rela-
tively thick series of Cretaceous rocks,

The Ogallala is the major source of water in Gaines County as in most of
the High Plains; it yields large quantities of water to wells for irrigationm,
public supply, domestic, stock, and industrial uses. Yields of wells range from
a few gallons per minute from domestic and stock wells to as much as 1,600 gpm
from irrigation wells. The water generally is of good chemical quality except
that it is hard and the fluoride content is excessive locally.

Quaternary Rocks

Quaternary rocks, consisting of windblown sand, clay, silt, and gravel,
mantle the Ogallala Formation in most of Gaines County. Clay and silt occur
principally in the playa lakes and small depressions; coarse sand and gravel
predominate in the valleys of Monument and Seminole Draws, and windblown sand
mantles a large part of the county. Some of these materials may contain suffi-
cient water for domestic and stock use, but as surficial materials, their princi-
pal function is that they determine the rate of infiltration and downward perco-
lation of rainfall to the underlying Ogallala Formation. A mantle of sand and
gravel facilitates recharge to the underlying ground-water reservoir; clay and
silt retard or restrict recharge.

GROUND WATER

Occurrence of Ground Water

All the ground water used in Gaines County, except that produced with oil
and a small amount from the Chinle(?) Formation equivalent, is obtained from
three aquifers in the Ogallala Formation, the Cretaceous rocks, and the Santa
Rosa Sandstone. A considerable number of wells, particularly in the eastern
half of the county, obtain water from more than one aquifer, principally in the
Ogallala Formation and the Cretaceous rocks. Where the Cretaceous rocks are
absent, a few wells may obtain water from the Ogallala Formation and the sand
beds in the upper part of the Chinle(?) Formation equivalent.

Ground water in the Ogallala Formation generally is unconfined, that is,

under water-table conditions. However, owing to the lenticular character of the
materials making up the formation, the water locally may be under sufficient
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hydrostatic pressure to rise in the well a short distance above the top of the
water-bearing bed.

Most of the water derived from the Cretaceous rocks occurs in fractures and
solution channels in limestone, but some occurs in the sand in the lower part.
In general, the water in these rocks is unconfined. The Cretaceous rocks under-
lie and are in direct hydraulic connection with the Ogallala Formation; hence,
the two units actually are part of the same aquifer. Consequently, the water
surface in wells in the Cretaceous rocks roughly coincides with the water sur-
face in the Ogallala Formation. Figure 6 shows the approximate altitude of the
water table in the Ogallala Formation in 1964, The map shows the altitudes of
water levels in several wells that obtain water from the porous limestone in the
eastern part of the county.

The water in the Santa Rosa Sandstone is confined between relatively imper-
meable sediments and rises in tightly cased wells above the top of the aquifer.
Water thus confined is under artesian pressure, and the surface to which the
water rises is the piezometric surface. 1In two wells (KD-27-06-501 and
KD-27-06-502) that were screened in the Santa Rosa, the water levels were 909
and 819 feet below the land surface, whereas the top of the Santa Rosa was about
1,400 feet below the surface,

Recharge, Movement, and Discharge

The principal aquifer in Gaines County, the Ogallala Formation, is part of
the extensive aquifer that underlies the Southern High Plains in Texas and New
Mexico. Recharge to the Ogallala is by infiltration from precipitation in
Gaines County and in part of the High Plains to the west and northwest, by seep-
age from depression ponds and streams, and by infiltration of irrigation water
applied to the land in excess of the consumptive use of the crops. Most of the
precipitation on the Plains is retained temporarily in the soil close to the
land surface from which it evaporates or is transpired by plants, and only a
small percentage of the water percolates downward, eventually reaching the water
table. Hence, recharge occurs only when storms provide more than enough water
to restore the soil moisture to field capacity.

Although the Ogallala Formation consists chiefly of permeable material, the
surficial materials range widely in their ability to absorb precipitation and
transmit it downward to the water table. By far the greatest opportunities for
infiltration and penetration of rainfall are in the areas of sandy soils.

Recharge to the Ogallala Formation from precipitation is clearly recorded
by fluctuations of water levels in wells in the eastern part of the county where
soils are sandy. In this area, little or no runoff occurs because the highly
permeable sand absorbs the water almost immediately. During the period 1937-38
to 1964, water levels in a large part of the eastern half of the county rose
from slightly less than 1 foot to as much as 28.3 feet (Figure 7). Records are
insufficient to determine to what extent the rises reflect recharge from the
above-normal precipitation during the period 1941-42, Actually, the rises in
water levels correspond to a period during which precipitation was below normal
in 15 of the 27 years since 1937. It seems more likely, therefore, that the
rises can be attributed, at least in a large part, to a change in land manage-
ment. Prior to 1940, the area was devoted principally to grazing. The develop-
ment of the land for cultivation included the eradication of mesquite trees,
which apparently increased the opportunities for recharge and decreased the
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amount of water lost by evapotranspiration. The removal of the mesquite may be
the dominant factor causing the rise in water levels because mesquite and, to a
lesser extent, grasses, intercept large quantities of water that otherwise may
percolate downward to the water table. In addition, land leveling, contour
farming, and deep plowing probably have increased the opportunities for the
infiltration of precipitation.

