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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. 



:-....--DypGS5i&7 

I t;,.-++J 
! I I .  I""' 
/ED= -. F~.jcir+4<.r&xd . I i 1 

Area of Report 

..- 

Figure I 
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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. 



Cretaceous. Bocks 

Rocks of Cretaceous age i n  Gaines County a r e  exposed only along the westem 
margins of Cedar and McKenzie Lakes but probably underlie a l l  but the  southern 
th i rd  of the county. Whether they underlie the heavily i r r i ga t ed  area i n  the 
northwestern par t  of the  county could not be determined from the da ta  available.  
However, based on the reported occurrence of Cretaceous rocks i n  adjoining areas 
i n  Yoakum County, Texas, and Lea County, New Mexico, Cretaceous rocks, i f  pres- 
ent, probably a r e  thin.  The approximate extent of the Cretaceous rocks i n  the 
subsurface i n  Gaines County i s  shown i n  Figure 11. I n  the southern pa r t  of the 
county, the Cretaceous rocks, i f  present, occur as more o r  l ess  isolated rem- 
nants . 

Few wells i n  Gaines County a re  logged accurately o r  completely; hence, i t  
is d i f f i c u l t  t o  dis t inguish the formations t ha t  comprise the Cretaceous rocks i n  
the subsurface. Existing data  from water wells and wells d r i l l e d  f o r  seismic 
exploration show tha t  the Cretaceous rocks have a maxilmtm thickness of about 140 
f e e t  and consis t  mainly of blue and yellow clay, gray shale, light-gray gener- 
a l l y  thin-bedded limestone, and minor amounts of f i n e  white sand. I n  general, 
the uppermost par t  of the  Cretaceous rocks consis ts  of beds of blue and yellow 
clay and shale except i n  the eastern par t  of the county where the blue and yel- 
low c lay  is overlain by a f a i r l y  thick sect ion of thin-bedded l ight-gray lime- 
stone, i n  places highly fractured and cavernous. The lower par t  of the Creta- 
ceous rocks generally consis ts  of f i n e  white sand, which may be equivalent t o  
the Lower Cretaceous Paluxy Sand (Brand, 1953, p. 27-55). 

L i t t l e  information i s  avai lable  on the water-bearing properties of the Cre- 
taceous rocks i n  Gaines County. I n  general, they a re  not considered as an 
important source of water except i n  places i n  the eastern par t  of the county. 
I n  these places, wells t h a t  penetrate the  permeable zones i n  the limestone yield 
as  mch  as 600 gpm. Locally, small quant i t ies  of water, probably less  than 100 
gpm, a r e  obtained from the r e l a t i ve ly  unconsolidated f ine  sandstone i n  the lower 
par t  of the Cretaceous rocks. The water i n  the Cretaceous rocks is only 
s l i g h t l y  more mineralized than tha t  i n  the Ogallala Formation a t  the same local-  
i t y ;  however, the water i s  generally su i tab le  f o r  most purposes. 

Ter t iary Rocks 

Ogallala Formation 

The Tert iary rocks i n  Gaines County a re  represented by the Pliocene 
Ogallala Formation which underlies a l l  the county except i n  Cedar and McKenzie 
Lakes where it has been removed by erosion. The Ogallala l i e s  unconformably on 
the eroded surfaces of Tr iass ic  and Cretaceous rocks (Figure 5) and underlies a 
t h i n  mantle of windblown sand and s i l t ,  sand dunes, and alluvium. 

The Ogallala Formation consis ts  of s i l t ,  clay, f i n e  t o  coarse sand, gravel, 
and cal iche;  comnnnly the individual beds o r  lenses pinch out  o r  grade both 
l a t e r a l l y  and v e r t i c a l l y  i n to  the f i n e r  o r  coarser material  of another bed o r  
lens. Most of the formation is unconsolidated, although near the  top and 
loca l ly  within it,  the sediments have been cemented with calcareous material. 
Dr i l l e r s '  logs of water wells i n  the western half of the county show tha t  rock, 
probably sandstone, occurs i n  discontinuous beds i n  a northwest-trending b e l t  
t ha t  includes parts of quadrangles 27-09, 27-17, 27-18, 26-08, 26-16, and 26-24. 



It i s  not possible t o  determine from most d r i l l e r s '  logs i f  the sand and 
gravel a r e  clean o r  i f  s i l t  and clay are  associated with them. However, d r i l l -  
e r s  report  that ,  i n  general, the Ogallala i n  the southern par t  of the county, 
par t icu la r ly  i n  gr ids  27-25 and 27-26, contains considerable quant i t i es  of s i l t  
and c lay  i n  the lower par t ;  consequently, most of the water i s  obtained from the 
upper part .  

Caliche generally occurs i n  s ingle  o r  multiple layers i n  the uppermost par t  
of the Ogallala Formation, although i n  some places it i s  absent. The caliche 
ranges from a so f t  white chalky o r  powdery material  t o  a hard dense mass. 

I n  general, the Ogallala Formation is thickest  i n  the northwestern par t  of 
the county where Cretaceous rocks are absent or  thin.  I n  t h i s  area, the 
Ogallala has a maximum thickness of 310 f ee t .  I n  the area west and southwest of 
Cedar Lake, the thickness i s  l ess  than 50 fee t ,  owing t o  the  underlying re la -  
t i ve ly  thick se r i e s  of Cretaceous rocks. 

The Ogallala i s  the major source of water i n  Gaines County as i n  most of 
the High Plains;  it yields  large quant i t ies  of water t o  wells fo r  i r r iga t ion ,  
public supply, domestic, stock, and indus t r i a l  uses. Yields of wells range from 
a few gallons per minute from domestic and stock wells t o  as  much as  1,600 gpm 
from i r r i ga t ion  wells. The water generally i s  of good chemical qual i ty  except 
tha t  it i s  hard and the f luor ide content i s  excessive locally.  

Quaternary Rocks 

Quaternary rocks, consist ing of windblown sand, clay, s i l t ,  and gravel, 
mantle the Ogallala Formation i n  most of Gaines County. Clay and s i l t  occur 
pr incipal ly  i n  the playa lakes and small depressions; coarse sand and gravel 
predominate i n  the val leys  of Monument and Seminole Draws, and windblown sand 
mantles a large par t  of the county. Some of these materials may contain su f f i -  
c i en t  water f o r  domestic and stock use, but as s u r f i c i a l  materials, t h e i r  princi-  
pal function i s  t ha t  they determine the r a t e  of i n f i l t r a t i o n  and downward perco- 
l a t i on  of r a i n f a l l  t o  the  underlying Ogallala Formation. A mantle of sand and 
gravel f a c i l i t a t e s  recharge t o  the underlying ground-water reservoir ;  clay and 
s i l t  re tard o r  r e s t r i c t  recharge. 

GROUND WATER 

Occurrence of Ground Water 

A l l  the ground water used i n  Gaines County, except tha t  produced with o i l  
and a small amount from the C h i d e ( ? )  Formation equivalent, i s  obtained from 
three aquifers i n  the Ogallala Formation, the Cretaceous rocks, and the Santa 
Rosa Sandstone. A considerable number of wells, par t icu la r ly  i n  the eastern 
half  of the county, obtain water from more than one aquifer,  principally i n  the  
Ogallala Formation and the Cretaceous rocks. Where the Cretaceous rocks a r e  
absent, a few wells may obtain water from the Ogallala Formation and the sand 
beds i n  the upper par t  of the Chinle(?) Formation equivalent. 

Ground water i n  the  Ogallala Formation generally i s  unconfined, tha t  is, 
under water-table conditions. However, owing to  the len t icu la r  character of the 
materials making up the formation, the  water loca l ly  may be under su f f i c i en t  



hydrostatic pressure t o  r i s e  i n  the well a short  distance above the top of the 
water-bearing bed. 

Most of the water derived from the Cretaceous rocks occurs i n  f ractures  and 
solution channels i n  limestone, but some occurs i n  the sand i n  the lower part .  
I n  general, the water i n  these rocks i s  unconfined. The Cretaceous rocks under- 
l i e  and are  i n  d i r ec t  hydraulic connection with the Ogallala Formation; hence, 
the two uni t s  actual ly  a r e  par t  of the same aquifer.  Consequently, the water 
surface i n  wells i n  the Cretaceous rocks roughly coincides with the water sur- 
face i n  the Ogallala Formation. Figure 6 shows the approximate a l t i t ude  of the 
water table  i n  the Ogallala Formation i n  1964. The map shows the a l t i tudes  of 
water levels i n  several  wells t ha t  obtain water from the porous limestone i n  the 
eastern par t  of the county. 

The water i n  the  Santa Rosa Sandstone i s  confined between r e l a t i ve ly  imper- 
meable sediments and r i s e s  i n  t i g h t l y  cased wells above the top of the aquifer. 
Water thus confined i s  under a r tes ian  pressure, and the surface to  which the 
water r i s e s  i s  the piezometric surface. I n  two wells (KD-27-06-501 and 
D-27-06-502) tha t  were screened i n  the Santa Rosa, the water levels  were 909 
and 819 f e e t  below the land surface, whereas the top of the Santa Rosa was about 
1,400 f e e t  below the surface. 

Recharge. Movement. and Discharge 

The pr incipal  aquifer i n  Gaines County, the Ogallala Formation, is par t  of 
the extensive aquifer t ha t  underlies the  Southern High Plains i n  Texas and New 
Mexico. Recharge t o  the  Ogallala is by i n f i l t r a t i o n  from precipi ta t ion i n  
Gaines County and i n  par t  of the High Plains t o  the west and northwest, by seep- 
age from depression ponds and streams, and by i n f i l t r a t i o n  of i r r i ga t ion  water 
applied t o  the land i n  excess of the consumptive use of the crops. Most of the 
precipi ta t ion on the Plains is retained temporarily i n  the s o i l  close t o  the 
land surface from which i t  evaporates o r  i s  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  res tore  the s o i l  moisture t o  f i e l d  capacity. 

Although the Ogallala Formation consis ts  chief ly  of permeable material, the 
s u r f i c i a l  materials range widely i n  t h e i r  a b i l i t y  to  absorb precipi ta t ion and 
transmit it downward t o  the water table.  By f a r  the greates t  opportunities fo r  
i n f i l t r a t i o n  and penetration of r a i n f a l l  are  i n  the areas of sandy so i l s .  

Recharge t o  the  Ogallala Formation from precipi ta t ion i s  c lear ly  recorded 
by fluctuations of water levels  i n  wells i n  the eastern par t  of the county where 
s o i l s  a r e  sandy. I n  t h i s  area, L i t t l e  o r  no runoff occurs because the highly 
permeable sand absorbs the water almost imedia te ly .  During the period 1937-38 
t o  1964, water levels  i n  a large par t  of the  eastern half  of the county rose 
from s l igh t ly  less than 1 foot t o  as much as 28.3 f e e t  (Figure 7).  Records a r e  
insuf f ic ien t  t o  determine t o  what extent the r i s e s  r e f l e c t  recharge from the 
above-normal precipi ta t ion during the period 1941-42. Actually, the r i s e s  i n  
water levels  correspond t o  a period during which precipi ta t ion was below normal 
i n  15 of the 27 years since 1937. It seems more l ikely,  therefore, that  the 
r i s e s  can be a t t r ibuted,  a t  l eas t  i n  a large part, t o  a change i n  land manage- 
ment. Pr ior  t o  1940, the area was devoted pr incipal ly  to grazing. The develop- 
ment of the land f o r  cu l t iva t ion  included the eradication of mesquite t rees ,  
which apparently increased the opportunities f o r  recharge and decreased the 





amount of water l o s t  by evapotranspiration. The removal of the  mesquite may be 
the dominant fac tor  causing the r i s e  i n  water levels  because mesquite and, to  a 
lesser  extent, grasses, in te rcep t  large quant i t i es  of water t h a t  otherwise may 
percolate downward t o  the water table.  I n  addition, land leveling, contour 
farming, and deep plowing probably have increased the opportunities f o r  the 
i n f i l t r a t i o n  of precipi ta t ion.  

Figure 7 shows tha t  the  r i s e s  i n  water levels  were not uniformly d i s t r i b -  
uted through the eastern par t  of the county. About 5 miles west of McKenzie 
Lake, the large r i s e s  i n  water levels  (28.3 f e e t  i n  well  KD-27-21-603 and 26.5 
f e e t  i n  well  KD-27-13-901) are  due largely t o  the wide var ia t ion  i n  the water- 
bearing properties of the Cretaceous rocks. I n  t h i s  area, the Cretaceous rocks, 
which consist  pr incipal ly  of limestone and shale, yield small quant i t i es  of 
water, and i n  some places, the yields of some wells have been insuf f ic ien t  even 
for  stock watering. Consequently, a un i t  volume of water added t o  the ground- 
water reservoir  w i l l  cause an appreciably la rger  r i s e  i n  water levels  i n  wells 
than the same un i t  volume i n  sediments t ha t  yield larger  quant i t ies  of water. 

The depression ponds a lso a r e  a source of recharge t o  the Ogallala Forma- 
tion, but the t o t a l  quanti ty from t h i s  source probably i s  small ch ie f ly  because 
the adjacent sandy s u r f i c i a l  materials re tard o r  i nh ib i t  runoff i n t o  the ponds. 
Nevertheless, available data  indicate  t ha t  a large par t  of the  water impounded 
i n  some depressions i n  Gaines County undoubtedly recharges the aquifer. Fig- 
ure 8 shows a rapid r i s e  i n  the  water l eve l  i n  well  KD-27-26-604, corresponding 
with a r i s e  i n  the lake l eve l  a f t e r  heavy rains  had f i l l e d  the nearby lake. 

Recharge resul t ing from i n f i l t r a t i o n  of streamflow i s  negligible i n  Gaines 
County. Runoff to  the streams i s  small, and most of the  time the streams a re  
dry. Local res idents  report  tha t  the draws tha t  cross the county flow water 
only a f t e r  exceptionally heavy rains .  

A l l  the sources of recharge are intermit tent  and largely contingent on 
exceptionally heavy r a in fa l l .  For t h i s  reason and because of the great  extent 
and v a r i a b i l i t y  i n  the  recharge areas, d i r ec t  quant i ta t ive  determinations of 
recharge i n  Gaines County are  v i r t u a l l y  impossible with ex is t ing  data.  However, 
estimates of annual recharge of l e s s  than half  an inch made i n  other areas i n  
the High Plains (Theis, 1937, p. 564-568) are  probably appl-icable i n  much of 
Gaines County. 

One type of undesirable recharge r e su l t s  from the disposal of o i l - f i e l d  
brines i n  unlined surface p i t s .  This i s  shown by the r i s e  i n  water l eve l  i n  
well KD-27-09-303 (Table 4), which i s  near an unlined disposal p i t  and i n  an 
area of otherwise generally declining water levels.  The well has been abandoned 
recently because of a subs tan t ia l  increase i n  the s a l t  content of the water. 

The part  of the ground water i n  Gaines County t h a t  i s  derived from return 
flow of i r r i g a t i o n  water i s  not known def in i te ly ,  but local ly  i t  may be substan- 
t i a l .  This i s  indicated by a comparison between the quanti ty of ground water 
pumped f o r  i r r i ga t ion  i n  grid 26-08 i n  the northwestern par t  of the county and 
the volume of material  unwatered. Since 1951, the t o t a l  pumpage i n  t h i s  area 
amounted t o  about 195,400 acre-feet ,  and the t o t a l  volume of material  unwatered 
during the same period amounted to  about 230,000 acre-feet .  On th i s  basis,  
therefore, the spec i f ic  yield ( ra t io  of the  pumpage to  the volume of material 
unwatered) amounts to  65 percent, which i s  several  times greater  than the 15 per- 
cent generally considered to  be representative of the Ogallala Formation. I f  i t  
i s  assumed tha t  a l l  the  water pumped from grid 26-08 since 1951 was from storage 



and tha t  the spec i f ic  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 anuunts to  about 150,000 acre-feet  of water, probably can 
be a t t r ibu ted  largely t o  the i n f i l t r a t i o n  o r  re turn flow of i r r i ga t ion  water 
applied on the land surface and t o  a lesser  extent t o  the increase i n  the  quan- 
t i t y  of water t ha t  moved in to  the area i n  response t o  an increase i n  the hydrau- 
l i c  gradient. It i s  estimated tha t  about 40,000 acre-feet  was underflow from 
adjacent areas, and tha t  the  r e s t ,  about 110,000 acre-feet  o r  nearly 60 percent 
of the t o t a l  water pumped, was derived from the re turn flow of i r r i ga t ion  water. 
Actually, the i r r i g a t i o n  water t ha t  percolates back in to  the aquifer  does not 
cons t i tu te  an addit ion to  the supply of ground water; ra ther  it represents a 
re turn of a par t  of the discharge by wells. The subs tan t ia l  re turn  flow of irri- 
gation water has been noted t o  occur only i n  the northwestern par t  of the county 
where the water i s  conveyed across the land surface by ditches and furrows. 
Where spr inkler  i r r i ga t ion  i s  practiced, the amount of water applied is s ign i f i -  
cantly l e s s ;  consequently, the percentage of re turn flow probably i s  negligible.  

Figure 6 shows the configuration (shape and slope) of the water table  i n  
the  Ogallala Formation i n  Gaines County. The f igure  shows tha t  the  water table  
slopes generally southeastward a t  the  r a t e  of about 13 f e e t  per mile measured 
along a l i n e  extending from the northwest corner of the county t o  the southeast 
comer.  The f igure  a lso shows tha t  t he  slope conforms generally t o  t he  slope of 
the  land surface. The i r r e g u l a r i t i e s  i n  the slope of the water t ab le  indicate,  
i n  a general way, differences i n  the recharge-discharge r e l a t i on  of the  Ogallala, 
i n  the permeability (capacity for  transmitt ing water under hydraulic head), o r  
thickness of the  water-bearing material. 

Ground water i s  discharged na tura l ly  from the Ogallala Formation princi-  
pal ly  by underflow out of the county to  the ea s t  and southeast, but a lso by 
seeps and springs, by evapotranspiration i n  areas where the water t ab le  i s  at o r  
near the land surface, and a r t i f i c i a l l y  through wells. However, i t  may be 
assumed t h a t  the  ground water discharging na tura l ly  by subsurface movement out 
of the county i s  balanced approximately by movement of water in to  the county 
from the north and northwest. 

The na tura l  discharge of ground water by seeps and springs and evapotranspi- 
ra t ion  i s  r e s t r i c t ed  t o  Cedar and McKenzie Lakes where the land surface in te r -  
sec t s  the water t ab le  and i n  places i n  the val leys  of Seminole and Monument 
Draws where the water t ab le  i s  a t  o r  near the  surface. The in te rsec t ion  of the  
water table  by the land surface a t  the lakes i s  indicated by the presence of 
seeps and small springs. The flow i s  rapidly consumed by evapotranspiration. 
Local residents report  t ha t  water seldom stands i n  the lakes except for  short  
periods a f t e r  exceptionally heavy r a i n f a l l .  The quanti ty of ground water d i s -  
charged from the lakes and draws i s  not known, but it probably i s  small because 
of the small area  involved. 

Ground water i s  discharged also through wells, pr incipal ly  f o r  i r r iga t ion ,  
but also for  public supply, domestic, stock, and indus t r i a l  purposes. The quan- 
t i t y  of water pumped i n  Gaines County during 1963 was about 193,000 acre-feet ,  
nearly a l l  of which was from the Ogallala Formation. 

Development of Ground Water 

The Indians and l a t e r  the U.S. Army used water i n  Gaines County from the 
springs i n  Cedar Lake and from a large number of shallow dug wells along 



Wordswell and Seminole Draws, ranging i n  depth from 4 t o  15 fee t .  The wells 
l a t e r  were used to  water thousands of c a t t l e  (Strawn, 1880?, p. 2). As a r e su l t  
of the  discovery of these sources of ea s i ly  obtainable water and the elimination 
of Indian ra ids  by the U.S. Army i n  the campaigns of 1871-72 and 1874-75, the 
area  was opened f o r  settlement. The f i r s t  s e t t l e r s  found unexcelled conditions 
f o r  grazing the Texas longhorn c a t t l e ,  locating t h e i r  ranch headquarters i n  the 
v i c i n i t y  of the shallow dug wells.  Because of frequent droughts, large-scale 
ranching gradually gave way t o  smaller operations, and the lure  of f ree  land 
under the Homestead Acts fostered settlement i n  the area. 

Probably the f i r s t  d r i l l e d  wells t o  tap  the water-bearing sands were 
in s t a l l ed  between 1880 and 1890. These were small-diameter wells equipped with 
windmills. The f i r s t  i r r i g a t i o n  well  of record (KD-27-18-809) was d r i l l ed  i n  
1910 near Seminole. The wel l  (Figure 9) was about 75 f e e t  deep and had a low- 
l i f t  centr i fugal  pump. 

The development of ground water i n  Gaines County, pr incipal ly  f o r  i r r i g a -  
t ion,  proceeded a t  a very slow pace, and by the end of 1946 only three wells 
were i n  use. Dr i l l ing  of wells increased i n  the next few years, owing mainly t o  
the introduction of high-speed deep-well turbine pumps powered by small automo- 
b i l e  engines with d i r ec t  dr ive and also t o  the  introduction of sprinkler-type 
i r r i ga t ion  i n  the sandy areas where row-type i r r i g a t i o n  v i r t u a l l y  was impossible. 
By the end of 1950, about 115 wells were i n  use, and a t  the end of 1955, as  many 
as 419 wells were i n  operation. Since then, i r r i g a t i o n  i n  Gaines County has 
increased a t  a phenomenal ra te .  The number of i r r i g a t i o n  wells increased t o  
nearly 1,050 i n  1960, and the t o t a l  number of wells (exclusive of domestic and 
stock wells)  i n  operation i n  the county a t  the end of 1963 was about 1,693, of 
which 1,627 were i r r i g a t i o n  wells, 13 public supply, and 53 indus t r i a l  wells. 
Of the i ndus t r i a l  wells, seven were i n  the Santa Rosa Sandstone. 

