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GEOLOGY AND GROUND-WATER RESOURCES OF
WINKLER COUNTY, TEXAS

By Sere1o Garza and JoHN B. WESSELMAN !

ABSTRACT

Winkler County, in west Texas, is adjacent to the southeast corner of New
Mexico. Most of the county lies in the Pecos Valley ; the remainder, in the north-
eastern part of the county, is part of the Llano Estacado, or the High Plains. Its
principal industries are those related to the production and refining of oil, but
ranching also is an important occupation. The county has an arid to semiarid
climate, an area of about 887 square miles, and a population of about 12,000
in 1957.

The principal fresh-water-bearing formations in Winkler County are the Ceno-
zoic alluvium, which mantles the surface of most of the county, and the Santa
Rosa sandstone of Late Triassic age. The alluvium is saturated at a depth rang-
ing from a few feet below the land surface to about 150 feet, and the water is
under water-table conditions. The Santa Rosa sandstone is fully saturated
throughout most of the county, the water occurring under both unconfined
(water-table) and confined (artesian) conditions. The underlying older for-
mations contain water too highly mineralized for most uses, but they are im-
portant because water from these underlying beds, which is produced with the
oil, is a source of pollution to the fresh-water aquifers. The formations also
are a source of water to waterflooding projects for the secondary recovery
of oil.

The alluvium is replenished chiefly by precipitation, throughout the county.
The sand-dune area in the eastern part is the most favorable area of natural
recharge. The Santa Rosa sandstone is recharged through the alluvium where
the two formations are in contact. ’

Infiltration of saline water, which with oil and waste water has been produced
from industrial plants, has been taking place through surface earthen pits.
About 18 mgd (million gallons per day) of saline water was being produced
from the many oil fields throughout the county during August 1957, and almost
all this water was placed in surface pits. The Hendrick oil field alone produced
about 14.5 mgd during that month, and an estimated 800,000 acre-feet from
1937 to 1957.

About 20 million acre-feet of fresh water is stored in the explored ground-
water aquifers of Winkler County, of which an estimated 5 to 7 million acre-
feet can be practicably recovered. A daily average of about 8.2 million gallons
(9,200 acre-feet per year) of fresh water was used in the county during 1956.
Public and industrial use accounted for about 6.8 mgd ; irrigation, domestic, and
stock uses accounted for 1.4 mgd. Projects engaged in the secondary recovery

1 Geologist, Texas Board of Water Engineers.
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of oil were the largest consumers, using an average of about 3 mgd of fresh
water and about 2.7 mgd of saline water during 1956.

Water wells drilled in the deep trough of Cenozoic alluvium south of Wink may
yield 1,000 gpm (gallons per minute) or more. A pumping test of the alluvium
in that area indicated a coefficient of transmissibility of about 25,000 gpd (gal-
lons per day) per foot. Wells, other than windmill wells, drawing water from
thinner sections of alluvium in the rest of the county yield between 100 and 300
gpm. Most of the wells in the Santa Rosa sandstone yield 30400 gpm. Two
municipal wells at Kermit that tap the Santa Rosa sandstone were tested at
1,200 and 1,875 gpm. The large yield of these wells probably results from the
presence of fractures in the structurally deformed aquifer. Pumping tests in
the Kermit area indicate that locally a full section of the Santa Rosa sandstone
has an average coefficient of transmissibility of about 25,000 gpd per foot and
a coefficient of storage of about 0.0003. The transmissibility in two other tested
areas is much less.

The chemical quality of the water in the principal aquifers is generally
acceptable for industry and for public supply. About two-thirds of the samples
collected from fresh-water wells had a dissolved-solids content of less than
1,000 ppm (parts per million) ; however, some samples in a few areas were
hard and were high in fluoride and silica. Samples from wells in polluted areas
contained dissolved solids ranging from about 1,400 to 71,100 ppm. Two com-
prehensive analyses of water samples from the Rustler formation showed a
dissolved-solids content of 18,400 ppm. and 157,000 ppm. In most of the water
produced with the oil in the Hendrick oil fleld, the content of dissolved solids
ranged from about 4,000 to about 10,000 ppm. The water produced with the oil
in the rest of the oil fields in Winkler County was mainly brine.

INTRODUCTION

PURPOSE AND SCOPE

In 1956 an investigation of the ground-water resources of Winkler
County was begun through a cooperative agreement among the U.S.
Geological Survey, the Texas Board of Water Engineers, and the
Commissioners’ Court of Winkler County. The purpose was to ob-
tain information as to the source, occurrence, utilization, quantity, and
quality of ground water in the county. As the work progressed, the
pollution of ground water by oil-field waste water through surface
pits became a principal subject of study.

Field data were gathered from September 1956 through September
1957. The report contains records of 747 wells (table 7) and 176
drillers’ logs (table 8). The table of well records includes 189 alti-
tudes of water wells determined by the U.S. Geological Survey, 198
altitudes of oil and water wells furnished by oil companies, and rec-
ords of 136 oil tests and oil wells. All electric and radioactivity logs
used in this study have been placed in the permanent file of well logs
maintained by the Texas Board of Water Engineers. Pumping tests
were made on wells to determine the hydraulic properties of the
aquifers. The water samples collected in 1956 and 1957 were analyzed
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in the laboratory of the Geological Survey in Austin, Tex. The
table of 167 chemical analyses (table 9) includes 25 made by the
Works Progress Administration in 1940 (Forbes and others, 1941, p.
31-35), though they were made by methods that were not sufficiently
accurate for results to be closely comparable to those of later analyses.
Chemical analyses of saline water produced by oil wells, mostly
made by commercial laboratories, are compiled in table 6.

The study was made under the supervision of R. W. Sundstrom, dis-
trict engineer in charge of ground-water investigations in Texas.

ACKNOWLEDGMENTS

Appreciation is expressed to all who contributed information and
assistance in the field and in the preparation of the report. City
officials of Kermit and the Commissioners’ Court of Winkler County
provided manpower and equipment on several occasions; the Court
also furnished office space. Qil companies furnished records, including
pumpage data and altitudes of both water and oil wells. Particular
recognition is due the geologic staff of Magnolia Oil Co.’s Midland
office for technical assistance and access to its log file. The waterwell
drillers and the ranchers of the area gave free access to their records.

PREVIOUS INVESTIGATIONS

An inventory of water wells in Winkler County was made in 1940
as a project of the Works Progress Administration in cooperation with
the Texas Board of Water Engineers and the U.S. Geological Survey
(Forbes and others, 1941).

A. H. Dunlap of the State Board of Water Engineers, in 1939, and
J. W. Lang of the U.S. Geological Survey, in 1947, made brief field
investigations of ground water in the vicinity of Kermit, but formal
reports of the investigations were not made. The results of those
studies are incorporated in this report.

WELL-NUMBERING SYSTEM

In the report by Forbes and others (1941) the wells were numbered
consecutively in one series. Those well numbers have since been
changed to conform to a grid system designed to facilitate location of
the wells (see table 1). In this report the county is divided into
separate units by means of grids. Lines of latitude and longitude were
used to determine the grids, which constitute a modified 10-minute
grid system. The grids are identified by letters of the alphabet, from
A through H, starting with the northwest grid and moving in a west-
to-east, north-to-south succession. Inside the grids the individual
wells are numbered consecutively, beginning in the northwest corner.
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Table 1 is an index of previously published well numbers and cor-
responding numbers in this report.

TABLE 1.—Indexr of previously published well numbers and corresponding
numbers in this report

[01d numbers were published in Forbes and others (1949)]

New o1d New old New old New old

LOCATION AND ECONOMIC DEVELOPMENT

Winkler County occupies an area of 887 square miles in west Texas,
immediately adjoining the southeast corner of New Mexico. (See fig.
1.) Like Andrews County on the north, Ward County on the south,
and Ector County on the east, Winkler County owes its economic im-
portance to the production of oil. Kermit, the county seat and center
of the oil industry in the county, had an estimated population of more
than 10,000 in 1957; the total county population was estimated at
about 12,000.

New oil fields are being developed, and old ones are being restored
by new processes of recovery. (See fig. 2.) The production of oil in
Winkler County, according to the Railroad Commission of Texas, was
15,661,412 barrels in 1956. Other industries are the production of
natural gas, gasoline, liquefied gas products, carbon black, and sulfur.

Most of the land in the county has been used for grazing cattle.
Although the severe drought from 1947 to 1957 resulted in the destock-
ing of much rangeland, cattle raising is still an important industry.

PHYSICAL FEATURES

Winkler County occupies parts of two sections of the Great Plains
physiographic province—the High Plains and the Pecos Valley (Fen-
neman, 1931, pl. 1). The highest land surface (about 3,400 feet above
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FIGURE 1.—Map of Texas showing location of Winkler County.

mean sea level) in Winkler County is in the High Plains section,
or Llano Estacado, which includes the northeastern part of the county.
The High Plains area is bounded by a west-facing escarpment called
Concho Bluff, whence the land slopes gently southeastward. The
nearly flat surface is poorly drained; large depressions called playas
are common, and there are many smaller ones.

The surface of the rest of the county, the Pecos Valley section, slopes
to the southwest and south from Concho Bluff. The altitude in the
county is lowest (about 2,670 feet) near the south edge, in the Pecos
Valley section.

Surface drainage leaving Winkler County is insignificant. Small
gullies head along Concho Bluff, extending to the sandy belt in front
of the bluff, where storm waters quickly infiltrate the sand. Cheyenne
Draw and Monument Draw in central and west-central Winkler
County are ephemeral and discontinuous. Eolian (windblown) sand
has nearly filled Cheyenne Draw where it heads into New Mexico.
West of Wink a part of Monument Draw has been dammed, forming
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F16URE 2.—Map showing location of oil flelds in Winkler County, Tex.

a lake into which saline water produced with oil at the Hendrick field
has been placed (pl. 1).

A striking physcial feature is the “blow sand” that forms a belt of
high, shifting dunes 24 miles wide, extending from the southeast
corner of New Mexico to the southeast corner of Winkler County. This
is a part of a wider sandy belt, 8-15 miles wide in Winkler County,
that extends into New Mexico and into Crane County, Tex. Among
the active sand dunes and westward, captured dune sand supports
sparse vegetation. In some places wind action has removed all free
sand from caliche-indurated surfaces, leaving shallow depressions
known as “blowouts.” The sand dunes rise as much as 3040 feet above
the surrounding land surface. At many places along the west flank of
the area, where the dune surface and the water table almost intersect,
growths of willow trees and wild plum thickets abound. Waterholes
are excavated below the water table in these areas to provide water for
drilling.
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The surface west of the belt of sand dunes is gently rolling to level
and consists of caliche-indurated sand and some silt and gravel. The
gravel is found principally in small lag-gravel deposits. Large sink-
holes are present in the High Plains part of the county and near the
west border. A discontinuous ridge along the west boundary is
attributed to the burial of an escarpment of Triassic rock by Cenozoic
alluvium.

CLIMATE

The climate of Winkler County is arid to semiarid; it is too dry for
farming without irrigation. The mean annual temperature is 63 °F.
The mean annual precipitation is only about 13 or 14 inches. Precip-
itation data for the stations at Wink, Tex., and Jal., N. Mex. (18 miles
north of Kermit), are shown on figures 3 and 4. In order to assume
a complete record for the Wink station in 1941, 5 inches of precipita-
tion was estimated for the month of June by comparing with the Jal,
N. Mex., record for that month.

The short period of record (1941-56) includes the drought years
1945-56. In order to relate the averages obtained for the short peri-
ods of record to longer, more representative averages for the county,
the averages at the Fort Stockton (Pecos County) and Pecos (Reeves
County) stations for the same period (1941-56) were compared to
averages for longer periods of record at this stations. The average
precipitation for the shorter period (1941-56) was found to be ap-
proximately 2 inches less at the Fort Stockton station and approxi-
mately 3 inches less at the Pecos station. The averages shown for
the Wink and Jal stations probably are between 2 and 3 inches below
what they would be if longer, more representative periods of record
were available.

GENERAL GEOLOGY

The oldest explored rocks in Winkler County are igneous rocks
about 10,000 feet below the surface in the Keystone oil field, about 4
miles northeast of Kermit. Sedimentary rocks of Ordovician, Sil-
urian, Devonian, Mississippian, Pennsylvanian, Permian, Triassic,
Cretaceous, and Tertiary ages are shown by Jones and others (1949)
to be present beneath the surface.

Only the Permian and younger formations are discussed in detail
in this report, as they are the principal sources of ground water in
Winkler County. Their age, thickness, physical characteristics, and
importance as sources of water supply are summarized in table 2.
All water-bearing formations are discussed in greater detail in the
section on geologic formations and their water-bearing properties.
The areas of outcrop of the Cretaceous and younger rocks are shown
on plate 1.
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A southward-trending structural high, which Cartwright (1930, p.
970) designated as the “Central Basin Platform,” divides the Per-
mian basin of west Texas into two subbasins—the Delaware on the
west and the Midland on the east. The western quarter of Winkler
County overlies the east rim of the Delaware basin. The rest of the
county overlies part of the central basin platform. (See fig. 5.)
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FIGURE 5.—Map of parts of west Texas and New Mexico showing Permian structural
features.

A large reef known as the Capitan, deposited along the margins of
the Delaware basin in late Guadalupe time, caused contemporaneous
deposition of three different sequences of rocks: a deep-water marine
facies in the Delaware basin, represented by sandstone, shale, and
limestone; a reef zone, represented by massive crystallin€’ dolomite or
limestone; and shelf or lagoonal deposits, represented by fossiliferous
limestone and shale, dolomitic limestone, saline evaporites, and on-
shore clastics. The shelf deposits are characteristically thin-bedded
dolomite or limestone near the reef, grading into evaporites and
clastics away from the reef. The Capitan limestone represents the
reef deposits. The back-reef deposits are represented by the Gray-
burg, Queen, and Seven Rivers formations, and the Yates sandstone
and the Tansill formation of the Whitehorse group. In the Delaware
basin the sandstones of Guadalupe age are succeeded by the anhydrite
of the Castile formation of Ochoa age.

The Castile, Salado, and Rustler formations and the Dewey Lake
redbeds of the Ochoa series record the end of Permian deposition in



GENERAL GEOLOGY 13

the Delaware basin. The central basin platform and other back-reef
areas were probably above or near sea level during the deposition of
the Castile formation, a sequence of evaporite rocks in front of the
Capitan reef. After the deposition of the Castile, the sedimentary
rocks of the Salado formation were deposited in the Delaware basin
and across the central basin platform. This widespread deposition of
evaporites, alternating at intervals with limestone, dolomite, shale,
and sand, continued through Salado and Rustler time. Like the
Salado, the Rustler formation was deposited in both the Delaware
basin and the shelf areas. The evaporites were overlain by the Dewey
Lake redbeds, the youngest rocks of the Ochoa series.

According to King (1942, p. 763), “ After Ochoa time, a long interval
of non-deposition ensued in West Texas, and the region was probably
land. Deposition did not begin again until late Triassic time, when
the Dockum group waslaid down.”

The deposition of the Dockum group is recorded by the terrestrial
sediments of the Tecovas and Santa Rosa formations, and the Chinle
formation equivalent. The Dockum sediments are the last record of
Triassic deposition in the area.

Rocks of Early Cretaceous age record the next deposition in Wink-
ler County. Sands of the Trinity group unconformably overlie rocks
of the Triassic Dockum group. The youngest Cretaceous beds are
marine limestones of the Fredericksburg group, which overlie the basal
Trinity group. The Cretaceous rocks crop out in Concho Bluff in
northeastern Winkler County and underlie the High Plains, but in
the rest of the county they have been removed by erosion.

A mantle of alluvium and dune sand of Cenozoic age overlies the
older rocks in all but the High Plains part of the county. The de-
posits range in thickness from a few feet to about 1,050 feet.

Plates 2 to 5 show the structural relations of the water-bearing rocks
of the county. The sharp lithologic break at the contact of the an-
hydrite bed at the top of the Rustler formation with the overlying
Dewey Lake redbeds is readily distinguishable in mechanical and
drillers’ logs. This contact was used in preparing the structural
contour map of the top of the Rustler formation (pl. 5).

The base of the Santa Rosa sandstone, 300-850 feet above the top
of the Rustler formation, marks the deepest occurrence of fresh water
in most of Winkler County. Its contact with the underlying Tecovas
formation is readily distinguished in mechanical logs. By using the
altitudes determined from the mechanical logs and by interpolating
from the Rustler structure where control was lacking, a structure
contour map of the base of the Santa Rosa sandstone (pl. 6) was
prepared.
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Drillers’ log and mechanical logs were used in preparing two east-
west cross sections (pls. 2 and 3) and one north-south cross section
(pl. 4) showing the structure from the surface to the Rustler forma-
tion. Two other cross sections (pl. 7), drawn to an expanded hori-
zontal scale, show the same stratigraphic interval in the vicinity of
Kermit.

The contour map and the cross sections show two major structural
features that are probably related to the same crustal deformation.
Post-Triassic crustal movements formed a structural high along
the east rim of the Delaware basin and fractured the rocks overlying
the soluble salts of the Ochoa series. The rock fractures provided
channels for ground water to circulate in the underlying sediments
and thus dissolve part of them. The overlying beds collapsed into
the voids created by the removal of the soluble salts, forming a
slumpage trough (Adams and Frenzel, 1950, p. 301). The trough,
about 5-10 miles wide in Winkler County, is shown on the cross sec-
tions and structural maps (pls. 2, 3,5,6). The east edge of the trough
approximately overlies the buried Capitan reef. The axis of the
trough trends generally southward, extending from New Mexico
through the western part of Winkler County into Ward County on
the south.

Because the collapsed beds in the trough were more susceptible to
erosion than those away from the trough, a stream channel developed
in them before the Cenozoic alluvium was deposited. The head of
the channel was to the north and the channel drained to the south.
This is seen by comparison of cross sections 4-4” (pl. 2) and B-B’
(pl. 3). The deepest erosional surface separating the Cenozoic rocks
from the Triassic rocks on the northernmost cross section 4A-4’ is 2,270
feet above sea level at well C-8. The deepest erosional surface in the
southernmost cross section B~B’ is about 1,670 feet above sea level
at well G-144. Buried tributary channels in the erosional surface
drain toward the slumpage trough. One such tributary channel or
system of channels is suggested by the formational relation shown
by the logs of well D-10 and the adjoining wells on cross section
A-A’ and by the logs of well G-79 and its adjoining wells on cross
section B-B’.

The second major structural feature is a structural high, the axis
of which extends southwestward from near the corner of New Mexico
through the central part of the county to a point just west of Kermit,
where it curves southeastward, the high disappearing about 12 miles
southeast of Kermit. East of the axis of the high, the rocks dip
slightly to the east or northeast. Kermit lies nearly across a saddle
on the high between locally higher areas to the northeast and south.
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This regional high overlies the back-reef sediments of the Permian
reef complex. On the west side of the high, the Santa Rosa sandstone
plunges into the slumpage trough. Farther west the Santa Rosa
rises from the trough and again assumes a fairly level attitude.

There is little doubt that the rocks in Winkler County are faulted,
but no faults are shown on the geologic map, the structural maps, or
the cross sections. The cross sections and structural maps show de-
formation of the rocks on the southwestward-trending high and in the
slumpage trough in west-central Winkler County, but the sand mantle
prevents the detection at the surface of any fault traces.

GEOLOGIC FORMATIONS AND THEIR WATER-
BEARING PROPERTIES

PALEOZOIC ERA
PERMIAN SYSTEM
GUADALUPE SERIES

Guadalupe time in Winkler County and vicinity was characterized
by a restriction of the areas of marine environment. This condition
resulted partly from the general retreat of the Permian seas from
the continent and partly from the growth of reefs around the Dela-
ware basin. The reefs caused large lagoonal areas to be shut off from
free access to the sea, so that the salinity of the lagoons was greatly
increased by evaporation. In late Guadalupe time sedimentation
was continuing at different levels simultaneously: in the lagoon be-
hind the reef barrier, on the reef itself near sea level, and on the
floor of the sea.

In the following discussion of the individual formations of the
Guadalupe series, only the Capitan limestone and its back-reef equiv-
alents are considered. The equivalents in the Delaware basin in
Winkler County are not known to yield water and are not here
discussed.

