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FOREWORD 

On September 1, 1965 the Texas Water Caunission (formerly, before February 
1962, the S t a t e  Board of Water Engineers) experienced a far-reaching real ign-  
ment of functions and personnel, directed toward the increased emphasis needed 
for  planning and developing Texas' water resources and for  administering water 
r ights .  

Realigned and concentrated i n  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 Canmission was changed t o  Texas Water Rights Conrmission, and responsibi l -  
i t y  for  functions r e l a t i ng  t o  water-rights administration was vested therein. 

For the reader 's  convenience, references i n  t h i s  repor t  have been al tered,  
where necessary, t o  r e f l e c t  the current (post September 1, 1965) assignment of 
respons ib i l i ty  for  the function mentioned. I n  other words c r ed i t  for  a func- 
t ion  performed by the Texas Water C d s s i o n  before the September 1, 1965 
realignment generally w i l l  be given i n  t h i s  report  e i t he r  t o  the Water Develop- 
ment Board or t o  the Water Rights Commission, depending on which agency now has 
respons ib i l i ty  for tha t  function. 

Texas Water Deve opment Board 

w d d  
V ~ h i e f  Engineer 
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G R O U N D - W A T E R  R E S O U R C E S  O F  

G A I N E S  C O U N T Y ,  T E X A S  

ABSTRACT 

Gaines County i s  i n  cen t r a l  West Texas on the High Plains of Texas, a par t  
of the Great Plains physiographic province. 

Rocks of Precambrian t o  Recent age underlie the county, but only the rocks 
of Triassic,  Cretaceous, and Tert iary age contain ground water su i tab le  f o r  most 
purposes. No usable ground water i s  obtained from rocks older than Tr iass ic ;  
however, brine i s  produced with the o i l  from older rocks. 

Ground water i n  Gaines County is obtained from three aquifers, the pr inci-  
pal  one being i n  the Ogallala Formation. I n  1963, about 193,000 acre-feet  of 
ground water was pumped, nearly a l l  of which was from the Ogallala. About 
182,000 acre-feet  was used f o r  i r r i ga t ion .  Small quant i t i es  were pumped from 
the Tr iass ic  and Cretaceous rocks, pr incipal ly  for  i r r i g a t i o n  and waterflooding. 

Because of the low recharge ra te ,  the water i n  storage i n  the  Ogallala For- 
mation i s ,  i n  general, being depleted, even though water levels  have r i s en  i n  
some areas. Since pumping for  i r r i g a t i o n  began i n  1946, water l eve ls  i n  wells 
have declined i n  the western par t  of the county and have r i s en  i n  the eastern 
part .  The maximum decline was 35.7 f e e t  and the maximum r i s e  was 28.3 f ee t .  
The quanti ty of ground water estimated to  be i n  storage i n  the county i n  1964 
was 8.5 mill ion acre-feet ,  which would be enough t o  sus ta in  nearly 50 years of 
pumping a t  the 1963 r a t e  of pumping. Not a l l  of the theore t ica l ly  avai lable  
water is practicably recoverable because as the saturated thickness and the 
quanti ty of water i n  storage decreases, the  yields  from wells a lso w i l l  decrease. 

The chemical qua l i ty  of the ground water va r i e s  widely. The Ogallala 
yie lds  water su i t ab l e  f o r  i r r i g a t i o n  and mst other uses; the other  aquifers 
yie ld  water t ha t  i s  more mineralized. The disposal of o i l - f i e l d  brines 
(5,267,514 barrels  o r  679 acre-feet  i n  1961) i n to  unlined surface p i t s  has 
resulted i n  the contamination of the ground water i n  the  Ogallala Formation i n  
some places. Although t h i s  pract ice  has been discontinued i n  many f ie lds ,  the 
e f f ec t s  may be long las t ing.  





G R O U N D - W A T E R  R E S O U R C E S  O F  

G A I N E S  C O U N T Y ,  T E X A S  

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 Cowissioner's Court of Gaines County. 
The purpose of the investigation was to evaluate and sumnarize 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 tine 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 fromwells 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 19001s, the raising of 
beef cattle was the principal source of income; later, dryland farming became 
important. In the early 19301s, oil and gas were discovered, and by the mid 
1940fs, irrigation farming began. 
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O i l  was discovered i n  the Cedar Lake area i n  eastern Gaines County i n  1933, 
and s ince tha t  time, the production of o i l  and gas has been the most important 
source of income (about $89,000,000 i n  1961). According t o  records of the Rail- 
road Conrmission of Texas (1962), about 670 mill ion bar re l s  of o i l  had been pro- 
duced t o  January 1, 1963; the production i n  1962 was about 31 mil l ion barrels .  
The production of na tura l  gas i n  1962 amounted to  7,257,367 mcf (thousand cubic 
f ee t ) .  Par t  of the na tura l  gas i s  used i n  the production of carbon black, prin- 
c ipa l ly  i n  the v i c i n i t y  of Seagraves. 