I n  1963, about 193,000 acre-feet  of ground water was pumped f o r  a l l  uses, 
of which nearly 95 percent o r  182,000 acre-feet  was f o r  i r r i g a t i o n  (Figure 10). 
Most of the  water pumped fo r  i r r i ga t ion  was from the Ogallala Formation; an 
unknown but probably very small quant i ty  was from the Cretaceous rocks tha t  
underlie par ts  of gr ids  27-14 and 27-22 i n  the eastern par t  of the county. 

Of the 11,000 acre-feet  of ground water pumped f o r  a l l  uses other than irri- 
gation i n  1963, about 5,100 acre-feet  o r  4.5 mgd (million gallons per  day) was 
f o r  i ndus t r i a l  use, of which about 3,500 acre-feet  o r  3.1 mgd was for  cooling 
purposes; the r e s t  (1.4 mgd) was used i n  repressuring o i l  f i e ld s .  Nearly a l l  
the water pumped f o r  i ndus t r i a l  use was f resh  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 i s  of 
poor qua l i ty  and unsatisfactory f o r  human consumption. 

The withdrawals of ground water f o r  public supply i n  1963 amounted t o  1,182 
acre-feet  o r  1.05 mgd, of which 880 acre-feet  o r  0.79 mgd was pumped f o r  the 
c i t y  of Seminole and 303 acre-feet  o r  0.27 mgd fo r  Seagraves. 

It is estimated tha t  approximately 5,000 acre-feet  of water was pumped i n  
1963 f o r  domestic and stock use. 
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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 (lbulder 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, t'le 
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. 



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 counnonly 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 W-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 fomla 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 number of wells scat- 
tered throughout Gaines County, the coefficients of transmissibility ranged 
between 1,800 and 82,000 gpd per foot, and averaged about 30,000. 

On the basis of an average coefficient of transmissibility of 30,000 gpd 
per foot and a specific yield of 15 percent, the theoretical drawdown at differ- 
ent distances from a well discharging 1,000 gpm for different periods of pumping 
have been computed and are shown in Figure 12. The figure illustrates condi- 
tions in an extensive and homogeneous aquifer; however, the curves should be 
used with caution to insure that they are not used beyond the range of their 
validity. For example, in the northwestern part of the county where the aquifer 
is thickest and the coefficients of transmissibility may be as large as 80,000 
gpd per foot, the actual drawdowns would be appreciably less than those indi- 
cated. Also, the drawdowns would be less because a considerable part of the 
water pumped for irrigation in the northwestern part of the county returns to 
the aquifer by percolation through the irrigated soil. On the other hand, in 
some parts of the county where the Ogallala Formation is thin, the drawdowns may 
be considerably greater than those shown on the figure. 

Data regarding the hydraulic properties of the Cretaceous rocks in Gaines 
County are meager. In the eastern part of the county, a large number of wells 
produce water from limestone of Cretaceous age. The ability of the limestone to 
transmit water depends on the number, size, and degree of interconnection of the 
openings in the limestone. Wells that penetrate the most permeable zones, char- 
acterized by solution channels that permit almst unrestricted flow, have 





comparatively high yields  with small drawdown effects ,  hence large spec i f ic  cap- 
a c i t i e s  and high coeff ic ients  of t ransmissibi l i ty .  Some wells t ha t  had f a i r l y  
large yields  a r e  c lose  t o  wells t ha t  had low yields  insuf f ic ien t  fo r  i r r iga t ion ,  
showing fur ther  the wide var ia t ion  i n  the  hydraulic properties of the limestone 
aquifer. Pumping t e s t s  made i n  four wells t h a t  t ap  the limestone indicated spe- 
c i f i c  capacit ies ranging from 28.2 gpm per foot  i n  well  KO-27-14-701 t o  160 gpm 
per foot i n  well KO-27-14-109. The yields  of a l l  the wells ranged from 150 t o  
646 gpm, and averaged 380 gpm. 

Fluctuations of Water Levels 

Water levels  i n  wells r i s e  o r  decline depending on various factors .  The 
f luctuat ions  of water levels  indicate  changes i n  the amount of water i n  storage 
i n  the aquifer, the  magnitude of the change i n  storage depending on the degree 
of confinement of the water, and the causes of the  fluctuations.  The discharge 
from wells and recharge are  the  m s t  important among the fac tors  control l ing the 
changes i n  water levels  i n  wells tapping the OgaIlala Formation i n  Gaines County. 

The f luctuat ions  of water levels  i n  seven wells are  i l l u s t r a t e d  by the 
hydrographs shown i n  Figure 13; the  locations of the  wells a r e  shown i n  P la te  1. 
The hydrographs show tha t  the  water levels  have changed i n  individual wells and 
from one area t o  another, the amount of change being dependent mainly on the 
proximity of the observation wells t o  the heavily pumped areas. This is 
shown c lear ly  i n  a comparison of the hydrographs of wells W-26-08-502 and 
KD-27-27-301 (Figure 13). The record of well  KO-26-08-502, which i s  i n  an area 
of concentrated pumping f o r  i r r iga t ion ,  shows very l i t t l e  decline of the water 
l eve l  during the period 1945-51, but since then the water l eve l  has declined a t  
an average yearly r a t e  of 2.3 fee t .  Well KO-27-27-301 is i n  the southern par t  
of the county and near the  edge of an i r r i ga t ed  area i n  which yields of wells 
a r e  not large. The hydrograph shows t h a t  the water l eve l  was r e l a t i v e l y  s t ab l e  
during the e n t i r e  period of record. I n  fact ,  the water l eve l  was s l i gh t ly  
higher i n  1964 than i n  1937. 

The hydrograph of well  W-27-01-601 shows the var ia t ion  i n  decline due to  
changes i n  r a t e s  of nearby pumpage. The well, equipped with an automatic water- 
stage recorder, i s  i n  a well  f i e l d  operated by the Southwestern Public Service 
Co. During the period 1949-61, the water l eve l  declined i n  response t o  more o r  
l e s s  continuous pumping f o r  i ndus t r i a l  use. I n  1962, however, i r r i g a t i o n  wells 
were d r i l l ed  i n  and near the well f i e ld ,  and as  a r e su l t  of the  increased pump- 
ing, the  water l eve l  has declined sharply since then. 

Well KO-27-13-601, which taps Cretaceous rocks, is near McKenzie Draw where 
geologic conditions a r e  favorable f o r  recharge. The hydrograph shows tha t  the 
water l eve l  rose sharply i n  1958 and has continued t o  r i s e  since then although 
a t  a considerably slpwer ra te .  The sharp r i s e  probably can be a t t r ibuted,  i n  
part ,  t o  recharge from water i n  the  nearby draw a f t e r  the heavy ra ins  of 1957 
and 1958, and, i n  par t ,  t o  a change i n  the r a t e  of discharge. Pr ior  to  1958, 
the well pumped f a i r l y  large quant i t ies  of water fo r  i r r i ga t ion ;  since then, the 
well has pumped only small amounts f o r  domestic use. 

Water levels  have been measured periodically i n  33 observation wells, prin- 
c ipa l ly  i n  the eastern half  of the county, since 1937; i n  about 20 wells i n  the 
southern and southwestern par t s  of the county since 1945; and i n  about 18 wells 
i n  the northwestern par t  since 1951. The records show tha t  there  was very l i t -  
t l e ,  i f  any, i r r i g a t i o n  pr ior  t o  1946, and only about 150 wells were i n  use i n  



1951; hence, even though the periods of record a r e  not the same, the changes i n  
water levels shown i n  the observation wells are  believed comparable and they may 
be considered as representative of the approximate net  change i n  water levels  i n  
Gaines County since pumping fo r  i r r i g a t i o n  began (Figure 7 ) .  I n  general, Fig- 
ure 7 shows t h a t  the  water t ab l e  declined i n  the  western par t  of the county and 
rose i n  the eastern part .  The maximum decline, 35.7 f e e t  i n  well  W-26-08-620, 
was i n  the northwest part  of the county. Two other centers of decline of 
smaller magnitude a re  shown about 13 miles west and 10 miles southwest of Semi- 
nole. I n  these areas, water levels  declined maximums of 22.1 and 17.6 feet ,  res- 
pectively. I n  the eas te rn  half  of the  county, with the exception of an area 
southeast of Seagraves and a small area  about 20 miles southeast of Seminole, 
water levels  rose as mch as  28.3 f e e t  (Figure 7). The la rges t  r i s e s  were cen- 
tered i n  an area encompassing approximately 50 square miles near McKenzie Lake. 
Rises of 19.7 and 17.5 f e e t  were measured a l so  i n  wells KD-27-23-501, 2 miles 
south of U.S. Highway 180 along the  Gaines-Dawson county l ine ,  and i n  wel l  
KD-27-06-705, about 8 miles northwest of Cedar Lake. The significance of the  
r i s e s  i n  water levels  i n  the eastern par t  of the county has been discussed i n  an 
e a r l i e r  sect ion of t h i s  report  (pages 20 and 26). 

Water i n  Storage 

The volume of water stored i n  the Ogallala Formation underlying Gaines 
County may be computed as the  product of the volume of saturated material  and 
the porosity (the r a t i o ,  expressed i n  percentage of void space t o  t o t a l  volume). 
The f igure  of the  t o t a l  quant i ty  of water i n  storage i s  of l i t t l e  significance 
i n  i t s e l f  because much of the water w i l l  be retained i n  the  voids by forces of 
cap i l l a r i t y .  Furthermore, it may be economically impracticable t o  recover large 
quant i t i es  of water from the lower par t  of the aquifer  o r  i n  those par t s  of the 
aquifer  where the zone of saturat ion i s  o r  becomes thin .  The par t  of the  water 
i n  storage tha t  w i l l  be avai lable  t o  wells can be determined more prac t ica l ly  by 
multiplying the spec i f i c  yield by the volume of saturated materials.  The volume 
of saturated materials can be estimated as  follows. 

The approximate saturated thickness of the Ogallala Formation i n  Gaines 
County is shown i n  Figure 14. I n  a large par t  of the county, the data  are  only 
approximate because most wells do not penetrate the e n t i r e  thickness of the aqui- 
f e r .  I n  these areas, therefore, the  saturated thickness is based on e i the r  the 
length of perforated o r  s lo t ted  casing o r  the thickness of saturated material  
penetrated by the well. Consequently, the saturated thicknesses shown on the 
map (Figure 14) probably a r e  conservative; although i n  some wells, the casings 
may be s lo t t ed  opposite water-bearing material  i n  the Ogallala and i n  the Creta- 
ceous rocks as well. Also, i n  places i n  the  eastern pa r t  of the  county, the 
Ogallala and the underlying Cretaceous rocks a r e  hydraulically connected. In  
such places, the saturated thickness shown on the map includes only tha t  par t  of 
the aquifer  i n  the Ogallala although the Cretaceous rocks may contribute s ign i f i -  
cant ly  t o  the well. 

The map (Figure 14) shows t h a t  the  aquifer i s  thickest  i n  the western par t  
of the county. I n  the heavily i r r i ga t ed  area i n  the  northwestern par t  of the 
county, very few wells penetrate the e n t i r e  thickness of the Ogallala. k ~ a i l -  
able  data  (Table 2) show tha t  one well, KD-26-08-606, reportedly penetrated a t  
l e a s t  160 f e e t  of saturated material, although most of the wells i n  t h a t  area 
penetrated only 75 t o  85 f ee t  of the aquifer. About 4 miles south of Farm Road 
1757 and along the New Mexico-Texas s t a t e  l i n e  where most wells only p a r t i a l l y  



penetrate the aquifer, the saturated thickness i s  a t  l e a s t  175 feet .  0 
thick sections are  i n  the west-central and southwestern par ts  of the  co 

ther  
unty. 

The aquifer  generally i s  thinner i n  the eastern half  of the county; the map 
shows a f a i r l y  large area i n  which wells obtain water ch ie f ly  from the Creta- 
ceous rocks. Within t h i s  area, i t  i s  possible t h a t  some ground water may be 
obtained from the Ogallala i n  places but the quant i t ies  probably would be small; 
i n  other places within the area, the Ogallala reportedly is not water bearing 
and water supplies are  obtained only from the underlying Cretaceous o r  Tr iass ic  
rocks. 

Based on a spec i f ic  yie ld  of 15 percent, and calculations of the  volume of 
saturated material  as  made from Figure 14, i t  i s  estimated tha t  as  of 1964 the 
Ogallala Formation i n  Gaines County contained on the order of 8.5 mil l ion acre- 
f e e t  of water i n  storage tha t  theore t ica l ly  would be avai lable  t o  wells. Not 
a l l  of the " theoret ical ly  avai lablel 'water  i s  practicably recoverable because as  
the  saturated thickness and the quanti ty of water i n  storage decreases, the 
yields  from wells a l so  w i l l  decrease t o  a point where i t  may no longer be econom- 
i c a l  t o  pump water for  i r r iga t ion .  It i s  d i f f i c u l t  to  estimate how much of the 
8.5 mill ion acre-feet  could be recovered, largely because it i s  d i f f i c u l t  to  pre- 
d i c t  the minimum r a t e  of pumping tha t  i s  economically feasible .  Hughes (1964, 
p. 3) reported tha t  i n  the Texas High Plains, low-capacity wells ( less  than 100 
gpm) have been used e f fec t ive ly  f o r  i r r iga t ion .  

Some of the  water i n  storage underlies areas tha t  presently a r e  unsuited 
f o r  farming and hence w i l l  not be used except f o r  domestic and stock purposes; 
i n  other areas where the aquifer i s  thin,  the supply f o r  i r r i g a t i o n  i n  e f f ec t  
may be exhausted i n  a few years. However, even i n  those areas where the ground 
water i s  depleted f o r  i r r i g a t i o n  use, su f f i c i en t  water f o r  domestic and stock 
purposes probably w i l l  be avai lable  i n  the aquifer. 

The quanti ty of water i n  the Cretaceous rocks could not be determined prin- 
c ipa l ly  because no data are  available on the spec i f ic  yie ld .  However, the quan- 
t i t y  probably i s  very small compared t o  tha t  i n  the Ogallala. 

Well Construction and I r r i ga t ion  Practices 

Most of the wells i n  Gaines County have been d r i l l ed  by the percussion o r  
cable-tool method i n  contras t  t o  the rotary method of d r i l l i n g  i n  general use 
throughout most of the Southern High Plains. The use of the slower cable-tool 
method i s  due, a t  l e a s t  i n  part, t o  the occurrence of layers of hard sandstone. 
The wells generally are  finished with 14-inch casing s lo t ted  from the water 
t ab l e  to  the bottom, except i n  the western par t  of the  county where, u n t i l  
recent years, some wells were completed with only a few f e e t  of casing near the  
surface, the  r e s t  being uncased. The general pract ice  i n  Gaines County has been 
t o  burn s l o t s  i n  the casing, and usually l i t t l e  e f f o r t  i s  made t o  r e l a t e  the 
width of the s l o t  t o  the diameter of the sand par t ic les .  I f  the s l o t s  a r e  too 
large, an excessive amunt of sand enters the well, resu l t ing  i n  wear of pumps 
and casing and possibly eventual loss  of the well  by collapse of the walls. On 
the other hand, s l o t s  tha t  a r e  too small may cause excessive drawdowns, thereby 
reducing the spec i f ic  capaci t ies  of the wells. 

The ear ly  i r r i ga t ion  wells were equipped with belt-driven, low-l i f t  cen t r i -  
fugal pumps powered with 1-cylinder o i l -  o r  kerosene-burning engines (Figure 9). 



Since 1946, most we l l s  have been equipped w i t h  high-speed tu rb ine  pumps powered 
by internal-combust ion engines fue led  wi th  butane o r  n a t u r a l  gas,  o r  by e l e c t r i c  
motors. 

Water f o r  i r r i g a t i o n  i n  Gaines County i s  appl ied  p r i n c i p a l l y  by s p r i n k l e r  
systems, except i n  t h e  northwestern p a r t  of  t h e  county where t h e  s o i l s  a r e  r e l a -  
t i v e l y  t i g h t  and t h e  water  i s  conveyed through unl ined open d i t c h e s .  According 

11 t o  Thaxton and Swanson (1956, p. 4) ,  ... Spr ink le r  i r r i g a t i o n . . . i s  more e f f i -  
c i e n t  than  t h e  furrow method of  app l i ca t ion . "  This  i s  c l e a r l y  ind ica t ed  by the  
du ty  of  water  dur ing  1963. I n  quadrangle 26-08 where row-type i r r i g a t i o n  i s  
prac t iced ,  approximately 2 f e e t  of  water  per  ac re  was appl ied  a s  compared t o  
l e s s  than  1 f o o t  of wa te r  per a c r e  elsewhere. A s  mentioned previously,  perhaps 
a s  much a s  one-half of t h e  water  pumped f o r  i r r i g a t i o n  i n  quadrangle 26-08 i s  
excess  t o  t h e  needs of t h e  p l a n t s  and pe rco la t e s  downward t o  t h e  water  t a b l e .  
Bournes (1955, p. 12-13) r e p o r t s  t h a t  seepage l o s s e s  from i r r i g a t i o n  d i t c h e s  i n  
t h e  Southern High P l a i n s  of Texas ranged from 1.7 t o  47.8 percent  and averaged 
17.5 percent  f o r  every  thousand f e e t  of  d i t c h .  I f  t h e  average f i g u r e s  can  be 
appl ied  t o  Gaines County and i f  t h e  average d i t c h ,  i nc lud ing  s i d e  furrows, 
t o t a l s  about 3,000 f e e t  i n  length,  t h e  n e t  seepage l o s s  i n  conveying t h e  water  
amounts t o  about  45 percent  of  t h e  wa te r  pumped. 

Chemical Q u a l i t y  of t h e  Ground Water 

P r e c i p i t a t i o n ,  i n  t h e  form of r a i n  o r  snow, con ta ins  on ly  sma l l  amounts of 
minera l  ma t t e r .  Once t h e  wa te r  reaches t h e  land su r face ,  however, i t  d i s s o l v e s  
mineral  substances from t h e  s o i l  and rocks over  and through which it moves. 
Thus, a l l  t h e  ground wa te r  i n  Gaines County n a t u r a l l y  con ta ins  d i s so lved  s o l i d s ,  
t h e  degree o f  m i n e r a l i z a t i o n  determining i t s  s u i t a b i l i t y  f o r  municipal,  i r r i g a -  
t i o n ,  and i n d u s t r i a l  uses .  

Most s t a t e  and municipal  a u t h o r i t i e s  have adopted t h e  s t anda rds  s e t  by t h e  
U.S. Publ ic  Heal th Serv ice  (1962, p. 7-8) f o r  d r ink ing  wa te r  used on conrmon c a r -  
r i e r s  i n  i n t e r s t a t e  comerce .  The s tandards  a r e  designed t o  p r o t e c t  t h e  t r a v e l -  
i ng  publ ic  and a r e  u s e f u l  i n  e v a l u a t i n g  public-water  supp l i e s ,  a l though they  may 
n o t  be d i r e c t l y  a p p l i c a b l e  i n  a n  a r e a  such a s  Gaines County where much o f  t h e  
water  may exceed t h e  s t anda rds  i n  some c o n s t i t u e n t s .  Some of t h e  major chemical 
s tandards  adopted by t h e  Pub l i c  Heal th Serv ice  a r e  shown i n  t h e  fol lowing t a b l e :  

The optimum f l u o r i d e  l e v e l  of water  used by a  g iven  community depends 
l a r g e l y  on c l i m a t i c  condi t ions  (U.S. Publ ic  Heal th Service,  1962, p. 41) .  

Substance 

Chloride 

I r o n  

Manganese 

N i t r a t e  

S u l f a t e  

T o t a l  d isso lved  s o l i d s  

Concent ra t ion  
( p a r t s  per mi l l i on )  

250 

0.3 

.05 

45  

250 

500 



According to the reconanended control limits and based on the average maximum 
daily air temperature of 77.2'F at Seminole, the concentration of fluoride for a 
public supply in Gaines County should not average more than 1.0 ppm (parts per 
million) and the presence of fluoride in average concentrations greater than 1.6 
ppm would be grounds for rejection of the supply by the Public Health Service. 

The concentration of nitrate in water used for drinking is important 
because water containing more than 45 ppm may cause "blue-baby" disease when 
used for infant feeding (Maxcy, 1950, p. 271). Most nitrate compounds are read- 
ily soluble and may be easily dissolved from soils (in some cases from fertil- 
izer) or from nitrogenous wastes; a high concentration of nitrate may indicate 
that the water has been contaminated by sewage and such water should be tested 
for harmful bacteria. 

According to the U.S. Salinity Laboratory Staff (1954, p. 69-82), some of 
the principal factors that determine the quality of water for irrigation are the 
concentrations of dissolved solids, sodium, and boron. The relative importance 
of the dissolved constituents in irrigation water is dependent upon the degree 
to which they accumulate in the soil. Sodium is a significant factor in evalu- 
ating quality of irrigation water because a high SAR (sodium-adsorption ratio) 
of the water may cause the soil structure to break down. The RSC (residual 
sodium carbonate) is another factor used in assessing the quality of water for 
irrigation. According to Wilcox (1955, p. 11) water containing more than 2.5 
epm (equivalents per million) RSC is not suitable for irrigation, 1.25 to 2.5 
epm is marginal, and less than 1.25 epm probably is safe. Excessive RSC will 
cause the water to be alkaline, and the organic content of the soil will tend 
to dissolve. 

Chemical requirements for industrial uses of water vary according to the 
industry, but they are fairly rigid where water is used in food, paper, or some 
chemical-process industries. The most comon industrial uses of water in Gaines 
County are for cooling, boiler feed, and waterflooding of oil reservoirs. Exces- 
sive concentrations of dissolved solids are a problem in water used for cooling 
because they tend to accelerate corrosion (California State Water Pollution Con- 
trol Board, 1963, p. 182). The use of water for boiler feed is dependent on 
very strict limits relative to the dissolved-solids content and silica because 
of the formation of scale in the boilers. High-pressure systems, operating at a 
pressure of more than 400 psi (pounds per square inch), require a dissolved- 
solids content of 50 ppm or less and a silica content of not more than 1 ppm; 
low-pressure systems, less than 150 psi, can use water having as much as 3,000 
ppm dissolved solids and 40 ppm silica (Moore, 1940, p. 263). Where these stan- 
dards are exceeded, it may be necessary to treat the water first. 