CAPITAN LIMESTONE

The Capitan limestone, 1,500—2,000 feet thick (Newell and others,
1953, p. 105), is late Guadalupe in age. The sediments, originally
deposited as a reef, consist of limestone, dolomite, and talus charac-
teristic of reefs. Adams and Frenzel (1950, p. 295, fig. 1) show the
Capitan as a north-south-trending belt of rocks approximately 6 miles
wide near the center of the west half of Winkler County. The Capitan
is found at depths greater than 2,000 feet throughout its extent in
the county; it interfingers with rocks of the Whitehorse group to
the east.
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There is no known production of water from the Capitan limestone
in Winkler County. However, the Capitan yields about 1,000 gpm of
moderately saline water to an irrigation well in Pecos County, and
possibly it would yield similar supplies in Winkler County.

WHITEHORSE GROUP

The five formations of the Whitehorse group—the Grayburg, Queen,
Seven Rivers, Yates, and Tansill—are back-reef equivalents of the
Capitan reef sediments. Along the west side of the central basin
platform, the Whitehorse is predominantly dolomite interbedded with
sand and some anhydrite and salt, the proportion of anhydrite and
salt increasing to the east.

Grayburg formation

The Grayburg formation (Dickey, 1940, p. 44-47), about 300 feet
thick in Winkler County, is the lowest formation of the Whitehorse
group. It consists of dolomite and sandy dolomite interbedded with
red and gray sandstone; some anhydrite is present locally. The depth
to the Grayburg ranges from about 3,200 to 4,000 feet in Winkler
County.

The Grayburg yields large quantities of moderately saline water,
which is used for waterflooding at Goldsmith in Ector County.
Queen formation

The Queen formation (Lang, 1937, p. 856-859; King, 1942, p. 705,
707), about 400 feet thick in Winkler County, overlies the Grayburg
formation. It consists of red and gray sandstone interbedded with
dolomite and some anhydrite and salt. The Queen is found at depths
ranging from about 2,800 to 3,600 feet in the county.

The Queen formation is not known to yield water to wells in Wink-
ler County.

Seven Rivers formation

The Seven Rivers formation (Lang, 1937, p. 856-860), about 550
feet thick in Winkler County, overlies the Queen formation. The
Seven Rivers consists of anhydrite and some red sandstone, shale, and
dolomite. Toward the reef the dolomite content of the formation in-
creases as the anhydrite content decreases. The depth to the Seven
Rivers in Winkler County ranges from about 2,500 to 3,000 feet.

Large quantities of moderately saline water are produced with the
oil from this formation, and some of it is used for waterflooding.
Yates sandstone

The Yates sandstone was named by Cartwright and Adams
(Gester and Hawley, 1929, p. 487) from the type locality in the Yates
oil field in Pecos County. It isabout 300 feet thick in Winkler County
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and overlies the Seven Rivers formation. The Yates consists of gray
and red sandstone having scattered large frosted quartz grains, a few
thin beds of dolomite, and beds of red and gray shale. The depth to
the Yates in Winkler County ranges from about 2,300 to 2,800 feet.

The Yates yields small quantities of brine in conjunction with oil
production in the county.
Tansill formation

The Tansill formation (DeFord and Riggs, 1941), about 200 feet
thick in Winkler County, overlies the Yates sandstone and is the top
formation in the Whitehorse group. The rocks are predominantly
dolomite near the reef, grading away from the reef into anhydrite
and to anhydrite and salt. The Tansill is found at depths ranging
from about 2,100 to 2,700 feet in the county.

The Tansill formation is not known to yield water to wells in

Winkler County.
OCHOA SERIES

Throughout Permian time a deep embayment linked the broad
shallow seas of the Permian basin with the ocean to the south. In
the Capitan stage a continuous barrier reef separated the deep sea-
ward waters from the shallow back-reef lagoons. At the close of
Capitan deposition the lagoonal sea expanded when the Delaware
basin was uplifted and tilted slightly eastward. The first deposits
in the expanded lagoon were anhydrite, and these were followed by a
thick section of salt interbedded in places with potash salts and other
late-stage evaporites. The Dewey Lake redbeds, the last in the Ochoa
series, mark the end of marine deposition in the Permian basin.

CASTILE FORMATION

The Castile formation, about 1,700 feet thick in Winkler County
(Lang, 1937, p. 876), is the bottom formation of the Ochoa series. The
evaporites of the Castile formation filled the basin in front of the
previously deposited Capitan reef sediments, The Castile is not pres-
ent on the central basin platform. The evaporites consist largely of
calcareous anhydrite and some fairly widespread salt beds. The
Castile is found at depths greater than 3,000 feet in Winkler County.

The Castile formation is not known to yield water in the county.

SALADO FORMATION

The Salado formation (Lang, 1935, p. 262-270), about 400-2,000
feet thick in Winkler County, overlies the Castile formation in the
Delaware basin and the Tansill formation on the central basin plat-
form. The Salado is thinnest where it underlies the slumpage trough
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of west-central Winkler County. The difference in thickness is due
principally to the removal of salts by subsurface solution (Maley and
Huffington, 1953, p. 543). The Salado in the Delaware basin was
truncated and overlapped by the Rustler formation. The upper salt
beds extend northeastward from the reef rim of the Delaware basin
across most of the central basin platform.

The Salado formation differs from the Castile formation in that it
is composed mostly of salt (halite) and a subordinate amount of
anhydrite. Another important difference is the presence in the Salado,
of potash minerals such as sylvite and orange polyhalite, instead of
calcite as in the Castile. The Salado has small amounts of dolomite
and magnesite. The depth to the Salado in Winkler County ranges
from 1,100 to about 2,300 feet.

The formation is not known to yield water in the county.

RUSTLER FORMATION

Deposition of the Rustler formation (Richardson, 1904, p. 44) was
preceded by a period of uplift and erosion. The Rustler, 300-500 feet
thick in Winkler County, unconformably overlies the Salado for-
mation. It consists largely of dolomite and anhydrite and has a basal
zone of sand, conglomerate, and variegated shale. Locally the Rustler
contains minor amounts of salt, and in places limestone replaces the
dolomite. The dolomite and limestone contain many of the openings
known as vugs, and cavernous conditions are reported in many places.
The altitude of the top of the Rustler is shown in plate 5.

Production of water from the Rustler is sporadic, owing to the
irregular occurrence of cavernous openings; however, yields up to
800 gpm have been reported. Most wells drilled into or through the
Rustler in Winkler County yield artesian water. The water is either
highly saline or briny and is used for waterflooding.

DEWEY LAKE REDBEDS

The Dewey Lake redbeds (Page and Adams, 1940, p. 62-63), 230~
580 feet thick in Winkler County, is the youngest formation of the
Ochoa series. The individual beds are uniformly thin and consist of
siltstone cemented with gypsum and calcite. The contact between
the red beds and the underlying Rustler formation is easily distin-
guished by the change in lithology between the red beds and the anhy-
drite member of the Rustler. On most radioactivity logs the top of
the Dewey Lake is marked by a distinct zone, generally 10-20 feet
thick, of decreased natural radioactivity as measured by the gamma-
ray curve. In electric logs the same zone is outlined by the self-
potential curve, which is sharply depressed opposite the zone. (See



GEOLOGIC FORMATIONS AND THEIR WATER-BEARING PROPERTIES 19

wells H-34 and H-41, pl. 3.) The zone is considered to be the “zone
of bleaching” noted by Page and Adams (p. 62). The Dewey Lake
is found in the county at depths ranging from 250 to about 1,650 feet.
The Dewey Lake redbeds is not known to yield water to wells in
Winkler County.
MESOZOIC ERA

TRIASSIC SYSTEM
DOCKUM GROUP

The Dockum group is exposed in scattered small outcrops in the
southern High Plains and the Pecos River valley. The group has
been divided into three formations: the lower red shale, siltstone, and
very fine grained sandstone called the Tecovas formation ; the middle
reddish-brown and gray sandstone called the Santa Rosa sandstone;
and the upper brick-red to maroon and purple shale with thin beds of
fine red or gray sandstone and siltstone called the Chinle formation
equivalent.

The Dockum group is almost the exact equivalent of the Chinle
formation of the Colorado Plateau region (Reeside and others, 1957,
p. 1476). However, local usage has included only the upper part of
the Dockum group as equivalent to the Chinle formation of the type
area. The term Chinle formation equivalent will be used in this
report.

TECOVAS FORMATION

The Tecovas formation, ranging from 0 to 270 feet in thickness in
Winkler County, is the bottom formation of the Dockum group. The
Tecovas, laid down on an erosional surface in the Dewey Lake red-
beds, consists of red shale, silt, and very fine grained sandstone grading
into the overlying Santa Rosa sandstone. The Tecovas is readily dis-
tinguished in radioactivity logs by its high degree of natural radio-
activity as measured by the gamma-ray curve. In electric logs it is
distinguished by a higher self-potential than that of either the top
zone of the underlying Dewey Lake redbeds or of the overlying Santa
Rosa sandstone. (See wells H-34 and H-41, pl. 8.) The Tecovas is
present in most places in Winkler County; however, in a small area
southwest of Wink it has been removed, apparently by erosion (well
F-31, pl. 3). The Tecovas is found at depths ranging from about
100 to 1,450 feet in the county.

The Tecovas formation is not known to yield water to wells in
Winkler County.

SANTA ROSA SANDSTONE

The Santa Rosa sandstone, 200-350 feet thick where the full section
is present in Winkler County, overlies the Tecovas formation and
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underlies the Chinle formation equivalent, or the Cenozoic alluvium
where that unit is absent. A full or partial section of Santa Rosa
sandstone is present everywhere in the county except in the area south-
west of Wink, where the entire Triassic section has been removed by
erosion (well F-31, pl. 3). Plate 6 shows the altitude of the base of
the Santa Rosa throughout the county.

The Santa Rosa sandstone consists of reddish-brown and gray
medium- to coarse-grained, subangular arkesic, micaceous, and con-
glomeratic sandstone cemented with calcite and some silica. The
sandstone is typically crossbedded and is interbedded with soft red
and green shale and siltstone.

The Santa Rosa sandstone is the principal fresh-water aquifer in
the county. The occurrence of ground water in the Santa Rosa and
associated alluvial deposits is discussed in detail on pages 22-23.

OHINLE FORMATION EQUIVALENT

The Chinle formation equivalent, ranging in thickness from 0 to
about 1,000 feet in Winkler County, is the top formation of the
Dockum group. It conformably overlies the Santa Rosa sandstone and
unconformably underlies Cretaceous and Cenozoic rocks. The Chinle
formation equivalent crops out in a very narrow band near Concho
Bluff; however, owing to the small extent of the outcrop, it is not
shown on the geologic map. The formation is present in the sub-
surface of the eastern part of the county and much of the northern
part, but owing to erosion it is absent in the southwestern part of the
county and on the structural high in the west-central part (pls. 2,4, 8).

The Chinle formation equivalent consists of brick-red to maroon
and purple shale and thin beds of fine red or gray sandstone and silt-
stone. Green and gray mottling and yellow streaks are common in
the shale. The beds of sandstone are of a finer texture than those
of the underlying Santa Rosa. Locally, limestone beds several feet.
thick are found in the formation.

The Chinle formation equivalent is not known to yield water to
wells in Winkler County.

CRETACEOUS SYSTEM
TRINITY GROUP

The Trinity group, which has a maximum thickness of about 100
feet where it crops out to form the base of Concho Bluff in northeastern
Winkler County, unconformably overlies the Chinle formation equiv-
alent. The Trinity consists of sandstone, siltstone, conglomerate, and
gravel cemented with carbonate minerals. In a few places silica-
cemented zones are found.



GEOLOQGIC FORMATIONS AND THEIR WATER-BEARING PROPERTIES 21

Although the Trinity group is the principal source of water in
neighboring Ector County, it yields only small quantities of water
of good chemical quality to a few wells in the extreme northeastern
part of Winkler County. Most of the beds of the Trinity group lie
above the water table in the county.

FREDERICKSBURG GROUP

The Fredericksburg group, 0-50 feet thick, overlies the Trinity
group in northeastern Winkler County. The Fredericksburg consists
of gray to cream and brown hard to earthy fossiliferous and sandy
marine limestone. Solution cavities, some of which may be seen in
the face of Concho Bluff, are common in the limestone.

Like most of the Trinity group, the rocks of the Fredericksburg
group are not water bearing in Winkler County.

CENOZOIC ERA
TERTIARY AND QUATERNARY SYSTEMS
CENOZOIC ALLUVIUM

The Cenozoic alluvium unconformably overlies rocks of Permian,
Triassic, and Cretaceous ages in Winkler County. The thickest allu-
vial sediments were deposited in the slumpage trough on the eroded
surface of the rocks of Triassic age. The final establishment of the
erosional surface took place in Cenozoic time prior to and during the
deposition of the alluvium.

The alluvium consists of unconsolidated sand, silt, gravel, clay, and
caliche and has an average thickness of about 100 feet except in the
trough, where it has a maximum thickness of 1,050 feet. Thin beds
of gravel are reported in the alluvium in the central basin platform,
whereas in the slumpage trough in west-central Winkler County indi-
vidual gravel beds have been found to be as much as 90 feet thick.
Clay beds as much as 200 feet thick also occur in the deep alluvium.

The lower part of the alluvium is similar in color to the underlying
Triassic and Permian red beds and is difficult to distinguish on the
basis of color; however, the two may be distinguished readily by
differences in radioactivity. Except where the Cenozoic rocks are in
contact with the Santa Rosa sandstone, their radioactivity as meas-
ured by the gamma-ray curve of radioactivity logs is much less than
that of the underlying Triassic and Permian rocks (wells D-10, E-14,
and E-5, pl. 2). Where the Cenozoic and Santa Rosa are in contact,
the drillers’ logs generally are the best means of determining the
contact.

The occurrence of water in the Cenozoic alluvium is discussed in
detail on pages 22-23.
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QUATERNARY SYSTEM
SAND DUNES

A belt of sand dunes 8-15 miles wide extends southeastward through
the eastern part of Winkler County (pl. 1). A part of the belt (24
miles wide) consists of high shifting dunes, making up an area almost
entirely devoid of vegetation. The remainder of the dunes are cap-
tured and support sparse vegetation. The dune sand ranges in
thickness from 0 to about 250 feet, the thickness being greatest in the
area of the high dunes.

Although the dune sand yields small quantities of water of good
quality to pits and a few wells, its chief importance is as an excellent
recharge facility to the underlying formations.

GROUND WATER
SOURCE AND OCCURRENCE

The principal fresh-water aquifers underlying Winkler County are
the saturated zones in the Santa Rosa sandstone and the Cenozoic allu-
vium. They are part of extensive aquifers underlying a large area in
west, Texas and eastern New Mexico. The source of all fresh water to
the aquifers is precipitation, part of the water being derived from
precipitation within the county and part from areas to the north and
northeast. The Santa Rosa obtains its water principally from water
percolating through the Cenozoic deposits where the two formations
are in contact ; the base of the Santa Rosa is the lowest limit of fresh
water in the county. The source of water to the older saline water-
bearing formations, in addition to that entrapped at the time of their
deposition, is underflow into the county from their outcrop areas and
leakage from overlying formations.

The Santa Rosa sandstone and Cenozoic alluvium are separate
aquifers where the relatively impermeable material of the Chinle for-
mation equivalent is present between them. The Chinle formation
equivalent confines water in the Santa Rosa under artesian pressure,
whereas water in the Cenozoic alluvium is unconfined and occurs under
water-table conditions. Where the Chinle formation equivalent is
absent the Santa Rosa and alluvium are in contact, forming a single
unconfined aquifer.

The Santa Rosa sandstone is the most extensive of the two aquifers
and has no lateral boundaries in Winkler County. The Cenozoic
alluvium extends into New Mexico and adjoining counties, but as an
aquifer it is discontinuous in areas where it is not water bearing, and it
is missing where older formations crop out (pl. 1).
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Water fills the pore spaces of the granular material of the aquifers.
The porosity is the proportion of pore space to the total volume of
material and is independent of grain or pore size. Thus, a unit volume
of clay or silt may contain as much water as, or more water than, a
unit volume of sand or gravel. The ability of the aquifers to transmit
water is called “permeability” and is largely a function of the pore
size—the larger the pore spaces the more readily the material will
transmit water. The Santa Rosa generally stores less water and is less
permeable than the unconsolidated materials of the Cenozoic alluvium,
because it is more compact and cementing material fills some of the
pore space. However, in some places the Santa Rosa has been fractured
and large openings have been created, which locally may make the
aquifier more permeable than the coarsest material in the Cenozoic
alluvium.

The occurrence of water in the older, saline-water-bearing forma-
tions is discussed in this report only as it pertains to the pollution of
the fresh-water aquifers.

MOVEMENT OF GROUND WATER

Plate 8 shows by contours the configuration of the water table in the
Cenozoic alluvium in Winkler County in 1956. Insufficient data are
available to contour the piezometric surface of the water in the Santa
Rosa, but the altitudes of water levels in a few wells in the Santa Rosa
are shown.

The configuration of the water table is related to the direction of
ground-water movement but is also a reflection of such things as differ-
ences in recharge rates and transmitting properties of the aquifer, of
discharge areas, and of irregularities of the underlying confining beds.
Hydrologic data indicate that ground water in Winkler County
probably moves as follows: A relatively small amount of water moves
into the county from the northeast. Recharge from the land surface
increases the quantity as flow continues southwestward, the natural
recharge being greatest in the sand-dune area in the eastern part of
the county. The flow through the Cenozoic alluvium is decreased in
an area north-northeast of Kermit, where a part of the water moves
downward from the Cenozoic into the underlying Santa Rosa, form-
ing the chief means of recharge of that formation in the report area.
In the vicinity of Kermit, withdrawals from industrial and public-
supply wells also tend to decrease the flow through the Cenozoic
alluvium. A few miles west of Kermit the flow tends to be increased
substantially by recharge from industrial wastes. Underflow from
this area, where the contours on plate 8 are widely spaced, appears to
be divided principally into two components—one toward the thick



24 GEOLOGY AND GROUND WATER, WINKLER COUNTY, TEX.

deposits in the structural trough to the west, the other southward to
the county line in the area east of the trough. The alluvium at the
east edge of the county is not water bearing; consequently, the water
moving into the trough is presumed to move southward through the
trough.

The altitudes of water levels in wells tapping the Santa Rosa (pl. 8)
in the area north-northeast of Kermit are higher than those in sur-
rounding areas in the county east of the structural trough. Thus,
water in the Santa Rosa appears to. move in all directions away from
the area where it enters the formation from the overlying Cenozoic
alluvium.

Water from the Santa Rosa sandstone generally is more mineralized
in the far northern and eastern parts of the county than in the central
and southern areas. The higher mineralization suggests that the
movement of water toward the east and north is very slow compared
to movement toward and south of Kermit, where the quality of the
water in the Santa Rosa sandstone is similar to that of the fresh
water in the alluvium. The chemical quality of the water and its
relative rate of movement in the Santa Rosa sandstone in the rest
of the county, east of the structural trough, is unknown.

West of the trough the altitudes of water levels in wells in the Santa
Rosa suggest that water moves into the trough and southeastward
along it. Water west of the trough is of good quality.

RECHARGE
NATURAL RECHARGE

Most of the precipitation in Winkler County is evaporated or con-
sumed by plants; only a small part recharges the aquifers. The aquifer
is substantially recharged only when intense storms of long duration or
of frequent occurrence moisten the soil enough that deep percolation
takes place. However, such climatic conditions are infrequent.

The area most favorable for recharge is a belt of sand dunes
8-15 miles wide extending northwestward across the eastern part of
the county (pl. 1). The thickness and permeability of the material
in this area are such as to permit much of the water to percolate rapidly
past the zone—the soil and shallow subsoil—from which water is
discharged by evaporation and transpiration. Elsewhere in the
county the sandy mantle absorbs water rapidly, but it may be under-
lain at shallow depths by finer material, which retards downward
percolation. A determination of the amount of natural recharge in
Winkler County is beyond the scope of this investigation.
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ARTIFICIAL RECHARGE

In parts of the county, the Cenozoic alluvium is—and for some
time has been—recharged at a substantial rate by oil-field waste water.
The area most heavily recharged is about 414 miles west-southwest
of Kermit. Although the nature of the surface material does not
make this area more favorable for recharge from precipitation than
other areas in the county, plate 8 shows that the water table is
mounded beneath the area. Waste water leaking from earthen dis-
posal pits for many years appears to be the cause of the greater rate
of recharge. Many pits, generally near the separators that gather
fluid from producing oil wells in the Hendrick oil field, are the recep-
tacles for the waste water. Ideally they lose water only by evapora-
tion, but evaporation losses are retarded by the film of oil that floats
on the surface of the water, and much of the water is lost by seepage
through the bottoms and sides of the pits. Other areas in the county
where oil is produced also are recharged with waste water, but to a
lesser extent than in the Hendrick field. Further evidenec of recharge
from industrial wastes is discussed on pages 44—49.