The extensive development of i r r i g a t i o n  a l so  has contributed subs tan t ia l ly  
t o  the  economic wealth of the county. The acreage devoted t o  i r r i ga t ion  farnring 
has increased rapidly since 1946. I n  1949, about 7,200 acres was i r r iga ted ,  and 
by 1959, about 67,000 acres, o r  s l i g h t l y  more than 30 percent of the  t o t a l  acre- 
age i n  cul t ivat ion,  was under i r r iga t ion .  According to  an i r r i g a t i o n  survey 
made by the Texas Agriculture Extension Service, 210,640 acres was i r r i ga t ed  i n  
1964, of which 100,000 acres was i n  grain  sorghum and 78,240 acres i n  cotton. 
Other agr icu l tura l  pursui ts  include stock farming and poultry production. 

Previous Imres t i g a t  ions 

No detai led invest igat ion of the ground-water resources of Gaines County 
had been made pr ior  t o  t h i s  study; however, many reports on the geology and 
water resources of a large par t  of the Southern High Plains of Texas have pre- 
sented data  pertaining t o  the  county. Special  aspects of the geology of Gaines 
County also have been discussed i n  a r t i c l e s  published i n  technical  journals. 
However, very few of these reports have been concerned with the post-Permian 
formations, which a re  the  only ones t h a t  are  per t inent  to  the ground-water 
resources of the county. 

The only hydrologic invest igat ion spec i f ica l ly  on Gaines County consisted 
of an inventory of wells i n  1946 by Cromack. The report  consisted of records of 
wells, d r i l l e r s '  logs, water analyses, and a map showing locat ion of the wells 
inventoried. 

Since 1937, the  r e su l t s  of measurements of water levels  i n  observation 
wells i n  Gaines County have been published i n  the annual reports of the U.S. 
Geological Survey on water levels  and a r t e s i an  pressures i n  the United States .  
Water-level measurements made i n  a large number of wells i n  Gaines County up t o  
and including 1962 have been published also i n  bu l l e t i n s  of the Texas Water Com- 
mission. 

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

The occurrence and development of ground water i n  t he  Southern High Plains 
of Texas were sununarized by Cronin (1964). I n  h i s  report, Cronin estimated the 
quanti ty of water po ten t ia l ly  available for  development i n  Gaines County. I n  
addition, the report  graphically shows the approximate saturated thickness of 
the Ogallala Formation i n  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 C o d s s i o n  and i s  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 1-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 1-degree quadrangle is divided into %-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 %-minute quadrangle is Sub- 
divided into 2*-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 6- 
minute quadrangle is given a 2-digit number in the order in which it is inven- 
toried, starting with 01. These are the last two digits of the well number. 
Thirty-two %-minute quadrangles are shown on the well location map of this 
report (Plate 1) and numbered in the northwest comer 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 w e l l  umbers  published previously and 
corresponding numbers used i n  t h i s  r e p o r t  

nmber  

KD-2746-705 

New 
nmber  

KD-26-08-501 

26-08-502 

26-08-601 

26-08-801 

26-08-802 

26-08-808 

26-16-501 

26-16-601 

26-24-201 

26-24-301 

27-01-501 

27-01-502 

27-01-601 

27-01-701 

27-01-705 

27-01-904 

27-02-501 

27-02-701 

27-03-501 

27-03-615 

27-03-701 

27-03-721 

27-04404 

27-04-501 

27-04-502 

27-04-506 

27-04-513 

27-04-613 

27-04-719 

27-05-401 

27-05-601 

27-05-921 

New 

e 
KD-27-17-109 

27-17-201 

27-17-301 

27-17-801 

27-18-101 

27-18-128 

27-18-201 

27-18-207 

27-18-408 

27-18-709 

27-18-808 

27-19-101 

27-19-301 

27-19-302 

27-19-513 

27-19-601 

27-19-602 

27-19-802 

27-20-106 

27-20407 

27-20-801 

27-21-101 

27-21-201 

27-21-202 

27-21-601 

27-21-602 

27-21-603 

27-21-904 

27-22-203 

27-22403 

27-22404 

27-22-801 

Old* 
n d e r  

173 

A- 16 

A- 41  

174 

166-P 

166 

E- 2 

202 

E- 6 

E- 7 

A- 54 

172 

B- 3 

175 

-- 
-- 

168 

169 

188 

-- 

170 

-- 
-- 
190 

-- 
-- 
-- 
-- 
-- 
185 

186 

-- 

* 

Old* 
umber  

-- 
177 

192 

204 

182 

-- 
181 

-- 
-- 
-- 
-- 

193 

-- 
-- 
-- 
6 -A 

-- 
-- 
-- 
-- 
-- 

180 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 



Table 1.--Index of w e l l  numbers published previous ly  and 
corresponding numbers used i n  t h i s  report--Continued 