During the investigation in Gaines County, 782 samples of water from wells 
and springs were collected, and the samples were analyzed by the Texas State 
Department of Health. The locations of all the wells sampled are shown in Plate 
1. The results of the analyses are shown in Table 5 included with analyses of 
water obtained during previous investigations. The concentrations of the chemi- 
cal constituents in the water (Table 5) are expressed in ppm (parts per million), 
which is the unit weight of a substance in a million unit weights of water. How- 
ever, it is frequently more convenient for interpretative purposes to compare 
water in terms of equivalents per million, which is a measure,of the reactive 
weights of the different constituents. The concentration of an ion in equiva- 
lents per million is determined by multiplying its concentration in parts per 
million by the reciprocal of the combining weight of the appropriate ion. 



Of the water samples collected,  37 were from the Cretaceous rocks and 8 
from the Santa Rosa Sandstone of Tr iass ic  age; the r e s t  were from the Ogallala 
Formation, although some of these samples may represent a mixture of water from 
both the Ogallala Formation and the Cretaceous rocks. No analyses were made of 
water from the Permian rocks, except f o r  samples of water produced with o i l  
(Table 6).  E lec t r ic  logs of o i l  t e s t s  indicate  t ha t  the water i n  the Permian 
rocks is highly mineralized and would be unsuitable f o r  most uses. 

Although par ts  of Gaines County now yield ground water t ha t  has been contam- 
inated presumably by the disposal of o i l - f i e ld  brines o r  i ndus t r i a l  wastes, i t  
i s  desirable  f i r s t  t o  sumar ize  the chemical character of the ground water i n  
the various formations where i t  i s  unaffected by the works of man. This affords  
a basis f o r  comparison of the native waters, those whose chemical character i s  
na tura l  to  a par t icu la r  water-bearing zone and loca l i ty .  The chemical character 
of representative samples of uncontaminated water from the Ogallala Formation of 
Ter t iary age, Cretaceous rocks, and the Santa Rosa Sandstone of Tr iass ic  age i s  
shown graphically i n  Figure 15 i n  terms of the percentage equivalents per m i l -  
l ion (reacting values) of the anions and cations i n  solution.  The diagram shows 
tha t  the waters from the d i f fe ren t  aquifers are  d i s t i nc t ive .  

Ogallala Formation 

Water from the Ogallala Formation i n  Gaines County has been used f o r  munici- 
pal, i r r iga t ion ,  and indus t r ia l  purposes for  many years. Character is t ical ly ,  it 
i s  very hard, high i n  s i l i c a  content, contains s u l f a t e  s l i g h t l y  i n  excess of 
chloride, and i n  most places has objectionable concentrations of f luoride.  

The dissolved-solids content ranges over wide l imits ,  but i n  general, i t  
increases eastward (Figure 16). I n  the western half  of the county, the water 
contains generally less  than 600 ppm dissolved sol ids ,  except i n  local ly  iso- 
lated areas. I n  the heavily i r r i ga t ed  area i n  the northwestern part  of the 
county, the dissolved-solids content exceeds 600 ppm, owing presumably to  the 
rec i rcu la t ion  of i r r i ga t ion  water applied t o  the land surface i n  excess of the 
needs of the plants.  Because much water i s  evaporated and transpired during 
i r r iga t ion ,  the res idual  water car r ies  increased concentrations of soluble s a l t s ,  
and the e f fec t  of t h i s  water being recirculated i s  observed i n  the ground water 
i n  the area. 

I n  several  smaller areas, the dissolved-solids content exceeds 600 ppm. I n  
these areas, the r e l a t i ve ly  high mineralization may be re la ted t o  the re turn 
flow of residual i r r i g a t i o n  water, o r  it may represent a mixture of water from 
both the Ogallala Formation and the Cretaceous rocks. Relatively highly mineral- 
ized water occurs along the lower reaches of Wordswell Draw and i n  Seminole Draw 
extending downstream from a point about 4% miles above i t s  confluence with 
Wordswell Draw (Figure 16). This mineralization i s  the r e su l t  of the concentra- 
t ion  of mineral content by evaporation and t ransp i ra t ion  of water where the 
water t ab le  i s  o r  was a t  o r  near the surface i n  the  bottoms of the draws. 

I n  the eastern par t  of the county, the mineralization (dissolved-solids con- 
ten t )  of uncontaminated water from the Ogallala ranges over ra ther  wide Emi ts .  
I n  about half  of the area, the dissolved-solids content i s  more than 600 ppm, 
but l ess  than 1,000 ppm. East of the 1,000 ppm contour l ine ,  the dissolved- 
so l ids  content increases rapidly, undoubtedly due t o  the influence of the geol- 
ogy of the rocks underlying the Ogallala Formation. I n  much of t h i s  area, the 
Ogallala Formation i s  underlain by a f a i r l y  thick sequence of Cretaceous rocks. 



These rocks are  i n  d i r ec t  hydraulic connection with the Ogallala, and the water 
from many of the  weils i n  t h i s  area  probably represents a mixture of wat 1 

both the Ogallala and the Cretaceous rocks. 

The qual i ty  of the ground water i n  places i n  the  eastern par t  of the  county 
i s  a lso very c losely related t o  the presence of Cedar and McKenzie Lakes. Owing 
t o  the absence of surface drainage from the lakes, water is rapidly evaporated, 
thereby concentrating the mineral content of the water i n  the basins. During 
periods of heavy r a in fa l l ,  the s a l t s  t ha t  have been precipi ta ted i n  the basin 
are  redissolved and carr ied back in to  the ground-water reservoir .  I n  general, 
highly mineralized water (more than 2,400 pprn dissolved sol ids)  l i e s  south and 
southeast of these lakes. North and northwest, o r  upgradient, of the  lakes, the 
water i s  l ess  highly mineralized. 

The observed f luor ide content i n  the  water from the Ogallala ranged from 
0.6 t o  8.0 ppm and exceeded 1.6 pprn i n  about 90 percent of the  samples. The con- 
centrat ion of f luor ide f o r  a public supply i n  Gaines County should not average 
more than 1.0 ppm. 

Nitrate,  which may indicate  the presence of nitrogenous biological  waste, 
i s  not a problem i n  Gaines County. Only three wells yielded water i n  which the 
n i t r a t e  exceeded the sa fe  l i m i t s  (45 ppm) f o r  drinking water. Iron was deter-  
mined i n  only 13 samples, of which 4 contained more than 0.3 ppm, the upper 
l i m i t  reconmended by the U.S. Public Health Service. 

Sulfate  i n  excess of 250 pprn may produce a ca tha r t i c  e f f ec t  and chloride i n  
excess of 250 ppm may impart a s a l t y  tas te .  In  general, the su l fa te  and chlo- 
r ide  contents of the  uncontaminated water from the Ogallala are  f a i r l y  low, com- 
monly l e s s  than 250 ppm each; the chloride content is  s l i g h t l y  less  than the sul-  
fa te .  

The f ac t  tha t  the water from the Ogallala Formation has been used success- 
f u l l y  f o r  many years suggests tha t  the water meets the  requirements f o r  i r r i ga -  
t ion.  The chemical-quality data show tha t  where the dissolved-solids content i s  
1,000 pprn o r  less,  the SAR i s  l ess  than 3.5 and the water i s  medium to  high i n  
s a l i n i t y  hazard and low i n  sodium hazard. Where the dissolved-solids content 
ranges between 1,000 and 3,000 pprn, the SAR i s  l e s s  than 10 and the water i s  
classed as  high to  very high i n  s a l i n i t y  hazard and low t o  high i n  sodium hazard. 
Generally, water having high to  very high s a l i n i t y  hazard should be used on per- 
meable s o i l s  having adequate drainage, and the crops should be very s a l t -  
to lerant .  

Boron does not appear t o  be a problem i n  Gaines County. I n  27  samples 
boron ranged from 0.1 t o  1.2 ppm, which meets the  l imi t s  established by 
Scofield (1936, p. 286) fo r  boron-tolerant crops. 

RSC (residual sodium carbonate) likewise i s  not a problem i n  the county. 
Of a l l  the samples of water from wells i n  the Ogallala, only nine had RSC values 
grea te r  than zero and none were m r e  than 2.5. 

Most of the water from the Ogallala used by industry i s  f o r  cooling. The 
temperature of the water ranges from 63°F t o  68°F. The s i l i c a  content, which is 
an important property i n  the consideration of water for  i ndus t r i a l  use, ranged 
from 12 t o  79 ppm; hence, the water from the Ogallala unless t reated i s  undesir- 
able f o r  use i n  bo i le rs  operating a t  high pressures of more than 400 psi .  



Cretaceous Rocks 

Samples of water were collected f o r  chemical analysis from 36 wells and 2 
springs tha t  are  believed t o  obtain water from the Cretaceous rocks (Tables 2 
and 5).  Most of the wells are  i n  the eastern par t  of the county (Plate I ) ,  
where the Cretaceous consis ts  pr incipal ly  of limestone. The general chemical 
character of the water i s  shown i n  Figure 15. 

I n  general, the water i n  the Cretaceous rocks is nmre highly mineralized 
than tha t  i n  the Ogallala, the dissolved-solids content i n  the water from wells 
ranging from s l i g h t l y  less  than 1,000 pprn t o  7,630 ppm. The water i s  of the 
sodium-magnesium-sulfate type (Figure 15) i n  which sodium and magnesium a re  
f i r s t  and second i n  order of abundance among the cations but nei ther  anuunts t o  
50 percent of a l l  the cations, i n  chemical equivalents. Sulfate is the predomi- 
nant anion although it generally does not exceed 50 percent of the t o t a l  anions 
and i n  a few samples su l f a t e  and chloride were about equal. Table 5 shows tha t  
the su l f a t e  content ranged from 256 t o  2,740 ppm and chlor ide from 141 t o  2,362 
ppm. The f luor ide content ranged from 3.7 t o  10 pprn i n  30 samples. 

The high su l fa te ,  chloride, f luoride,  hardness, and dissolved-solids con- 
tent  precludes the use of water from the Cretaceous rocks f o r  public supply, i f  
water of be t t e r  qua l i ty  i s  available.  

The pr incipal  use of the water is f o r  i r r i ga t ion .  The s a l i n i t y  hazard, as 
measured by the t o t a l  concentration of soluble s a l t s ,  ranges from high t o  very 
high; however, the quanti ty of exchangeable sodium ( a l k a l i  hazard) i s  low t o  
medium. Of the 34 samples collected,  only one determination of boron was made. 
This was 1.0 pprn i n  wel l  KD-27-22-302. The RSC values f o r  water from two wells 
were 0.09 and 1.08, both well  within the l imi t s  recommended f o r  i r r iga t ion .  

Samples of water were collected i n  1963 from two springs (KD-27-14-303 and 
KD-27-14-901) t ha t  issue from the Cretaceous rocks i n  Cedar Lake. The water 
from spring KD-27-14-303 i s  not typical  of water from the Cretaceous rocks. The 
low su l f a t e  t o  chloride r a t i o  suggests tha t  the water has been modified by the 
introduction of chloride, presumably from the disposal of o i l - f i e l d  brine in to  a 
nearby surface-water course. The mineralization of the  water from spring 
KD-27-14-901, which seeps from Cretaceous rocks, apparently has increased mark- 
edly since 1938. However, the sample collected i n  1963 was taken from a pond, 
and the increase i n  s a l t  content probably i s ,  a t  l e a s t  part ly,  the r e su l t  of con- 
centrat ion of the  water by evaporation. 

Santa Rosa Sandstone 

Water from the Santa Rosa Sandstone of Tr iass ic  age i s  of the sodium sul-  
f a t e  type (Figure 15), i n  which the sodium content amounts t o  about 90 percent 
of a l l  the  cations i n  solution.  The analyses of water samples from eight wells 
tapping the Santa Rosa (Table 5) indicate  t ha t  the  water is more mineralized i n  
the eastern half  of the county than i n  the western half .  The samples from two 
wells i n  the western half  of the  county had dissolved-solids contents of 2,390 
and 3,380 ppm; samples from s i x  wells i n  the eastern half  contained more than 
6,600 ppm of dissolved so l ids .  The water from the two wells i n  the western par t  
of the county was s o f t  t o  moderately hard (60 pprn o r  l e s s  t o  120 pprn); the water 
from the wells i n  the eastern part  was hard (more than 180 pprn). The high sul-  
f a t e  and dissolved-solids content precludes use of the water from the Santa Rosa 
for  domestic o r  public supply, but i t  could be used f o r  livestock, par t icu la r ly  



i n  the western half  of the county, and f o r  some indus t r i a l  uses. According t o  
Hem (1959, p. 241), a high proportion of sodium o r  magnesium and su l f a t e  i n  
highly mineralized waters make them undesirable f o r  stock use. On t h i s  basis, 
the water from the Santa Rosa i n  the eastern par t  of the  county may be unsatis-  
factory for  livestock. 

Only one well (KD-27-29-502) i s  known t o  obtain  water from the Ch ide (? )  
Formation equivalent. The water, which is used t o  i r r i g a t e  a small lawn, i s  
very hard and contained 2,840 ppm dissolved solids,  1,165 ppm sulfate ,  and 500 
ppm chloride. 

Contamination of the  Ground Water 

A considerable par t  of the  economy of Gaines County i s  dependent on an ade- 
quate supply of water su i t ab l e  f o r  public supply and i r r i ga t ion .  I n  recent 
years, however, the chemical qual i ty  of the  ground water from an annually 
increasing number of wells has shown marked degradation. The contamination of 
the f resh ground-water supplies i n  Gaines County i s  presumed t o  be ch ie f ly  from 
the i n f i l t r a t i o n  of o i l - f i e l d  br ine from unlined disposal p i t s .  Figure 16 shows 
the locations of the p i t s  t ha t  were i n  use o r  avai lable  f o r  use a t  the time of 
the invest igat ion and those t h a t  were formerly used. The p i t s  from which 
samples of brine were collected a re  iden t i f ied  by numbers and the chemical analy- 
ses  of samples from the p i t s  are  shown i n  Table 6. 

According t o  the Texas Water Commission and Texas Water Pollution Control 
Board (1963, p. 352), 14,817,767 bar re l s  (622,347,000 gallons, o r  about 1,910 
acre-feet)  of brine reportedly was produced i n  1961 from 99 o i l  reservoirs  i n  
Gaines County. Of t h i s  amunt, 9,290,079 bar re l s  (390,183,318 gallons, o r  1,197 
acre-feet)  or  about 63 percent of the t o t a l  was disposed of through in jec t ion  
wells, and 5,267,514 bar re l s  (221,235,588 gallons, o r  about 679 acre-feet)  o r  
35.5 percent was disposed of through unlined surface p i t s .  The r e s t  of the 
brine was disposed of i n  surface-water courses o r  by unknown methods. 

Brine placed i n  t he  unlined surface p i t s  e i t he r  evaporates, overflows, o r  
seeps i n to  the ground, eventually percolating downward t o  the  water table.  The 
p i t s  i n  the  county range widely i n  s ize ,  but few of the p i t s  observed had su f f i -  
c ien t  surface area t o  allow f o r  appreciable evaporation. Although the average 
yearly potent ia l  evaporation r a t e  from a free-water surface i n  Gaines County i s  
m r e  than 6 fee t ,  i t  cannot be depended upon t o  dispose of the large quant i t i es  
of brine continuously being produced. Actually t he  evaporation r a t e  of the  
br ine probably i s  considerably l e s s  than tha t  of f resh  water because of the 
presence of a f i l m  of o i l  on the brine i n  mst of the p i t s .  Other factors ,  
such as  the dissolved-solids content, may a f f ec t  the evaporation r a t e  a lso.  

The ineffectiveness of brine disposal by evaporation i s  c l ea r ly  demnstra- 
ted by Figure 17 which shows the cumulative volume of brine, allowance being 
made f o r  r a i n f a l l  and evaporation, discharged in to  a p i t  i n  the southeastern 
par t  of the county. The p i t ,  dug i n  May 1959, is rectangular, has a capacity of 
450,000 gallons, and when i t  i s  completely f u l l ,  the free-water surface covers 
about 17,000 square fee t .  During the period January 1962 t o  November 1963, 
about 12 mil l ion gallons, o r  36.7 acre-feet ,  of brine was discharged in to  the 
p i t  (about 520,000 gallons per month). The graph shows t h a t  even under idea l  
conditions of no seepage loss  and an evaporation re tardant-free  brine surface 
the capacity of the  p i t  would have been exceeded during its f i r s t  month of opera- 
t ion ;  the operator of the  p i t ,  however, reported no overflow during t h i s  period. 





The absence of appreciable quant i t i es  of precipi ta tes  a l so  indicates  the ineffec- 
tiveness of disposal by evaporation. Chemical analysis of a sample of the brine 
discharged in to  the p i t  showed a dissolved-solids content of 31,000 ppm, o r  
about 42 tons of s a l t  per acre-foot of water, which i s  considerably l e s s  than 
the average of about 80,000 ppm, o r  about 110 tons per acre-foot, fo r  the 66 
brine samples collected i n  the county (Table 6). I f  it i s  assumed tha t  evapora- 
t i on  was 100 percent effect ive,  the precipitated s a l t s ,  based on a density of 
2.17, would have nearly half  f i l l e d  the p i t ;  i f  the  brine contained as  much as  
81,000 ppm, the precipi ta ted s a l t s  would have nearly f i l l e d  the p i t  by December 
1963 (Figure 17). The p i t  was abandoned i n  November 1963, and i n  July 1964 a 
survey of the p i t  which was dry revealed no appreciable amount of precipi ta te ,  
indicat ing tha t  nearly a l l  the brine placed i n  the p i t  had seeped i n t o  the 
ground. Whether the brine ac tua l ly  had reached the water t ab l e  could not be 
determined because there  were no nearby wells from which samples could be col-  
lected. 

The r a t e  a t  which the br ine percolates downward t o  the water t ab le  depends 
pr incipal ly  upon the permeability of the intervening sediments. Actually, 
l i t t l e  i s  known about the  movement of water i n  the unsaturated sediments, and 
quant i ta t ive  predictions are  v i r t u a l l y  impossible. I n  general, the water does 
not move out from the p i t  equally i n  a l l  d i rect ions  and a t  a l l  levels,  but as  
f ingers  i n  the  m r e  permeable beds. I n  some areas, beds of r e l a t i ve ly  impenne- 
able s i l t  o r  c lay  may impede the downward movement of water and, as  a conse- 
quence, the water may t r ave l  a considerable distance l a t e r a l l y  before reaching 
the water table.  

When the brine reaches the water table,  it may be di luted,  but generally 
the  contaminant w i l l  move i n  a m r e  o r  l ess  well-defined streamline with a mini- 
mum of l a t e r a l  or  v e r t i c a l  di f fusion and d i lu t ion  (California S t a t e  Water Pollu- 
t ion  Control Board, 1963, p. 19-20). A s  a r e su l t  and because of the low velo- 
c i t y  of movement of ground water, the brine tha t  i s  placed i n  a p i t  may not 
a f f ec t  the  chemical qua l i ty  of the  water i n  wells nearby f o r  many years. More- 
over, the lenses of sand and clay r e s t r i c t  the uniform dispersion of br ine 
throughout the  v e r t i c a l  range of the aquifer, hence var ia t ions  i n  chemical qual- 
i t y  can be expected i n  d i f f e r en t  par t s  of the aquifer. Furthermore, the  brine 
w i l l  tend t o  move toward the bottom of the  aquifer, with a minimum of mixing, 
because of i t s  greater  density, compared with t ha t  of ground water. 

The e f f e c t  of s t r a t i f i c a t i o n  due t o  densi ty  differences i s  i l l u s t r a t ed  i n  
Figure 18. Samples of water were collected fromwell  KD-27-18-106 a t  several  
in te rva ls  from jus t  below the water t ab le  t o  near the bottom of the well. The 
owner reported t h a t  t he  well  produced water su i tab le  for  i r r i g a t i o n  u n t i l  June 
1962 when the s a l i n i t y  became too high and the well  was abandoned. Samples of 
the water were collected by means of a Foerst sampler i n  November 1962 and again 
i n  November 1963. The graph shows tha t  i n  1962 the water from 65 t o  105 f e e t  
below land surface had a spec i f ic  conductance which indicated tha t  the water was 
f resh ;  however, a t  a depth of 115 feet ,  the  s a l i n i t y  of the  water was much 
greater .  Samples collected i n  1963 showed a s l i g h t  increase i n  the s a l i n i t y  of 
the  water i n  the  upper pa r t  of the aquifer and a decrease i n  the lower part .  

Figure 19 shows the  re la t ionship among the duration of pumping, yield,  and 
change i n  the e l e c t r i c a l  conductivity of the water i n  two contaminated wells. 
During the f i r s t  few minutes of pumping well KD-27-19-411, the water discharged 
was highly mineralized (indicated by the high spec i f i c  conductance). As pumping 
continued, the qual i ty  of the  water improved s tead i ly .  After a prolonged period 
of pumping, however, the mineralization began t o  increase, and perhaps 







ultimately reached the same degree of mineralization o r  higher than i n  the water 
pumped from the well during the f i r s t  few minutes. These data suggest t h a t  the  
in te r face  between the brine and f resh  water may be a t  some distance from the 
well and tha t  brine moves in to  the wel l  only a f t e r  prolonged periods of pumping. 

The graph of well  KD-27-06-505 (Figure 19) shows tha t  the pumping r a t e  of 
a well a l so  may influence the way i n  which brine moves into  a well. The sharp 
increase i n  mineralization accompanying an increase i n  pumpage indicates  t ha t  
water of higher s a l i n i t y  i n  the  lower par t  of the  aquifer  may r i s e  i n to  the well 
as the head i s  lowered by pumping. 