Figure 7 shows that the rises in water levels were not uniformly distrib-
uted through the eastern part of the county. About 5 miles west of McKenzie
Lake, the large rises in water levels (28.3 feet in well KD-27-21-603 and 26.5
feet in well KD-27-13-901) are due largely to the wide variation in the water-
bearing properties of the Cretaceous rocks. In this area, the Cretaceous rocks,
which consist principally of limestone and shale, yield small quantities of
water, and in some places, the yields of some wells have been insufficient even
for stock watering. Consequently, a unit volume of water added to the ground-
water reservoir will cause an appreciably larger rise in water levels in wells
than the same unit volume in sediments that yield larger quantities of water.

The depression ponds also are a source of recharge to the Ogallala Forma-
tion, but the total quantity from this source probably is small chiefly because
the adjacent sandy surficial materials retard or inhibit runoff into the ponds.
Nevertheless, available data indicate that a large part of the water impounded
in some depressions in Gaines County undoubtedly recharges the aquifer. Fig-
ure 8 shows a rapid rise in the water level in well KD-27-26-604, corresponding
with a rise in the lake level after heavy rains had filled the nearby lake.

Recharge resulting from infiltration of streamflow is negligible in Gaines
County. Runoff to the streams is small, and most of the time the streams are
dry. Local residents report that the draws that cross the county flow water
only after exceptionally heavy rains.

All the sources of recharge are intermittent and largely contingent on
exceptionally heavy rainfall. For this reason and because of the great extent
and variability in the recharge areas, direct quantitative determinations of
recharge in Gaines County are virtually impossible with existing data. However,
estimates of annual recharge of less than half an inch made in other areas in
the High Plains (Theis, 1937, p. 564-568) are probably applicable in much of
Gaines County.

One type of undesirable recharge results from the disposal of oil-field
brines in unlined surface pits. This is shown by the rise in water level in
well KD-27-09-303 (Table 4), which is near an unlined disposal pit and in an
area of otherwise generally declining water levels., The well has been abandoned
recently because of a substantial increase in the salt content of the water.

The part of the ground water in Gaines County that is derived from return
flow of irrigation water is not known definitely, but locally it may be substan-
tial. This is indicated by a comparison between the quantity of ground water
pumped for irrigation in grid 26-08 in the northwestern part of the county and
the volume of material unwatered. Since 1951, the total pumpage in this area
amounted to about 195,400 acre-feet, and the total volume of material unwatered
during the same period amounted to about 230,000 acre-feet. On this basis,
therefore, the specific yield (ratio of the pumpage to the volume of material
unwatered) amounts to 85 percent, which is several times greater than the 15 per-
cent generally considered to be representative of the Ogallala Formation. If it
is assumed that all the water pumped from grid 26-08 since 1951 was from storage

- 26 -



and that the specific yield of the water-bearing materials was about 15 percent,
the volume of dewatered material would have amounted to 1,300,000 acre-feet.

The difference, which amounts to about 150,000 acre-feet of water, probably can
be attributed largely to the infiltration or return flow of irrigation water
applied on the land surface and to a lesser extent to the increase in the quan-
tity of water that moved into the area in response to an increase in the hydrau-
lic gradient., It is estimated that about 40,000 acre-feet was underflow from
adjacent areas, and that the rest, about 110,000 acre-feet or nearly 60 percent
of the total water pumped, was derived from the return flow of irrigation water.
Actually, the irrigation water that percolates back into the aquifer does not
constitute an addition to the supply of ground water; rather it represents a
return of a part of the discharge by wells. The substantial return flow of irri-
gation water has been noted to occur only in the northwestern part of the county
where the water is conveyed across the land surface by ditches and furrows,
Where sprinkler irrigation is practiced, the amount of water applied is signifi-
cantly less; consequently, the percentage of return flow probably is negligible.

Figure 6 shows the configuration (shape and slope) of the water table in
the Ogallala Formation in Gaines County. The figure shows that the water table
slopes generally southeastward at the rate of about 13 feet per mile measured
along a line extending from the northwest corner of the county to the southeast
corner. The figure also shows that the slope conforms genmerally to the slope of
the land surface. The irregularities in the slope of the water table indicate,
in a general way, differences in the recharge-discharge relation of the Ogallala,
in the permeability (capacity for transmitting water under hydraulic head), or
thickness of the water-bearing material.