* Well number i n  b u l l e t i n s  of Texas Water Camiss ion .  
t Well number 27-06-601 i n  Texas Water Carmission Bull .  6207. * Well number 27-21-301 i n  Texas Water C-ission Bul l .  6207. 

New 
nmber  

KD-27-23-501 

21-25-101 

27-25-204 

27-25-301 

27-25-604 

Cromack 
(1946) 

1 

148 

157 

158 

162 

Old* 
number 

-- 

C r a c k  
(1946) 

73 

Old* 
nlmtber 

-- 

27-26-604 

27-27-102 

27-27-206 

27-27-301 

-- 
-- 
-- 
2 

' 

/ -- 128 

-- 1 129 

Cromack 
(1946) 

i38  

New 
number 

KD-27-26-106 

207 

-- 

136 

141 

143 

2 

-- 

132 

New 
n m b e r  

KD-27-27-601 

Old* 
n m b a r  

-- 
27-28-501 

27-30-402 

27-30-802 

27-31-105 

-- 
-- 
-- 
-- 
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Average monthly prectpitot~on a t  Seminole, 1 9 2 3 - 6 3  

Average monthly gross oke-surface evoporotlon in Golner 
County. 1 9 4 0 - 5 7  

lFrom i o - . r .  9601 

Figure 3 

Average Monthly Temperature and Precipitation at Seminole and Evaporation in 
Gaines County ,Texas 

(From records of U S .  Weather Bureau and Lowry.19601 

U. S. Geological Survey in cooperation with the Texas Water Development Board and the 
Gaines County Commissioner's Court 



Since 1923, precipi ta t ion was below the a ~ u a l  average i n  21 years and 
above it i n  16. Precipi ta t ion a t  Seminole probably was below normal i n  the 4 
years (1927 and 1946-48) f o r  which data are  not available.  This assumption is 
based on records of the Weather Bureau s t a t i on  a t  Lamesa i n  Dawson County, about 
40 miles ea s t  of Seminole. Precipi ta t ion was near o r  s l i g h t l y  below average 
from 1923 to  1939, well  above average i n  1940-42, and below average from 1943-63. 
During the period 1923-42, precipi ta t ion averaged 16.93 inches, whereas from 
1943-63 it averaged 14.45 inches. Although the period 1943-63 might seem t o  be 
one of deficiency, analysis of the graph (Figure 2) shows tha t  i t  can be divided 
in to  two parts--that  i s ,  f o r  the period 1943-56, the annual precipi ta t ion was 
c lear ly  l e s s  than the long-term average, and f o r  the period 1957-63, it was 
greater.  

Wide fluctuations i n  temperature a r e  charac te r i s t ic  of the  climate i n  
Gaines County. Winters a r e  characterized by frequent cold periods followed by 
rapid warming. Sunnners a r e  hot and usually dry; however, low humidity and ade- 
quate wind c i rcu la t ion  help t o  moderate the  e f f ec t  of t he  heat. 

The average monthly temperature a t  Seminole ranges from 41.9OF i n  January 
t o  79.5'F i n  July (Figure 3); the average annual temperature i s  61.4'F and the 
recorded extremes a re  113'F and -23-F. The average maximum temperature i s  
77.Z°F. 

The average annual gross lake evaporation f o r  Gaines County is about 81  
inches (Lowry, 1960), o r  more than 5 times the average yearly precipi ta t ion 
(Figure 3). The growing-season (April-September) evaporation of about 55 inches 
i s  s imilar ly  about 5 times the average concurrent precipi ta t ion.  

GEOLOGIC UNITS AND THEIR WATER-BEARING PROPERTIES 

The geologic un i t s  tha t  underlie Gaines County range i n  age from Precam- 
br ian t o  Recent, but rocks older than Tr iass ic  have l i t t l e  significance regard- 
ing the occurrence of water su i tab le  f o r  most purposes. The older rocks a r e  the 
source of the brine produced with the o i l  i n  the county. 