Several c r i t e r i a  a r e  useful i n  determining whether a par t icu la r  water 
sample has been contaminated by o i l - f i e ld  brine. The concentration of chloride 
probably i s  the most useful  because it i s  ea s i ly  determined, i t  does not take 
par t  i n  exchange reactions i n  the so i l s ,  and i t  is a major consti tuent of the  
o i l - f i e l d  brines produced i n  Gaines County, whereas the  chloride content of the  
natural  water i s  generally very low. Table 6 shows tha t  the  chloride concentra- 
t ion  of a l l  the samples of o i l - f i e l d  brines i s  much greater  than tha t  of the 
water from the Ogallala Formation (Table 5) .  Table 5 shows also tha t  i n  samples 
of water from 31 wells and 1 spring t h a t  apparently have been contaminated, the 
chloride content ranged from 150 t o  11,940 ppm. The other  consti tuents,  princi-  
pa l ly  the cations, calcium, magnesium, and sodium plus potassium (calculated) 
may show wide differences i n  concentrations between f resh  water and o i l - f i e l d  
brines,  but  the concentrations of these ions a r e  subject  t o  modification by 
base-exchange reactions with s o i l s .  When base-exchange reactions occur, calcium 
or  magnesium o r  both a r e  subst i tuted f o r  par t  of the  sodium; consequently, the 
contaminated water may contain more calcium and magnesium than the theore t ica l  
mixture of native water and o i l - f i e l d  brine. 

The dissolved-solids content a l so  i s  useful i n  the recognition of contamina- 
t i on  by br ine pr inc ipa l ly  because it i s  readi ly  determined and because of the 
very pronounced contras t  i n  t h i s  property between f resh  water and o i l - f i e l d  
brine. The d is t r ibu t ion  and magnitude of contamination of the ground water i n  
Gaines County i s  indicated i n  Figure 16. The map shows tha t  the dissolved- 
so l ids  content of water drawn from some wells i n  the v i c i n i t i e s  of disposal p i t s  
is markedly higher than tha t  from nearby wells. A high dissolved-solids content, 
however, i s  not conclusive evidence of contamination. For example, the re la -  
t i v e l y  high mineralization of the water from wells KD-27-11-809 and KO-27-19-304 
i s  not the r e s u l t  of the disposal of o i l - f i e l d  brines i n to  nearby unlined sur- 
face p i t s  but i s  due t o  the concentration by evaporation of the shallow ground 
water underlying the draws. 

The r a t i o  of su l f a t e  t o  chloride, i n  equivalents per million, i s  a c r i t e -  
r ion of brine contamination i n  Gaines County. Figure 20 i l l u s t r a t e s  the re la-  
t ion  of su l f a t e  t o  chloride i n  waters from a representative number of wells 
t ha t  t ap  the three aquifers and i n  a representative number of brine samples. 
Most of the points representing samples of uncontaminated water from the three 
aquifers f e l l  i n  a f a i r l y  narrow band i n  which the sulfate-chloride r a t i o  was 
greater  than 1 and generally l e s s  than 2 (Figure 20). The samples of water pre- 
sumed t o  be contaminated, a s  well as the samples of o i l - f i e l d  brine, f a l l  below 
the narrow band, the r a t i o  of su l f a t e  t o  chloride being less  than 1.0. Iz gen- 
e ra l ,  any sample whose analysis plots between 1.0 and 0.5 should be suspected of 
contamination. The graph shows also s i x  samples of presumably uncontaminated 
water that  had sulfate-chloride ra t ios  of less  than 1.0. Actually, f ive  of 
these samples are  from wells i n  areas where o i l  i s  or  has been produced; hence, 





they may be s l i g h t l y  contaminated. The d a t a  show t h a t  contamination d e f i n i t e l y  
i s  i nd ica t ed  i f  t h e  s u l f a t e  t o  ch lo r ide  r a t i o  i s  l e s s  than 0.5. 

The weight of t h e  foregoing chemical evidence i n d i c a t e s  t h e  o i l - f i e l d  
b r i n e s  a s  t h e  ch ie f  contaminant of ground water  and t h e  unl ined su r face -d i sposa l  
p i t s  a s  t h e  l i k e l y  source.  

Chemical ana lyses  of water  from most of t h e  we l l s  presumed t o  be contami- 
nated show t h a t  t h e  wa te r  i s  u n s a t i s f a c t o r y  f o r  human consumption because of the  
h igh  c h l o r i d e  content .  Moreover, t h e  use  of t h e  contaminated wa te r  f o r  i r r i g a -  
t i o n  may be doubt fu l  o r  hazardous, owing t o  i t s  ve ry  high s a l i n i t y  hazard. I n  
f a c t ,  f i v e  i r r i g a t i o n  w e l l s  t h a t  were repor ted  by t h e i r  u s e r s  a s  having formerly 
yielded water  of good q u a l i t y ,  r e c e n t l y  were abandoned because of  a n  excess ive  
inc rease  i n  t h e  s a l t  concent ra t ion ,  and two wells--KD-27-18-901 (1963) and 
W-27-27-404 (1962)--were abandoned when d r i l l e d  because t h e  water  was of  doubt- 
f u l  q u a l i t y  f o r  i r r i g a t i o n .  It i s  l i k e l y  t h a t  t h e  water  i n  t h e  l a t t e r  w e l l s  has 
been contaminated a s  records  show t h a t  nearby w e l l s  produce o r  have produced 
water  of good q u a l i t y .  

The presumption of  contaminat ion by d i s p o s a l  of  o i l - f i e l d  b r ines  through 
unl ined su r face  p i t s  i s  not  n e c e s s a r i l y  r e s t r i c t e d  t o  those  w e l l s  shown i n  Fig-  
u r e  16, but  i s  poss ib l e  i n  o t h e r  p a r t s  of t h e  county where unl ined d i s p o s a l  p i t s  
a r e  o r  were used. I n  some a r e a s  of su r face -d i sposa l  p i t s ,  w e l l s  a r e  n o t  a v a i l -  
a b l e  o r  a r e  widely s c a t t e r e d  and pump on ly  small  q u a n t i t i e s  of wa te r  f o r  domes- 
t i c  o r  l i v e s t o c k  use.  Because of t h e  slow movement of ground wa te r  i n  t h e  
Oga l l a l a  Formation and t h e  g e n t l e  s lope  o f  t h e  wa te r  t a b l e  i n  most p laces ,  con- 
taminat ion which may have r e s u l t e d  from su r face  d i s p o s a l  of o i l - f i e l d  b r i n e s  i n  
these  a r e a s  has not  been de tec t ed .  

A s  a  r e s u l t  of r u l i n g s  of  S t a t e  water  p o l l u t i o n  c o n t r o l  agencies ,  most of  
t h e  unl ined  s u r f a c e  p i t s  used f o r  t h e  d i s p o s a l  of  o i l - f i e l d  b r i n e s  have been 
e l iminated .  Many of  t h e  p i t s  n o t  e l iminated  have been l ined  wi th  impervious 
m a t e r i a l s  and i n  many f i e l d s  b r i n e s  formerly discharged i n t o  su r face  p i t s  a r e  
now r e i n j e c t e d  i n t o  subsurface formations. Nevertheless ,  t h e  s a l t  water  t h a t  
has  percola ted  from these  p i t s r e p r e s e n t s  a  p o t e n t i a l  source o f  contamination. 
When these  wastes  even tua l ly  reach t h e  wa te r  t ab le ,  they w i l l  be d i l u t e d  so 
s lowly t h a t  t h e  e f f e c t s  of contaminat ion may be  long l a s t i n g .  

Improperly o r  inadequate ly  cased o i l  o r  gas we l l s  a l s o  a r e  p o t e n t i a l  
sources  of contamiat ion of t h e  f r e s h  ground-water supp l i e s .  The O i l  and Gas 
Div i s ion  of the  Railroad Commission of  Texas is  r e spons ib le  f o r  s ee ing  t h a t  o i l  
and gas w e l l s  a r e  proper ly  cons t ruc ted ,  and t h e  Texas Water Development Board 
fu rn i shes  ground-water d a t a  t o  o i l  ope ra to r s  and t o  t h e  Railroad Commission i n  
o r d e r  t h a t  a l l  f r e s h  water  may be pro tec ted .  Actua l ly ,  the  term "fresh water"  
i s  considered by t h e  Surface  Casing Program of t h e  Texas Water Development Board 
t o  inc lude  water  of  usable  q u a l i t y .  The term "usable" i n  i t s e l f  i s  r a t h e r  indef -  
i n i t e  i n  t h a t  i t s  q u a l i t a t i v e  l i m i t s  d i f f e r  from place  t o  p lace  i n  t h e  S t a t e .  
I n  Gaines County, the  term ''water of usable  q u a l i t y "  denotes  water  t h a t  may be 
of  s a t i s f a c t o r y  q u a l i t y  f o r  domestic,  l i ves tock ,  i r r i g a t i o n ,  o r  public-supply 
purposes o r  f o r  some r e s t r i c t e d  i n d u s t r i a l  purposes. Thus, ' 'water of usable  
q u a l i t y "  i n  Gaines County may con ta in  a s  much a s  4,000 ppm disso lved  s o l i l s .  

The Railroad Commission r equ i re s  t h a t  s t r a t a  conta in ing  usable  wa te r  be pro- 
t ec t ed  by su r face  cas ing  of  new o r  recondit ioned pipe and cement. The amount of 
p r o t e c t i o n  requi red  i n  Gaines County d i f f e r s  from place  t o  place,  but  gene ra l ly  
cas ing  and cement i s  requi red  t o  a  depth of a  few t ens  of f e e t  below the  top of 



the Tr iass ic  rocks. I n  the western half  of the county, the  Water Development 
Board recommends the protection of the Santa Rosa Sandstone. 

Whether inadequately cased o i l  wells have contributed t o  the  depreciation 
of the ground water i n  the Ogallala could not be determined. Available data  
indicate  tha t  the piezometric surface of the brine i n  the oil-producing s t r a t a  
generally i s  below the top of the Tr iass ic  rocks; i f  t h i s  i s  true, the brine 
would not mve  up in to  the Ogallala Formation under normal conditions of pres- 
sure. However, i n  a few wells, the reservoir  pressure i s  suf f ic ien t  f o r  the o i l  
to  flow t o  the surface. I n  these wells, contamination of the  native water is 
possible i f  the wells are  inadequately cased o r  i f  abandoned o i l  wells are  
improperly plugged. I n  the v i c i n i t y  of a gas f i e ld  northwest of Seminole, sev- 
e r a l  i r r i ga t ion  wells reportedly pumped water containing na tura l  gas, indicat ing 
tha t  a t  l e a s t  i n  t h i s  area  the fresh-water sands mey be protected inadequately 
and tha t  the native water may be i n  the f i r s t  stages of contamination. 

I n  summary, the presumption of contamination by disposal of o i l - f i e ld  
brines in to  unlined surface p i t s  i s  based mainly on chemical analyses of water 
from wells near disposal p i t s .  Actually, considerably more detai led investiga- 
t ions  w i l l  be necessary for  ve r i f i ca t ion  of each instance of contamination. Pre- 
sumably the s a l t  now i n  the water i n  the Ogallala Formation w i l l  become d i s -  
persed over an ever widening area affect ing more wells than are  shown i n  Figure 
16. Samples of water should be collected as  of ten as twice a year to  t race 
changes i n  the extent and in tens i ty  of the contamination; f o r  m s t  of the wells 
so sampled, a determination of chloride probably i s  suf f ic ien t ,  although some 
analyses probably should be more comprehensive and should include the determina- 
t ion  of some t race elements. 

Pollution of the ground water i n  Gaines County has occurred loca l ly  because 
of the disposal of i ndus t r i a l  wastes onto the land surface. Fluid ni t ra te- laden 
wastes from a plant t ha t  formerly manufactured explosives used i n  o i l - f i e l d  oper- 
a t ions  reportedly were discharged onto the land surface i n  McKenzie Draw l e s s  
than 200 f e e t  f romwell  W-27-11-601. The chemical qua l i ty  of the water from 
the well p r ior  t o  the s t a r t  of plant operations is not known, but presumably the 
water was sa t i s fac tory  f o r  drinking purposes. The plant ceased operations i n  
1956 and the well was not used again u n t i l  1962. A sample of water from the 
well  i n  May 1962 showed a n i t r a t e  content of 1,639 ppm. Despite the high 
n i t r a t e  concentration, the water was sa t i s fac tory  f o r  i r r i g a t i n g  bermuda grass, 
but caused a reduction i n  crop yield when used t o  i r r i g a t e  grain sorghum. Fur- 
ther  sampling of the water i n  September 1962 and August 1963 showed tha t  the 
n i t r a t e  content had decreased from 848 to  777 ppm. It is doubtful t ha t  the 
ni t ra te- laden water can prac t ica l ly  be flushed from the area, o r  t ha t  the exten- 
sion of the contamination can be arrested.  Rather, even though the source of 
the  contaminant may be eliminated, the i ndus t r i a l  waste already accumulated i n  
the s o i l  was not renuved and the n i t r a t e  presumably w i l l  disperse i t s e l f  over a 
larger  area  probably f o r  many years, assuming no large increase i n  pumping from 
the contaminated area. 

Outlook fo r  the Future 

Although ground water i s  considered as a renewable resource, the r a t e  a t  
which i t  i s  renewed i n  West Texas i s  so slow as t o  preclude i ts  consideration i n  
determining the quanti ty t h a t  w i l l  be available for  use i n  Gaines County. 



I n  Gaines County and throughout t h e  Southern High P la ins ,  pumpage from t h e  
Oga l l a l a  Formation each year  exceeds any q u a n t i t y  conceivably rep laceable  by n a t -  
u r a l  recharge;  consequently, t h e  water  i n  s to rage  i n  t h e  Oga l l a l a  is, i n  e f f e c t ,  
be ing  "mined." On t h e  assumption t h a t  the  t o t a l  water  s t o r e d  i n  t h e  Oga l l a l a  
Formation i n  Gaines County i s  about 8.5 m i l l i o n  ac re - f ee t ,  t h e  t o t a l  supply 
would be enough t o  l a s t  f o r  almost 50 years  of pumping a t  t h e  1963 r a t e  of 
193,000 a c r e - f e e t  a year .  However, some of t h e  water  i s  not  s u i t a b l e  f o r  a l l  
purposes. Contamination of  t h e  ground-water supp l i e s  by t h e  d i s p o s a l  of  o i l -  
f i e l d  b r i n e s  i n t o  unl ined su r face  p i t s  has  rendered some of the ground wa te r  
u n s u i t a b l e  f o r  pub l i c  supply o r  domestic use and l o c a l l y  f o r  i r r i g a t i o n .  More- 
over,  i t  i s  expected t h a t  contamination would cont inue  f o r  a long time, even i f  
t h e  sources of  contamination were e l iminated .  

Doubtlessly, t h e  water  needs of t h e  county w i l l  cont inue t o  increase .  A 
s u b s t a n t i a l  p a r t  of  t h i s  i nc rease  w i l l  be cont r ibuted  by t h e  a n t i c i p a t e d  expan- 
s i o n  of  i r r i g a t i o n ,  and a p a r t  by t h e  o i l  and gas indus t ry ,  p r i n c i p a l l y  t o  
r ep res su re  o i l  r e s e r v o i r s .  I n  an annual ly  inc reas ing  number of  o i l  w e l l s  t h e  
pressure  o r  r e s e r v o i r  energy, which i s  t h e  f o r c e  t h a t  d r i v e s  the  o i l  from t h e  
formation i n t o  t h e  we l l s ,  has dec l ined ,  and i n  some f i e l d s  t h e  d e c l i n e  has been 
g r e a t  enough s o  t h a t  pumping a lone  i s  no longer  poss ib l e .  Under such condi t ions ,  
water  i s  i n j e c t e d  i n t o  t h e  r e s e r v o i r  under  pressure  t o  fo rce  t h e  r e s i d u a l  o i l  
i n t o  the  we l l .  P r i o r  t o  1963, most of t h e  water  f o r  r ep res su r ing  of  t h e  o i l  
f i e l d s  was derived from t h e  Santa Rosa Sandstone. However, i n  1963, f r e s h  wa te r  
from t h e  Oga l l a l a  was used and it i s  expected t h a t  withdrawals  from the  Oga l l a l a  
w i l l  i nc rease  s e v e r a l  fo ld  i n  t h e  next  few years .  It i s  obvious, t he re fo re ,  
t h a t  wi th  continued economic development, d e p l e t i o n  of  ground-water supp l i e s  by 
pumping from s torage ,  and l o s s  of water  supp l i e s  by contamination, t h e  problem 
of  a water  supply f o r  t h e  county w i l l  become more and more s e r i o u s .  

Thus, a d d i t i o n a l  development of t h e  ground-water resources  i n  Gaines County 
should fol low a program t h a t  w i l l  a s su re  t h e  most e f f i c i e n t  u s e  of t h e  wa te r  
p r e s e n t l y  a v a i l a b l e  a s  w e l l  a s  b e s t  s e rve  t h e  needs of those  dependent on an 
exhaus t ib l e  supply. 
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Table 2.--Records a €  wel ls  and sprinps i n  Galneo County--Continued 

see footnote. .t end O f  cable 

wel l  

* KO-27-04-404 

* 501 

502 

503 

* 504 

505 

* 506 

507 

508 

+ 509 

* 510 

* 511 

" 512 

513 

* 601 

* 602 

* 603 

* 604 

605 

606 

607 

* 608 

609 

e 610 

hmcr 

Colwb1abi.n Carbon Co. 

John Plscha 

Pec%fic  b Sents Fe RR 

W. D. ALveraan 

C i t y  of  Seagraves 

do 

do  

do 

Grsdy Goodpasture 

ALton Bill ing.  

J .  L. Brmm 

Claude need 

J. A. Pl ippa  

D. Hearn 

Claude Reed 

0. R. Perry 

do 

Ear1 wens 

J .  H. P l i p p o  

do 

Troy Martin 

do 

do 

R. R. P e l t a  

~ r i l l e r  

D. L. McDonald 

-- 

-- . 
*- 

Ted K ~ o n c e  

3. H. F l ippo  

W. A. Wi11is 

J.  H. Vlippo 

Car l  Johnson 

Ted Koonee 

J. H. Chumlay 

Crady Goodpamcure 

J.  H. F l ippo  

-- 
J. H. Chmley  

do 

-- 
-- Nordyb 

J. A. P l ippo  

do 

Cmdy modpaature  

do 

do 

C h G D r i l l i n g  Ca. 

Date 
c m -  
p l c l -  

d 

1945 

1955 

-. 
1955 

1960 

1949 

1938 

1953 

1951 

1960 

1959 

1960 

1956 

19111 

1963 

1952 

1958 

1956 

1955 

1954 

1959 

1960 

1956 

1955 

Depth 
o f  

w e l l  
( f t )  

204 

-- 
-- 
160 

166 

I68 

183 

-- 
170 

166 

153 

164 

160 

95 

174 

230 

230 

190 

160 

160 

170 

170 

170 

172 

Dim- 
erer 

o f  
wel l  
(in.) 

10 

-- 

-- 
14 

14 

I 6  

LO 

-- 
16 

14 

16 

16 

16 

6 

14 

16 

16 

16 

16 

16 

16 

16 

16 

16 

 ema arks 

Reported d ischarge  110 gpn. 

Temp. 66-P. 

Abandoned r a i l r o a d  well .  

Casing . lo t ted  from 102 f r .  to bottom. 

Temp. 6 6 V .  

Reparted d ischarge  600 gpm. Temp. 67.Q. 

Temp. 67.F. 

Plnp .st a t  150 f r .  ~ e m p .  65.P. 

P u p  r e t  at 160 f t .  Temp. 65.F. 

P u p  rer a t  150 f r .  Temp. 7O.Q. 

P u p  met a t  150 f t .  Temp. 6S°F. 

Raportad d ischarge  8 g m .  Tamp. 66'P. 

Temp. 66.l. 

P u p  a c t  at  185 f t .  T-p. 67.P. 

Tenp. 6 5 7 .  

Reporred discharga 8 gpm. Temp. 66.F. 

A L t i r ~ d e  
of land  
surface 

( f t )  

--  

-- 
-- 
-- 
-. 
-- 
-. 

-- 

-- 
-- 
-- 
-. 
-- 
-- 

-- 
-- 
-- 
-- 
--  
-- 
-- 
-- 
-- 
.- 

Water 
8 e l m  
land- 

surface 
d a f m  
( i t )  

-- 

65.9 
77.6 

73.2 

--  
-- 
-- 
83.3 

-- 
-. 
72.7 

71.6 

-. 
94.3 

86.3 
78.9 

-. 
-- 

127.0 

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

rnLh.d 
of 

T,E, 
LO 

T,G 

N 

T,Ng 

T,E 

T,E 

T,E, 
15 

T,E, 
4 0  

T.Ng 

T,Ng 

T,Ng 

T,Ng 

T,Ng 

C,W 

T,N8 

T,Ng 

T,Ns 

T,Ng 

T,Ng 

T,Ng 

T,Ng 

T,Ng 

T,Ng 

T,N8 

Level 

 are of 
mearursoent 

-- 
Jan. 26, 1956 
Jan .  14, 1964 

June 25, 1937 

-- 
-. 
-- 

Aug. 9, 1938 

-- 

.- 

Jan. 27, 1964 

do 

-- 
Jan. 27, 1964 

June  25, 1937 
Feb. 11, 1966 

-- 
-- 

Jan. 27, 1964 

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

use 
of 

D,Ind 

Irr 

N 

I r r  

P 

P 

P 

P 

Irr 

Irr 

Irr 

Irr 

Irr 

S 

Irr 

Trr 

Im 

Irr 

Irr 

Irr 

Irr 

Irr 

Irr 

I r r  
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216 * 
'116 * 

C16 

216 x 

116 G 

316 

606 

806 

LO6 

906 

SO6 

~6 

(06 

206 

106 

ST8 * 
918 + 

C18 + 

218 

118 

318 + 

608 

308 

108 

908-SO-LZ-W 

l l a n  

'00 

'00 

-0 

.91 

'd.S9 'd..J 

'a; 021 a= a** h d  

'I.69 'dm& 
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.. 
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.- 
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-- 
.- 
-- 
-. 
-- 

? u - ~ n s = a u  10 a l e ~  
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.. 
-- 
8L 
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.- 
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m1.P 
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-1'8 
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-. 
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-- 
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-. 
.- 
-- 
-- 
-- 
-. 
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-. 
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001' 
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Tablr 2.--Record8 of wells and spring. in Gaines County--Conflnued 

see footnotea a t  and of tab la  
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Table 2.--Rccard.i o f  w e l l s  m d  s p r i n q s  i n  Caines County--Continued 

we11 

KD-27-21-123 

124 

125 

* 126 

201 

202 

* 601 

602 

603 

701 

702 

703 

+ 901 

902 

903 

904 

22-101 

+ 201 

202 

See footnotes 

o r i l l e r  

Murphy O r i l l i n p  Co. 