Generally, oil-well waste water is highly mineralized, and the
amount of evaporation that does take place increases the concentra-
tion. Thus, recharge from this source pollutes the fresh water aqui-
fer. The amounts and chemical quality of the produced waste water
and its effect on the chemical quality of ground water are discussed
on page 44.

The amount of artificial recharge from other sources, such as irriga-
tion waste water and sewage, is not known but is probably small.

DISCHARGE

Ground water is discharged at the land surface in Winkler County
through wells, and by evapotranspiration where the water table is
close to the land surface. Underflow from the county southward ulti-
mately is discharged in the Pecos River valley. There is no spring
flow or effluent seepage to streams in the county.

In 1956, water wells discharged about 8 mgd of fresh water and
about 3 mgd of saline water. More than half the fresh water and
nearly all the saline water is pumped by the oil industry. In addi-
tion to the production from water wells, more than 20 mgd of saline
water was produced with the oil from oil wells in 1956.

The fresh water is derived from both the Cenozoic alluvium and the
Santa Rosa sandstone; the saline water is derived from many older
formations, but principally those producing appreciable quantities of
oil. A more detailed summary of withdrawals from wells by use and
by location is included in following sections of this report.
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The principal area of natural ground-water discharge is on the
southwest side of the sand dunes, along the base where the water table
is very close to the land surface. Large but undetermined quantities
of water are evaporated from the soil and transpired by the vegetation,
which is much denser here than elsewhere in the county. Ground water
is discharged by evapotranspiration also in a few other scattered areas
in the county where the water table is close to the land surface. The
areas were not mapped nor was the quantity of discharge from them
determined.

The concentration of withdrawals from wells in Kermit and the
industrial area north-northwest of the city has noticeably depressed
the water table in the Cenozoic alluvium. (See pl. 8.) Water moves
laterally toward the pumped wells, and cone-shaped depressions ‘are
formed in the water table in the centers of withdrawal. The quantity
of water pumped is directly related to the volume of the cones because
practically all of it is derived from storage. The cones will continue
to enlarge until they intercept an area where the recharge can be in-
creased or the natural discharge can be decreased enough to equal the
rate of pumping. This balanced condition is unlikly to occur within
the foreseeable future, because of the slow rate of development of the
cones and the remoteness of areas where enough water can be inter-
cepted. Thus, water will continue to be withdrawn principally from
storage except as it is replaced by oil-field waste water.

STORAGE OF FRESH WATER

Some tens of millions of acre-feet of fresh water is stored in the
Cenozoic alluvium and Santa Rosa sandstone beneath Winkler County.
Parts of the formations are unexplored, and accurate estimates of the
quantity of water in them cannot be made with present data. However,
the explored part of the aquifers contains about 20 million acre-feet.
The deep alluvium and Santa Rosa sandstone in the structural trough
form the largest unexplored part of the aquifers; the deposits of the
Santa Rosa in the eastern third of the county also are unexplored.
Part of the unexplored rocks may contain saline water, but a sub-
stantial part probably contains fresh water.

It is impractical to recover all the ground water in storage. The
amount that will drain from the deposits by gravity may be as little
as 50 percent of the total quantity, and the amount economically
recoverable from wells may be only one-half to two-thirds of that
amount. Thus, the quantity of water available for development from
the explored rocks is probably about 5 to 7 million acre-feet.
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UTILIZATION

Before the discovery of oil in 1926, fresh-water pits in the sand-dune
area and shallow windmill wells scattered throughout the county sup-
plied water to the population of less than 100 and to the stock on the
extensive ranches. More and deeper wells were drilled to meet the
demand for more water as the oil industry grew and the population
increased. By 1956 most of the water was pumped from deep wells
equipped with electrically powered turbine pumps. The following
table shows the range in yields of wells and the estimated withdrawal
of fresh water by use in Winkler County in 1956.

Yields of wells and withdrawal of fresh water in 1956, Winkler County, Tex.

Pumpage (mgd)
Num- T ———
ber of Yield per Aver- Total
Use wells well (gpm) age
Public supply:
Kermit. e m 9 160-400 1.67
Wink ... ———- 2 100-300 .08
Oilfield camps - 29 30-180 .18
£ 414 o) S U S 2 ceiiieon .07
—_—— 2.00
Industrial:
Gasoline and other plants___ . icccciieaias 77 30-300 1.82
Waterfliooding . iieaa- 61  30-200 2.98 480
Irrigation:
Includes parks and golf course_ .o 7 100-1,200 1.06 L06
Stock and domestic. .o iicici accccn cmmeeeeeee .31 31
Total (rounded). .o oo oeo oo oot mm e mmmmmmmmeme - 8.2

thl Waterflooding is the process of injecting water into oil-bearing formations to facilitate the recovery of
e oil,

PUBLIC SUPPLIES
CITY OF KERMIT

In 1941 the city of Kermit assumed control of the municipal water
system, which was formerly operated by the Community Public
Service Co. The system at that time was supplied from two wells that
tapped the Cenozoic alluvium. Well D279, a well in the Santa Rosa
sandstone, was incorporated into the system late in 1941.

In 1956 the city was using six wells that tapped both the alluvium
and the Santa Rosa sandstone; the wells yielded 200-300 gpm each.
All the wells are about 300 feet deep. In most of them the upper section
of the saturated alluvium is cased off, because it contains large amounts
of loose fine sand.

The wells that tapped only the Santa Rosa sandstone ranged in yield
from 160-400 gpm in 1956. Well D-291, which was drilled 570 feet
deep in the Santa Rosa sandstone by the city in 1957, yields about
400 gpm. Two other wells in the Santa Rosa (D-277 and D-299)
drilled in 1957 were the most successful in the county, yielding on test

634592 O-62—3
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1,200 and 1,875 gpm, respectively. Permanent pumps for the wells
are designed to yield about 750 gpm.

In 1957 the capacity of the city’s ground and overhead water-storage
reservoirs was 1,655,000 and 150,000 gallons, respectively.

Figure 6 shows the increase in pumpage from the municipal wells

60

40
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[

1943

100,

MILLIONS OF GALLONS

FicURE 6.—Monthly pumpage from municipal wells in Kermit, Winkler County, Tex.,
1943-56.

from 1943 through 1956. The large increase in withdrawals during
the summer months is due chiefly to lawn irrigation and to cooling.
The annual pumpage increased from 71 million gallons in 1943 to
about 610 million gallons in 1956.

CITY OF WINK

From 1930 to 1953 the city of Wink had three wells that tapped the
alluvium for its municipal water supply. The wells, 165-250 feet deep,
yielded 30-210 gpm. Well G-109, the last of these wells to be used,
was abandoned in April 1957 because of an increase in the mineraliza-
tion of the water.

After April 1957 all the water for the city of Wink was supplied by
wells G-110 and G-111, drilled in 1953. Both wells, 240 feet deep, are
cased with 16-inch pipe to about 180 feet and uncased below that depth.
Well G-110 yields about 300 gpm, whereas well G-111 yields only
about 180 gpm with a drawdown of about 80 feet after pumping
2 hours.

In 1956 the total capacity of the overhead and ground-storage reser-
voirs was about 96,000 gallons. In 1957 the city installed another
ground-storage tank having a capacity of 420,000 gallons.
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The water system of the city of Wink had about 450 customers in
1956, and the pumpage for the year was about 30 million gallons.

OIL-FIELD CAMPS

Twelve large camps have been built in Winkler County for the
families of oil-company personnel. Each camp has from 5 to 43
houses and its own water wells and distribution system. Smaller
camps, serving as field offices and having housing facilities for em-
ployees, also have their own water wells and distribution systems.
The combined withdrawal by the 12 major camps in Winkler
County averaged about 180,000 gpd in 1956.

Of the 12 large camps, 9 are in the industrial area north-northwest
of Kermit (grid D, pl.1). Of the 24 wells, 18 serving the camps draw
water from the Cenozoic alluvium, 2 draw water from the Santa Rosa
sandstone, and 9 draw water from both aquifers. The wells yield
30-180 gpm and range in depth from 156 to 600 feet. The pumpage in
1956 for the 9 camps was about 53 million gallons of water—an average
of about 145,000 gpd.

Of the 3 other camps at or in the vicinity of Wink, the camp at
Wink has a field office and about 25 houses to which water is supplied
from 2 wells that tap the alluvium, and a large camp 2 miles west-
southwest of Kermit and another camp 5 miles east of Wink
are supplied by 8 wells tapping both the alluvium and the Santa Rosa
sandstone. About 12 million gallons of water was used by the 3

camps in 1956.
INDUSTRIAL SUPPLIES

Industry used more than half the fresh water pumped in Winkler
County in 1956 and all the saline water. Most of the fresh water and
all the saline water was used for waterflooding in connection with
secondary-recovery projects in oil fields. The secondary-recovery
projects used about as much saline water as fresh water in 1956.

INDUSTRIAL PLANTS

In Winkler County, plants were engaged in the extraction of gaso-
line from natural gas in 1956, of which 2 are about 314 miles north-
northwest of Kermit; 1 is about 6 miles north-northeast, and the
other is about 414 miles south. The combined rate of ground-water
withdrawal by these plants in 1956 averaged about 660,000 gpd from
17 wells, 7 of which tap the Cenozoic alluvium and 10 the Santa Rosa
sandstone. The wells range in depth from 110 to 275 feet and yield
30-300 gpm. Some have reciprocating cylinder pumps powered either
by internal-combustion engines or by small electric motors, but most
of the wells are equipped with turbine pumps powered by electricity.
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A carbon-black plant about 4 miles north of Kermit used about
400,000 gpd in 1956 from 2 wells that tapped the alluvium (D-136
and D-137). Pipeline and compressor plants used an average of about
480,000 gpd. The 9 largest pipeline and compressor plants are scat-
tered throughout areas D and G, shown on plate 1; the 2 largest plants
are in the northern half of area D. In 1956 the 9 largest plants oper-
ated 17 water wells, most of which had turbine pumps powered by
electric motors. Of the 17 wells, 8 tap the Cenozoic alluvium, 2 tap
the Santa Rosa sandstone, and 7 tap both aquifers. The wells range
in depth from 120 to 600 feet and yield 30-185 gpm.

WATERFLOOD PROJECTS

Waterflooding, one of the methods used in the secondary recovery
of oil, involves injecting water under pressure through strategically
spaced wells that tap the oil zone. The injected water raises the pres-
sure head in the reservoir and displaces the oil, pushing it as a “front”
or “bank” toward the oil-producing wells. Waterflooding projects
were started in Winkler County in 1943, and only fresh water was used
until 1952. By the end of 1950, 5 oil operators were using the process;
in 1956, 17 operators were using it. One of them reports that a water-
flooding project may last 9 or 10 years; others report that their projects
may last longer.

Some of the operators consider waterflooding in Winkler County
an economically successful venture; others are unsure and wish first
to evaluate the results. Figure 7 shows that the use of fresh water for
flooding has increased steadily since 1943. The use of highly saline
water (10,000-35,000 ppm of dissolved solids) has remained relatively
constant since 1953; moderately saline water (3,000-10,000 ppm of
dissolved solids) was not used in appreciable quantities until 1956.
Some of the oil operators report that, although their waterflooding
programs will increase in scope, their use of fresh water will decrease
because they plan to recycle the saline water that is produced with the
oil. Table 3 shows that large quantities of saline water are available
from oil wells.

FRESH WATER

About 3,340 acre-feet, or more than 1 billion gallons, of fresh water
was used in waterflooding projects in Winkler County in 1956, making
this industry the largest single consumer of fresh water. In 1956, 61
fresh-water wells were used as supply wells for waterflooding: 81 tap
the Cenozoic alluvium, 5 tap the Santa Rosa sandstone, and 25 tap both
aquifers. All the wells have turbine pumps powered by electric
motors. Some wells are about 100 feet deep, but most are between 200
and 500 feet deep. Of the wells, 46 are in area D, 12 are in the northern
half of area G, and 3 are in the western half of area C. (See pl. 1.)
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TABLE 3.—Quantity of water produced with oil in Winkler County, Tex., 1957

[Data from operating companies]

Number Water diverted to

Field name of well of wells in  disposal pits (gal-
production ons per day)

Block 20 (Delaware sand) . - _ . . o ____ 3 2, 650
Cirele 2 (Fusselman)________________________________ 2 5, 630
East Jasper (Mississippian)._ - ___ . _ .. _______ ? 210
Baves_ - . 10 49, 000
Emperor . 199 72, 800
Emperior (deep)__.__ ... 60 4, 830
Emperor (Holt) . - _ . _ .. 46 12, 100
Flying “W’ oL 4 7, 600
Halley . . _ . 65 4, 840
Halley (Devonian) ... ___.___ 5 24, 500
Halley (Ellenburger) . ______________________________ 2 5, 370
Halley (Glorieta) . __ . _______.____ - ? 1,770
Halley (Montoya) 4 20, 900
Henderson__._____________ 37 1, 520, 000
Hendriek. ... 255 14, 500, 000
Kermit_ ___ . 762 1, 100, 000
Kermit (Ellenburger) . _ . _____. 9 630
Kermit (Fusselman)__ . __ . __________________________ 2 6, 340
Kermit, South (Ellenburger)._.______ . _________.___.__ 3 2, 230
Keystone (Colby sand)___ ... _________________.______ 436 108, 000
Keystone (Devonian) . _________ . __________ 84 3, 280
Keystone (Ellenburger) . - _ .. ________________________ 128 207, 000
Keystone (Holt) . ________________ .. 109 24, 300
Keystone (Lime) - - .. .. 117 60, 300
Keystone (MeKee) - - - . oo ? 504
Keystone (Silurian).________________________________ 48 36, 400
Keystone, South____________________________________ 14 4, 370
LeCk e 18 141, 000
Monahans, North_ _________________________________ 7 1, 070
Monahans, North (Devonian) ___________ ... _._-___ 5 232
Monahans, North (Ellenburger) . _______________.__ 4 2, 500
Monahans, North (Glorieta) . .. .. _ . ____________ 3 2, 450
Monahans, North (Waddell) .. _ . _ . _________ 1 581
Searborough _ _ _ ... - 117 19, 400
Searborough, North__.____ .. _____ 2 88
TXL (San Andres) - _ _ _____ oo~ ? 252
Ward-Estes, North_ _ _ _______ .. ? 2, 310
Weiner (Colby sand) - ___ . _ .. 64 14, 800
Wheeler (Devonian) _ _ . __ .. __ . __________.______ 35 16, 000
Wheeler (Ellenburger) - _ _ _ _________________.________ 29 153, 000
Wheeler S%ilurian) __________________________________ 8 746
Wheeler, Northwest (Ellenburger) _ . _________.________ 1 9, 500
Wight Ranch (Clear Fork) ______ oo . 2 1, 680
Wight Ranch (Ellenburger)__________ .. ___________ 1 7, 460
Totals (rounded) . . __ ... 2,700 18, 000, 000

SALINE WATER

In 1952 several oil operators started using saline water for
waterflooding. The water is treated before it is injected, to inhibit
corrosion. Some operators use moderately saline water from the oil
strata in the Seven Rivers and Grayburg formations; others use water
from the Rustler formation. Most of the water from the Rustler for-
mation used for waterflooding in 1956 was highly saline, some was
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moderately saline, and a small part was considered a brine, having
more than 35,000 ppm of dissolved solids.

Some test wells drilled to the Rustler formation have produced no
water; others have produced as much as 800 gpm. The variation in
yield from place to place results from the irregular occurrence of
cavernous openings in the limestone formation. Six wells, 1,000-1,300
feet deep, in area D (pl. 1) produce water from the Rustler formation
for waterflooding.

One oil company drilled wells G-9, G-37, G40, G-41, and G-42
into the Grayburg formation in Winkler County, for waterflooding
at Goldsmith in Ector County. The wells average about 3,550 feet
in depth and are equipped with deep-well turbine pumps powered
by electric motors. The water is piped from these wells in Winkler
County about 30 miles to Goldsmith, where approximately 1 mgd
was used for waterflooding in 1956. The same company also used
more than 1 mgd for waterflooding in Winkler County in 1956.
This supply came from several oil wells in the Hendrick field, which
produce large amounts of water from the Seven Rivers formation.

OTHER INDUSTRIAL USES

Other industrial uses of fresh water include (a) water to make
drilling fluid for the drilling of oil wells by the rotary method; (b)
water to flush out underground salt deposits for storage of liquefied
petroleum gases; (c) water to seal wooden tanks for storage of crude
oil.

During 1956 several counts were made of the number of rotary
drilling rigs in operation. The number ranged from about 30 to 40.
Generally a water well is drilled close to the oil test, but in a few
places several rigs are served from one well through a common dis-
tribution system. One driller estimated his daily use of water per
well to be between 1,500 and 2,500 gallons. Some of the water wells
have been abandoned because oil tests were unsuccessful, or because
drilling was terminated when the field was fully developed; but most
of the wells have been placed on “standby” to be used when drilling
is resumed.

One oil operator uses water to flush salt from the ground to create
storage space for liquefied gas. It was estimated that more than 30
million gallons of fresh water was used for this purpose in 1956.

Wooden oil-storage tanks are still used in Winkler County. Several
oil operators use fresh water to expand the wood in order to keep
the tanks leakproof.

IRRIGATION SUPPLIES

Irrigation in Winkler County is still in the experimental stage. In

most of the county the root zone is deep and the soil has a low
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moisture-holding capacity, moderate to low fertility, a high sus-
ceptibility to wind erosion, and a high water-intake rate, owing to its
coarse texture (Soil Conserv. Service, 1953, p. 5). Because of the
excellent subsurface drainage in most places, highly mineralized water
may be used for irrigation with little danger of salts accumulating in
the soils. Some farmers in the area report that they are able to use
water having 1,000-2,000 ppm of dissolved solids.

Of four wells used to irrigate feed crops and vegetables in Winkler
County in 1956, three (G-161, G-162, and G-163) tap the deep
Cenozoic alluvium about 5 miles south of Wink, apparently producing
enough water of suitable quality for irrigation of a few hundred acres
of land. In 1956 the wells produced nearly 1,000 acre-feet of water.
Well D-261, which taps the Santa Rosa sandstone near Kermit, yields
considerably less water; it is used to irrigate 1 acre of feed crops and
vegetables.

Wells F-8 and C-52 irrigate the Winkler County golf course and
G298 irrigates the Winkler County park, in the eastern part of
Kermit. About 38 million gallons of water was used from these wells
in 1956. The total use of water for irrigation in 1956 averaged onlv

about 1 mgd.
STOCK AND DOMESTIC SUPPLIES

Most of the stock and domestic wells in Winkler County are equipped
with windmills; the rest are equipped with pumps powered by
electricity or gasoline.

Some of the wells are as much as 1,200 feet deep, but most are less
than 300 feet. The yields range generally from 1 to 5 gpm. About
200 domestic and stock wells tap the Cenozoic alluvium, 18 tap the
Santa Rosa sandstone, 12 tap both formations, and 2 (B-9 and B-14)
in the northeastern part of the county draw water from rocks probably
of Cretaceous age. The combined withdrawal for stock and domestic
use in 1956 was small in comparison to the total withdrawal for all uses
and is estimated to have been about 310,000 gpd.

PUMPING TESTS

Pumping tests were made on a few wells in Winkler County to deter-
mine locally the water-bearing properties of the fresh-water aquifers
tapped by the wells. Owing to the lack of suitable wells, testing of a
representative sample of wells throughout the county was impossible.
The results of the tests are applicable only within a small area around
the tested wells and should not be the basis for predictions of well-field
performance over long periods of time.