The following br ief  description of the geologic un i t s  overlying the Permian 
rocks i s  based pr incipal ly  on d r i l l e r s '  logs of water wells, seismograph shot- 
holes, s t ra t ig raphic  t e s t  wells, and radioact ivi ty  logs of o i l  t e s t s .  I n  gen- 
e ra l ,  the e l e c t r i c  logs of o i l  t e s t s  begin below the top of the Tr iass ic  rocks 
and the d r i l l e r s '  logs of these and other o i l  t e s t s  describe only i n  the most 
cursory fashion the sediments overlying the prominent anhydrite member of the 
Rustler Formation of Permian age. The geologic s t ructure  of the un i t s  above 
the Rustler Formation and the r e l a t i on  between the various un i t s  a r e  shown i n  
Figure 4 .  

Triass ic  Rocks 

Triass ic  rocks do not crop out i n  Gaines County, but they underlie the sur- 
face a t  depths ranging from about 55 f ee t  i n  the southern par t  of the county t o  
355 f e e t  i n  the cen t ra l  part .  They consis t  pr incipal ly  of sandstone, shale, 
s i l t ,  and conglomerate, and range i n  thickness from 1,500 f e e t  t o  about 2,110 
fee t .  However, these thicknesses are  somewhat questionable because the contact 



with the underlying Permian rocks i s  somewhat obscure. I n  fact ,  recent petro- 
graphic s tudies  by Mi l l e r3  strongly suggest t ha t  the lower 45 t o  300 f e e t  of 
rocks assigned t o  the  T r i a s s i c  and composed pr incipal ly  of red shale should be 
assigned to  the Permian. For the purposes of t h i s  report, however, t h i s  lower 
red shale  i s  considered as a par t  of the Triassic,  probably equivalent to  the  
Upper Tr iass ic  Tecovas Formation. The Santa Rosa Sandstone i s  t he  pr incipal  
aquifer i n  the Triass ic  rocks. It is over la in  by a s e r i e s  of shale and sand- 
stone beds tha t  probably are  equivalent t o  the  Upper Tr iass ic  Chinle Formation 
i n  New Mexico. 

Santa Rosa Sandstone 

The Upper Tr iass ic  Santa Rosa Sandstone (Figure 4), whose* average thickness 
i s  about 235 fee t ,  i s  a pers i s ten t  massive sandstone interbedded with red shale 
and clay. It is readi ly  iden t i f ied  i n  radioact ivi ty  logs by i t s  low degree of 
na tura l  radioact ivi ty  as  compared t o  the adjoining clay and shale. The Santa 
Rosa dips  east-northeastward from an a l t i t u d e  of about 2,340 f e e t  above sea 
leve l  (1,200 f e e t  below land surface) i n  the southwest corner of the  county t o  
about 1,510 f ee t  (1,600 f e e t  below land surface) i n  the  eastern part .  

The Santa Rosa Sandstone yields  water t o  seven wells i n  Gaines County. The 
wells, 1,760 t o  1,880 f ee t  deep, reportedly furnish small t o  moderate quant i t i es  
(30 t o  200 gpm--gallons per minute) of water t h a t  generally i s  considerably more 
highly mineralized than t h a t  i n  the Cretaceous rocks o r  Ogallala Formation. Six 
of the seven wells a r e  i n  the  eastern par t  of the county where the water i s  
highly mineralized and generally is su i tab le  only f o r  some indus t r i a l  uses, 
pr incipal ly  waterflooding. The chemical analyses (Table 5) indicate, however, 
t ha t  the mineralization of the  water i n  the Santa Rosa decreases toward the area 
of outcrop i n  New Mexico. Two wells, KD-27-09-804 and KD-27-26-301, i n  the  
western half  of the county yielded water that ,  although too highly mineralized 
f o r  domestic o r  municipal supplies, was su i tab le  f o r  l ivestock and some indus- 
t r ial  uses. 

Chinle(?) Formation Equivalent 

The Chide(?)  Formation equivalent, the uppennost formation of the Triass ic  
rocks, ranges i n  thickness from about 1,050 t o  1,600 f ee t .  It consis ts  princi-  
pa l ly  of variegated s o f t  shale and clay, although th in  beds of sandstone of 
f i ne r  texture than those i n  the underlying Santa Rosa a re  common. 

The Chinle(?) equivalent is known t o  furnish water t o  only one well 
(KD-27-29-502) i n  Gaines County. The water from t h i s  well is used f o r  san i ta ry  
purposes and fo r  lawn watering. The water i s  highly mineralized, being unsuit-  
able f o r  domestic o r  public supply use. Undoubtedly some water i s  obtained 
loca l ly  from the Chinle(?) equivalent where it is overlain d i r e c t l y  by the 
Ogallala Formation; however, the  Ch ide (? )  equivalent should not be considered 
a major source of water i n  the county. 

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
























































































































































































































































































