Parker  D r i l l i n g  Co. 

J. M. Car ru th  

do 

.. 

-- 

-- 

-- 

-- 

Buck Hogan 

A. Henderson 

Parker D r i l l i n g  Co. 

-- 

-- Rapkins 

-- 

Walte r  menderaon 

-- 

-- 

.- 

h e r  

John Randolph 

do 

W. E. Wright 

do 

Raymond C. Colden 

1. P. Pueke l t  

Ji. Golden 

L. C. mustan 

J a c k  S. Bi rge  

Bob XoLoffstt 

1. E. Garland E s t a t e  

R. n. E. Hughes 

~ o e  BaVoueerte 

do 

do 

R. C. P e t t i e  

Oslnonl Ranch 

K. X. Whitaker 

0. J. Bolch E s t a t e  

st end of t a b l e .  

Date 
c m -  
p l a t -  

ed 

1963 

1958 

1955 

1960 

1929 

-- 

.- 

1930 

-- 

1959 

1948 

1957 

-- 

1960 

.- 

1927 

-- 
-- 

-- 

Depth 
of 

w e l l  
(it) 

135 

132 

125 

125 

947 

.- 

120 

8 0  

114 

193 

135 

169 

-- 
110  

-- 
100 

- -  

162 

8 0  

Diam- 
erer  
OF 

w e l l  
( i n . )  

14 

14 

12 

12 

-- 

.- 

-- 

-- 

- -  

-- 

--  
14 

-- 

6 

-- 

-- 

-- 
-- 

-- 

A l f l t u d e  
of Land 
surface 
I f 0  

-- 
.- 

-- 
-- 
-- 

.- 

3 ,130  

3,133 

3,129 

3,170 

-- 
3,150 

3,150 

3,140 

3,135 

3,134 

3,130 

-- 

.- 

water 
Belov 
Land- 

rurraee 
d a l m  
( F r )  

-- 
73.4 

-- 
73.4 

66.7 

65.4 
60.2 

44.0 
39.1 

107.3 
48.1 

72.5 
44.1 
44.3 

89.9 

-- 
99.3 

71.1 
68.7 

73.4 
71.6 

78.8 
77.2 

84.1 
65.7 

40.3 

-- 

.. 

Method 
of 

T,G 

T,G 

T,C 

T,C 

C,W 

C,W 

C,W 

C,E 

T,E 

T,E 

T,E 

T,Ng 

T,E 

T,E 

C,E 

N 

C,W 

T,E, 
1 

T,E 

leve 1 

Dace of 
measurement 

-. 
Oec. IS,  1963 

-- 
Dec. 18, 1963 

J a n .  29, 1964 

Aug. 4, 1938 
Jan. 13,  1964 

Ju ly  13, 1962 
Aug. 18, 1962 

Aug. 10, 1938 
Jan. 29, 1964 

Aug. 4, 1938 
Dec. 16, 1963 
Jan. 29, 1964 

J u l y  13, 1962 

-- 
Dsc. 16, 1963 

Ju ly  13, 1962 
Jan. 29, 1964  

J u l y  13, 1%2 
Jam. 29,  1964 

Ju ly  13, 1962 
Jan. 29, 1964 

Aug. 10, 1938 
Ian. 29, 1964 

Nov. 9, 1962 

-- 

-- 

use 
of 

Irr 

Irr 

Irr 

Irr 

0 , s  

N 

0 , s  

S 

0 , s  

D 

0 ,s  

Irr 

Irr 

0 

D 

N 

S 

D,S 

0.3 

Remrkr  

- 

Pump set a t  110 ft. Per fore red  57 ff. 
Temp. 66'F. 

Pump a e f  a t  11a if. 

Pump ref  at I17 it.  Temp. 67'F. 

Est imated d i s c h a r g e  4 gpm. Wsfer from the  
cretaceous rocks.  Temp. 69'B. y 

Estimated d i s c h a r ~ e  2 gpm. Water from rhe 
Creraeeavo rocks .  

Wafer Emn t h e  Cre taceous  rocks.  

Old wel l .  Wnrer from the Creraceovs rocks.  

Reported q u i t  i r r i g e t i n l !  due t o  c rop ,  and 
not from s h o r t a g e  of warer. Temp. 69'8. 

Measured d i s c h a r g e  166 gpm, J u l y  24, 1963. 
Perforated 4 0  ft. Temp. 67.P. 

Reporced d i s c h a r g e  25 gpo. Temp. 69.F. g 

Unused a t  p resen t .  Wafer from t h e  Crs -  
treeous rocks.  3 

Estimated d i s c h a r g e  4 g p .  Water frw t h e  
C r e t a c e o u ~  roekc. Temp. 711.. 9 

Water from the  Creraceoua rocks.  g 

E s t h r s d  d i s c h a r g e  4 gpn. Water from t h e  
Cretaceous mcka. Temp. 68'8. 

Water f rom the Creraeeous rocks.  

Water from the  Clereesous ronka. Temp. 
68OF. 
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T:nblc3 2.--Records o f  wel l s  md spr inqr  i n  Caines Count"--Continued 

See footnotes a t  end of cable 

I 

I 
! 

I 

'1 
4 

I 

- 

Well 

M-27-27-505 

* 506 

507 

508 

* 509 

e 510 

* 511 

512 

513 

,, 514 

515 

+ 516 

601 

602 

60) 

* 6C4 

605 

bob 

* 607 

* 608 

609 

h e r  

~ a p o n d  ~ n d e r s o n  

do 

do 

do 

do 

Arvel Fleming 

do 

0. 8 .  Smith 

do 

do 

C. F. Ford 

8.  G. Elam 

J. C. Sirnnonll 

W .  M. Smith 

Darre l l  J s c k ~ o n  

1. 6. Howell 

Henry Kriegel 

C. E. Ford 

C. Cobb 

do 

Henry Xriegel 

o r i l l e r  

stewart h stevenson 

P a r k r  O r i l l t o g  Ca. 

Shorty Hearer 

Stewart 61 Stcvenaon 

do 

-- Williams 

Parker D r i l l i n g  Co. 

-- H i l l a r d  

-- 
-- 

Parker D r i l l i n g  Co. 

do 

-- 
-- 
-. 

Hester D r i l l i n g  Co. 

Stone h Parker 

Parker  D r i l l i n g  Co. 

.- 

J. H. Pl ippo 

do  

Date 

p ~ e t -  
ed 

1960 

1957 

1956 

1962 

1962 

1961 

1962 

1963 

1959 

1962 

1960 

1962 

-- 
-- 

1958 

1956 

1951 

1958 

-- 
1957 

1955 

Oeptb 
of 

wel l  
( f t )  

200 

202 

200 

235 

235 

165 

180 

229 

225 

227 

187 

162 

65 

-- 
176 

170 

l a 5  

223 

1007 

150 

120 

Otam- 
eter 

o f  
v e l l  
( i n . )  

-- 
1 4  

-- 

-- 

-- 

14 

10 

14 

14 

1 0  

16 

14 

6 

-- 
14 

14 

-- 
16 

6 

1 4  

14 

A l t i t u d e  
o f  Lend 
s ~ r i a c r  

( f r l  

-- 
3,300 

-- 

3,300 

-- 

-- 

3,283 

3,300 

3,290 

3,280 

-- 
3,280 

3,209 

3,249 

-- 
-. 

3,270 

--  
-- 
-- 
-- 

waier 
Rela, 
Land- 

surface 
darun 
( f t )  

.- 

99.0 

-- 

1W.5 

-- 

.- 

94.3 

106.2 

114.8 

103.2 

-- 
87.1 

46.0 

73.5 

-- 
-- 

100.1 
101.7 

.- 

.- 
-- 

76.4 

Method 
of  

T,C 

T,C 

T,G 

T,C 

T,C 

T,G 

T,G 

T,C 

T,G 

T,G 

T,G 

T,Ng 

N 

R 

T,G 

T,G 

T,G 

T,G 

T,E 

T,G 

T,G 

l rvf  1 

Date "l 
m e a s t i r e r n t  

.- 

Dee. 24, 1963 

-- 

Dee. 2(r, 1963 

-- 

-- 

~ e c .  24, 1%3 

do 

do 

do 

-- 
Dec. 24, 1963 

Jan. 25, 1938 

Dec. 24, 1963 

-- 
-- 

Apr. 11, 1951 
Oec. 24, 1963 

-- 
-- 
-- 

~ e c .  24, 1963 

U=e 
of 

1rr 

Irr 

Irr 

Irr 

Irr 

Irr 

Irr 

Irr 

Irr 

11. 

Irr 

Irr 

N 

Irr 

Irr 

Irr 

Irr 

Irr 

D,S 

Irr 

Irr 

Remarks 

- 
P-P set  a t  195 fr.  

Temp. 6 7 7 .  

Measured d ischarge  333 g m ,  Apr. 22, 1963. 
Pump s e t  a t  195 f r .  Temp. 67'F. 

Measured d iscbarge  648 gpo, Aug. 6,  1962. 
Pump set .t 210 fe.  

Meesurcd d ischarge  238 g m ,  Aug. 6, 1962. 
Temp. 69'F. 

Measured d ischarge  495 g m ,  N w .  27, 1962. 
Temp. 71°F. 

Per fora ted  75 f t .  ~ e m p .  67'P. 

bssvred discharge  478 8pm. Nw. 27, 1962. 
Temp. 7 0 7 .  

Temp. 71'F. 

Meeavred discharge  160 gpn, Nov. 27, 1962. 
perforaced 70 it .  ~ e m p .  7O0F. 

Old wel l .  

Reported crooked hole.  

Measured d ischarge  309 gpn, Aug. 6, 1962. 

Measured discharge 351 gem, k g .  1, 1962. 
P w p  e e t  at  I51  fr .  Temp. 69'F. 

Measured d iecharge  284 g m ,  Aug. 6, 1962. 

Measured d ischarge  255 gpm, hug. 6, 1962. 

Betimaled d ischarge  5 gpm. Temp. 72.F. 

Meesured discharga  234 %m, Aug. 6, 1961. 
Tmp. 69-F. 

Meerured d ischarge  605 gpm, Aug. 6, 1962. 





Table 2.--Records o f  w e l l s  and 3pr ingr  in C ~ i n e s  County--Continued 

Well 

* W-27-30-101 

OCt. 

NO". 

Dec. 

ost.  
Dee. 

Aug . 
Dec. 

Jan. 

*pr. 

AUE. 
May 
Feb. 

Jan. 
Dec. 

Jan. 
Dec. 

Jan. 
I 

* 401 

+ 402 

701 

* 702 

703 

* 801 

802 

31-101 

* 102 

103 

* 104 

105 

* 201 

401 

* 402 

e 403 

801 

* Far a n a l y s e s  

Ealimered d i s c h a r g e  4 gpm. Temp. 6 9 T .  1 ::: I : 1 Eetimated d i s c h a r g e  3 gpm. Temp. 6 8 7 .  

Ulner 

A. P. McCuire 

( T,Ng ( Irr \Measured d i s c h a r g e  I35 gpm, Aug. 20, 1962. 

9 r o r  d r i l l e r s '  logs  of w e l l s  i n  Gaines County see ~ e b l e  3. 
Y F o r  v a r e r - l e v e l  measurements of w e l l s  i n  Caines county see =able  4 .  

R. ~ i e s e c k e   state 

H. C. Shumaker Eofate 

G. E. Newton 

do 

do 

R .  S. Brennend, Jr. 

do 

Veidie Welfy 

Estea B r a .  

do 

do 

do 

Hsmld  Sheers 

E s l s s  Bros. 

murice Areher 

W. C. Cozart 

E s t e s  nros.  

o t  water f r m v e l l s  i n  

Measured d i a e h a r g e  195 (pm, Aug. 20, 1962. 
Temp. 70-F. 

D r i l l e r  

H e l l  6 Stewart D r i l l i n g  
co.  

T,Ng Irr 

C,W S Estimated d i e c h a r g e  4 gpm. 

-- 

Parker D r i l l i n g  Co. 

do 

d o  

do 

-- 
Jesse James 

.- 

H. H. Doz ie r  

do 

- -  Lovejoy 

H e s t e r  D r i l l i n g  Co. 

H. H. h a t e r  

Jesse Jarnee 

-- Doshie r  

-- 
Gaines County see 'rsble 5. 

1 1.G I I ~ T  I ~ e a s v r e d  33.3 f r  of drawdow after 4 8  
hours a t  55 gpm. Tamp. 67-P. 

Dale 
corn- 
plec-  
ed 

1952 

-- 
.- 

1951 

1953 

1955 

1952 

1938 

1962 

1951 

1960 

1960 

1916 

1963 

.- 

1962 

1962 

-- 

T,C Irr Temp. 67.F. 1 T9G / 1 
b s a u r a d  d i e c h a r g e  286 gpm, Apr. 17, 1963. 
Temp. 68.F. 

Depth 
of  

w e l l  
( fr)  

95 

C,G 8 

T,G I Temp. 67.F. 

T,G Iir Haa~~eed 42 fc  o£ drawdam atter several 
days sr 132 gpm. 

1 T,G 1 Irr 1 m a s u r a d  d i s c h a r g e  119  em, Apr. 17 ,  1963. 
Temp. 67'Q. 

Oiam- 
erer  
of 

w e l l  
( i n . )  

1 0  

Al r icude  
of land 
surcacs 

(Cc) 

3,117 

water l e v e l  

Method 
of 

T,E 

O e l w  
land- 

rurEarc 
d s l m  
( f r )  

75.4 

Date of 
measurement 

s e p t .  17, 1962 

Ule 
of 

D,S 

Rrmerks 

Estimated d i a c h s r g e  10  gpm. T ~ U P .  74.F. 



Table 3 . - - ~ r i l l e r s '  logs of wells i n  Gaines County 

Well W-26-16-801 

Owner: B i l l  Cole. Dr i l l e r :  A. J. Nordyke. 

Thickness 
(feet)  

Well W-26-32-302 

Owner: Lon H i l l .  Dr i l l e r :  Parker Dr i l l ing  Co. 

Depth 
( fee t )  

T o p s o i l  ------------- --- 3 

caliche---------------- 16 

~ ~ ~ k - - - - - - - - - - - - - - - - - - -  4 

sandrock--------------- 28 

sandJ ~ ~ t ~ ~ - - - - - - - - - - - -  16 

Well KD-27-01-513 

Owner: Southwestern Public Service Co. Dr i l l e r :  D. L. McDonald. 

Thickness 
( fee t )  

3 

19 

23 

51 

67 

T ~ P S ~ ~ ~ - - - - - - - - - - - - - - - -  5 

ca1iche---------------- 24 

packsand--------------- 18 

sandrock--------------- 5 

sand, tight------------ 8 

~ ~ ~ k - - - - - - - - - - - - - - - - - - -  6 

Depth 
( feet) ,  

sandrock------------ 11 

Sand, water--------- 12 

sandrock------------ 90 

Sand, water---------- 2 1 

Sand and Clay---------- 5 

Caliche and Clay------- 16 

Caliche, hard---------- 7 

Sand and sandrock------ 23 

sand------------------- 5 

RockJ hard ------------- 6 

Sand, streaks of 
sandrock------------- 4 

78 

90 

115 

136 

70 

83 

86 

92 

94 

5 

29 

47 

52 

60 

6 6 

sand---------------- 4 

RO&---------------- 13 

Clay, yellow-------- 3 

~ i * ~ ~ ~ ~ k - - - - - - - - - - - -  6 

Clay, sandy--------- 2 

5 

2 1 

28 

5 1 

56 

62 

66 

Sand, sof t ,  f ine----  38 

Sandrock, hard------ 2 

Sand, s t reaks  of 
sandrock---------- 6 0 

Rock, hard---------- 5 

Sand and gravel----- 5 

Clay, yellow-------- 11 

clay, blue---------- 6 

104 

106 

166 

171 

176 

187 

193 



Table 3.--Drillers'  logs of wells i n  Gaines County--Continued 

Well KD-27-02-607 

Owner: Will ie C. Sweatt. Dr i l l e r :  Stewart & Stevenson. 

I Thickness 
( fee t )  

Well KD-27-03-614 

Owner: M. E. Peatree. Dr i l l e r :  Ted Koonce. 

Depth 
( fee t )  

~~~~~i l - - - - - - - - - - - - - - - -  2 

C l a y  ------------------- 26 

caliche---------------- 32 

R O ~ ~ - - - - - - - - - - - - - - - - - - -  10 

Sand and boulders------ 3 

Rock, hard------------- 2 

sand, dry-------------- 25 

SandJ water --------- --- 9 

Well KD-27-04-802 

2 

28 

60 

70 

73 

75 

100 

109 

RO&---------------- 4 

sand---------------- 25 

Rock, hard---------- 2 

sand---------------- 2 

Rock, hard---------- 2 

Sand, water--------- 2 1 

Clay, sandy--------- 15 

Clay, blue---------- 5 

soil------------------- 3 

caliche---------------- 25 

sand------------------- 32 

~ ~ ~ k - - - - - - - - - - - - - - - - - - -  6 

sand------------------- 23 

~ ~ ~ k - - - - - - - - - - - - - - - - - - -  2 

sand------------------- 3 

Rock------------------- 7 

Owner: John D. Browne. Dr i l l e r :  Ted Koonce. 

Thickness 
( feet)  

113 

138 

140 

142 

144 

165 

180 

185 

(Continued on next page) 

Depth 
( f ee t )  

3 

28 

6 0 

66 

89 

91 

94 

101 

sand---------------- 3 

RO&---------------- 4 

sand---------------- 3 

R O ~ ~ - - - - - - - - - - - - - - - -  4 

sand----------------- 3 

RO,-~----------------  6 

Sand and clay, 
yellow -------- - --- 62 

104 

108 

111 

115 

118 

124 

186 



Table 3.--Drillers' logs of wells in Gaines County--Continued 

Owner: N. B. Fields. Driller: Ted Koonce. 

Thickness 
(feet) 

Well KD-27-04-802--continued 

Clay, white, 
sandy------------- 7 

Depth 
(feet) 

Thickness 
(feet) 

Well KD-27-06-505 

Owner: 0. P. Mercer. Driller: J. B. Knizht. 

Depth 
(feet)' 

~~~k---------------- 10 

sand---------------- 1 

~~~k---------------- 6 

sand---------------- 32 

Clay, yellow-------- 1 

sand------------------- 2 9 

~~~k------------------- 3 

sand------------------- 8 

Rock------------------- 6 

sand------------------- 11 

I Caliche, hard---------- 6 

Well KD-27-05-715 

87 

90 

98 

104 

115 

I Clay, sandy------------ 10 
Caliche, rock, and 
sandstone------------ 28 

I Sandstone, hard-------- 14 
Sandstone, broken------ 13 

II Sand, water--------- 5 20 

4 

10 

I( clay, sandy--------- 5 

Clay, sandy, hard 
30 

48 11 Sand, water--------- 45 
62 [(Clay, brown--------- 6 



Table 3.--Dril lerst  logs of wells i n  Gaines County--Continued 

W e l l  KD-27-10-306 

Owner: Sam Teague. Dr i l l e r :  Jack Guffey. 

Well KD-27-11-803 

Owner: R. E. Matthews. Dr i l l e r :  Parker Dr i l l ing  Co. 

Thickness 
( fee t )  

Depth 
( fee t )  

Thickness 
( feet )  

Well KD-27-12-308 

Depth 
( fee t )  

Owner: J. M. Teague. Dr i l l e r :  Ross I r r i ga t i on  Co. 

T Q P S ~ ~ ~ - -  -------------- 7 

caliche---------------- 12 

packsand--------------- 89 

~ ~ ~ k - - - - - - - - - - - - - - - - - - -  2 

water  seep------------- 5 

~ ~ ~ k - - - - - - - - - - - - - - - - - - -  I 

sand, vater------------ 18 

~ ~ ~ k - - - - - - - - - - - - - - - - - - -  3 

clay, sandy------------ 3 

~ ~ ~ k - - - - - - - - - - - - - - - - - - -  17 

(Continued on next page) 

Clay, yellow-------- 11 

Sand, sticky-------- 7 

Sand, red----------- 4 

clay, red- ---------- 2 

Clay, sandy--------- 7 

Sand, white--------- 10 

Sand, yellow-------- 14 

Clay, red (water)--- 3 

Clay, sandy--------- 5 1 

~~d beds ------------ 2 

7 

19 

108 

110 

115 

116 

134 

137 

140 

15 7 

168 

175 

179 

181 

188 

198 

212 

215 

266 

268 



Table 3.--Dril lerst  logs of wells i n  Gaines County--Continued 

Well KD-27-12-308--Continued 

I Thickness 
( fee t )  

clay, sandy------------ 5 

Rock, hard ------------- 2 9 

sand, ~~t-r------------ 23 

Clay, yellow----------- 12 

Lime, gray------------- 10 

Shale, blue- ---- ------- 3 

Depth 
(feet)  

Well KD-27-12-903 

95 

124 

14 7 

159 

169 

172 

Owner : Helen Hearn. Dr i l l e r :  Ted Koonce. 