The principal hydraulic characteristics of a water-bearing material
are the coefficient of transmissibility and the coefficient of storage.
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These characteristics, which govern the ability of aquifers to transmit
and store water, may be determined from pumping tests.

The coefficient of transmissibility is expressed as the amount of
water, in gallons per day at the prevailing temperature of the water,
that will flow through a vertical strip of the aquifer 1 foot wide
extending the full saturated height of the aquifer under a hydraulic
gradient of 1 foot per foot (Theis, 1935, p. 520). It may also be ex-
pressed as the volume of water, in gallons per day, that will flow
through a vertical strip of the aquifer 1 mile wide extending the
height of the saturated aquifer under a hydraulic gradient of 1 foot
per mile. The coefficient of storage 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
artesian conditions the volume of water released from or taken into
storage is determined by the compressibility of the aquifer and ex-
pansion of the water. Under water-table conditions the coefficient
of storage is practically equal to the specific yield, which is the volume
of water involved in gravity drainage or refilling, divided by the
volume of the material drained or filled.

The yield per unit drawdown of a well would be greater than that
of a similarly constructed well if either or both of the coefficients of
transmissibility and storage were greater. Other things being equal,
well yield is approximately proportional to the coefficient of trans-
missibility.

In this investigation the Theis nonequilibrium formula (Theis,
1935, p. 519-524) was used to analyze the pumping tests and the
Theis recovery method (Wenzel, 1942, p. 95-97) was used to analyze
the recovery data of pumped wells.

CENOZOIC ALLUVIUM

Most of the large wells that tap the alluvium produce water only
from the lower part of the saturated sand and gravel. The upper
part in many places contains fine sand, which is difficult to screen,
and in some areas the shallow alluvium contains polluted water.
Wells that tap a representative section of the alluvium and that are
suitable for testing were found only in the area of the slumpage
trough.

A pumping test was made in March 1957 at well G-163, which taps
the deep Cenozoic alluvium in the trough about 5 miles south of Wink
(fig. 8). The well taps the Cenozoic alluvium at a depth interval of
320400 feet. The radioactivity log of a nearby well (G-165) indi-
cates that the section of alluvium is at least 600 feet thick, about 475—
500 feet of which may be saturated. The coefficient of transmissi-
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Ficure 8.—Results of pumping test of well G—163, Winkler County, Tex.

bility as determined during the recovery of the water level in the well
was 25,000 gpd per foot; however, this is not representative of the
full thickness of the alluvium, which may be considerably greater
than the screened section.

On the basis of the coefficient of transmissibility derived from the
test, the theoretical drawdowns for different periods of continuous
pumping at different distances from a well discharging 1,000 gpm
have been computed, by assuming a coefficient of storage of 0.15 (fig.
9). The assumed coefficient of storage is typical of many areas where
ground water occurs under water-table conditions. The figure illus-
trates conditions in an extensive and homogeneous aquifer. Because
of inhomogeneities or boundaries, actual drawdowns may be appre-
ciably greater or less than those indicated.

Wells yielding more than 1,000 gpm from the Cenozoic alluvium
were found only in the deep trough south of Wink. The thickness of
saturated deposits in the trough ranges from about 100 feet near the
edge to more than 1,000 feet near the center (pl. 3).

Most of the wells, other than windmill wells, that tap thinner sec-
tions of Cenozoic alluvium yield between 100 and 300 gpm. The
alluvium in Winkler County, excluding the area of the deep alluvial
trough, has an average thickness of about 100 feet.

SANTA ROSA SANDSTONE

Pumping tests were made on 5 wells that tap the Santa Rosa sand-
stone—3 municipal wells in Kermit (D-277, 291, 299), 1 well 514
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miles north of Kermit (D-49), and 1 well 4 miles east of Wink (G-92).
Water levels were observed in well D-293 while well D-299 was being
tested, and in well D-279 while well D-291 was being tested. Coeffi-
cients of transmissibility were determined from all tests except the one
on well G-92.

The data and results of the pumping tests on the city wells are
summarized on figures 10 to 12 and in table 4. The entire thickness

TABLE 4.—Results of pumping tests on wells tapping the Santa Rosa sandstone
at Kermit, Winkler County, Tex.

. X Thickness of
Discharge Observation | Part of hydro- Coefficient of Coefficient of sandstone
well well graph analyzed | transmissibility storage section as de-
(gpd per ft) termined from

electric logs (feet)

g
2

D-291 Recovery...... 25,000 |- comooimiceoooaen 192 (full section)
291 Drawdown.____ 24, 000 0.00025 | 192

SEREEEEY
:
g
X
®
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g
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FicUuRe 11.—Results of pumping test of well D-299, Winkler County, Tex.

of the Santa Rosa was tested only in well D-291; well D-277 pene-
trated about two-thirds of the formation, and well D-299 penetrated
less than one-half. The results show that in the tested area the coeffi-
cient of storage ranges from 0.00024 to 0.00029, and the coeflicient of
transmissibility ranges from at least 37,000 gpd per foot at well D-299
at the east edge of the city to perhaps as little as 12,000 gpd per foot
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at well D-277 on the west side of town. However, the large yield of
well D-277 suggests that the computed value for transmissibility may
be in error. The transmissibility at well D-299 was determined from
the first half hour of the water-level-recovery data and reflects
conditions close to the pumped well, whereas values from the observa-
tion wells were determined from later data and indicate average con-
ditions over a more extensive area. The coefficient of transmissibility
in the more extensive area is about 25,000 gpd per foot.

The pumping tests, electric logs, and yields of other wells in the
Santa Rosa sandstone indicate that the highly productive zone found
at Kermit is not extensive in all directions. A study of the electric
logs of wells that tap the Santa Rosa suggests that the formation at
Kermit is more permeable than it is north and south of Kermit. The
yields of all other water wells that tap the Santa Rosa are much smaller
than those of the three wells tested at Kermit. However, the water-
bearing properties of the formation are unknown throughout most of
Winkler County, informative data on this area southeast of Kermit
being especially scarce.

The analysis of data from the pumping test suggests a hydrologic
barrier, probably a less permeable portion of this aquifer, near
pumped well D-299. Data from the two observation wells (D-291
and D-293) may be used to determine the position of a point on the
boundary if the boundary actually does prevent the movement of water
and if the aquifer has certain other idealized properties. Although
conditions are not ideal and the boundary undoubtedly is only a less
permeable part of the aquifer, the position as calculated from the
data may be considered approximately correct.

The data were analyzed by the “method of images” described by
Ferris (Wisler and Brater, 1949). The position of the point on the
hypothetical boundary was determined by a graphical method devised
by Moulder (Knowles and others, 1952, p. 94-95). Figure 13 shows
the point to be about half a mile north of well D-299. Some of the
test data from the other wells in the city also suggest that the highly
productive zone in the Santa Rosa sandstone is limited in extent, but
the data are net adequate for determining boundary locations.

Plates 4 and 6 show Kermit to be structurally lower than the area
north and south. Whether the structure is related to the boundary
condition is unknown. However, it is postulated that the permeable
zone in the Santa Rosa at Kermit, which is probably due to fracturing,
is associated with the structural pattern, and that the fractured zone
is not extensive to the north. Further test drilling and test pumping
are needed to define more accurately the extent and hydraulic char-
acteristics of the highly productive fractured zone.
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F16URE 13.—Location of a point on a hypothetical hydrologic boundary near Kermit,
Winkler County, Tex.

The pumping tests of wells D—49 and G-92 show that the trans-
missibilities at these sites are much less than those in Kermit.

QUALITY OF GROUND WATER

The quantity and character of the dissolved minerals in natural
ground water depend on the physical structure and chemical compo-
sition of the rocks and soils that have been in contact with the water.
The duration of contact, the temperature and pressure, and the min-
erals already dissolved are other factors that determine the chemical
quality of the water. Contamination or pollution by various means
may change the character of a water. Organic materials are the
common polluting agents. However, pollution may result from mix-
ing with highly mineralized water ; such may be the case in some areas
of Winkler County where highly mineralized water produced with oil
is placed in earthen pits.

The largest use of ground water in Winkler County is that by
industry and for public supply; comsequently, importance is placed
on the mineral constituents affecting the character of the water for
" such uses. Partial and preliminary analyses of 166 samples from 158
wells (table 9) include the determination, in parts per million, of
silica, iron, calcium, magnesium, sodium and potassium, bicarbonate,
carbonate, sulfate, chloride, fluoride, nitrate, and dissolved solids. A
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part per million is a unit weight of a constituent in a million unit
weights of water.

An earlier investigation of the chemical character of ground water
in Winkler County (Forbes, Lance, and Lang, 1941) gave results of
analyses by chemists of the Works Progress Administration. The
analytical methods used are not of the same order of accuracy as those
of later analyses, but the results may be used to estimate the general
quality of the water.

The chemical suitability of drinking water may vary from place
to place. Standards set forth by the U.S. Public Health Service
(1946) for water used by common carriers in interstate commerce, and
generally accepted as standards for public supplies, are given below.
The concentrations of chemical substances preferably should not
exceed the following limits:

Constituent Parts per million

Iron (Fe) and manganese (Mn) together______________ 0.3

Magnesiuvm (Mg) - ___ 125.

Sulfate (S0.)____ - 250.

Chloride (Cl) - 250.

Fluoride (F) 1.5.

Nitrate (NOs;) e 45.

Dissolved solids — 500 (1,000 permitted).

Table 5 shows the chemical suitability, as compared to these stand-
ards, of the ground water of various formations in Winkler County.
Samples were collected from particular areas throughout the county
and are considered representative of such areas.

More than half the samples analyzed for fluoride had concentrations
exceeding the limit of 1.5 ppm. Most of the public-supply wells,
however, yielded water having concentrations within the limits,
although some had water whose fluoride content was as high as 2.6
ppm. Data collected by various agencies have demonstrated that
fluoride in the drinking water of children reduces the incidence of
tooth decay (Dean, Arnold, and Elvove, 1942), but that concentrations
exceeding 1.5 ppm may cause mottling of tooth enamel when the water
is used continuously (Dean, Dixon, and Cohen, 1935).

Samples whose nitrate concentration exceeded 45 ppm came from
9 wells that were less than 150 feet deep. The high nitrate content
may be the result of pollution from surface sources. In places where
it is necessary to tap the extremely shallow water, special precautions
should be taken during well construction to exclude possible seepage
from surface sources. However, high nitrate content of some waters
may be natural and not necessarily the result of pollution. Nitrate
concentrations exceeding 45 ppm have sometimes caused the disease
methemoglobinemia (“blue babies”) in infants (Maxcy, 1950).
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About two-thirds of the determinations from 158 wells show that
the water contains less than 1,000 ppm of dissolved solids, and more
than 80 percent of the analyses show less than 2,000 ppm of dissolved
solids.

The principal constituents causing hardness of water are calcium
and magnesium. An increase in hardness causes an increase of soap
consumption in washing and laundering processes and of formation
of scale in boilers and other equipment. About two-thirds of the
samples from 148 wells for which hardness determinations were made
show that the water needs to be softened for most domestic and many
industrial uses. A hardness classification commonly used by munici-
palities is as follows: less than 60 ppm, soft; 61-120 ppm, moderately
hard; 121 to 200 ppm, hard; and more than 200 ppm, very hard.
Water whose hardness exceeds 200 ppm generally requires some soft-
ening before being used for most purposes. -

Siliea in certain concentrations forms a hard scale in boiler equip-
ment. Moore (1940, p. 263) proposes the following permissible con-
centrations: Less than 150 psi (pounds per square inch of steam pres-
sure), 40 ppm; 150-250 psi, 20 ppm; 251-400 psi, 5 ppm; and more
than 400 psi, 1 ppm. Of 129 samples from wells of all formations,
46 contained more than 40 ppm.

Most of the ground water in the fresh-water aquifers of the county
is suitable for irrigation. However, new supplies should be tested
and compared with standards proposed by the U.S. Salinity Labora-
tory Staff (1954, p. 69-82) before using them for irrigation. These
standards characterize irrigation water by the content of dissolved
salts, the relative proportion of sodium to the other cations, the con-
centration of boron and other toxic elements, and sometimes the
bicarbonate concentration in relation to the sum of the calcium and
magnesium concentrations.

CENOZOIC ALLUVIUM

Most of the public-supply wells that tap the Cenozoic alluvium
yield water of a chemical quality acceptable for drinking. However,
table 9 shows that the fluoride content of public-supply wells D47,
D-137, D-138, D-278, D-294, E-15, and G-111 exceeds the limit set
by the U.S. Public Health Service and may cause mottling of chil-
dren’s teeth.

Wells B-6, C-2, E-12, E-19, E-24, and H-64 in alluvium yield
water having a nitrate content exceeding 45 ppm. These are shallow
windmill wells that supply water to ranches, and may be polluted
with organic matter from the surface.

634592 O-62—4
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TABLE 5.—Chemical suitability of ground water, by

Iron (Fe) Magnesium (Mg) Sulfate (SO¢)

Geologic unit Number Number Number
Number | of values | Number | of values | Number | of values

of deter- | exceed- | of deter- | exceed- | of deter- [ exceed-

minations| ing 0.3 |mination: ing 125 |minations| ing 250

ppm ppm ppm
All wells!_..__________________. 4 0 151 10 157 64
CenozoicToeks oo oo . 1 0 104 7 110 47
Cenozoie rocks and Santa Rosa sand-

170) 1 L 2 0 23 1 23 5
Cretaceous rocks.._ - 0 0 2 0 2 0
Santa Rosa sandstone.___._______.___ 1 0 18 0 18 9
Rustler formation._____________.______ 0 0 2 2 2 2

! Includes 2 wells not identified with a formation.

About two-thirds of 102 samples collected from wells that tap
alluvium had a hardness of more than 200 ppm, but most of the public-
supply wells yield water having a hardness between 28 and 200 ppm.
However, some wells tap alluvium in areas that have been polluted
by oil-field wastes; they yield water having a hardness of as much as
6,330 ppm. Half of 86 water samples had silica concentrations of more
than 40 ppm and in many of the remainder the concentrations ex-
ceeded 20 ppm.

Waterflooding projects in Winkler County use both fresh and saline
water; much of the saline water is treated to reduce its corrosiveness.
Most of the wells that tap the alluvium are used in waterflooding;
they yield fresh water; however, well D-245, a polluted well, yields
water having a dissolved-solids content of 71,100 ppm.

AREAS OF GROUND-WATER POLLUTION

The ground water in the Cenozoic alluvium seems to have been pol-
luted in several areas in Winkler County. Probably most of the
pollution has been caused by leakage from earthen disposal pits for
saline water produced from oil wells. Plate 9 shows by a diagrammatic
method (Stiff, 1951, p. 15-17) the relations of the principal ions in
water from selected wells that tap the Cenozoic alluvium. The dia-
grams in figure 14 represent water from the oil-producing strata in
the Hendrick field (table 5). The chemical constituents are repre-
sented by two diagrams. The shaded diagrams show the concentra-
tions of cations and anions, in equivalents per million. The blank
diagrams show the percentage relations of equivalents per million of
the cations and the anions, commonly called “percentage reacting
values.”

The distinct similarity of the diagrams representing the water from
Wells C-50, F-15, F-21, F-30, F-37, G4, 6-38, G-60, and G-109
(pl. 9), which tap the Cenozoic alluvium in the vicinity of the Hend-
rick oil field, and the diagrams representing the water produced with
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geologic formation, in Winkler County, Tex.

Fluoeride (F) Chloride (Cl) Nitrate (NO3) Dissolved solids
Number Number Number Number | Number | Number
Number | of values | Number | of values | Number | of values { Number | of values | of values | of values
of deter- | exceed- | of deter- | exceed- | of deter- [ exceed- | of deter- | exceed- | exceed- | exceed-
minations| ing 1.5 |minations| ing 250 |minations| ing 45 |minations| ing 500 | ing 1,000 | ing 2,000
pPpm ppm ppm ppm ppm ppm
106 64 158 38 134 9 158 86 56 24
71 45 111 29 89 6 111 61 40 17
17 6 23 4 21 1 23 9 6 3
2 2 2 0 2 1 2 1 0 0
13 8 18 1 18 1 18 11 7 2
2 2 2 2 2 0 2 2 2 2

the oil in the Hendrick field (fig. 14) suggests that the alluvium is
being polluted. Chemical analyses of samples from the water wells
(table 9) show that dissolved-solids range from 1,430 ppm at well
G-109 to 4,670 ppm at well F~21. The wells range in depth from 90 to
210 feet and draw water from the top or near the top of the saturated
alluvium section. The chloride content of the samples from the Hend-
rick oil field range from 1,190 to 15,600 ppm (table 6). A companson
of analyses of samples taken from well F-15 in 1940 and in 1956
(table 9) indicates that most of the pollution has taken place since
1940. Two other water wells in the area, F-14 and G-111, draw water
from the alluvium below 180 feet and probably have not yet been
polluted.

A short history of the Hendrick oil field will help to explain the
source and extent of pollution in the area. Oil was found in the
Seven Rivers formation in 1926, in the area that is now the Hendrick
oil field. At first oil production was rapid, but within 2 years the
annual production began to decrease, so that by 1956 the field had
been classified as a “stripper field” (Phifer, 1956, p. 29). Some wells
were producing water in late 1927, and 3 months later the wells were
producing 0.5-98 percent water (Ackers, De Chicchis, and Smith,
1930). By 1930 all the 562 oil wells in the field were producing large
amounts of water. Correlation between the yearly water production
reported by some oil operators and the number of producing wells
each year shows that about 800,000 acre-feet of water was produced
from the field from 1937 to 1957—an average of about 36 mgd during
this 20-year period. As oil production per well decreased, the water
production per well probably increased ; however, the total fluid pro-
duction has decreased, and there have been fewer producing wells
each year. In 1957 the operators of the Hendrick field reported a
water-production rate of about 14.5 mgd (table 3), about 13.7 mgd
of which was placed in surface pits or directed to a communal dis-
posal lake, about 1.5 miles northwest of Wink; the rest was used
in secondary-recovery projects.
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Analysis No. 4
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FieURE 14.—Diagrams showing relations of the principal ions in water produced with the
oil in the Hendrick oil field, Winkler County, Tex.

The production of saline waste water in the other oil fields of
Winkler County was about 8.7 mgd (table 3), 3.4 mgd of which
was placed in surface earthen pits. More than 1 mgd was placed in
surface pits in the Kermit oil field, where chemical analyses show
evidence of severe pollution in one area. A sample of water from
well D245 had a chloride concentration of 41,000 ppm and a specific
conductance of 82,200 micromhos (pl. 9 and table 9). The oil-field
water placed in a surface pit about 100 feet away had a concentration
of 40,900 ppm of chloride and a specific conductance of 82,100
micromhos (table 6, analysis 9).

Well D-93 (pl. 9) was polluted, probably by brine associated with
the project of dissolving underground salt sediments for storing
liquified petroleum gases. Undoubtedly, other localized areas near
surface sources of highly mineralized oil-field disposal water are
being similarly polluted.

Other areas possibly polluted are shown on plate 9 by the diagrams
for wells C-5, D-29, D-154, D-163, and H-81. However, it is un-
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certain whether these wells are polluted from surface sources or if
the water is naturally highly mineralized owing to poor circulation
of water.

AREAS OF FRESH AND NATURALLY SALINE WATER

The water in some wells that tap the Cenozoic alluvium is naturally
saline. Saline water is produced from wells C-39 and F-5 in the
western part of the county, wells E-24, H-7, and H-35 in the eastern
part, and wells A-1, B-6, B-14, B-17, B-18, and D-5 in the northern
and northeastern parts, which either are remote from apparent sources
of pollution or contain water of a different chemical character from
that of the possible pollutants. In general, these wells are found in
areas where the configuration of the water-table surface suggests a
very slow rate of ground-water movement, and this slow rate is prob-
ably responsible for the salinity.

The remainder of the alluvium that is remote from polluting sources
contains fresh water; most of the wells sampled yield water having a
dissolved-solids content of less than 500 ppm. Several wells close to
areas of probable pollution or naturally occurring saline water have a
dissolved-solids content less than 1,000 ppm.