Ground water is discharged naturally from the Ogallala Formation princi-
pally by underflow out of the county to the east and southeast, but also by
seeps and springs, by evapotranspiration in areas where the water table is at or
near the land surface, and artificially through wells. However, it may be
assumed that the ground water discharging naturally by subsurface movement out
of the county is balanced approximately by movement of water into the county
from the north and northwest.

The natural discharge of ground water by seeps and springs and evapotranspi-
ration is restricted to Cedar and McKenzie Lakes where the land surface inter-
sects the water table and in places in the valleys of Seminole and Monument
Draws where the water table is at or near the surface, The intersection of the
water table by the land surface at the lakes is indicated by the presence of
seeps and small springs. The flow is rapidly consumed by evapotranspiration.
Local residents report that water seldom stands in the lakes except for short
periods after exceptionally heavy rainfall. The quantity of ground water dis-
charged from the lakes and draws is not known, but it probably is small because
of the small area involved.

Ground water is discharged also through wells, principally for irrigation,
but also for public supply, domestic, stock, and industrial purposes. The quan-
tity of water pumped in Gaines County during 1963 was about 193,000 acre-feet,
nearly all of which was from the Ogallala Formation.

Development of Ground Water

The Indians and later the U.S. Army used water in Gaines County from the
springs in Cedar Lake and from a large number of shallow dug wells along
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Wordswell and Seminole Draws, ranging in depth from 4 to 15 feet. The wells
later were used to water thousands of cattle (Strawn, 18802, p. 2). As a result
of the discovery of these sources of easily obtainable water and the elimination
of Indian raids by the U.S. Army in the campaigns of 1871-72 and 1874-75, the
area was opened for settlement. The first settlers found unexcelled conditions
for grazing the Texas longhorn cattle, locating their ranch headquarters in the
vicinity of the shallow dug wells. Because of frequent droughts, large-scale
ranching gradually gave way to smaller operations, and the lure of free land
under the Homestead Acts fostered settlement in the area,.

Probably the first drilled wells to tap the water-bearing sands were
installed between 1880 and 1890, These were small-diameter wells equipped with
windmills, The first irrigation well of record (KD-27-18-809) was drilled in
1910 near Seminole. The well (Figure 9) was about 75 feet deep and had a low-
lift centrifugal pump.

The development of ground water in Gaines County, principally for irriga-
tion, proceeded at a very slow pace, and by the end of 1946 only three wells
were in use. Drilling of wells increased in the next few years, owing mainly to
the introduction of high-speed deep-well turbine pumps powered by small automo-
bile engines with direct drive and also to the introduction of sprinkler-type
irrigation in the sandy areas where row-type irrigation virtually was impossible.
By the end of 1950, about 115 wells were in use, and at the end of 1955, as many
as 419 wells were in operation. Since then, irrigation in Gaines County has
increased at a phenomenal rate., The number of irrigation wells increased to
nearly 1,050 in 1960, and the total number of wells (exclusive of domestic and
stock wells) in operation in the county at the end of 1963 was about 1,693, of
which 1,627 were irrigation wells, 13 public supply, and 53 industrial wells.
0f the industrial wells, seven were in the Santa Rosa Sandstone.

In 1963, about 193,000 acre-feet of ground water was pumped for all uses,
of which nearly 95 percent or 182,000 acre-feet was for irrigation (Figure 10).
Most of the water pumped for irrigation was from the Ogallala Formation; an
unknown but probably wvery small quantity was from the Cretaceous rocks that
underlie parts of grids 27-14 and 27-22 in the eastern part of the county.

0f the 11,000 acre-feet of ground water pumped for all uses other than irri-
gation in 1963, about 5,100 acre-feet or 4.5 mgd (million gallons per day) was
for industrial use, of which about 3,500 acre-feet or 3.1 mgd was for cooling
purposes; the rest (l.4 mgd) was used in repressuring oil fields, Nearly all
the water pumped for industrial use was fresh water from the Ogallala Formation;
a small amount of water, probably not more than 100 acre-feet, came from seven
wells tapping the Santa Rosa Sandstone. Water from these wells generally is of
poor quality and unsatisfactory for human censumption.

The withdrawals of ground water for public supply in 1963 amounted to 1,182
acre-feet or 1.05 mgd, of which 880 acre-feet or 0.79 mgd was pumped for the
city of Seminole and 303 acre-feet or 0,27 mgd for Seagraves.

It is estimated that approximately 5,000 acre-feet of water was pumped in
1963 for domestic and stock use.
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Photograph courtesy of E. B. Baker Drilling Co.