Thickness 
( fee t )  

Lime, gray---------- 45 

Sand and gravel----- 3 

Shale, blue--------- 7 

Sand, white--------- 6 

~~d beds------------ 3 

Depth 
( feet)  

Well KD-27-13-220 

Owner: T. 0. Hunt. Dri l ler :  Murphy Dr i l l ing  Co. 

clay, red- ------ ------- 6 

clay, sandy- ---- ------- 3 

ca1iche---------------- 2 1 

sand------------------- 44 

~ ~ ~ k - - - - - - - - - - - - - - - - - - -  6 

6 

9 

30 

74 

80 

T O ~ S O ~ ~ - - - - - - - - - - - - - - - -  8 

caliche---------------- 23 

sand, dry-------------- 28 

sandrock--------------- 2 9 

sand, ~ ~ t ~ ~ - - - - - - - - - - - -  4 

Sand, water--------- 5 

RO&---------------- 13 

sand---------------- 46 

RO&---------------- 13 

Clay, blue---------- 3 

8 

31 

5 9 

88 

92 

85 

98 

144 

157 

160 

p,ock, hard---------- 14 

Sand, water--------- 29 

Clay, sandy--------- 4 

Clay, yellow-------- 2 

106 

135 

139 

141 



Table 3.--Dril lerst  logs of wells i n  Gaines County--Continued 

Well KD-27-14-108 

Owner: Toy King. Dr i l l e r :  Parker Dr i l l ing  Co. 

Thickness 
( fee t )  

Well KD-27-17-802 

Owner : J.M.T. Development Co. Dr i l l e r :  Harold Price.  

Depth 
( fee t )  

~~~~~i l - - - - - - - - - - - - - - - -  7 

------ ----- 7 

packsand--------------- 14 

W a t e r  seep------------- 21 

Well KD-27-18-405 

Thickness 
( fee t )  

7 

14 

2 8 

4 9 

Surface ---------------- 2 

R O ~ ~ - - - - - - - - - - - - - - - - - - -  2 

sand------------------- 6 

R O ~ ~ - - - - - - - - - - - - - - - - - - -  5 

clay, sandy- ------ -- ---- 7 

~ i ~ ~ ,  white------------- 6 

clay, sandy- ------ ----- 9 

R O ~ ~ - - - - - - - - - - - - - - - - - - -  28 

sand------------------- 11 

R O ~ ~ - - - - - - - - - - - - - - - - - - -  4 

sand------------------- 24 

Owner: Hughes Smith. Dr i l l e r :  Parker Dr i l l ing  Co. 

Depth 
(feet)  

Sand, sticky-------- 19 

sand---------------- 13 

clay, blue- ---- - ---- 7 

2 

4 

10 

15 

22 

28 

3 7 

65 

76 

80 

104 

(Continued on next page) 

6 8 

81 

88 

~~~~~ i l - - - - - - - - - - - - - - - -  4 

caliche---------------- 15 

R O ~ ~ - - - - - - - - - - - - - - - - - - -  5 

R~&----------------  5 

sand---------------- 30 

clay---------------- 6 

R~&----------------  6 

sand---------------- 24 

clay, red- ---------- 1 

Sand and gravel----- 12 

Clay, blue---------- 5 

shale --------------- 17 

~ ~ , j  beds------------ 2 

109 

139 

145 

15 1 

175 

1 76 

188 

193 

210 

2 12 

4 

19 

24 

sand---------------- 15 

~~,-k---------------- 5 

Sand, sticky-------- 24 

3 9 

44 

68 



Table 3.--Dril lersr  logs of wells i n  Gaines County--Continued 

Well W-27-18-405--Continued 

I Thickness 
( f ee t )  

Rock------------------ 3 

sand------------------ 14 

Rock------------------ 2 

Sand------------------ 7 

Rock------------------ 2 

Clay, sandy----------- 9 

Rock------------------ 8 

Sand and s h e l l  rock-- 6 

Sand, yellow--------- 21 

Depth 
( fee t )  

Sand, brown, and 
small gravel------- 14 

Clay, white---------- 4 

Thickness 
( feet)  

Well KD-27-19-705 

Depth 
( fee t )  

Owner: A. P. McGuire. Dr i l l e r :  Parker Dri l l ing Co. 

I Sand, water----------- 32 I 93 

Well KD-27-20-601 

Owner: Fred Farrar. Dr i l l e r :  Parker Dr i l l ing  Co. 

Clay, yellow--------- 8 

sand----------------- 14 

Sand, yellow--------- 26 

Sand, sticky--------- 9 

~~d beds------------- 3 

Surface soil---------- 3 

126 

140 

166 

175 

178 

Sand, sticky---------- 2 

Limerock-------------- 12 

clay------------------ 16 

Clay, sandy---------- 6 

Sand, white---------- 8 

Clay, sandy---------- 3 

Clay, red------------ 3 

Clay, blue ----------- 1 

Clay,  red------------ 2 



Table 3.--Drillers1 logs of wells i n  Gaines County--Continued 

Well KD-27-21-119 

Thickness 
( fee t )  

Owner: R. E. Jameson. Dr i l l e r :  Parker Dr i l l ing  Co. 

Depth 
(feet)  

Well KD-27-25-305 

Owner: Sam C. Jenkins. Dr i l l e r :  Parker Dri l l ing Co. 

T O ~ ~ O ~ ~ - - - - - - - - - - - - - - -  9 

ca1iche--------------- 5 

packsand-------------- 49 

Sand, water----------- 4 9 

Thickness 
( feet)  

Well KD-27-26-302 

Oyner: Bi l ly  Hardberger. Dr i l l e r :  Parker Dr i l l ing  Co. 

Depth 
( fee t )  

9 

14 

63 

112 

Topsoil --------------- 4 

Ca lithe-- - - -- - --- -- - -- 19 

packsand-------------- 22 

~ ~ ~ k - - - - - - - - - - - - - - - - - -  2 

Sand dry------------- 
J 19 

Rock, hard ------------ 4 

Sand water----------- 13 J 

 ROC^------------------ 1 

Sand, sticky---------- 9 

sandJ tight----------- 20 

clay, red-- ----------- 4 

4 

23 

45 

47 

66 

70 

83 

84 

Topsoi 1- -------------- 14 

caliche--------------- 1 2  

packsand-------------- 32 

Water seep------------ 4 

121 

141 

145 

sand------------------ 32 

RO.-~, hard------------ 8 

Clay, sandy----------- 13 

Sand and gravel------- 12 

1 C l a y  ------------------ 
sand------------------ 31 

clay, red---- --------- 5 

14 

2 6 

58 

62 

116 

124 

137 

149 

15 0 

18 1 

186 

R O ~ ~ - - - - - - - - - - - - - - - - - -  13 

Sand and gravel------- 37 

Sand, yellow---------- 12 

~~d beds-------------- 10 

75 

112 

124 

134 



Table 3 . - - ~ r i l l e r s '  logs of wells i n  Gaines County--Continued 

- - 

Well KD-27-26-517 

Thickness 
( fee t )  

Owner: National Water Corp. Dr i l l e r :  Dixon Pump & Dri l l ing  Co. 

Sand and caliche 
ledges-------------- 45 I 

Depth 
( f ee t )  

I Sand and ledges------- 15 I 

Sand, gravel, and 
some clay, small 

i r regular  shaped--- 

Thickness 
( f ee t )  

80 Sand, loose, with 
medium gravel, and 

95 red ,-lay----------- 18 

Depth 
( feet)  

Sand and s o f t  
sandstone----------- 15 

Sandstone and sandy 
c lay  ledges--------- 15 

Owner: G. R. Wall. Dr i l l e r :  Hester Dr i l l ing  Co. 

Sandstone with clay 
ledges-------------- 8 

110 

125 

133 

Well KD-27-27-403 

Tops oi 1- - -- - -- - - - - - --- 5 

sand, seep------------ 5 

caliche--------------- 5 

Galiche and gravel---- 5 

Caliche, rock 
chunks-------------- 12 

Clay, rock chunks----- 15 

sand, dry------------- 12 

~ ~ ~ k - - - - - - - - - - - - - - - - - -  5 

Sand, water----------- 10 

~ ~ ~ k - - - - - - - - - - - - - - - - - -  6 
- - 

Gravel, medim t o  
large; sand, 
clean -------------- 37 

~~d beds------------- 5 

220 

225 

5 

10 

15 

20 

32 

47 

5 9 

64 

74 

80 

Sand, water---------- 5 

~ ~ ~ k - - - - - - - - - - - - - - - - -  5 

Sand, water, sugar 
sand--------------- 26 

Rock----------------- 4 

Sand, brown, water--- 1 7  

~~d beds------------- 3 

Sand, water---------- 27 

~~d beds------------- 2 

Sand, clay, and 
red beds -- ----- ---- 43 

85 

90 

116 

120 

13 7 

140 

167 

16 9 

2 12 



Table 3 . - - ~ t i l l e r s '  logs of wells i n  Gaines County--Continued 

Well KD-27-27-703 

Owner: W. H. Thomas. Dr i l l e r :  Harold Price. 

Thickness 
( fee t )  

Well KD-27-29-502 

Owner : Federal Aviation Agency. Dr i l l e r  : Parker Dri l l ing Co. 

Depth 
( feet)  

surface--------------- 3 

clay, red ------------ - 13 

-------------- - 24 

Clay, sandy----------- 35 

sand, dry----- ------- - 8 

Sand, water----------- 1 

~ i ~ ~ ~ ~ ~ k - - - - - - - - - - - - - -  20 

Thickness 
( feet)  

3 

16 

40 

75 

83 

84 

104 

~ ~ ~ k - - - - - - - - - - - - - - - - -  3 

Sand and gravel------ 42 

Clay, sandy---------- 6 

clay, red------------ 2 

Sand and gravel------ 23 

~~d beds------------- 5 

Surface --------------- 2 

Clay,  red- ----------- - 17 

R O ~ ~ - - - - - - - - - - - - - - - - - -  4 

Clay, red, sandy------ 28 

~ ~ ~ k - - - - - - - - - - - - - - - - - -  2 

Clay , sandy----------- 15 

Rock, hard------------ 11 

Red beds-------------- 16 

Shale, gray, sandy---- 40 

~~d beds-------------- 2 8 

sand, dry------------- 7 

~~d beds-------------- 5 

Depth 
( feet)  