SANTA ROSA SANDSTONE

The analyses of water samples from 18 wells that tap the Santa
Rosa sandstone (table 9) indicate that the water is more mineralized
in the eastern half of the county than in the western half. Water
having the least mineralization is found in the vicinity of Kermit,
near the main recharge area to the Santa Rosa. The samples from 3
wells more than 1,000 feet deep in the eastern part of the county had
dissolved-solids contents ranging from 1,110 to 4,090 ppm; samples
from wells in the rest of the county generally contained less than
1,000 ppm dissolved solids. Well G-3, whose water contained 1,260
ppm of dissolved solids, may be polluted by waste water from a nearby
oil field.

The samples from 23 wells tapping both the Cenozoic alluvium and
the Santa Rosa sandstone ranged in dissolved solids from 128 ppm to
10,700 ppm (table 9). Six of the more mineralized samples came from
wells that may have been polluted, probably through the Cenozoic
alluvium, from saline water and brine from nearby oil fields. The
other 17 samples contained less than 1,000 ppm of dissolved solids.

Hard water high in sulfate and fluoride apparently is common in
the Santa Rosa sandstone. Nine samples had a hardness of more than
200 ppm and more than 250 ppm of sulfate. Eight of the 13 deter-
minations made of fluoride exceeded 1.5 ppm. Concentrations of
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fluoride and sulfate generally were lower in samples from wells tap-
ping both the Santa Rosa and the alluvium.

OTHER AQUIFERS

The water samples collected from two wells tapping the Rustler for-
mation were either highly saline or briny (table 9). The sample from
well D-193 contained 18,400 ppm of dissolved solids, and the sample
from D-160 contained 157,000 ppm.

Two samples from wells probably tapping Cretaceous formations in
the northeastern part of the county contained less than 1,000 ppm of
dissolved solids. The sample from well B-9 had a hardness of 186 ppm
and the sample from well B-10, taken in 1957, had a hardness of 414
ppm and a nitrate content of 49 ppm.

Chemical analyses of water produced with oil from strata of
Ordovician to Permian age are shown in table 6. The analyses are

_incomplete, but they evaluate the most important constituents.

Nearly all the water produced from oil wells in the Hendrick and
Leck fields is only moderately saline. The rest of the oil fields in
Winkler County apparently produce brine with the oil.

CONCLUSIONS

Winkler County has a large supply of fresh ground water in
storage. About 5-7 million acre-feet of stored ground water is avail-
able for recovery through wells in the explored area, and an unknown
quantity of fresh water is available in the unexplored areas. A small
amount of water from precipitation recharges the aquifers. The
average rate of withdrawal from wells in 1956 was about 8.2 mgd,
or about 9,200 acre-feet per year, most of the water being used by
industry and for public supply.

Some of the water wells in the Santa Rosa sandstone at Kermit
and in the alluvium south of Wink yield more than 1,000 gpm each.
In the vicinity of Kermit the larger capacity wells, yielding 400-
1,875 gpm, tap fractures in the Santa Rosa sandstone. In other areas
the Santa Rosa is much less productive. The potential yield of the
Santa Rosa sandstone in several areas, chiefly in the eastern part of
the county, has not yet been determined.

The alluvium is more productive south of Wink, in the deep allu-
vium-filled trough, than elsewhere in the county. Most of the larger
wells in the thinner alluvium are completed in the bottom gravels of
the aquifer to avoid pumping excessively fine sand commonly found
in the upper section. Wells in the alluvium should be constructed to
screen the largest sections of the formation available. They will have
the largest yields.
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Fresh water has been displaced or has become polluted by mixing
with saline water in areas where oil fields continually discharge waste
water into earthen surface pits. The extent and significance of the
pollution are chiefly dependent on the amount of the oil-field water
being discharged and its degree of mineralization. Pollution will
continue to be a serious threat to the fresh-water supplies in Winkler
County until a more effective waste-disposal system is adopted.

Generally, water from the Cenozoic alluvium and the Santa Rosa
sandstone in Winkler County has a moderate mineral content; how-
ever, the high content of fluoride and silica, and the high hardness in
some areas make it undesirable for certain uses. Saline water from
the Rustler formation is used only for waterflooding in the produc-
tion of oil by secondary-recovery methods. Some oil operators are
recycling the saline water being produced with the oil in such opera-
tions. The recycling, or injection of the saline water or brine back
into the oil-producing formations, lessens the danger of ground-water
pollution and also decreases the consumption of fresh water.
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‘WELL RECORDS

Table 8.—Dvillers’ logs of wells in Winkler County, Tez.!

117

Irhick-] Thick-
ness DfePtth ness Dfeptth
(feet) (feet) (feet) (feet)
Well C-10
[Owner: Gulf Oil Corp. Driller: J. R. Marshall]
Surface sand, red ccaceaaa-o 10 10 {| Sand, red, and clay.cucamaa- 5 205
Sand, gray.-e-eeeceoeoooo- 25 35 | Red bedSecemmemmanmameanae 40| 245
Sand, redecccececcnaceacaa- 65 100 JiSand and clayeceecceacmanan 5] 250
Sand, gray-ececeeecaccaccaao 12 112 | Rock, red.cocmccccaccacaans 26 276
Sand, red; water ecaceceacaa 3 115 || Sand, brown; water...-e---- 4 280
Sand, redecc e 20 135 || Red bedSecccccccccacanaanan 60 340
Sand, gray.ceecaccccncaaann 15 150 || Sand, gray; water -ceeecec-. 10 350
Sand, redec e ccmceanccnaao 50 200 ||Rock, red cccccccccacccucas 10 360
Well C-11
[Owner: Gulf Oil Corp. Driller: J, R. Marshall]
Surface sandecececcccocanax 8 8HClayeecmccccceceicmcaa 7 112
Caliche memucccmiecccaccan 7 15 {|Sand; water —cccccmcmccaaas 3 115
LS00 DU 75 90 {{Sand, red - oo ocoaomeaan 13| 128
Sand and clayeececenacacanan 15 105
Well C-14
[Owner: Sinclair Oil & Gas Co. Driller: Perkins & Reynolds]
Surface Sandec.ceecoceaaaaa 12 12 {|Quicksand, red ccccccemeaa- 8 152
Caliche ccmmcaceeees 8 20 {|Sand, red ccceccncccuacennn 9 161
Sandrock, red-ccceacnacaaa- 10 30 {{Sand, red, hard-ceccacacano 14 175
Sand, white weuvacemaccaaaa. 5 35 |{Shale, rede.camccccaceancan 34 209
Sandrock, red..-cacacacuaa. 10 45 ||Sand and gravel; water --.-- 2 211
Sand, redeaececccecaccanaan 45 90 iSand and gravel; hard -aa... 8 219
Red bedS av e ccmcacaccoan 20 110 j{Gravel, soft cccmcocaccaaaan 2 221
Shale, red .- cceccccomaaooa 34 144 ||Rock, red, hard--ccccmuanaa 1 222
Well C-15
[Owner: Sinclair Oil & Gas Co, Driller: Reese & Griggs]
Surface sandeececaccvcacann 3 3Clayca e e e 10 190
Sand, white ccccececmcaoaaao 10 13 ||Sand, red ccacecacacccccnan 5 195
Caliche wemeoemeeecnceean 7 20 ||Shale, sandy.-ccaceccuceaan i1 206
Sand, redeccccccaaceccaanna 100 120 [IGravel, hard cccmcvcemuaan- 20 226
Sand; watereaceecocccanaan- 6 126 ||Clay, red ccceccccccecccuan 4| 230
QuickSand c ccccccmcccanaaan 54 180
Well C-16
[Owner: Sinclair Oil & Gas Co. Driller: Reese & Griggs]
Surface sandmecececaccanoua. 5 5||Rock, redmemuaccccccaaoaa. 5 260
Caliche cmvcmcmamccceeeea 10 15 1{Sande c e cccccmcmcemce e 7 267
Sand, redeccecccacccnccncan 100 115 jJRock, redcccccccccecnamans 33 300
Quicksand e cmmcccacmanas 70 185 [{Sandamcccmceccmiccmceemaan 10 310
Red bedSmcmucoomcacucaaaas 25 210 [{Rock, redcmc e cccccacana-n 10 320
Gravel e cccmcccnccae o 10 220 |{Sand; water cecccccaacccan- 15 335
Red bedSeuccucmanccacucaa. 30 250 {|Rock, redeececccccccacaca. 5 340
SaNd e uc e eme 5 255

Wording has been changed slightly to improve readability.
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Table 8.—Drillers’ logs of wells in Winkler County, Tex.—Continued

T ek e
t feet
(feet) (feet) (feet) (feet)
Well C-17
[Owner: Sinclair Oil & Gas Co, Driller: Reese & Griggs]
Surface sande-acveacccacaos 4 4 |Sand, red ceucccecacuananan 16 334
Caliche cecccccccccccaaanan 12 16 |Rock, red cceccecncccnacccan 2 336
Sand, redec cmcmoccaaaaaoo 108 124 |Sand, red mcccemccccoacccan 12 348
Quicksand cccmccmcaooooao 66 190 OcK, redceccecccccccncmnan 2 350
Rock, red ccacmecocaaaaooo 22 212 |Sand, red ccccccmmmcceeeeaa 27 377
Sand, redec o ccmccmcccnaao 12 224 |Rock, red cemecmnccaann 8 385
Rock, red ccccmccuon.. 41 265 |Sand, gray --cceeoee--- 45 430
Sand, redecccoaccaooa- 10 275 |Rock, redaceccccccnna- 5 435
Rock, red - occeeeaao 43 318 [Band, gray ceeccececcacana- 20 455
Well C-25
[Owner: J, B, Walton. Driller: J. B, Marshall]
Surface sand 4 4 |Sand, red -ccmeanaooooaaooo 25 145
Caliche cocmcoaooooa.o 16 20 |[Clay, red wcccmcacaconcacan 15 160
Sand, redeccccana-- 60 80 |Sand and gravel; water ... 5 165
Clay, redacc o ceocnccaen 40 120
Well C-29
[Owner: Humble Oil & Refining Co. Driller: Fannin Drilling Co.]
Surface sande-ccccceaoaooao 5 5 Eand; L2 17-3 S, 45 160
Caliche weacccnmmemeccaaa- 6 11 |[Sand and gravel; water .-... 29 189
Rock, red e occccecmaecaann 41 52 |[Shale, redecacccaaccaaaaaoo 7 196
Sand, redeccccccincacenaans 63 115
Well C-30
[Owner: Humble Oil & Refining Co. Driller: Fannin Drilling Co.]
Surface sande-cecccacccnaca 10 10 |iGravel; watereece cmccccccana 20 190
Caliche ececccacccaaaccnas 15 25 ||Rock, gray --cccmccccacoo-o 4 194
Sand, redcccccaccccacaoaaae 85 110 ||Shale, redeccccmcccmcccacas 4 198
Sand and gravel; water.-.... 60 170
Well C-31
[Owner: Humble Oil & Refining Co. Driller: Fannin Drilling Co.]
Surface sandececcccaocacunna 2 2 ||Sand; water - caecaeoaooana 15 155
Caliche --.-. 13 15 {|Sand and graveleecaeecana--a 28 183
Sand, red.... 110 125 ||Shale, redecaccaccmccccacax 5 188
Shale, redoccccccaccaa o 15 140




WELL RECORDS

Table 8.—Drillers logs of wells in Winkler County, Tex.'—Continued

Thick MThick-
ness | Depth | ness-, 2epth
(feet) | (feet) (feer) | {feet)
Well C-35
{Owner; Sinclair Oil & Gas Co. Driller: J. R. Marshall}
Surface sandeccccmeecccanaa 4 4 ||Sand, red ceueacamccancnaa 10 145
Caliche «ooo..- 18 22 ||Clay, red, sandy 20 165
Sand, white - _ 13 35 [ISand and gravel; water —---. | 5 170
Sand, red... 45 80 [|Clay, red, sandy-caeeccn-c-d 45 215
Rock, red ccmceeccoancnaaod 15 95 [ISand, red e e ccceeaaa ] 10 225
Clay, red, sandy wececcceaa-d 30 125 |Red bedScaccmcacmcccaceaaad] 6 231
Sand, white mecacmceccnmcaad 10 135
Well C-38
[Owner: J. B. Walton. Driller: J. R. Marshall)
Surface SaNdecemcaccccamenn { 4 4 ||Sand, red 25 135
Caliche -... 16 20 (|Clay, red 15 150
Sand, red... 50 70 ||Sand, gravel; water - -coca.-- 5 155
Clay, redececccaccccaccaao. 40 110
Well C-48
[Owner: Sinclair Oil & Gas Co. Driller: J. R. Marshall]
Surface sande-ceccccmaeeoa- 8 8 ||Sand, red woecme e aaeao 65 160
Caliche accccmcmcacccaaaaa] 15 23 |IClay, red cacecccemcama oo 15 175
Sand, 52 75 [[Rock, redammccamcmccacncenn,] 35 210
Clay, redecacecccamcnaeacao { 12 87 |iSand and gravel; water —.-... 10 220
Sand; water-eeccmcmnecacna 4 8 95 |iSand, red amoeee oo 10 230
Well D-4
[Owner: Brooks & Ewing. Driller: J, R. Marshall]
[52= o 70 70 f[Rock, red accecccceccccaanan 5 100
Clay, red, sandy - cacaceaea- 10 80 ||Sand; water cecamccecceceans] 10 110
Sand; watereeecacacaacaneaadl 15 95
Well D-6
[Owner: W. F. Scarborough Estate. Driller: J. D. Cole}
ST 00 PR 8 8 [fShale, sandy-ececcccaaacaa_| 19 95
Caliche mecccam | 10 18 ||Sand and graveloee-cacoooaan 15 110
SaNd e e ccecmccececccmeand] 58 76
Well D-14
[Owner: Stanolind Oil & Gas Co. Driller: —]
[SEE1 £ s R 120 120 |Red bedSc e cccccceac e a ] 91 250
Red bedS mecemncucmccccnnaad 20 140 {Red beds and shaleweuoo.aa-d 30 280
Quicksand o oo oL 10 150 1Sandeccccccccac e cccaaae | 12 292
Red beds 7 157 |Red bedSe e ccaccceaaceacana 8 300
Gravel comecccmcacccacnoaany] 2 159 |Red beds and shale.—--_.___ 5 305
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Table 8.~—Drillers’ logs of wells in Winkler County, Tex.'—Continued

ick- Thick
Thick Depth c Depth
ness | 1 ness (feet)
(feet) | {fe€ (feet)
Well D-21
[Owner: Sun Oil Co. Driller: Flack Water Well Co.]

Sand a ce e e dceccceee o 139 139 [iSand; wateraacocaccaoacaaaad 4 145
Clayocumcaacmmcccccacawenud 2 141 |I[NO recordececcccaccacaa- 30 175
Well D~22
[Owner: Texas-New Mexico RR. Co. Driller: L. L. Dorn]

Sand, 100S€ caccacecucanaaaa 124 11 158
Sand, harde e o cceaocaooooo 23 2 160
Well D-23
[Owner: Texas-New Mexico RR. Co. Driller: L. F. Buchanan]
SaNdecveaccmocemanm e 70 70 |Sandstone, redooo--voneooood 4] 148

Quicksand c ceccceacaananann 74 144
Well D-31
[Owner: Ambassador Oil, Inc. Driller: J. D. Cole]
6 6 ||Clay, sandy, and gravel.___._ 27 112
12 18 ravel, sandy; water cva...-.l 36 148
37 55 68 216
25 80 5 221
5 85 4 225
Well D-32
[Owner: Ambassador Qil, Inc. Driller: J. D. Cole]
Surface sandaeceaacccacaooo 8 8 nd, gravela oo ccaoooao_o.o 110 150
Sand, caliche cceeaocaaco- 1 10 18 d bedS-cmcacceoacccanaaan 60 210
Sandeeecceuncccamcnceccaan J 22 40
Well D-33
[Owner: Sinclair Oil & Gas Co, Driller: —]
80 220
80 300
10 310
12 322
22 410
38 448
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e oo e oo
t feet
(teety | e (feet) | eV
Well D-38
[Owner: Richardson Oils, Inc. Driller: Richardson Oils, Inc.]
7 7 ||Shale, blue -« cccecacaeaaaaan 4 1 461
12 19 |IShale, redecececuccacccanan 627 [ 1,088
129 148 [|Anhydrite ceeaccmccccneaaan 1 211,109
20 168 [ Shale, redecccccancacnacaand 51,114
87 255 [|Anhydrite aceccamcccaacnaas - 71 11,185
38 293 1Salt cecmmeccmcm e —aaa 32 1,217
13 306 |[|[Anhydrite, salt waccuaccaaas :1 311,220
Shale, redaccccacccccacncnand 6 312 [|Anhydrite cecvcecaccmaaa oo 911,229
Sand eu e cmccceacccmaccend] 22 334 ||Limestone (Rustler)..__--.__ -4 361,265
Shale, sandy cecemecacmaacaad 36 370 [[Shale, redecececccecccacancad) 15 | 1,280
Sand; watereeeccveeacnanaaadl 90 460
Well D-39
[Owner: Richardson Oils, Inc, Driller: J. R, Marshall]
Surface sandeececacccececund 10 10 ISand; water eeccecccmnwmanad 5 310
Sand, redecacemecaccana 4 130 140 |{Shale, redecececcccncacancann 60 370
Sand, gravel; water—a..-.. - 6 146 [|[Rock, red cacccacecmcaaa 10 380
Rock, red amcccemcccccmacan] 44 190 ||Sand; water 15 395
Shale, redcacacccrmcmancaaad] 30 220 ||Red bedSe ccccmmcacmmnnneaad] 5 400
Sand; water 5 225 {|Sand; water 10 410
Red bedS cucvucacacccmaaaaa ] 65 290 ||Red bedSeccmeccrncaccancansy 10 420
Rock, red ccoceaooeacaaaaa 15 305
Well D-41
[Owner: Magnolia Petroleum Co. Driller: J. R. Marshall]
10 fISand and clayemc oo cccmacanas 5 130
20 [|Sand and gravel; water .. 11 141
125 | Red bedSa e cmccmccmomcmcaeas 2 143
Well D-43
[Owner: Humble Oil & Refining Co, Driller: L O. Fannin]
Surface sandeacecmmcccaanan 15 15 [|Sand and gravel; water —..... 55 185
Caliche aee e 10 25 ||Rock, gray 5 190
Sand, pink 125 {|Shale, red-ceccccccccmccanas 10 200
Sand, redecacccccacncccanoa. 5 130
Well D-45
[Owner: Humble Oil & Refining Co. Driller: J, J. Harrell & R, P. Tone]
Surface sand 5 5 [IShale, redec cccmcmoccca s 35 170
Caliche cmacau_an 15 20 {{Sand, brown 10 180
Sand, white caaon- 15 35 ||Sand, hard ceeo--- 2 182
Sand, rede-ccao-o 25 60 {{Graveloc oo cuccaa 24 206
Gravelaceeaoaaan 10 70 {{Shale, redacacea-a 9 215
Sand, brown 30 100 [[Graveloccccceean- 10 225
Sand and red beds 15 115 |[Sande e ccce e 7 232
Sand, white o ccccmcaaananay 5 120 [iShale, red, sandy ceeceecaea-o 6 238
Sand and red beds 15 135
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Table 8.—Drillers’ logs of wells in Winkler County, Tex.’—Continued