Figure 9
Irrigation Well KD-27-18-809 Near Seminole, Texas

U. S Geological Survey in cooperation with the Texas Water Development Board and the Gaines County
Commissioner’s Court
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Hydraulic Properties of the Water-Bearing Materials

Aquifer tests were made on a few wells in Gaines County to determine the
coefficients of permeability, transmissibility, and storage which govern the
ability of the aquifer to transmit and yield or store water. Owing to the lack
of suitable wells and pumping schedules, however, testing of a representative
sample of wells throughout the county was impossible.

The field coefficient of permeability is the flow of water, in gallons per
day, at the prevailing temperature through a cross section of 1 square foot of
the aquifer under unit hydraulic gradient,

The coefficient of transmissibility (T) is a similar measure for the entire
thickness of the aquifer and is defined as the rate of flow of water, in gallons
per day, at the prevailing water temperature through a vertical strip of the
aquifer 1 foot wide extending the full height of the aquifer under a hydraulic
gradient of 1 foot per foot. The volume of water that will flow each day
through each foot of the aquifer is the product of the coefficient of transmissi-
bility and the hydraulic gradient. The smaller the coefficient of transmissibil-
ity, the greater the hydraulic gradient must be for the water to move through
the aquifer at a given rate.

The coefficient of storage (S) is the volume of water released from or
taken into storage per unit surface area of the aquifer per unit change in the
component of head normal to that surface. Under water-table conditions, the
coefficient of storage is practically equal to the specific yield, which is the
quantity of water that a formation will yield under the pull of gravity if it is
first saturated and then allowed to drain, the ratio expressed in percentage of
the volume of this water to the volume of the material drained.

The data from most of the aquifer tests in Gaines County are unsuitable for
calculating aquifer coefficients due, in part, to the short periods of pumping.
Similar tests in the Ogallala Formation near Amarillo, Texas (Moulder and
Frazor, 1957, p. 12) indicated that short-duration tests may give apparent coef-
ficients of transmissibility much higher than the true coefficients. The coeffi-
cients of transmissibility determined from tests in three wells in Gaines County
that were pumped for periods from 3 days to several weeks ranged between 23,000
and 58,000 gpd (gallons per day) per foot; the field permeability determined
from the tests ranged between 220 and 540 gpd per square foot, based on the
thickness of the water-bearing material that contributed to the well. The
results of these tests, however, are applicable only within a small area around
the tested wells and should not be considered as representative of the Ogallala
Formation in Gaines County.

The specific yield of the Ogallala Formation in Gaines County could not be
determined from the aquifer tests. However, Cronin (1964, p. 7) reported that
the specific yield of the Ogallala in the Southern High Plains is about 15 per-
cent, and this figure is probably applicable to Gaines County.

The yields of wells screened in the Ogallala Formation also provide a gen-
eral index of the permeability of the water-bearing materials; however, the
yields also depend on the thickness of the water-bearing material screened, the
efficiencies of the wells, and the allowable drawdown. Furthermore, some wells
are not pumped at their maximum capacity and others would have higher yields if
the wells were deeper.

= 2=



The yields of a large number of irrigation wells and a few industrial and
public supply wells are shown in Figure 11. The map shows that the yields of
wells in the Ogallala Formation range over wide limits, the largest yields being
generally in the northwestern part of the county. In this area, well yields as
large as 1,600 gpm have been measured, although larger yields have been reported
by several well owners. Near Seminole and in places in the eastern part of the
county, the yields of many irrigation wells are less than 200 gpm and a few are
less than 100 gpm, Where the yields are small, the wells commonly are drilled
in multiples to provide sufficient water and pressure for irrigation by sprin-
kling.

The specific capacity of a well is the yield in gallons per minute per foot
of drawdown, and generally it is a measure of the performance of a well; its
value is affected by various factors such as partial penetration of the well,
the size of the well, the type and amount of perforation in the casing, the time
the well has been pumped, and the amount of development of the well. The spe-
cific capacities of 42 wells in the Ogallala Formation in Gaines County ranged
from 1.7 gpm per foot in well KD-27-31-101 in the southeastern part of the
county where the Ogallala is thin, to 64.4 gpm per foot in well KD-26-08-617 in
the northwestern part where the aquifer is more than 150 feet thick. The spe-
cific capacities are useful in estimating the coefficients of transmissibility
in areas where aquifer tests are not available. In general, high average spe-
cific capacities indicate high transmissibilities, and low specific capacities,
low transmissibilities. In most cases, the various factors that affect the spe-
cific capacity of a well affect it adversely, so that the actual coefficient of
transmissibility generally is greater than that computed from specific-capacity
data. The relation of the specific capacities of wells to the coefficients of
transmissibility is based on Theis' (1935, p. 519-524) nonleaky artesian aquifer
formula as modified by Walton (1962, p. 12). Although the formula assumes cer-
tain conditions that are not entirely met in the field, it may be used to obtain
rough estimates of the coefficient of transmissibility from specific-capacity
data. Thus, based on the specific capacities of a large numb<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>