107 

14 9 

155 

15 7 

180 

185 

2 

19 

23 

5 1 

53 

68 

79 

95 

135 

163 

170 

175 

Clay, sandy---------- 15 

~~d beds------------- 12 

R O ~ ~ - - - - - - - - - - - - - - - - -  2 

sand I dry------------ 24 

~~d beds------------- 5 

sand, dry------------ 12 

Red beds------------- 15 

Sand, dry------------ 17 

~~~k- - - - - - - - - - - - - - - - -  3 

sand, dry------------ 6 

~~d beds------------- 16 

sand----------------- 8 

190 

202 

2 04 

228 

233 

245 

260 

2 77 

280 

286 

302 

310 



Table 4.--Water l eve l s  i n  wel ls  i n  Gaines County 

Well KD-26-08-519 

Owner: Joe  F. Woosley. 

Water 
Date l eve l  

Well KD-26-08-521 

Owner: Joe F. Woosley. 

Water 
Date l eve l  

Water 
Date l eve l  

Jan. 20, 1959 65.4 

Jan. 16, 1963 67.55 

Jan. 21, 1964 68.30 

Oct. 7, 1949 41.8 

Jan. 5, 1950 38.4 

Apr. 5, 1951 46.8 

Feb. 10, 1954 53.5 

W e l l  KD-26-08-617 

Owner: L. R. McGehee. 

Feb. 15, 1955 55.5 

Jan. 6, 1956 58.9 

Jan. 8, 1957 63.0 

Jan. 17, 1958 62.3 

Jan. 21, 1964 69.34 Feb. 15, 1955 57.9 

Jan. 6, 1956 61.3 

Jan. 8, 1957 62.8 

Well KD-26-08-619 

Owner: L. R. McGehee. 

Jan. 17, 1958 64.4 

Jan. 20, 1959 69.1 

Jan. 16, 1963 69.30 

Ju ly  12, 1955 71.9 

Jan. 10, 1956 61.1 

Jan. 27, 1957 58.5 

NOTE: Water l eve l s  reported t o  nearest  tenth (0.1) measured by the Soi l  
Conservation Service of the U.S. Department of Agriculture; a l l  
o thers  measured by the  U.S. Geological Survey. 

Jan. 17, 1958 59.0 

Jan. 20, 1959 63.3 

Jan. 16, 1963 66.78 

r 

Oct. 10, 1949 34.1 

Apr. 10, 1951 41.09 

Dec. 1, 1952 43.3 

Jan. 21, 1964 68.32 

Jan. 14, 1955 48.6 

Jan.  10, 1956 56.1 

Jan. 27, 1957 56.0 

Jan. 17, 1958 57.0 

Jan. 16, 1963 63.10 

Jan. 21, 1964 64.50 



Table 4.--Water l e v e l s  i n  w e l l s  i n  Gaines County--Continued 

Well KD-26-08-621 

Owner: V. Hilburn. 

Water 
Date l e v e l  

Well KD-26-08-802 

Owner: Roy Smith. 

Water 
Date l eve  1 

Oct. 10, 1949 36.2 

Apr. 10, 1951 40.2 

Dec. 30, 1952 44.8 

Sept.30, 1953 56.1 

Water 
Date l e v e l  

Well KD-26-08-807 

Owner: J o e  F. Woosley. 

Feb. 10, 1954 49.8 

Jan.  14, 1955 57.2 

Jan. 20, 1956 55.5 

Jan .  28, 1957 59.2 

O c t .  7 , 1 9 4 9  45.2 

Jan .  5, 1953 48.9 

Jan .  31, 1958 63.8 

Jan .  20, 1959 63.7 

Jan .  16, 1963 65.45 

Jan .  21, 1964 68.13 

Well KD-26-08-905 

Owner: Mrs. J. M. Crow. 

Jan.  14, 1955 53.2 

Jan .  25, 1956 56.9 

Oct. 7, 1949 42.7 

Jan.  5, 1953 47.6 

Feb. 10, 1954 51.9 

Feb. 15, 1955 56.0 

Jan .  14, 1964 64.53 

Jan .  6, 1956 61.3 

Jan .  8, 1957 59.0 

Jan .  11, 1958 59.0 

Jan. 20, 1959 62.8 

Oct. 7, 1949 38.7 

Feb. 8, 1951 40.3 

Feb. 15, 1955 57.6 

Jan .  16, 1963 68.30 

Jan .  21, 1964 64.50 

Jan. 6,  1956 55.7 

Jan .  9, 1957 59.0 

Jan .  17, 1958 59.0 

Jan .  20, 1959 60.5 

Jan .  16, 1963 65.77 

Feb. 6, 1964 67.62 



Table 4.--Water l e v e l s  i n  w e l l s  i n  Gaines County--Continued 

Well KD-27-01-514 

Owner: E. J. Mitchel l .  

Water 
Date l e v e l  

Well KD-27-03-801 

Owner: C. A. Moore. 

Water 
Date l e v e l  

Jan. 14, 1955 85.1 

Jan. 7, 1956 87.1 

Water 
Date l e v e l  

Well KD-27-03-802 

Owner: Jim Ward. 

Jan.  28, 1958 90.8 

Jan.  16, 1963 99.60 

Feb. 17, 1955 70.5 

Jan. 4, 1956 80.0 

Jan. 21, 1964 99.25 

Well KD-27-05-907 

Owner: E. F. Halbrook. 

Jan. 27, 1957 81.5 

Jan.  16, 1963 83.80 

Feb. 17, 1955 77.0 

Jan.  4, 1956 83.1 

Jan.  24, 1964 85.70 

Well KD-27-09-303 

Owner: William H. Pierson. 

Jan. 27, 1957 86.8 

Jan.  30, 1958 87.0 

Jan. 7, 1955 44.1 

Dec. 28, 1955 44.5 

Jan.  16, 1963 86.48 

Jan.  24, 1964 88.72 

Jan.  20, 1958 41.5 

Jan. 21, 1959 44.8 

f 

Jan.  14, 1955 64.1 

Jan.  6, 1956 64.9 

Jan.  24, 1957 64.5 

Jan.  15, 1963 46.24 

Jan.  28, 1964 47.40 
2 

Jan.  17, 1958 59.5 

Jan. 19, 1959 60.5 

Jan. 16, 1963 60.32 

J u l y  15, 1963 60.35 

Jan.  10, 1964 58.80 



Table 4.--Water l e v e l s  i n  w e l l s  i n  Gaines County--Continued 

Well KD-27-09-304 

Owner: W i l l i a m  H. Pierson.  

Water 
Date l e v e l  

Well KD-27-09-402 

Owner: Mrs. B. M. Ancell .  

Water 
Date l e v e l  

Jan. 29, 1957 59.1 

Jan.  17, 1958 59.0 

Water 
Date l e v e l  

Well KD-27-13-106 

Owner: B i l l  Oates. 

Jan.  19, 1959 59.5 

Jan.  16, 1963 59.54 

Apr. 10, 1958 48.75 

J u l y  11, 1962 51.40 

Aug. 8 51.18 

Jan.  10, 1964 59.45 

Well KD-27-13-205 

Owner: Robert Howard. 

Sept.14, 1962 51.04 

Oct. 12 51.56 

Dec .12  51.64 

Jan.  16, 1953 86.9 

Jan.  7, 1955 87.8 

Feb. 14, 1963 52.24 

Jan .  10, 1964 50.40 

W e l l  KD-27-14-109 

Owner: D. N. Hunt. 

Jan.  23, 1958 85.8 

Jan.  14, 1959 85.9 

Mar. 25, 1955 88.8 

Dec. 28 88.1 

Feb. 4, 1956 92.2 

Jan .  15, 1963 93.96 

Jan.  20, 1964 94.12 

Jan.  22, 1958 91.0 

Jan.  14, 1959 92.5 

Jan.  15, 1963 91.15 

Feb. 13, 1955 21.9 

Feb. 18, 1957 22.9 

Jan.  20, 1964 90.90 

Jan .  22, 1958 24.1 

Jan.  15, 1963 24.86 

Jan. 20, 1964 26.00 



Table 4.--Water l e v e l s  i n  w e l l s  i n  Gaines County--Continued 

Well KD-27-14-110 

Owner: D. N. Hunt. 

Water 
Date l e v e l  

Well KD-27-14-111 

Owner: M. J. Strube. 

Water 
Date l e v e l  

Feb. 13, 1955 23.0 

Dec. 18 23.9 

Water 
Date l e v e l  

Well KD-27-18-112 

Owner: Harry Houston. 

Feb. 18, 1957 24.0 

Jan. 22, 1958 23.9 

Feb. 13, 1955 24.6 

Dec. 28 25.1 

Jan.  15, 1963 25.88 

Jan.  20, 1964 27.00 

Well KD-27-19-106 

Owner: Walter A. Koemel. 

Feb. 18, 1957 28.5 

Jan. 22, 1958 27.8 

Jan .  15, 1963 28.34 

Jan. 20, 1964 28.80 

Jan.  9, 1964 84.10 Dec. 30, 1955 69.5 

Jan.  29, 1957 75.1 

Well KD-27-19-107 

Owner: F. E. B e l t .  

Jan.  15, 1958 76.2 

Jan.  16, 1963 80.06 

Jan.  16, 1963 66.19 

Jan.  9, 1964 67.74 
- 

Jan.  17, 1956 59.0 

Jan.  29, 1957 59.2 

Jan. 24, 1958 62.1 

Jan. 16, 1959 61.5 

Jan. 6, 1955 62.8 

Jan. 29, 1957 64.1 

Jan. 17, 1958 61.5 

Jan. 16, 1959 62.1 

Jan. 16, 1963 71.97 

Jan.  9, 1964 69.52 



Table 4.--Water l e v e l s  i n  w e l l s  i n  Gaines County--Continued 

Well KD-27-19-113 

Owner: E. Hobbs. 

Water 
Date l e v e l  

Water 
Date l e v e l  

Well KD-27-19-501 

Owner: L. G. Mi l l e r .  

Water 
Date l e v e l  

Jan .  16, 1963 59.88 

Jan .  9, 1964 62.11 

Jan .  4, 1956 54.0 

Jan .  29, 1957 53.7 
L 

Well KD-27-20-801 

Owner: James Stanley.  

Jan .  17, 1958 53.3 

Jan .  16, 1959 56.0 

Jan .  16, 1963 67.40 

Jan .  9, 1964 67.86 

Jan .  16, 1955 60.1 

Jan .  25, 1957 65.2 

Well KD-27-21-201 

Owner: Raymond C. Golden. 

Jan .  24, 1958 64.8 

Jan .  14, 1959 65.0 

June  18, 1963 39.23 

Jan .  29, 1964 39.07 

Aug. 16, 1938 50.0 

Apr. 11, 1958 40.50 

J u l y  12, 1962 39.22 

Sept. 17 38.24 

Oct. 16, 1962 38.48 

N w .  14 38.62 

Dec. 13 38.20 

Jan. 11, 1963 38.46 

Apr. 25, 1963 66.81 

J u l y  24 66.73 

Nov. 20 66.69 

Jan .  29, 1964 66.76 

Apr. 11, 1958 63.80 

J u l y  13, 1962 74.50 

Aug. 15 67.37 

Sept .  17 77.76 

Oct. 16 67.08 

Nov. 14, 1962 66.89 

Dec. 13 66.89 

Jan .  11, 1963 66.90 

Feb. 15 67.51 

Mar. 11 66.77 



Table 4.--Water l e v e l s  i n  w e l l s  i n  Gaines County--Continued 

Well KD-27-21-901 

Water 
Date l e v e l  

Owner: Roe Ravousette.  

Water 
Date l eve  1 

Well KD-27-21-902 

Owner: Roe Bavousette.  

Water 
Date l e v e l  

J u l y  13, 1962 71.19 

Aug. 15 71.15 

Sept .  17 70.97 

Oct. 16 70.97 

Dec. 13 70.28 

Well KD-27-21-903 

Owner: Roe Bavousette.  

Jan .  11, 1963 70.40 

Feb. 15 70.28 

Mar. 11 70.13 

Apr. 25 70.13 

J u l y 2 4  69.82 

J u l y  13, 1962 73.48 

Aug. 15 73.45 

Oct. 16 73.39 

Nov. 14 72.94 

Sept.16, 1963 69.58 

Nov. 20 69.10 

Jan .  29, 1964 68.70 

Dec. 13, 1962 72.87 

Jan .  11, 1963 73.12 

Apr. 25 72.80 

J u l y 2 4  72.47 

J u l y  13, 1962 78.82 

Aug. 15 78.80 

Sept.17 78.64 

Oct. 16 78.72 

Nov. 14 78.46 

Sept.16, 1963 72.35 

Nov. 20 71.87 

Jan .  29, 1964 71.67 

Dec. 13, 1962 78.40 

Jan .  11, 1963 78.49 

Feb. 15 78.26 

Mar. 11 78.07 

Apr. 25 78.00 

June  3, 1963 77.84 

J u l y  24 77.25 

Sept.10 77.67 

Nov.20  77.30 

Jan .  29, 1964 77.20 - 



Table 4.--Water levels in wells in Gaines County--Continued 

Well KD-27-21-904 

Owner: R. C. Pattie. 

Water 
Date leve 1 

Well KD-27-25-101 

Owner: L. E. Robinson. 

Water 
Date level 

Aug. 10, 1938 84.14 

Oct. 24, 1962 66.40 

Nov. 14 66.35 

Dec. 13 66.34 

Jan. 11, 1963 66.39 

Water 
Date level 

Well KD-27-25-401 

Feb. 15, 1963 66.23 

Mar. 11 66.10 

Apr. 25 66.37 

June 3 66.13 

July 24 66.05 

Oct. 30, 1945 56.0 

Apr. 10, 1958 57.70 

July 11, 1962 59.50 

Aug. 9 58.48 

Owner: Will Terry. 
- -- 

Sept.16, 1963 66.03 

Nov. 20 65.84 

Jan. 29, 1964 65.75 

J 

Sept.14, 1962 58.50 

Oct. 16 60.10 

Nov. 15 58.58 

Dec. 12 58.56 

Well KD-27-25-604 

Owner: Brinson Ranch. 

Feb. 14, 1963 59.20 

Jan. 13, 1964 58.73 

Apr. 10, 1958 45.30 

July 11, 1962 48.40 

Sept.14, 1962 45.10 

Dec. 12 52.05 

Oct. 30, 1945 82.4 

Apr. 10, 1958 82.92 

July 12, 1962 91.18 

Jan. 13, 1964 44.63 

Aug. 9, 1962 92.47 

Sept. 14 92.38 

Dec. 12 95.35 

- 

July I, 1963 85.44 

Jan. 13, 1964 86.34 



Table 4.--Water l e v e l s  i n  w e l l s  i n  Gaines County--Continued 

Well KD-27-26-202 

Owner: Wristen Ranch. 

Water 
Date l e v e l  

Water 
Date l e v e l  

W e l l  10-27-26-604 

Owner: Hugh Wristen. 

Water 
Date leve  1 

Nov. 7, 1957 56.3 

Ju ly  12, 1962 53.63 

Aug. 9 53.75 

Sept.  14 53.80 

Well KD-27-26-701 

Owner: Dennis Nix. 

Oct. 16, 1962 53.79 

Nov. 15 53.85 

Dec. 12 53.82 

Jan.  10, 1963 53.80 

Nov. 1, 1945 39.1 

Apr. 10, 1958 40.30 

J u l y  12, 1962 42.27 

Aug. 9 42.45 

June 19, 1963 53.84 

Jan.  13, 1964 54.27 

Well KD-27-29-401 

Owner: R. E. Whitaker. 

Sept.14, 1962 42.59 

Oct. 16 42.62 

Dec. 12 43.53 

June 19, 1963 41.94 

Nov. 7, 1957 101.70 

J u l y  12, 1962 96.89 

Aug. 9 96.75 

J u l y  22, 1963 38.32 

Dec. 27 42.68 

Sept.14, 1962 96.50 

Oct. 16 98.14 

Dec.12 96.00 

Apr. 11, 1958 64.30 

J u l y  12, 1962 62.19 

Aug. 9 62.12 

Oct. 16 62.14 

Feb. 14, 1963 96.64 

Jan.  13, 1964 96.74 

Nov. 14, 1962 61.91 

Dec .13  61.90 

Feb. 14, 1963 61.85 

Apr. 25 61.84 

June 18, 1963 61.87 

Nov. 20 61.64 

Jan .  29, 1964 61.60 
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Tnblc 5.--Chemical analyses of wvrer From well. m d  s p r i n g s  i n  Gaines County--Continued 

Bicar- 
honate 
(HCO,) 

2 14 

210 

207 

209 

214 

207 

212 

226 

209 

3W 

199 

207 

209 

215 

206 

215 

223 

216 

210 

220 

207 

193 

206 

211 

207 

217 

211 

220 

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

(s102) 

60 

64 

60 

6.6 

58 

62 

55 

54 

62 

56 

62 

60 

64 

64 

58 

60 

66 

62 

56 

58 

58 

66 

60 

59 

58 

55 

64 

68 

Sul -  
Fate 
(SO,) 

93 

114 

98 

86 

83 

72 

83 

68 

99 

91 

83 

102 

94 

83 

98 

91 

95 

85 

90 

125 

151 

97 

81 

145 

72 

64 

88 

65 

Uill l .  of 
c o l i e c ~ i o n  

Har. 21, 1963 

m y  7, 1%3 

do 

do 

June 5, 1%3 

m y  7 %  

June 5, 1%3 

lbr. 21, 1%) 

May 7, 1%) 

Jan. 25, 1963 

Aug. 27, 1962 

Aug. 7, 1963 

Hay 7, 1963 

d o  

do 

do 

do 

Jnn. 25, 1%3 

Aug. 7, 1963 

do 

do 

Hay 9, 1%) 

June 10, 1963 

June 12, 1963 

July 3, 1963 

Orc. 12, 1962 

my 7, 1963 

S e w .  20, 1%2 

wel l  

K0-26-16-203 

207 

208 

209 

303 

305 

306 

308 

309 

310 

501 

505 

506 

508 

604 

605 

607 

801 

902 

905 

906 

24-202 

302 

303 

304 

501 

502 

503 

Gal- 
C L ~  

(cr) 

63 

54 

60 

56 

53 

60 

6 1  

62 

62 

6 1  

69 

59 

53 

52 

62 

6 1  

52 

71 

57 

68 

98 

74 

63 

87 

60 

61 

52 

59  

Uepth 
of 

v e i l  
( f t )  

200 

205 

205 

205 

175 

175 

175 

170 

205 

160 -- 
150 

150 

170 

205 

180 

-- 
135 

120 

-- 
-- 
-- 
150 

- 
155 

165 

120 

120 

Chlo- 
r i d e  
(Cl) 

53 

55 

54 

47 

44 

39 

U 

38 

49 

42 

69 

45 

47 

42 

53 

48 

46 

71 

5 1  

88 

U 3  

77 

38 

113 

39 

44 

53 

42 

mLagoe- 
s i im 
(%) 

22 

23 

26 

23 

25 

21 

23 

22 

25 

24 

21  

20 

20 

23 

24 

21  

24 

25 

24 

32 

36 

23 

20 

37 

24 

17 

26 

18 

Sodimoand 
patasstm 
(Na + K) 

50 

68 

45 

43 

45 

34 

40 

39 

47 

39 

44 

49 

59 

48 

46 

5 1  

59 

47 

48 

60 

81 

U 

36 , 

63 

30 

44 

46 

44 

Fluo- 
r i de  

(F) 

2.0 

2.3 

2.0 

1.7 

1.2 

2.0 

.6 

2.3 

2.0 

1.0 

1.3 

2.6 

2.0 

2.0 

2.2 

2.0 

2.6 

1.0 

2.9 

3.1 

3.0 

1.7 

1.2 

2.0 

2.0 

1.3 

1.9 

1.3 

N1. 
mate 
(NO,) 

4 

2.5 

2 

3 

5.5 

7 

8 

8 

5 

6.5 

4.1 

1.5 

5 

5 

5 

5 

2.5 

7.5 

2.0 

5.5 

.1 

7.0 

7.0 

11 

8 

5.3 

5 

3.4 

Boron 
(B) 

0.30 

-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
.IS 

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

Srrdlmo 
adsorp- 

t i o n  
r a l i o  
(SAR) 

1.37 

1.97 

1.22 

1.19 

1.27 

.97 

1.11 

1.08 

1.29 

1.m 

1.2 

1.42 

1.72 

1.36 

1.24 

1.43 

1.7 

1.21 

1.30 

1.49 

1.77 

1.1 

1.0 

1.4 

.8 

1.3 

1.3 

1.3 

o i r -  
w ived  
r o l i d s  

452 

486 

450 

429 

420 

399 

419 

404 

454 

471 

451 

441 

U 7  

425 

449 

445 

457 

476 

434 

548 

699 

485 

407 

621 

395 

399 

439 

408 

Hard- 
ness 
as  

CaCO1 

250 

228 

258 

234 

234 

235 

247 

243 

258 

250 

259 

228 

216 

225 

252 

238 

228 

280 

243 

303 

392 

282 

240 

367 

245 

221 

236 

222 

Spec i f i c  
cunduct- 

amce 
(micrcmhos 
i t  ZlsC) 

710 

746 

676 

645 

650 

617 

656 

632 

697 

650 

685 

650 

678 

650 

699 

685 

702 

7 m  

670 

855 

1,120 

746 

620 

974 

608 

611 

6n 

593 

QH 

7.5 

7.6 

7.4 

7.6 

7.7 

7.5 

7.6 

7.6 

7.6 

7.8 

7.5 

7.5 

7.6 

7.5 

1.5 

7.4 

7.5 

7.6 

7.5 

7.6 

7.6 

7.6 

7.7 

7.6 

7.7 

7.8 

7.5 

7.7 



CaI- 
c i m  

(ca) 

62 

59 

57 

55 

68 

50 

6 1  

86 

116 

66 

105 

63 

83 

75 

117 

6 1  

75 

120 

71 

67 

62 

70 

71 

88 

54 

54 

61 

92 

~ ~ 

iron 

.. 

.. 
-- 
-- 
-- 
-- 

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

(sio2) 

62 

SO 

47 

60 

58 

79 

6 3  

60 

60 

60 

60 

56 

56 

60 

62 

66 

58 

62 

62 

60 

6 1  

60 

64 

64 

58 

63 

61 

58 

I lagw- 
r i m  
( M d  

17 

19 

I 9  

21 

12 

28 

35 

26 

35 

22 

38 

27 

23 

23 

47 

26 

32 

53 

27 

27 

28 

25 

31 

36 

25 

25 

31 

43 

*u<c a t  

May 7, 1963 

June 12, 1963 

do 

May 9, 1963 

do 

Aug. 15, 1963 

Ocr. 30, 1962 

Apr, 24, 1963 

do 

Sepr. 13, 1962 

Apr. 24, 1963 

do 

do 

do 

do 

Aug. 22, 1962 

bug. 1, 1963 

Aug. 22, 1962 

SepC. 11, 1962 

Nov. 30, 1962 

Oct. 23, 1962 

Jan. 3, 1%) 

Apr. 24, 1%) 

do 

July 15, 1960 

Ocl. 23, 1962 

do 

Jan. 3, 1963 

- 

Well 

KO-26-24-504 

601 

603 

801 

901 

32-301 

SO1 

27-01-401 

402 

406 

408 

411 

412 

413 

502 

505 

506 

508 

509 

510 

511 

513 

514 

518 

SLO 

520 

521 

602 

~ ~ 

Depth 
01 

wel l  
( E t )  

140 

170 

155 

150 

140 

100 

47 

160 

122 

150 

180 

180 

165 

160 

1007 

147 

180 

180 

183 

195 

-- 
193 

180 

180 

312 

-- 
280 

170 

~ - 

S o d i m a n d  
por.anrim 

(Na + K) 

38 

43 

44 

41 

43 

59 

80 

6 9 

140 

46 

87 

50 

64 

56 

63 

48 

53 

91 

57 

44 

47 

45 

50 

58 

48 

52 

37 

64 

BLcar- 
bonere 
(HC03) 

211 

203 

201 

220 

221 

255 

337 

218 

218 

222 

206 

218 

218 

224 

212 

236 

224 

204 

240 

229 

232 

232 

227 

227 

240 

240 

237 

222 

~- 

Chlo- 
r i d e  
(C1) 

42 

44 

44 

42 

41 

48 

66 

74 

181 

55 

145 

72 

67 

76 

167 

50 

83 

210 

66 

57 

50 

62 

78 

111 

41 

41 

42 

125 

Sul -  
f a t e  
(SO4) 

69 

71 

68 

64 

63 

76 

81 

125 

274 

96 

194 

86 

150 

102 

207 

88 

106 

239 

109 

94 

89 

92 

100 

139 

74 

75 

85 

197 

Tloo- 
r i d e  
(F) 

1.9 

1.4 

1.9 

2.4 

2.7 

2.6 

4.0 

1.9 

2.4 

1.7 

2.0 

2.0 

1.7 

1.9 

1.7 

1.4 

1.7 

1.3 

1.3 

2.0 

1.7 

1.5 

1.6 

1.7 

1.7 

1.5 

1.7 

1.0 

Hard- 
lnsrs 

as  

caco3 

225 

224 

218 

223 

218 

240 

297 

320 

431 

257 

418 

268 

301 

281 

487 

260 

317 

516 

288 

282 

268 

280 

307 

368 

238 

237 

278 

408 

- 
Xi- 

m a l e  
(No3) 

5 

10 

12 

4 

3 

< .4 

I1 

8 

4 

5.8 

8 

1 

1 

5 

7 

5.1 

9 

5.8 

5.3 

6 

5.3 

5.5 

5.5 

3 

7.7 

6 

4.9 

5.5 

s o d i m  
i l l ~ o c p -  
~ i o n  
r x r i o  
GAR) 

1.1 

1.4 

1.3 

1.2 

1.3 

1.6 

2.1 

1.7 

2.9 

1.2 

1.8 

1.3 

1.6 

1.5 

1.1 

1.3 

1.3 

1.7 

1.5 

1.1 

1.2 

1.2 

1.2 

1.3 

1.4 

1.5 

1.0 

1.4 

Boron 
( 8 )  

-- 
-- 
-- 
--  
-- 
-- 
-- 
-- 
-- 
.- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

Dii- 

, o lved  
~ o l i d .  

401 

397 

392 

397 

399 

468 

567 

557 

919 

461 

740 

464 

553 

509 

776 

462 

528 

882 

517 

470 

458 

475 

513 

613 

427 

435 

440 

6 

s p e c i f i c  
conduct- 

ance 
(.icrcmhos 
.It 2 r ~  

605 

610 

601 

626 

620 

700 

865 

913 

1,420 

688 

1,150 

745 

852 

793 

1,200 

692 

820 

1,400 

775 

730 

700 

750 

806 

965 

6+7 

646 

666 

1,090 

PH 

- 
7.7 

7.5 

7.5 

7.1 

7.6 

7.2 

7.3 

7.4 

7.5 

7.6 

7.4 

7.6 

7.6 

7.3 

7.6 

7.6 

7.6 

7.5 

7.6 

7.8 

7.5 

7.5 

7.7 

7.5 

7.3 

7.6 

7.3 

7.7 



701 

703 

705 

705 

901 

902 

903 

02-402 

Y 501 

502 

503 

504 

603 

604 

606 

608 

701 

703 

705 

801 

803 

806 

809 

Sl Sampled a t  I 

-- Sept. 13, 1%2 58 

60 Nw. 16, 1W5 -- 
60 Jan. 3, 1963 67 

267 Nov. 19, 1962 60 

-- Sept. 13, 1962 60 

-- do 64 

I77 Aug. 1, 1 8 3  51 

170 Apr. 8, 1963 58 

170 do 58 

170 S e p t .  13, 1 8 2  60 

196 A u g  19, 1 8 3  5 1  

170 do  54 

150 Jan. 3, 1%3 56 

-- Jan. 4, 1963 56 

Ocr. 2, 1962 

19 Et with PoerBf sampler. 





Table 5.--chemicel ilnelynes of water frm vella and rprings in Gaines county--continued 

Bicsr- 
bonate 
(HC03) 

242 

254 

257 

259 

248 

268 

260 

278 

275 

272 

266 

264 

265 

288 

261 

239 

244 

235 

243 

245 

238 

257 

257 

271 

251 

251 

262 

234 

Hagne- 
slum 
(Me) 

45 

51 

68 

38 

45 

48 

41 

44 

39 

55 

66 

42 

54 

40 

46 

61 

60 

65 

73 

68 

97 

65 

61 

42 

83 

75 

76 

106 

Sodimand 
pofaasim 
(Na + K) 

61 

67 

77 

45 

54 

62 

53 

52 

56 

67 

72 

52 

63 

56 

60 

55 

61 

64 

64 

74 

86 

75 

66 

61 

83 

57 

79 

114 

Sul- 
fare 
(SO4) 

94 

107 

161 

56 

81 

90 

72 

76 

66 

133 

6 3  

80 

152 

71 

77 

154 

156 

209 

192 

187 

249 

137 

143 

79 

278 

247 

230 

332 

-- 
-- 
-- 
.- 
.- 
-- 
-- 
-- 
-- 
.- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 

(sio2) 

52 

60 

56 

50 

52 

52 

52 

54 

51 

56 

50 

51 

51 

51 

52 

48 

50 

50 

52 

50 

50 

51 

50 

54 

51 

-- 
59 

44 

Well 

KO-27-03-702 

106 

708 

711 

712 

713 

714 

718 

719 

801 

802 

810 

813 

814 

901 

903 

W 6  

907 

908 

909 

911 

913 

917 

918 

04-402 

404 

404 

501 

0 1 -  
cium 
(0) 

46 

50 

61 

47 

46 

54 

44 

47 

49 

50 

60 

43 

52 

44 

40 

50 

49 

53 

59 

56 

84 

64 

47 

42 

57 

72 

63 

72 

Chlo- 
ride 
(CL) 

75 

I02 

145 

59 

75 

98 

65 

70 

62 

92 

128 

63 

78 

53 

82 

87 

82 

91 

120 

118 

227 

U 3  

94 

59 

120 

103 

124 

202 

Depth 
of 
well 
(it) 

207 

188 

170 

173 

200 

-- 
180 

170 

170 

170 

170 

182 

170 

185 

201 

1% 

I80 

176 

1% 

200 

197 

197 

180 

185 

154 

204 

204 

-- 

O n l e  "f 
c o l l e c l  

July 10, 1963 

July 15, 1963 

A .  9, 1%) 

July 10, 1963 

Aua. 12, 1%3 

do 

do 

Hay 3, 1963 

Aug. 14, 1963 

Apr. 9, 1963 

Au8. 13, 1963 

do 

do 

do 

Aug. 4, 1962 

July 11, 1963 

July 15, 1963 

m y  13, 1963 

bug. 13, 1963 

Jvly 13, 1963 

Jvly 12, 1963 

Aug. 13, 1%) 

July 13, 1963 

Aug 13, 1963 

Nov. 30, 1962 

Nov. 6, 1945 

Oct. 22, 1962 

July 23, 1963 

Pluo- 
ride 
(F) 

3.9 

4.4 

5.0 

4.0 

4.1 

4.3 

4.3 

4.3 

4.1 

5.7 

5.2 

4.8 

4.8 

4.1 

4.9 

5.0 

5.0 

4.8 

4.8 

5.6 

5.0 

4.7 

5.3 

5.2 

4.0 

-- 
4.0 

5.1 

Ni- 
t r a t e  
(NO3) 

4.0 

3.0 

4.5 

5.0 

3.0 

3.5 

1.5 

4 

3 

2.5 

1 

2 

1 

2 

2.2 

4.0 

< .4 

1.5 

2.0 

1.0 

2.0 

1.5 

2.5 

5 

2.2 

2.8 

5.1 

4.5 

Boron 
(8) 

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

oir- 
solved 
solid9 

500 

569 

704 

431 

482 

544 

461 

488 

463 

595 

676 

468 

586 

463 

495 

582 

583 

654 

687 

681 

917 

687 

595 

480 

801 

781 

769 

995 

Iisrd- 
ness 
as 
0C03 

297 

335 

430 

273 

301 

333 

218 

298 

283 

252 

422 

279 

351 

275 

289 

377 

369 

398 

445 

421 

610 

426 

370 

276 

484 

488 

471 

610 

Sodium 
adsorp- 

t i o n  
ratio 
(SAR) 

1.5 

1.6 

1.6 

1.2 

1.3 

1.5 

1.4 

1.3 

1.4 

1.5 

1.5 

1.4 

1.5 

1.5 

1.5 

1.2 

1.4 

1.4 

1.3 

1.6 

1.5 

1.6 

1.5 

1.6 

1.6 

-- 
1.6 

2.0 

specific 
cmduct- 

ante 

(micrmrhas 
111 25.0 

800 

912 

1,140 

710 

784 

900 

752 

790 

740 

955 

1,080 

742 

902 

728 

797 

931 

923 

994 

1,080 

1,080 

1,490 

1,120 

929 

772 

1,260 

-- 
1,130 

1,550 

pH 

7.8 

7.8 

7.6 

7.8 

7.9 

7.9 

7.9 

7.5 

7.5 

7.7 

7.5 

7.5 

7.6 

7.7 

7.7 

7.9 

7.3 

7.6 

7.6 

7.5 

7.9 

7.7 

7.6 

7.7 

7.4 

-- 
7.6 

7.8 
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Table 5.--Chemical analyses of water Crom wel ls  and springs i n  Gaines County--Continued 

Sept.  12, 1962 

June 13, 1963 

Sepf.  20, 1962 

Apr. 9, 1963 

1 July 2, 1963 

I Aug. 28, 1963 

Aug. 17, 1962 

. 26, 1963 

July 11, 1%3 

m y  10, 1963 

Aug. 17, 1%2 

M y  10, 1963 

Aug. 17, 1962 

Ha.. 28, 1963 



Table 5.--Chemical ens lyres  01 water frm wel ls  and springs i n  Gainer County--Continued 

(Sio2) 

34 

58 

56 

58 

66 

67 

51  

58 

55 

60 

60 

58 

60 

28 

6 1  

6 1  

62 

60 

60 

62 

62 

60 

56 

53 

55 

58 

60 

60 

!I sampled 

D r r c  o f  
collerrion 

Ocf. 22, 1962 

Aug. 15, 1963 

do 

Aug.  21, 1963 

s e p t .  12, 1962 

Feb. 22, 1963 

Dee. 3, 1963 

my 24, 1963 

June 6, 1963 

Aug. 15, 1963 

do 

do 

Hsy 2, 1963 

Nov. 29, 1962 

do 

do 

Aug. 17, 1962 

Ang. 5, 1963 

do 

Apr. 2, 1963 

Sepr.  6, l % 3  

Aug. 17, 1%2 

A p .  24, 1963 

June 5, 1963 

do 

mr. 26, 1963 

~ e p t .  20, 1961 

Apr. 23, 1963 

Foersr sampler. 

Well 

KO-27-18-515 

601 

603 

604 

607 

609 

610 

701 

702 

704 

706 

707 

708 

801 

Y 802 

Y 802 

803 

803 

806 

807 

901 

19-101 

103 

104 

105 

106 

ill 

113 

sissrnpled at 

Depill 
of 

w e l !  
( i t )  

60 

236 

166 

?00 

154 

150 

185 

170 

-- 
169 

173 

178 

173 

140 

132 

132 

-- 
115 

113 

179 

149 

120 

135 

120 

150 

125 

140 

160 

70 ft with  

(Fe) 

.- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
-- 
.- 
-- 
-- 
-- 
-- 
-- 
-- 

er 

C"1- 
" L L L ~  

(c.) 

58 

53 

56 

49 

48 

54 

48 

52 

55 

57 

112 

77 

57 

57 

57 

99 

112 

138 

56 

91 

247 

58 

51  

59 

80 

51  

80 

46 

100 fr 

mgoe- 
s i v l  
(ma) 

33 

36 

39 

35 

35 

31  

34 

24 

26 

22 

58 

37 

30 

27 

21 

45 

54 

57 

28 

43 

121 

51  

43 

45 

62 

40 

68 

38 

wi th  ~ o e r s t  

S~diLm."d 
p o t a s s i m  

( ~ a  + K) 

57 

53 

62 

44 

40 

48 

44 

44 

44 

45 

123 

6 1  

51 

50 

71 

298 

179 

268 

50 

86 

1,200 

59 

56 

76 

8 1  

63 

63 

57 

sampler. 

a t c a r -  
b o ~ r e  
( I I C O ~ )  

239 

236 

234 

223 

243 

229 

221 

222 

216 

212 

220 

211 

221 

260 

261 

222 

232 

232 

234 

223 

231 

254 

254 

253 

237 

257 

245 

255 

Sul -  
f a t e  
(so4) 

91 

82 

98 

80 

65 

78 

73 

67 

71 

68 

280 

121 

83 

66 

8 1  

72 

8 1  

71 

69 

176 

114 

106 

98 

124 

166 

103 

158 

88 

ChlW 
r i d e  
(CI) 

65 

71 

85 

63 

61  

61  

67 

40 

50 

49 

216 

105 

66 

51 

55 

563 

423 

620 

59 

142 

2,530 

90 

77 

99 

165 

67 

180 

58 

F l u ' %  
r i d e  
(F) 

3.5 

3.0 

2.8 

3.3 

3.7 

3.5 

3.5 

2.6 

2.3 

2.4 

2.8 

2.8 

3.0 

3.0 

3.0 

3.0 

3.0 

3.4 

3.4 

3.3 

3.1 

3.9 

3.9 

3.3 

3.4 

4.4 

4.0 

4.1 



Table 5.--Cilemlral analyses of water from wells and s p r i n g s  in Gainar Caunry--continued 





~ s b l e  5.--chemical analyses of water  from wells end springe in Gsines Counry--continued 

I 202 1 -- I Apr. 1, 1963 I 5 8  

Apr. 17, 1963 5 1  

Sep t .  19, 1962 66 

do 56 

do 78 

Aug. 20, 1962 77 

No". 2, 1962 70 

No". 1, 1962 70 

J u l y  24, 1963 5 0  

Aug. U, 1938 -- 
Sept .  17, 1962 64 

Aug. 15, 1962 1 59  

I05  178 J u l y  12, 1963 56 / 101 1 I40  / do / 52 

Apr. 2, 1963 

J u l y  12, 1963 

do 

do 

do 

J u l y  17, 1963 

Apr. 17, 1%3 

Aug. 4, 1938 

Nov. 1, 1962 

Aug. 4, 1938 

Oer. 24, 1962 

S o d i m  and 
potassim 
(Na + K) 

134 

128 

120 

1 0 1  

104 

110 

87 

258 

105 

121 

95 

127 

557 

845 

157 

97 

45  

218 

132 

207 

98 

140 

99 

108 

-- 
142 

365 

374 

sampled a t  140 f t  w i t h  Foernc sampler. gi k s a  than 20 p a .  









Table I.--Chemical ana1yaea of water irw wells and spr ings  i n  GIincs Ca"nly--Conti""cd 

Sul-  
Lots 
(SO4) 

259 

817 

190 

1,165 

380 

303 

510 

308 

280 

259 

756 

580 

205 

1,231 

680 

910 

960 

482 

1,080 

940 

940 

Well 

KO-27-28-902 

29-301 

501 

502 

901 

902 

903 

904 

30-101 

+UI 

402 

402 

702 

801 

11-101 

102 

104 

201 

401 

402 

403 

iillcr 
( S L O ~ )  

70 

71 

55 

1 I4 

68 

54 

64 

64 

48  

70 

-- 
60 

64 

61  

58 

47 

54 

51  

50 

50 

51  

cllio- 
r i d e  
(CL) 

83 

720 

70 

500 

109 

83 

128 

160 

200 

22B 

440 

424 

140 

970 

620 

880 

930 

484 

1,080 

960 

%O 

Depth 
of 

well  
( L C )  

116 

-- 
-- 
310 

-- 
-- 
200 

1 %  

95 

-- 
57 

57 

110 

84 

130 

150 

-- 
120 

153 

167 

170 

Ir.n 
( F ~ )  

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

orre  of 
collecrion 

Apr. 16, 1963 

Dee. 4, 1962 

do 

Jan. 28, 1963 

Aug. 16, 1963 

do 

do 

Aua. 20, 1%2 

Sepf.  17, 1962 

Oct. 24, 1962 

Aug. 1 5 , 1 9 3 8  

June 13, 1963 

Aug. 20, 1962 

Oct .  24, 1962 

Apr. 17, 1963 

20, 1963 

A p r  17, 1963 

Aug. 6, 1963 

J u l y  12, 1%) 

Apr. 17, 1963 

do 

Fiuo- 
r i d e  
(F) 

5 

5.5 

4.5 

2.0 

4.3 

4.8 

4.8 

3.1 

5 .8  

4.5 

-- 
5.4 

3.8 

1.7 

4 

3.7 

3.7 

8.8 

4.0 

4.1 

4.1 

Cal-  
C L ~  

(Ca) 

61  

103 

42 

92 

63 

52 

124 

68 

46 

82 

114 

8 1  

47 

533 

97 

135 

68 

64 

172 

I40 

137 

N i -  
r r r i e  
(NO,) 

4 

4.3 

3.1 

i .(I 

< .4 

3 

< .4 

1.9 

3.4 

8 

90 

112 

2.9 

39 

2.5 

9 

7 

7 

< .4 

2.5 

4.5 

Wane- 
s i m  
(na) 

47 

184 

45 

86 

70 

65 

65 

71 

56 

59 

96 

106 

61  

182 

166 

226 

292 

120 

277 

237 

249 

Boron 
( 8 )  

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

0.55 

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

S o d i m a n d  
POIILS~L.  

(Na + K) 

102 

676 

152 

763 

160 

121 

178 

149 

279 

199 

614 

993 

137 

435 

390 

510 

510 

350 

560 

530 

510 

Bicar- 
bnnatr 
(HCO,) 

275 

622 

371 

432 

293 

265 

255 

282 

425 

289 

647 

540 

289 

254 

266 

249 

253 

275 

240 

248 

244 

m r -  
.oived 
i o l i d s  

776 

2,890 

744 

2,840 

398 

815 

1,120 

964 

1,130 

1,050 

2,428 

2,130 

803 

3,580 

2,150 

2,840 

2,750 

1,700 

3,340 

2,980 

2,980 

ILlrd- 
, iesr 

.IS 

CICO, 

386 

1,012 

290 

583 

447 

399 

580 

462 

344 

446 

679 

630 

368 

2,078 

930 

1,260 

1,360 

650 

1,570 

1,320 

1,360 

Sudltm 
adsurp-  

t ion  
ratio 
(SAR) 

2.1 

9.2 

3.9 

14 

3.3 

2.6 

3.2 

3.0 

6.6 

4.1 

-- 
8.5 

3.1 

4.2 

5.6 

6.3 

6.0 

6.0 

6.2 

6.4 

6.0 

i p e r ~ f i c  

ance 
(micrmhor 

2i.C) 

1,160 

4.340 

1,170 

4,100 

1,490 

1,250 

1,690 

1,410 

1,750 

1,550 

-- 
3,100 

1,230 

4,110 

3,380 

4,210 

4,500 

2,650 

4,850 

4,550 

4,550 

pH 

- 

7.5 

7.5 

7.7 

7.6 

7.3 

7.7 

7.4 

7.6 

7.5 

7.5 

-- 
7.7 

7.6 

7.5 

7.5 

7.8 

7.5 

7.4 

7.1 

7.4 

7.3 



Table 6.--Chemical .inalysen of n r l - f i e l d  br ines  l o  Gaines County 

(Analyses given are i n  p a r t s  per m i l l i o n  except s p e c i f i c  canducCance, pH, end sodium adsorpt ion  r a t i o )  

::::: 
1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

I 1  

12 

13 

14 

15 

16 

I 7  

o i l  f i e l d  

Jane* Ranch F i e l d  

Ralph Love 

North ~ u n s e l l  

do 

Wasson F i e l d  

do 

do 

ODC F i e l d  

South Seagraves 
F l e l d  

Seegravel F i e l d  

Weal Seagraven 
F i e l d  

Adair F i e l d  

do 

Welch F i e l d  

Tei-Pac F i e l d  

carter-New Haxico 
F i e l d  

Brnm F i e l d  

opera tor  

Soeony Uobil 
O i l  co. 

Hobil and A t l a n t i c  
C Lease 

A t l a n t i c  Refining 
co. 

Socony Elobi1 
O i l  co. 

King, Waram, 
and Dye 

Meredn Petroleinn 
c m p .  

do 

Pan American 
P e t r o l e m  Corp. 

Hmky O i l  Co. 

Union T s u s  
Na-1 Cas 
corp.  

O i l  D e v e l o p s n t  
Go. of T-s 

mrtadl P e l r o t e m  
Gorp. 

Paul  F. Rutledge 

c i t i e s  Serv lee  
P e t r o l a m  ca. 

T e a c o  1-0. 

Great Woorea 
D r i l l i n g  Co. 

U n i o n o i 1 C o .  
ol C a l i f o r n i a  

Reservoir 
rock 

Devonian 

do 

Permian 

Devonian 

SanAndrea 
Limestone 
Permian 

do 

Clear  Fork 
crmup 

Psnnsyl-  
vaninn 

Devonisn 

(S i lur ian)  
Devonian 

S t r a m  
Roup 
Penn3yl- 
vanian 

S a n ~ l n d r ~ s  
Limestone 
Permian 

do 

do 

Clear  Fork 
Group 
Permian 

s e n ~ d z ~ a  
L h ~ s l o n s  
Permian 

Glot ie rn  
Sandstone 
P ~ r n i * "  

oepfh to 
top ,,( 

prod,,cin8 
ZOM 

11,200 

11,200 

5,900 

11,125 

4,900 

4,900 

6,900 

-- 

13,054 

13,034 

11,454 

4,874 

4,874 

5,OW 

7,848 

5,180 

6,030 

of 
coliecrion 

Ocl. 11, 1962 

do 

Oct. 26, 1 9 2  

Oel. 29, 1962 

Oer. 11, 1962 

Oct. 2 , 1 9 6 2  

Nov. 26, 1962 

Oct. 11, 1962 

do 

do 

do 

o c t .  5, 1%2 

o c t .  26, 1962 

d o  

OsL. 29, 1962 

O e  2 2 

Ost. 29, 1962 

Cal- 
cium 
(Ca) 

1,720 

1,700 

11,450 

2,004 

5,972 

1,680 

22,500 

5,892 

1,010 

1,515 

16,954 

2,104 

1,600 

661 

13,630 

l o  

2,550 

nape-  
s i m  
(ME) 

365 

353 

3,280 

401 

4,475 

462 

5,980 

1,350 

255 

258 

3,757 

693 

630 

243 

4,350 

329 

4,660 

sodium and 
p o t s s s i ~  

(Nr + K )  

15,170 

12,850 

40,600 

13,173 

46,830 

16,460 

56,030 

61,843 

7,426 

10,575 

71,774 

17,955 

16,230 

6,138 

35,160 

5,014 

48,700 

8ic.r- 
bonate 
(KC?) 

676 

607 

227 

746 

138 

9% 

33 

67 

236 

807 

32 

1,058 

231 

614 

3W 

1,535 

378 

c h l o -  
r i d e  
(Cl) 

25,830 

22,890 

95,500 

22,680 

94,800 

26,460 

143,550 

112,452 

12,810 

17,702 

154,345 

30,869 

27,060 

10,353 

91,850 

7,952 

91,400 

s u l -  
f a t *  
(so4) 

1,695 

1,815 

980 

2,065 

1,937 

3,590 

524 

1,069 

1,513 

2,058 

354 

3,606 

2,950 

575 

1,160 

3,264 

1,690 

r l u o -  
ride 
(P) 

3.3 

3.5 

3.0 

-- 

3.5 

--  

4.0 

-- 

1.7 

-- 

3.3 

-- 

1.0 

9.0 

-- 

-- 

2.5 

NL- 
trare 
(NOj) 

q . 4  

< .4 

.4 

< .4 

< .4 

< . 4  

.4 

< .4 

< .4 

< .4 

c .4 

-z .4 

< .4 

< .4 

C .4 

c . 4  

< .4 

noron 
( 0 )  

-- 

-- 

--  

-- 
-- 

-- 
-- 

-- 

-- 
-- 

-- 

-- 

-- 
-- 
-- 

-- 

-- 

o i s -  
sa lved  
solid.  

45,100 

39, 900 

115,000 

40,700 

154,000 

49,100 

229,000 

182,000 

23,100 

32,600 

247,OW 

55,700 

48,600 

18,200 

147,WO 

18,5W 

149,000 

Hard- 
"err 

as 

5,800 

5,700 

49,600 

6,650 

33,300 

6,100 

80,830 

20,250 

3,570 

5,250 

57,750 

8,100 

66 

2,650 

51,900 

4,2M) 

25,500 

Sodlun 
adnorp- 

r i m  
r r r i o  
(SAR) 

93 

115 

79 

70 

110 

91 

86 

186 

54 

64 

92 

87 

87 

52 

68 

34 

143 

S p e c i f i c  
conduct- 

ance 
(micrmhoe 
a t  25'C) 

>12,000 

>12,000 

>12,000 

>12,00O 

>12,000 

>12,000 

S12,OOO 

A12,WO 

s12,000 

>12,000 

512,000 

>12,OW 

bl2,OM) 

>12,000 

S12,OOO 

>12,000 

.12,000 

p~ 

7.3 

7.4 

6.4 

7.3 

6.5 

7.2 

5.5 

6.5 

7.0 

7.0 

6.1 

8.2 

6.8 

7.3 

6.6 

7.3 

6.9 
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Table 6.--Chemical analyses of o i l - l i c l d  br ines  I n  Caines County--Continued 