ick+ Thick-
ness |Depth negs | Pepth
(feet) | (feet) (teet) | (feet)
Well D-48
[Owner: Humble Oil & Refining Co. Driller: I. O, Fannin]
Surface sand--ceccaaaccnoa 10 10 [ISand, red wcecccacaacaaaaoo 4 40 165
Caliche <.-. 10 20 [|Gravel; water -.... R —— 15 180
Sand, red... 100 120 JROCK o ceececceee ] 4 184
Sand, White cceeacenmanacaan 5 125 [iShale, red 1 185
Well D-47
[Owner: El Paso Natural Gas Co, Driller: J. D. Cole}
Surface sandecc e cecemeuead 4 4 {Sandstone, redecaccancocaa- 4 10 108
Caliche cmecccmcmccecmaacaad 3 7 ||Shale, pink, sandy. 34 142
Sand, yellow mccccccccmnca-nd 11 18 ||Sand, gravelecccaccaan-. 23 165
Quicksand, brown eceeccceaca- 55 73 JRock, redeec ccccceacceacua 1 166
Sand, pinKeecoaemcaaeacaaa] 25 98
Well D-48
[Owner: El Paso Natural Gas Co. Driller: J. D. Cole]
Surface sandeaacecceacacaaa 4 4 lIShale, red, sandy cceeeevna-d 685 345
Sand, gypsSuUM cceccnccccnnn.d 8 12 {[Sand and gravelaaeaeoooaoo_ 23 368
Shale, yellow, sandy eceecea- [ 18 |ISand, coarse, and shale...... 3 371
Quicksand, brown ... 76 94 ||Shale, redeccccmacmccccacaad 4 375
Rock and red sand-.. 15 108 {Sandecace e mcccareaccacuad 7 382
Shale, pink, sandy ceeeecaca-d 37 146 ||Shale, white, sandy-eeac---. 22 404
Sand and gravelocaeoaaoo._] 16 162 |[Sand, whit€-ecenmcacaccaaao] 11 415
Rock, red ceccacamaucmauans 27 189 ||[Rock, red-aecvccmccecccaannad 10 425
Shale, brown, and lime shells] 11 200 {{Sand, coarse, brown...-..-..4 3 428
Lime, browneeeeveeecocnan. 18 218 JjRock, red, and lime shells .. 57 485
Rock, red, and lime shells --J 12 230 ||Shale, brown 33 518
Shale, red and yellow, sandy.4 10 240 ||Rock, red e ceuwccaccuncuaaad 34 552
Sand 9 249 ||Shale, brown 16 568
Shale 4 253 [|Rock, redececcmccccccccana 4 32 600
Sand 27 280
Well D-49
[Owner: El Paso Natural Gas Co, Driller: J. D, Cole]
Sandaceoanan- meemuemeea—— 4 88 88 liRock, red 6 266
Clay, pink, sandy.ceeeuooo.. 30 118 ||Sandstone 22 288
Sand and gravel ceceecemao.d 12 130 ||Red bedSemeccuncacaana 2 290
Red bedS cacccccmacanaaaa 37 167 ||Rock, red 38 326
Sandstone -ccmacmccanancan-d 63 230 ||[Red bedSaun--. ———mmmme———— 4 4 330
Red bedS cmcmmcccoccaac ] 20 250 ||Sandstone 44 374
Sand and clay-eememmccncanad 5 255 [[Rock, red 8 380
Clay, sandy.cceeccccccccnen 5 280 J|Red bedSacomccacccncoa oo 4 24 404
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T e o
feet feet
(feet) (feet) (feet) (feet
Well D-50
[Owner: El Paso Natural Gas Co. Driller: —]
Surface sandecceeeaceacean- 87 87 ||Sandstone, redeceeececeocand 1 176
Clay, sandy.eweccecccacncan- 29 116 [|Clay, gray -ceeccemecaceaan- 4 4 180
Gravel ccee oo meeeeeeceas 6 122 [Sandstone, redeccecceccaao. 1 181
Clay, sandy, and gravel ..__.. 32 154 (|Clay, gray, red streaks-.-..- 3 184
Sandstone ---eceeeecmmcaca- 1 155 [[Sandstone, brown .- ee-.. 4 13 197
Gravel ceccmmcceee o 1 156 ||[Red beds and yellow clay .. 3 200
Limestone, gray cacemcacau- 1 157 |Sandstone cmecccmcnccaccoaad 2 202
Sandstone - emeceocacaocaaa 1 158 3 205
Clay, blue and gray-coeee-u.- 1 159 4 209
Red beds, sandy.--.-a-eo--- 10 169 35 244
Sandstone, red cecacccancacas 4 173 6 250
Clay, rede-camccccmmecan oo 2 175
Well D-51
[Owner: El Paso Natural Gas Co. Driller; —]
Surface sandaceeanccaaa. -—-] 97 97 [Gravela e cceccceaaa o] 2 178
Clay, sandy, and gravel ... 55 152 |Red bedScemccccmmacccmcna- 4 19 197
Limestone, gray ecaceeccae.- 9 161 ||Shale, gray. 5 202
Red bedS aemocccmcmcccaeaen 12 173 {{Sandstone, redeccccccmncnaad 3 205
Limeston€mmcccecccccncanaa 3 176 (|Clay, yelloWe e cccecccaaacad 14 219
Well D-53
[Owner: El Paso Natural Gas Co. Driller: J. D. Cole]
Surface Sandecceecacamcanoa 4 4 (ISandstone, redeacecacccnaund 1 158
Sand and caliche - 10 14 ||Red beds, sandy ----—ao-o__] 8 166
S0 ¢ 1« R S 41 55 ||Sandstone, red 8 174
Clay, pink, sandy, and gravel.{ 68 123 |IRed bedSeeaua- 4 178
Gravel; water-occacocoaaa.. 10 133 |[Clay, yelloWeaoccmccaao oo 1 179
Clay, red, sandy ceeccemancan 9 142 ||Sandstone, brown eeeeacecc.. 8 187
Gravel; water. 5 147 jiClay, pink, sandy ceeceeuaoo 4 191
Red beds ccmcmcmecceceee 7 154 [|Sandstone, yellOW awecccuaaa 39| 230
Gravel; waterecmcceccaeeaae 3 157 ||Red bedSmcmcmmeccceccmcnana 30 260
Well D-54
[Owner: El Paso Natural Gas Co., Driller: J. D, Cole]
Surface sandemceecccccmaaas 5 5 [|[Rock, red, and gravel —...._ - 14 159
Caliche 14 19 (|Sandstone - ccmeccneacacaunnd] 15 174
Sand - oo e 61 80 ||Clay, yellow, sandy eee-n--.] 3 177
Clay, pink, sandy---ca-c--.. 34 114 |[Clay, red cmaeccccmcennan- - 1 178
Shale, white, and gravelo.... 5 119 jSandstone and red beds ----_ 17 195
Sand, red, and gravel . ..... 15 134 ||Sandstone, yellow e cmcacaoo-.] 26 221
Red bedS wewecoacmcmaann 11 145 iRed bedS. cuouceccmecaaaaan-] 3 224

634592 0-62—9
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Table 8.—Drillers logs of wells in Winkler County, Tez.'—Continued

ot Toen e own
feet feet
(feety | (F€Y) (teet) | eV
Well D-55
[Owner: El Paso Natural Gas Co. Driller: —]
Surface sandaeecacccwaaaac. 52 52 ||Sand 2 152
Sand; wateraoamecccccacacaas 26 78 ||Limestone, gray 3 155
Sand, rede-eacecoceoaoooo 18 96 ||Sand and gravel 2 157
Clay, sandye-cccccacaccaaa. 37 133 ||Gravel 4 161
Gravel cecucaccmcaacarccnnn (] 139 {{Red beds. [ 167
Clay, sandy, and gravel ... 9 148 j|Gravel--- 6 173
Clay, gray-eecceaccaccauaex 2 150 {|Sand, red 107 280
Well D-56
[Owner: El Paso Natural Gas Co. Driller: —]
Surface sande.ccccauaouana. 9 9 |[Clay, pinKeecaeccacaaaaaann 4 1 166
Quicksand mw e cccc e 107 116 |[Graveloceccccmcccoccncenaad 3 169
Clay, pink, sandy.eccaceaaa- 45 161 |[Clay, pink, sandy weeauccu-. 4 173
Gravel e e e e 4 165 ||Red beds o caocccaencaaa o] 2 175
Well D-58
[Owner: El Paso Natural Gas Co. Driller: —]
Surface sandaecacecucamaaaa. 4 ] 4 IBuicksand ................. .L 121—[ 125
Well D-59
[Owner: El Paso Natural Gas Co. Driller: —}
Surface sandecaeccaoooooao 8 8 [|Red bedSeccmccmcmmecaa e 21 207
Caliche cecucacanuaa - 6 14 llSandstone, white 4 211
Quicksand oo -| 138 152 l|IClay, red caaauaes 4 215
Clay, pink, and gravel ...... 18 170 {|Sandstone, white 5 220
Gravel mmccamc e 16 186
Well D-60
[Owner: El Paso Natural Gas Co., Driller: —]
Surface sand 9 9 ravele ceccc i ceeee e ] 5 165
Caliche <w--a- 4 13 ({Clay and gravel 9 174
Sand e oo c el 123 136 |jRed beds and blue clay ---.-J 33 207
Clay, pink, sandy.eaeacuaan. 24 160 |[Sandstone macecaccmeccencasd 3 210
Well D-61
[Owner: El Paso Natural Gas Co. Driller: —]
Surface sandaccccccaocanaa- 6 6 [|Red bedsSeeeacacccceaaaaean 4 2 193
Caliche cocicummcmucccaanaa 2 8 l{Clay, white.. 3 196
Sand, redecccacmcanacaaaaa 13 21 [|Red beds-... 1 197
Quicksandeeecacucccacnuenn 113 134 {|Sandstone, whit€ - ceacacaaaad 4 201
Clay, pink, sandy-cececeeoaaao 25 159 [|Limestone «caeocccacaoaoood 6 207
Gravel and red clay «couaa.. 13 172 {|SandstoNe e cccccaaccacaaad 7 214
Clay, pink, sandy.eaeeooaa_- 19 191 HSaNnde cmc e aea ] 6 220
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Thick- Depthl Thick- Depth
1SS | (feet) ness (feet
{feet) (feet) )
Well D-63
[Owner: El Paso Natural Gas Co. Driller: —]
Surface sandeceececcccacaan 14 14 [IGravelecccecceccncccamaaaad 2 146
Quicksand c ccccccccmcmceana 123 137 ||Red bedScuccacemcceacannnaad 14 160
Clay, pink, sandyecaceacaaa- 7 144
Well D-64
[Owner: El Paso Natural Gas Co, Driller: —]
Surface Sande.ccccaecmeceas 15 15 ||Gravelacceccccacccmccannand 4 194
Quicksand - cccmcamccaanaaoo 139 154 [|Sand and graveleaccaacmcuaa 417 211
Clay, pink, sandyeececccaaaa-- 29 183 ||Clay, red, sandy accucaacaoo 6 217
Clay, redeecceccccuaneaaaan 7 190 {|Red bedSaceccacamamnnacacad 3 220
Well D-65
[Owner: El Paso Natural Gas Co. Driller: —]
Surface sandameeccacaconaano 12 12 {|Clay, red ceccaccacoacaaaaad 3 188
Quicksand e eccacmaccacaons 139 151 J|Gravele cececcccmcco e 2 190
Clay, pink, sandyeececoaoaoo 14 165 ||Sand and graveleacococcaa-- 4 8 198
Clay, red, sandy ccceceecnex 17 182 ||Red bedSecmccccamaccaa o 2 200
Gravel ceeccccccccmcccmeaa 3 185
Well D-66
[Owner: El Paso Natural Gas Co. Driller: —]
Surface sandecocmcccacacnaaa 12 12 {[Clay, sandy -rececccaeacann 4 40 172
Caliche ccccvmmcncccccccnas 4 16 |Gravelacceccccccmmccmccmaen ] 8 180
Quicksand acoaccaacoaaaaooo 22 38 || Clay, sandy -edeaceucaccaand] 5 185
Sand, white; watercccaenaa-o 12 50 || Red bedSemrcecccccanncaacad 2 187
Quicksand cececcmanccmcaana 82 132
Well D-67
[Owner: El Paso Natural Gas Co. Driller: —]

Surface Sandeoccocceuccecana 8 8 || Clay, pink, sandy eece-cee-a-- 19 143
Quicksand - ccececvcnncanan 116 124 ||Red bedScccccmmcme e 91 234
Well D-71
[Owner: Sinclair Oil & Gas Co. Driller: E., & L. Water Weéll Service]

Sand oo ccecacicmmc e 130 130 jiRed bedScmcacrccacancacnnq 2 139
Red bedS cacccoececcmccncan 3 133 ||Quicksandeceueccmccacaaaanadq 2 141
Gravel; water------cocecuna- 1 134 J|Red bedSeccaccccmcunmcnnnnn 4 2 143
Quicksand - ccecomcacenccaon 2 136 ||Sand; water cccecmcaccaaaa-d 4 147
Gravel; wateraucocmcacacaan 1 137 ||Red bedSeaanccccmmcacacnan 4 3 150
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Table 8.—Drillers’ logs of wells in Winkler County, Tex.'—Continued

Thick-| Thick-
1c Depth Sae Depth
ness | § ness (feet)
(feet) | (fe® (feet)
Well D-72.
[Owner: El Paso Natural Gas Co. Driller: —]
Surface SaNdeceaccnceceaaaa 14 14 |Gravele ccaccccmceccmmcanan R 2 146
Quicksand - ... 123 137 ||Red bedSeacccccccncccacnnad 14 160
Clay, pink, sandy 7 144
Well D-73
[Owner: El Paso Natural Gas Co, Driller: —]
Surface sandacavceo-- 12 12 JGraveleccccecaacnca- 10 181
Quicksand c cacacano. 124 136 ||Red beds 35 216
Clay, pink, sandy.... 21 157 {|Sandstone, red--.. 10 226
Gravel cemccaccccccnnna 6 163 [iRed beds. 25 251
Clay, pink, white streaks.... 8 171 }Sandstone, gray. 1 252
Well D-74
[Owner: Sinclair Oil & Gas Co. Driller: J. R. Marshall}
Surface sandec-eeccececaacan 15 15 fiSand, fine e cccccammccamenaa] 5 195
Sand, white 55 70 fISand, red, hardacacaccaaoo.] 32 227
Quicksand - ceeccceoaaoaoo 6 146 ||Clay, sandy, and gravel---... 8 235
Sand, redacccmccaccmacanan. 14 160 {{Red beds 33 268
Sand, white, and clay 18 178 JRock, red 10 278
Sand, white ccccccmccacanana 7 185 {ISand; water ecccacccmcamnanan 4 4 282
Sand; waterecee ccccccacaaen 5 190
Well D-75
[Owner: Sinclair Oil & Gas Co. Driller: E, & L, Water Well Service]
Surface sandaccevacocaoanan 130 130 12 154
Red beds 4 134 3 157
Sand, whit@ cccacemcccmcnana 8 142
Well D-76
[Owner: Sinclair Oil & Gas Co. Driller: E. & L. Water Well Service]
Sand - - oo ccme e 150 150 JGraveloceeeecn e cncamcccmans 9 192
18 168 |[Sand; water 8 200
4 172 JlRed b@dSa e o c e 2 202
11 183
Well D-84
[Owner: El Paso Natural Gas Co. Driller: —]
Surface sandeeacaccacaacaan 17 17 || Clay, red, sandy caccccace-o 3 177
Quicksand..eeccamcnncuecaa 121 138 jiGravele accccccaaan 17 194
Clay, white, sandy...eeca-n- 9 147 |l Clay, red, sandy--- 4 198
Clay, pink, sandy.. 25 172 || Red bedSe ccccccecccccacana 2 200
Gravel e i cciccccnaaa 2 174




WELL RECORDS 127
Table 8.—Drillers' logs of wells in Winkler County, Tex’—Continued

Thick Depth [Thick- Depth
ness | (feet) ness | (feet)
(feet) (feet)

i Well D-94°

[Owner: Richardson Gasoline Plant. Driller: —]

Surface Sandeceemcccccncanan 6 6 || Shale, red, sandy emcmcauaax 11 135
Caliche cacvcccmacacccaaas 14 20 {iSand and gravel--—cooaoaooo 12 147
Sand, yellow .. 40 60 ||Rock, red 8 155
Quicksand acceeccceccaaan 40 100 || Sand and graveleaaceocaoaao 10 165
Sand, brown ceececececccana. 18 118 || Rock and red sand cevcceaca- 15 180
Chalk, white ccccmcacccaoaaa 6 124 ||Shale, redecccccccacmccaaas 20 200
Well D-99
[Owner: Stanolind Oil & Gas Co, Driller: —]
Surface sandeecccecacccecace 25 25 |[QuicksSandecceacccmccccanes 10 155
Sand, yellow - ccccccccceaee 30 55 ||Shale, redeccccccccaaanaaan 11 166
QuicksanG.coccceacccccncan 15 70 [|Sand and gravelscweeeocauaa 9 175
50 120 || Sandac e ccccccmc e cnme e 25 200
Red bedSecmrocnccncmacannn 25 145
Well D-103
[Owner: Guif Oil Corp. Driller: J, D, Cole}
Surface 8and-ecececccnmcnan-s 6 6 || Rock, red, and gravel «_.... 24 185
Caliche cacvmemnccccmcaaaa 19 25 [|Rock, red camcccacccmaaanan 5 190
Sand, yellow ceccccccncncna- 28 53 || Rock, red and blue shale.... 5 195
QuicksSand e cce e cmeccnannan 69 122 |Red bedSecmcmnccamccncaan- 17 212
Sand, pinkeeemcmcccccmncuas 8 130 f Rock, redcmmmccccoccccaann 6 218
Shale, red, sandy-cooooo_.-- 15 145 |i Shale, red, blue and gray .- 7 225
Shale, pink, and gravel-..._- 8 153 || Rock, red, and sand..._..... 10 235
ROCK, Ted coeccomcemcacaeas 5 158 || Shale, redececcccoccccacaaa- 25 260
Sand and gravel; water-..... 3 161 {|Sand, brown eeeeeaenceweaan 40 300
Well D-111
[Owner: Gulf Oil Corp. Driller: J, E. Germiller]
Surface sandee-eeccacoaoo-a 5 5 || Red beds and chalkeacaeua-o 7 172
Sand, yellow ecmcccccccncnan 20 25 ||Red bedsaceccmcacmaaoaaan 4 176
Shale, red o eecooaooooo] 5 30 || Sand and gravel; water ~.--- a 180
Red bedS e qcmmmmccmmacmad] 14 44 [[Red bedsSe oo eco oo can 40 220
Sand, yellow cccmeccccacanas 21 65 || Clay, brown ceeccucecancaaan 4 224
Quicksand ccmeccccocaao o 76 141 || Red bedSccccmcccccmcacoon 6 230
Red bedS cacemccccanax 3 144 12 242
Caliche weecmmcccnacaa 9 153 8 250
Caliche and gravel 12 165 |
Well D-113
[Owner: Gulf Oil Corp. Driller: G, S. Taylor]
Sandeeemacccccacucencacann 170 170 ||Sand and gravel; water.._... 38 225
Red bedS e e e ea 17 187 ||[Rock, red cmcecmcnccaccaans 25 250
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Table 8.—Drillers’ logs of wells in Winkler County, Tex.—Continued

Thick- Depth [Thick~| Depth
ness | (feet) ness | (feet)
(feet) (feet)
Well D-114
[Owner: Gulf Oil Corp. Driller: I. E. Germiller]
Sand e o e enececae 145 145 [|Gravel; water «ceecceceaaas 12 210
Chalk and gravel, water..... 35 180 j[Red bedSeecmcccmcaccceeaae 2 212
Gravel e cceecccccccceeeea 5 185 {|Sand; water ceccererccccnan 12 224
Red beds cc o ccmmmeeeeacas 13 198 ||Red bedSccecmccceecae e 3 227
Well D-115
[Owner: Gulf Oil Corp. Driller: J, R, Marshall]
SaNnd - e e cecccecccaanae 150 150 [|Clay, red ccmmecmcceeeeeee o 20 220
Clay, redecc o cocccaaecaao 20 170 ||Shale, blue cacweccaccaeanas 10 230
Sand and gravel; water-.._.. 8 178 ||[Rock, red 20 250
Clay, redeccccccccccaccacan 2 180 J|Red bedSmcecaccnmecmacanan 20 270
Rock; red sanGaceacacccaco 20 200
Well D-120
[Owner: S, W, Richardson, Driller: —}
40 40 (IGravel; water «cecccacacaaa 15 210
145 185 ||Red bedSe cccccccecmuaccan. 15 225
10 195
Well D-122
{Owner: S, W, Richardson. Driller: —]
40 40 43 193
105 145 13 206
Well D-124
[Owner: Gulf Oil Corp. Dyiller: Earl Scott]
Surface sandeeccecaccccuana- 10 10 16 193
Caliche —ececccamaccccmmans 5 15 1 194
Sandaeccccccccccccmmccn 130 145 }|Sand and gravel; water --... 26 220
ChalK v ececmcceccmeeamea 20 165 {|Rock, red - cccmcccaaccaecaa 13 233
Rock, red accoccoacccacaaa. 3 168 ||Sand; water -. 6 239
Sand, white; water—acceea_-- 4 172 ||Rock, red eccecceccaccnaaan 2 241
Rock, red ccccccmccccccaana 5 177 {|Sand and gravel; water ...- 9 250
Well D-125
{Owner: Gulf Oil Corp. Driller: J. J. Bush]
[SF:1 ¢ U PR 86 86 26 228
Quicksand eucccccccaan 64 150 102 330
Sand, whit€ acceeecaa-- 20 170 12 342
Shale, red, sandy. 20 190 15 357

Clay, red, and gravel a- ... 12 202
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ess | Pt nees |DCPIE
es
feet feet
(feet) (feet) (feet) ( )
Well D-126
[Owner: Gulf Oil Corp. Driller: F. C, Ingham].
Quicksand ccevcccmccenaoaaa 152 152 || Rock, redccccccneccccacaaa 16 198
Clay, red, sandy —ccceeacaan 16 168 || Clay, red ccecmeccmcccaeaa 32 230
Sand; wateraceccccececacaun 10 178 || Rock, redacccccccccacnuca" 15 245
Clay, sandy.cecaccmcccacnaa 4 182 || Clay, red momcccmcmcnaccaaa 5 250
Well D-127
{Owner: Gulf Oil Corp. Driller: G. S. Taylor]
SaNndeeccecccncmncccc e 155 155 [| Sand and gravel-mececaan-o- 8 208
Clay, red, sandy ccceeemaaa- 7 162 || Red beds and sand ecceaaa-. 3 211
Ked bedS eccccccmcccoancan 12 174 [| Rock, red cccemcmmcccccaaa. 39 250
‘Sand; Watere oo occoccamcono-o 26 200
Well D-128
[Owner: Gulf Oil Corp. Driller: F. C. Ingham)]
Surface sandeeeeccccacaacan 80 80 ||Rock and sand eeeecucccacan 30 240
Quicksand ccaaca-- 60 140 || Clay, reéd - ccccmammann 10 250
Rock and sand ~... 20 160 [{ Rock, red e ccccceaaa 20 270
Clay, redeccaccaccann 15 175 || Clay, red cccccaeeaaao 35 305
Sand and gravel; water-.--.. 5 180 || Sand; water -ecacewa-.. 10 315
Shale, red, sandy.aceccaao.dl 30 210 |l Clay, red, sandy 17 332
Well D-129
[Owner: Gulf Oil Corp. Driller: J. R. Marshall]
135: 0T RSy 80 80 {| Sand and gravel; water ..... 5 180
Quicksand . 60 140 | Sand and shale 30 210
Sand, red...__.... 20 160 [{Sandstone-we- o cocooooooo 30| 240
Clay rrecocaccccccmmmae e 15 175 ]| Clay, red oo ccccccccacaa 10] 250
Well D-130
[Owner: Carter Foundation. Driller: Cole & Powell]
Surface sand 5 5 |JRock, red ccaocceaa - 7 171
Caliche cwccueea-. 10 15 [|Gravel; water cceeaw.. - 8 185
Sand cacocaaaaan 127 142 || Rock, red, and gravel ... 39 224
Rock, red cocooooo 8 150 || Rock, réd mcecccuccccanuana 24 248
Sand, redeceecccaao. [, 20 170
Well D-133
[Owner: Standard of Texas. Driller: Harry Bass]
Red beds and sanda-aocaooao 8 78 |Sand and red rockececaeccna- 37 202
Red beds and shale 87 165
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Thick- Depth Thick- Depth
ness | (feet) ness | (feet)
(feet) (feet)
Well D-136
[Owner: Cabot Carbon Black Co. Driller: J. R. Marshall]
Surface sandac - cccccmaaaa.. 8 8 [[Clay, red cececmacmacacana- 15 155
Caliche mccuccccmmccccaaas 12 20 [|Sand and gravel; water —.... 10 165
Sand, rede-acccccmcccaanan. 45 65 [[Clay, red maccecccecaanaaa. 10 175
Quicksand - ccacacmoceocano 75 140 {Sand, coarse; water ecaaea.. 5 180
Well D-137
[Owner: Cabot Carbon Black Co. Driller: J, D. Cole]
Surface sandm.ceeoeuaa.oo - 5 5 JlRock, redcccececcoccanaans 10 180
Caliche ceeccmcmo e 13 18 [|Shalie, red, yellow, and blue .- 5 185
Sand...... emecmmcccmm————— 112 130 |Rock, redeeccecccamcccaaas 25 210
Red beds - ccmmmee e 25 155 {|Shale, redececcccacccncanaa 8 218
Rock, red «occcaoa o 5 160 {[Sand; water -cacecccooooo e 10 228
Sand and gravel; water-...... 5 165 [|Red beds-ccvuccmnaocaaaaa. 2 230
Rock, red, and gravelo.._..._ 5 170
Well D-139
[Owner: Magnolia Petroleum Co. Driller: Bethel & Matthews]
Surface sandoc oo 2 2 ||Sand and gravel; water ... 35 195
Caliche cccnce e 33 35 fIShale, reda cucamcacaaa a——— 5 200
Sand.... 90 125 [ISand; water accecccccanaaaa 16 216
Red beds 15 140 [|Red bedSecccmcmccccaeaaaean 3 219
Gravel cce e ocomaccca oo 20 160
Well D-143
[Owner: Magnolia Petroleum Co. Driller: H. U, Barnes]
Sandeacecmaaa.. 75 75 {[No record 60 225
Shale, red, sandy. 35 110 |iShale, red 11 236
Sand; wateromuececcnmanao.. 50 160 JISandecc e ccccnacucnaneaaa 38 274
ROCKe e e et eeetcmeeee e 5 165
Well D-148
[Owner: Magnolia Petroleum Co. Driller: H. R. Bethel]
6 6 {|Sand and graveleeeceaccaaa_ . 30 150
19 25 ||Red bedSecuunaacan [, 40 190
81 106 [|Sand, brown ceceeccacacan.- 15 205
9 115 ||Red bedScucucuoaa cmm———— 70 275
ROCKe e e e e 5 120
Well D-150
[Owner: Magnolia Petroleum Co. Driller: —]
Sand e cccaccemecccmcaccanoa 6 6 |IGravel; watereo e oo 17 145
Caliche maccacmiccaccianna 22 28 [|GUuMbO. cmwcccaccee e a——- 15 160
Quicksand cecwoeecaeoaaoo 42 70 ||Sand and gravelaevceocacaao. 10 170
Sand, redeccceccccccacaaaa 40 110 ||Rock and sand«caceaaa- ——— 20 190
Red bedsacooo.... PP 8 118 {|Sand, gravel and clay.--..-- 11 201
Sand; water.oeeoccenecaeaa 10 128
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ek oo Tt e
(feet) (feet) (feet) (feet)
Well D-156
[Owner: Texas Pacific Coal & Oil Co. Driller: Clark Drilling Co.}
Sand, caliche, white, soft-.. 19 19 |iShale, red, sandy, hard..... 10 643
Sand, red, soft e ccccccmaao- 87 106 ||Rock, red, hardeacccaoooo- 47 690
Red beds, SOft canecuamuaa- 79 185 |{Shale, red, sandy, hard....- 30 720
Rock, red, hard o ceccaeao- 25 210 {|Rock, red, hardececcmaaan-- 17 737
Sand, shells, white, hard._.. 5 215 [|Sand and hard red shale .... 8 745
Sand, gravel, and red beds, Rock, red, hardeaccccacaaa- 15 760
[1o) 2, 10 225 ||Shale, red, hard ... 30 790
Red beds, SOft wcccecaaaaas 5 230 {|Rock, red, hardeee oo 22 812
Rock, sandy, red, medium.-. 5 235 [|Shale, red, sandy, hard..--. 5 8117
Rock, red, hard ccceceeaaaa 8 243 |IRock, red, hardeeeacecaecaaa- 200| 1,017
Sand, red, soft e ccccmceenaas 2 245 ||Sand; red, hard rock ceeuo-. 20) 1,037
Rock and hard red sand.... 15 260 ||Rock, red, hardacccccaua oo 18] 1,055
Sand, white, SOft wucueean-o 417 307 ||Anhydrite, gray and white,
Shale, gray, sandy, medium- 10 317 hardeececcvemcacccceacaen 55( 1,110
Rock, red, hard oo cueaoaoo 18 335 ||Limestone, gray, hard
Shale, sandy, mediumeac.-. 70 405 (Rustler)eceecocmancneuan 14] 1,124
Rock, red, hard o ccaceauan 15 420 |(Anhydrite, white, hard-..._.- 591 1,183
Sand, red, softcccucecaaan- 15 435 [[Lime, gray, hard ccewceaaaao 48| 1,231
Rock, red, hard... 5 | 440 ||Rock andred, hardanhydrite. 4] 1,235
Sand, red, soft.... 14 454 |[Rock, red, hardeacccecnaanaa 5| 1,240
Rock, red, hard acawoaooo.o 36 490 ||Lime, gray, hard 12] 1,252
Lime, gray, hard. ... a——- 10 | 500 {{Anhydrite, blue and white,
Rock, red, hard oo 25 525 harde e ccececaeeccecaes 15] 1,267
Shale, red, sandy, hard ---. 25 550 ||[Lime, gray, hard .. 61 1,273
Rock, red, hard oo 40 590 {|Rock, red, hardecececmacacaa 2{ 1,275
Shale, red, hardoccccccaaa-x 30 620 {[Shale, red, sandy, hard.--.- 15| 1,290
Sand, brown, hard - --oo... 13 633 |{Shale, gray, hard cccccaaaa. 15| 1,305
Well D-160
[Owner: Texas Pacific Coal & Oil Co. Driller: Atwood & Clark Drilling Co.]
Caliche and white, soft sand- 40 40 f{Anhydrite and hard, white
Sand and red, soft gravel... 70 110 EYPSUM acecmccccccccanan 55( 1,135
Redbeds andhard, red rock - 672 782 ||[Lime, gray, hard ccco__._- 10§ 1,145
Anhydrite, red, hard shale, Anhydrite, gray, hard --...- 2] 1,147
and rock eececcemananoaa 145 927 ||[Lime, gray, hard ccceaacan- 6{ 1,153
Anhydrite and red, hard nhydrite, white, harda....- 194 1,172
roCK mummcee e acmcemmae 63 990 [[Lime, gray, hard -caceeeca- 60| 1,232
Redbeds and red, hard rock - 90 [1,080 [{Shale, brown, hard-c.coc.- 2] 1,234
Well D-163
[Owner: Sinclair Oil & Gas Co. Driller: F. C. Ingham]
1221 + Y« S, 8 8 ||Rock, red, sandy 20 145
Caliche e e meeaaaaee 12 20 ||Rock, redaaeaa- 25 170
Sandrock - - cccmce e 100 120 |{Sand and gravel 25 195
Sandeccemcc e e 5 125 [[Rock, redcececccmccmcnucna 5 200
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e ooen e oo
f feet,
(feet) (feet) (feet) (feet)
Well D-164
[Owner: Sinclair Oil & Gas Co. Driller: —]
Surface Ssandaccececcacoaoa- 6 6 [[Rock, redcccceacccccnamnaa- 20 140
Calich€ acmaaccccccaacaan 14 20 ravel; wateér - cececucoeaas 5 145
Sand, redacoecccacacoaoao 75 95 ([Sand, red -cccmcmmccmaaaa 25 i70
Clay, redeccaccaccccmccaan- 10 105 [[Sand and gravel; water -.... 8 178
Rock, red ccacecccacccunnaa 10 115 {|Red bedSeccecccmeccaacacan 2 180
Sand; water e ccccccamo oo 5 120
Well D-165
[Owner: Sinclair Oil & Gas Co. Driller: F. C. Ingham]
Surface sande . cccecaaoocooo 8 8 |[Rock and sandacccaccacanano 25 165
Caliche ceeeacmccccccaaccaa 17 25 [IGravelaceceecmccaccccanaas 10 175
Sandrock mee cccccccacnnean 90 115 [JRock and sandeeeccmccnanas 20 195
Sand - - e aceeen 5 120 ([Sand and gravelao.--—--o_.. 20| 215
Rock, red weaecacmcmeceanas 20 140
Well D-166
[Owner: Atlantic Refining Co. Driller: J. D. Cole]
Surface Sande.eemcceecncaaa 8 ;78 7 112
Calich€ cecmcocccacmao oo 4 12 8 120
Sand and caliche 20 32 48 168
5211 [ 36 68 1 175
Clay, red, sandy 34 102 13 188
Red bedS cccaccmmccmcccaaae 3 105 2 190
Well D-167
[Owner: Atlantic Refining Co. Driller: J. D. Cole]
Surface Sanduae cccccceaoanan 6 6 ||Clay, red cccmecacaanan - 8 108
Caliche 6 | 12 17 125
-3V P 33 45 45 170
Clay, red, sandy cc-ceccoaoo 10 55 15 185
Clay, red, sandy, and gravel . 45 100 {|Rock, red cccceccccccacanana 5 190
Well D-173
[Owner: Gulf Oil Corp. Driller: J, R. Marshall]
Surface sande-coaecccccaoan 10 10 [|Rock, red, and sand e meeuaae 26 168
Caliche cececcmccceccann 15 25 ||Red bedSeccccccccccccae e 7 175
Sand - cme e 15 40 ||Gravel and sand; water ... 5 180
Rock, red, and sand -aoea--- 35 75 ||Rock, red cecemcccmccacaas 10 190
Rock, red meoccccmcenccann 40 115 [{Red bedSeccmemcccccmacanen 10 200
Sand; wateroceccceecacmaaaax 5 120 ||Sand and rock, red -« -ouo—-- 23 223
Sand, redecaccccccccvnacaan 15 135 ||Gravela ceeccomciccmnacaann 2 225
Sand and gravel; water....-. 7 142
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ick- ‘Thick-
ness | Depth] ness |Depth
(feet) | (feet) (feet) | (feet)
Well D-175
{Owner: Gulf Oil Corp. Driller: R, E, Griggs]
Surface sandececacccccaaoaan 7 7 1Sanmdecmcccc e ceeceeeeraeeea 36 184
Calich€ aceccecmcccacaaaaa 14 21 ||Sand and clay, red caccaeoa- 4 188
69 90 ||Clayececancecncmecacnmna- 10 198
10 100 5 203
20 120 10 213
3 123 2 215
7 130 ||Clayecccmccacc e cecccmae 3 218
18 148
Well D-176
[Owner: Gulf Oil Corp. Driller: R. E. Griggs]
6 6 ||Gravel; water 10 152
14 20 [|Sandecccmcacnnaana 8 160
65 85 [[Clayecmmccccnmaaan 2 162
13 98 |[Sandecccccammeaaas 14 176
15 | 113 ||Clayecccccccccana- 10| 186
2 115 ||Sand; water 18 204
27 142 JClaye e cmce e ecmmeam 12 216
Well D-177
[Owner: Gulf Oil Corp. Driller: J. R. Marshall]
S 1 o U 12 12 {|Rock, red ccccccmcnnnarcana 15 135
Caliche cacacras 8 20 |[Sand and gravel; water --.-. 5 140
Sand - e 60 80 [[Rock, redaccecccaceccauaa-. 25 165
Rock, red 35 115 |[Sand and gravel; water -.-.- 5 170
Sand and gravel; water-—._.. 5 120 ||Red bedSe ceamcamaacacaaaa 10 180
Well D-179
[Owner: Humble Oil & Refining Co. Driller: F. C, Ingham]
20 20 [|Sand; water 32 170
20 110 {|Clay, red ccccemccacmaccaan 5 175
28 | 138
Well D-180
[Owner: Humble Oil & Refining Co, Driller: F, C. Ingham])
Caliche cmcucmcccem e 18 18 |iSand and clayeeceacmccaanan 10 135
Sand cacmecmccaceeaa 57 75 {|Sand and gravel 25 160
Rock, red 35 110 ||Rock, reéd caeccennceccaaanas 26 186
Sand, redecceccccacccncacaa 15 125
Well D-181
[Owner: Humble Oil & Refining Co, Driller: F. C, Ingham]
Surface sandeacceccccecaaeo- 4 4 ||Red bedSa e cce e e cememea 22 110
Caliche eu o caceceeamne 16 20 {{Sand; water cacecacecccmaeaaa 62 172
Sand-caccacceccecccnncaans 68 88 ||Red bedSace ccccccm e 1 173
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R T:‘::]s(' Depth T:ei::' Depth
feet
(feet) | (Fo€Y (feety | TV
Well D-191

[Owner: Standard Oil Co. of Texas. Driller: J. R. Marshall]

Red beds and sandecooaoaan 50 50 [[Red bedSemcccecmaacucecann 10 170
Quicksand ceecvcmccmccacana 110 160 j|Sand; water ccececccmamaaan 25 195
Well D-193
[Owner: Standard Oil Co. of Texas. Driller: Richardson Drilling Co.]
Surface sand and caliche --.- 15 15 |{Anhydrite and red rock..._.. 70 885
Caliche, sand, and shells....] 233 248 |lAnhydrite and red beds.._... 19 904
Rock, red weeucemomaoaeanas 226 474 ||Anhydrite and lime-caacaaa. 61 965
Red beds and red rock.---.. 82 556 ||Sand, lime, and anhydrite ._. 97 {1,062
Red beds, red rock, and
anhydrite-acecmcacoacaacs 259 815
Well D-194
[Owner: Standard Oil Co. of Texas. Driller: Sidwell & Imler]
8aNd - e eeeee o 12 12 [|Red beds and shale 35 265
Caliche acacacocaaa o 13 25 [|Red beds. 35 300
Sand eecccecmcaaaeea o 120 145 ||Sandecccmccccianaaan 35 335
Shale, red 28 173 ||Shale, red. 25 360
Gravel m e ceceeceaaeaan K 180 ||Sandecccmmccacamcas 5 365
Shale, red, sandy and gravel. 15 195 {[Shale, red 25 390
Red beds 16 211 [[Sanduecceecceeceam 13 403
Sand a e e 4 215 ||Red beds, 6 409
Gravel cu e mccocma e 15 230
Well D-195
[Owner: Standard Oil Co. of Texas. Driller: Richardson Drilling Co.]
Surface sande.cccoaccanaaoo 15 15 ||Gypsum and red rock---.__- 34 748
Sand, gravel, and red beds ..| 235 250 ||Sand, red rock, and gypsum - 22 770
Rock, red caccwccmacuacannaa 278 528 ||Anhydrite mececcacaccccaan- 16 786
Sand and red rock amccccaa-. 43 571 ||Rock, red eccccemmccmccaaaaa 33 819
Anhydrite and red rock ----. 78 649 ||Anhydrite and red rock--.-- 9 828
Sand, anhydrite, and red Aphydrite eccaccnacaccaaaaen 90 918
roCK ccmmcccccr e e 37 686 || Dolomitescauaaaas 32 950
Anhydrite and red rock «a.-. 28 714 ||Sand and dolomite 731 1,023
Well D-196
[Owner: Standard Oil Co. of Texas. Driller: —]
Surface sand. cececcccaaaan. 8 8 {|Gravel and red rockece-a.._- 18 225
Caliche cucccmcmamacacanans 10 18 [{Red beds and sandy shale..-. | 123 350
155 173 {|Rock, redeccceamcccccacaaa 15 365
7 180 [|Rock and red, sandy shale .. 15 380
Sand and gravel ceca oo 5 185 ||Red beds and sandy shale --- 22 402
Red beds and gravel aooo.... 5 190 ||Rock, red, sandy..aceaaoaoo 8 410
Sand e ce e ecaaeaae 4 194 {|Shale, sandy.accacoaoaoa--o 8 418
Rock, red 9 203 ||Shale, brown cecececcnaaaax 7 425
Sand and gravel 4 207
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[Owner: Standard Oil Co. of Texas.