~~~n~~ 

36 

31  

38 

39 

40 

41 

42 

43 

44 

41 

46 

41 

48 

49 

50 

- 

D a t e  "f 

coilection 

Ocr. 12, 1962 

d o  

OF(. 30, 1962 

Ocf. 8, 1962 

do 

do 

Ocr. 9,'1962 

. 8, 1962 

do 

Ocr. 2, 1963 

Oct. 8, l % 2  

Oec. 3, 1962 

Jan. 7, 1%3 

Ocr. 4, 1%2 

do 

Chlo- 
r i d e  
(CL) 

34,045 

6,181 

24,184 

6,887 

10,206 

17,995 

85,990 

24,815 

109,148 

85,200 

94,927 

20,054 

15,500 

89,079 

88,860 

o i l  f ~ s l d  

East Hobba F i e l d  

do 

S E  Hobbs Fie ld  

Norch Riley Fie ld  

d o  

do 

do 

North Jcnk1n.i 
F i e l d  

~ a r t h  xiley ~ i e l d  

nobrrtpon North 
F ie ld  

Southwest Srminole 
F ie ld  

do 

East  Seminole 
F ie ld  

pan b e t i c a n  
P.tr01.m CO. 

r o b y - ~ o  ~ i e l d  

Fluo- 
r i d e  

(F) 

-- 

-- 

-- 
-- 

0.4 

.5 

1.9 

.6 

1.1 

4.9 

1.7 

-- 

-- 
-- 

1.7 

Boron 
(8) 

-- 

-- 

-- 

-- 

-- 

8 . 1  

- 
13.8 

-- 

-- 
37 

-- 

-- 

-- 

-- 

Sul-  
fa te  
(So4) 

3,408 

219 

5,139 

3,024 

2,844 

1,734 

1,695 

176 

1,301 

2,154 

1,532 

2,996 

3,630 

311 

1,331 

N i -  
trate 
(NO3) 

'0.4 

< . 4  

c . 4  

< . 4  

< .4 

< .4 

< .4 

< .4 

< .4 

< .4 

< .4 

' .4 

< .4 

< .4 

< . 4  

Dis- 
solved 
s o l i d s  

60,300 

13,300 

48,500 

16,600 

20,800 

31,400 

140,600 

41,800 

176,000 

137,000 

159,000 

31,000 

30,700 

139,000 

146,000 

Hard- 
n e r s  

ns 
CrC03 

9,050 

1,100 

5,650 

4,725 

4,095 

4,305 

23,200 

6,850 

41,800 

22,700 

23,830 

6,000 

5,255 

141,000 

18,500 

operator 

Ralph b e  

do 

Signal  O i l  6 
Gas Co. 

Ralph Love 

W. H .  ~ u n t  Trvsr 
EBtaL. 

Ralph Love 

Great Expectations 
O i l  Co. 

Hlnble O i l  6 
Re Fining Co. 

U.S. Smeltering,  
~ e f i n i n g  h 
Minerals 

D.  Y. st. c l a f r  

Soeaty ~ o b i l c o .  

Tennsco O i l  Co. 

Taxeco, In". 

nonolulu, er o l .  

Texaeo, Ine. 

Cal- 
c i m  
(Ca) 

2,320 

160 

982 

1,218 

842 

1,008 

6,613 

1,600 

10,240 

586 

6,640 

1,531 

1,380 

34,348 

4,670 

Sodium 
sdsarp-  

t i a n  
ratio 
(SAR) 

88 

61 

% 

27 

42 

67 

126 

72 

109 

134 

156 

65 

55 

18 

158 

rock 

Clear Fork 
Group 
Permian 

San Andre8 
Limesfooc 
Permian 

Glor ie ra  
Sandstone 

L o v e r p a r t  
of Clear 
Fork 
croup 
Permian 

do 

do 

do 

Canyon 
Grvup 
sennry1- 
vanian 

Lower Part 
of c l e a r  
Fork 
croup 
permian 

c l e a r  pork 
Group 

Pennsyl- 
vanian 

San kndres 
LimesLone 
Permi*" 

do 

Straw 
croup 
Pennsyl- 
MniQn 

~ o l f ~ a m p  
Formallon 
P e d a n  

Magne- 
SLUT 

(Ms) 

793 

171 

778 

410 

485 

436 

1,629 

695 

3,953 

1,960 

1,169 

530 

438 

2,189 

1,666 

Deprll t o  
O f  

prod"cins 
%one 

6,390 

44,181 

5,928 

6,930 - 

6,930 

6,930 

6,930 

8,450 

6,930 

7,070 

10,337 

5,032 

5,406 

10,998 

9,160 

S p e c i f i c  
conduct- 

ance 
(nieromhas 
a t  25'C) 

>12,000 

>12,000 

>12,000 

>12,000 

>12,000 

2'12,000 

>12,000 

>12,WO 

>12,000 

>12,000 

>12,000 

>12,000 

>lZ,OW 

>12,000 

>12,000 

Sodiino and 
potasstino 
( ~ a  + K) 

19,274 

4,784 

16,599 

4,161 

6,230 

10,091 

44,210 

13,662 

51,520 

47,200 

53,544 

11,587 

9,200 

12,920 

49,270 

p~ 

7.7 

8.5 

6.5 

1.1 

1.3 

7.4 

6.8 

1.7 

6.3 

6.8 

6.9 

7.8 

8.0 

5.4 

6.9 

Bicar -  
bonate 
( H C O ~ )  

966 

2,190 

1,616 

1,192 

328 

343 

438 

489 

179 

383 

183 

600 

1,012 

31 

391 