Driller: Sidwell & Imler]

Thick- ick-
nelzs Dept 'Izlel :l; Depth
(feet) (feet) (feet) (feet)
Well D-197

7 7 ||Red bedSacccenmcuccnnana= 6 218
168 175 ||Gravel, large---- 3 221
10 185 []Sand and red rock. 114 335
5 190 ||Shale cccmecucaaa 15 350
22 212 ||No record 62 412
Well D-203
[Owner: Gulf Oil Corp. Driller: W, D, Holt}
Surface sando-coccaaooooaoo 22 22 |[Sand, shale, and gravel.... 33 190
Caliche and sande-cceucnuu- 18 40 |[SandStone eeccmvccccamnuas 4 194
5251 s U [ 117 157 {|Rock, red e cccmcccccaaan 26 220
Well D-217
{Owner: Humble Oil & Refining Co. Driller: R. E. Griggs}
Surface SanNdececcccccaconaa 5 5 [|Clayacenm e cmemeaaaaaa 4 204
Caliche maecccmccccceeeaaaa 9 14 [|Sand, red acceccmcmcacaaaa 16 220
ST T [P 140 154 ||Clay, red accmcccccvmacnan 25 245
16 170 |[Sand, brown .. 10 255
5 175 ||Clay, red ccecemmccmccnan- 5 260
Clay, redeccccccccccmmnccua 10 185 ||Sand, brown - ccccceeeaaenoa 24 284
Gravel... 10 195 ||Clay, red ... 5 289
Sand, redeccc e cccooncanoas 5 200 ||Sand, brown accocacccacao. 11 300
Well D-218
{Owner: Humble Oil & Refining Co. Driller: F, C. Ingham]
Surface sand-—- oo 6 B |Gravele e e eeeeas 13 210
Caliche waooo._ (R, 15 21 |Red bedSc e mccaccuauaa 17 227
3121 o T S U S S 145 166 {|Sand and gravel 8 235
Sand and clay - 8 174 [|Sand, red —cceccmmomaao 22 257
Sand and gravel mmeccccccnea 6 180 [|Red bedSe ccccmvcacaacanmnn 7 264
Red bedS mu ccmmmcmacccaaaaa 3 183 {Sand and gravelaaceacacoo- 21 285
Gravel and sand 10 193 |Rock, red cc oo cccacacaaa 16 301
Red bedS eecmccccmcccaccaa 4 197
Well D-222
[Owner: Sinclair Oil & Gas Cp, Driller: J, R. Marshall]
10 10 [|Sand and gravel; water --.. 2 145
15 25 |Rock, red e ccuaucaua. 15 160
105 130 {{Sand and gravel; water - 10 170
13 143 ||Sand, red cecceocccaaaoao- 8 178
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Thick- Thick-
ness | Depth ness Dfeptth
(feet) | (feet) (feet) | (feet)
Well D-223
[Owner: Sinclair Oil & Gas Co, Driller: J. R, Marshall]
Surface sandecaceceaocaaooo 10 10 [|Sand; water e cccmcmmmaan 5 135
Caliche cevoccvmcaccaaaaaa. 15 25 |Rock, red cceccucaccccanacasn 20 155
[SE:1 ¢ o [ 100 125 [|Sand; water ccececececcccaaaa 10 165
RedbedS cccccccmccnvcnaaa. 5 130
Well D-228
[Owner: Tidewater Oil Co. Driller: Bob Glynn]
Surface sandaee-aocaaoooo-o 5 5 ISand, red cmeeoccmcaocaoaas 15 180
Caliche ccccccncmmcmcaaacan 10 15 |Rock, redeeccecvcvmcoccnccan 10 190
Sand----- 125 140 ||Sand-ccccmcccccmmcnaccanan 50 240
Red beds 15 155 |Rock, red e cccccccaocccanan 20 260
Sand, red 5 160 ||Sand, brown cecccececoceacaan 20 280
Gravel; waterccecccccaccaaaa 5 165 Red bedS-ccccccccccaccncun 5 285
Well D-235
[Owner: Humble Oil & Refining Co. Driller: R. E. Griggs]
Surface sandecccccccacccaa. 5 5 J|Sandstone - mcccccmcacaccaaan 3 208
Caliche ceeeccmaccccacacann 9 14 JSandec cccccnccemmcc i aen 7 215
Sand ceccmm oo 76 90 [iClay, red ccecavcwaw-- 3 218
Gravel; water-aceeca- 5 95 liSand, red cccacemcccmmmana- 25 243
Sand and gravel 26 121 |lGravele e cecacceccccmccaaan 5 248
Clay, redeeccceacaa-- 6 127 [[Sand and gravel 17 265
Sand and gravel 68 195 [|Sand, brown cccecmecccccauan 32 297
Clay, redecccccccmcaccacann 3 198 ||Clay, red ccccvecccmmecanan 3 300
Sand, red-cccceccceocooaooo 7 205
Well D-236
[Owner: Humble Oil & Refining Co. Driller: R. E. Griggs]
Surface sand 8 8 ||Sand and gravel 23 256
Caliche cecvmceucmaaas 11 19 ||Sand, brown e ceeaceeaua 8 264
[SEY Y« [ 68 81 4 268
Sand and graveleceeaoocaa-. 55 142 12 280
Clay, redecccccccccccccaann 6 148 4 284
Gravel and sand; water ._... 10 158 16 300
Sand, clayccceccmccaaaa oo 75 233
Well D-238
[Owner: Gulf Oil Corp. Driller: R, E, Griggs]
Surface SanGeec-ceccccmaeoan 8 8 ||Sandeacccccciccic e 24 134
Caliche 15 23 3 137
39 62 ||Sand, brown aeeecevcaacaao - 12 149
13 75 ||Clay, red, sandy eeecceacao-- 23 172
12 87 [[Clay, red 17 189
8 95 [|Sanda - oo e e 5 194
15 110 |[Clay, red mc-ceccmcmmccanan 11 205
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ek popin rickpepe
(feet) (feet) (feet) (feet)

Well D-241

[Owner: Humble Oil & Refining Co. Driller: 1. O. Fannin]

Rocky soil. 5 5 {|Sand and gravel; water ... 80 150
Sandcaaancaaao 50 55 ||ROCK mececmememmmcccaacaan 15 165
Rock and sand cccacccaaaaaa 15 70 {|Shale, redecccecccccaaacaa- 30 195

Well D-242

[Owner: Skelly Oil Co. Driller: J. J. Bush]
2 2 ||Sand and gravel; water --.-- 5 120
13 15 ||Red beds.... 50 170
45 60 [|SandStone -« ccecccacmmccaca 15 185
Red bedS e eamcccccccacmean 55 115
Well D-248
[Owner: Guilf Oil Corp. Driller: J. R. Marshall]

Surface Sandaccceccooaaaaa- 5 5 ||Rock, redeccccmcccccccaaaaa 47 187
Calich€ coccmcaeeeaaac 20 25 {|Sand; water ceceecaceccancan 8 195
SaNd c e cec e e 115 140 [|Rock, red e ecccmcencacaan-e 5 200

Well D-249

[Owner: Gulf Oil Corp. Driller: J. R. Marshall]

Caliche emceccmccceeacaas 25 25 [|Rock, red ccmcccamcmmaaaaa 15 180
Sandeamemcecmcmacna 65 90 [[Red bedSe cmccccmccmmcceaen 5 185
Rock, red 70 160 [|Sandaccmccmmccmee e e 5 190
Sand and gravel; water...... 5 165 [|Rock, red e ccececucccaccman. 9 199

Well D-253

[Owner: Sinclair Gil & Gas Co. Driller: J. R. Marshall]
Surface sande.aaocooaonao.d 6 6 JROCK, redcc ccccacaaccaaaay] 20 165
Caliche - ccccuaam 14 20 (Sand and gravele-aacccaoo.. 20 185
Sand.eecccecmacanooo 90 110 |Rock, red - ccaoccacaa_ 55 240
Clay, red, sandy 4 114 |Sand; water 10 250
Sand; watereeewmeccomoacnadl 31 145
Well D-254
[Owner: Sinclair Oil & Gas Co. Driller: —]

Surface sandac oo o 7 7 |Sand; water ceecvcecceecunaasn 7 145
Caliche wmccmcao o] 13 20 |Rock, red  cccmcacacaanao 35 180
Sand, red 45 65 [Shale, redecccccccecacacco- 10 190
Quicksand .o .. ... 60 125 |Sand and gravel; water ..... 7 197
RedbedS ccwecen e 13 138 |[Red bedSeumue cmccmmcnenna 3 200
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Thick-| Depth ‘Thick- Depth
ness | (feet) ness | (feet)
(feet) (feet)
Well D-255
[Owner: Sinclair Oil & Gas Co, Driller: —]
Surface sandeaceccoaoaoaa. | 6 6 |Red bedScceccmcmcncccnaceaa 15 140
Caliche -ccccceomccaaaan 14 20 |Sand and gravel; water .- 10 150
SaNdeccacmceenccmcacannanas) 105 125
Well D-257
[Owner: Humble Oil & Refining Co., Driller: R. E. Griggs]
6 6 Sanda ccec e cnecceecemaas 45 209
17 23 |Sand and clay...- 41 250
61 84 Rock, redeccccccccccnncna- 50 300
Sand and clay cecccacccaaa-a 80 164
Well D-269
[Owner: Mumble Oil & Refining Co. Driller: R. E. Griggs]
Sandeeccecccccccmcceccacan 5 5 fiSandec e e eeeeeaaae e 107 125
Caliche e cecccmmma e 13 18 [Sand and clay, alternating..-- 175 300
Well D-270
[Owner: Humble Oil & Refining Co, Driller: F. C, Ingham]
Surface SaNdacococaoooaaao. 7 7 {Gravel and sand cecacmccn-a 21 164
Caliche mecccacmcace e 17 24 |Red bedSacrcercmccccannnna-a 6 170
Sand e ceeccmcmecciecccanaas 119 143 |Rock and sand ccccwccceanan 5 175
Well D-272
[Owner: City of Kermit, Driller: Glynn & Wade]
Surface Sandeeccecccnecano- 15 15 }|Sandemcccccmcccamcccanaaan 10 275
10 25 |lIGravel; water .. 10 285
Sand e cimecacmaccncaccaaa 220 245 ||Sand; water ... 15 300
Red bedS cccamcccnoncannaan 20 265 [|Red bedSaccmcccmcccmcaeaao 127 312
Well D-278
[Owner: City of Kermit. Driller: Bob Glynn]
Surface Sandeaccceccacaaonx 5 5 ||Sand; water —cecceaccoaoaoa 5 235
Caliche wecacmcccmcaccaaooo 10 15 ||[Gravel; water —eacecceea__- i0 245
Sandeecemecmecccciccnmanan 200 215 ||Sand, red cemcacccecccacaa- 50 295
Redbeds e ccmmmaooa o 15 230 [{Red bedScccvmacccnnccacoan 5 300
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Thick-

Thick-

ness D;pth ness ?t;pett};
(feet) (feet) (feet)
Well D-280
[Owner: City of Kermit. Driller: Permian Well Service]
44 44 |Rock, red e cceceeoocooaoo- 8 308
156 200 jiGravel and sand —ccaccacaoo 7 315
10 210 15 330
Sand and gravel cecmaa-- ——— 13 223 5 335
Shale, redcaceccmceccccaa.- 3 226 81 416
Redbeds ccccmcecmcccaaeea 16 242 19 435
Gravel; waterecaeomemcmaeann 6 248 21 456
Red bedS acccccccececaeaam 32 280 5 461
Sand e cecececmnccncmnnanan 5 285 40 501
Red bedS e cccmoccmmmccacaea 15 300
Well D-281
[Owner: City of Kertit. Driller: J. D. Cole]
Caliche wcocmmccecceaaaen 28 28 ||[Red beds and blue shale .... 5 168
Sand ecemmcccmmecem e 32 60 {[Rock, red cccmececemcannnn- 8 176
Clay, sandy.meeocaaan 70 130 }iGravel and red beds. .. 32 208
Red bedS meccmcucnaas 8 138 |IRock, redaccecccccacco s 2 210
Gravel and red beds .- 16 154 ravele e mmcceceeeecean 10 220
Sandstone, redecccccccacan- 9 163 |iSandstone, red, broken --..- 80 300
Well D-282
[Owner: City of Kermit, Driller: J. D. Cole]
Surface sandececacecacooac. 4 4 ||Sandstone, red.-coocco__.- 11 166
Caliche ccccccecc e 16 20 [{Shale, blu€ ccccmccmaccacaca 3 169
43 63 [JRock, red cccmcmcccmaaaaaaa 6 175
7 70 [[Sand and graveleeweccaana- 12 187
48 118 [JRock, red cccccmaccceecaaam 33 220
Sandstone o cccccceccaacao- 14 132 ||Sandston€ ccccacaccaccacaaa 18 238
Clay, pink, sandy.eoa_mo-.. 10 142 iRock, red e ccccmcameacaao- 16 254
Red beds and gravel .- ....- 13 155 {Sandstone e ceacmaacancnnn- 46 300
Well D-296
[Owner: City of Kermit. Driller: Glynn & Wade]
5 5 ||Sand and gravel; water ... 20 315
10 15 [|Red bedS. cccmcmcmcacceeeam 15 330
215 230 [|Sand; water ccemceccecccan-= 5 335
65 295
Well D-298
[Owner: Winkler County. Driller: J. D. Cole]
Surface sand.cewcemcucannaa 6 6 ||Sand and graveloaocccaoo-a 3 220
24 30 ||Rock, red eccecmcncncccnac- 7 227
135 165 ||Sand and gravelaae oo~ 23 250
Clay, sandy.eeececmcccecnaa 45 210 |[|Rock, redaccccccccacaaaaaa 2 252
Red bedS cecccccmmaa o 7 217

634592 0-62—10
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P Thick-!
Thick Depth Thick Depth
ness | o 9 ness (feet)
(feet) | (fee (feet)
Well D-302
[Owner: C. M. Chastain, Driller: Noll Drilling Co.]
SaNd acmeecmccemaacecaaes 15 15 }[Red beds, sand, and gravel.. 75 255
Caliche cccmceocaaoo 20 35 {|Sandstone cemcmmecencacnana 36 291
Sand e cececcmacaaas 95 130 ||Sand and gravel; water -.... 4 295
Clay and sand, red -. 15 145 [|Clay and shale, red 3 298
Clay, redavecccauo.. 15 160 ||Sand and gravel--.... 16 314
Quicksandeeccaoaoaa 15 175 {|Sandstone ceeeccccaa. 29 343
Sand and clay, redeaeeecan.. 5 180 {[Sand, red cmececamccccaacas 32 375
Well E-1
[Owner: Gulf Oil Corp. Driller: G. S. Taylor]
Surface sandeecccacacuoonan 15 15 [iSand and graveleceeaccacaa. 25 100
Gypsum and caliche caeao... 15 30 ||Gravel and red beds.. 18 118
Gravel and red rockeoo.o... 33 63 ||Red bedSm cacccmcccccameas 17 135
Shale, red, sandy.aecaeocona. 12 75
Well E-2
[Owner: Gulf Oil Corp. Driller: G. S.. Taylor]
Surface sandeacccecccaaaaa 5 5[|Rock, redceaccccaccuaanaa- 40 78
Sand and gypSUM eccecmeeuaa 15 20 |[|Gravel and sand - 22 100
Shale, sandy, pinKewaccaaa. 18 38 |[Rock, redaccmecacccccacnaaao 35 135
Well E-3
[Ownert Gulf Oil Corp. Driller: J.:-D. Cole]
Surface sand 20 20 {|Gravel and sand ccccacncaao 25 100
Shale, rede.-.. 30 50 [ISand, red cecamecaccccanaaa 20 120
Rock, red memccaccnannnaan 25 75 |{Rock, red, and lime shells.. 15 135
Well E-4
[Owner: Gulf Oil Corp. Driller: J. D. Cole)
Surface sandeeeccmeocaaans 30 30 ||Red beds and shal€mccmcaa.o 330 595
Shale, sandy eececcacucanuaa 10 40 [ISande e cccc e 25 620
Rock, red eccmmmeceaoao 8 48 j|Rock, red ccceccecccmaccnas 40 660
Gravel and red rockeeaoao. RYS 65 [Sandeccccccccmacccncacacaa 75 735
Shale, sandy - ccccmmacanaa 10 75 |[Lime, sandy--ccacacacoaaa- 5 740
Gravel and red rockaaeoo.. 40 115 |Shale cuummcmmcccmcaeaccaae 25 765
Shale, sandy ecccccccmcnans 20 135 jJRock, r€decacccccccccaacax 85 850
Rock, red, and shellsccao.o 15 150 [Sandeucccccmcccacoccccnoaas 12 862
Shale and red rock -ecmucas 10 160 |[Rock, sandy cececacccmcceaan 8 870
Red beds and shale-wocaa-- 58 218 [Pandeccucccccacimcccmcacaa 10 880
Shale, gray, and shells..... 47 265 [ROCK, r€d cuecaccccncccmnnn 10 890
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ick- Thick-
ness Dfepth ness Dfeptth
(feet) | (Teet) (feet) | {feet)
Well E-6
[Owner: Gulf Oil Corp. Driller: J. D. Cole]
Surface sandeaccececacanaas 15 15 ock, red, sandyeeeeoccaooo 20 80
Caliche and sandececacac-. 10 25 [Sand and gravelaaaeaoo.o._. 20 100
Sand and gravel ccceceacaaa 20 45 (Rock, red, sandy-eecaoooa-. 35 135
Rock, red cccccccecceccaa 15 60
Well E-7
[Owner: Gulf Oil Corp. Driller: Flack & Felton]
15 15 |IClayewmecmcecececcmccneaa- 26 76
10 25 ock, sandy, redeeaeceaao.. 9 85
10 35 [Sand and gravel-ecemcocaaoo- 30 115
15 50 ock, red accccecccccaeaaa 70 185
Well E-19
[Owner: Waddell Bros. & Co. Driller: —]
Sand e e e 68 68 [Sand; water cccceececcanaan 3 75
Clay, r'edec cuccecccncannaax 4 72
Well E-30
[Owner: Gulf Oil Corp. Driller: J. D. Cole]
Y P 80 | 60 ||Rock, red, and shale, blue -- | 72 | 260
Sand and shale cacecceaaaan 30 90 ||Rock, redacecmcacreuccaann 20 280
Shale, sandy ccececcacacaan 10 100 ([Shale, blue, sandyeececaccuaa 35 315
Sand and gravel e accooao- 1 101 [|Sand, brown aecceeaacaaaca- 35 350
Rock, red; and gravelo..-.- 16 117 ||Rock, red, sandy----.cc-aa- 35 385
Red bedSccceaccmmcaanaaan 17 134 ||Sand, brown cecccacacaccan-a 39 424
Shale, red and blue - ccca--- 54 188 [|Rock, red-ceeeccmaconaaaan 2 426
Well F-5
{Owner: L, W. Anderson. Driller: J. O. Jarman]
Surface material mecmucmeans 3 KJ 1 ST Ve PR 136 158
Rock and lime ccccmcmcccuna- 4 7 |Shale, red 6 164
Caliche cccccccnmmccnccncan 12 19 [Shale, red, sandy ccowceeean- 10 174
Shells and lime ceecccucccnana 3 22 [Sand; water eeecemceccanana- 10 184
Well F-13
[Owner: Humble Oil & Refining Co. Driller: G. P. Mizell]
Sand, brown eeeecceacacana. 5 5 [Sand and clay.-- 33 220
Caliche mcoemacacccmcaae 20 25 ||IClay, red ccccemccccnanaa-- 20| 240
[SET (1 U R 162 187
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oo et fowen
feet feet
(feet) (feet) (teety | TV
Well F-18
[Owner: Pasotex Pipeline Co. Driller: Layne-Texas Co.]
Caliche 8 8 [ISand; water 15 429
Sand 111 119 [Shale, sandy 4 433
Clay, red 16 135 |[Sand; water 3 436
Sand 3 138 |Shale cacccccaccaccanan 16 452
Shale, red 137 275 {Sandecccccmccencmeccaaccn= 4 456
Sand 5 280 |Shale, redeacccccccccmccacna 12 468
Shale 134 414
Well F-19
[Owner: Pasotex Pipeline Co. Driller: L. F. Buchanan]
Surface 80il wacaccccaaoanan 2 2 J[Clay, red, dense 352 420
Caliche 12 14 |Sand, red ——co-a_.-- 2 422
Sandstone wcacwmcecaaeaan. 54 68 [IClay, red wemecccaccacanaan 16 438
Well F-20
[Owner: Pasotex Pipeline Co, Driller: L, F, Buchanan]
Surface 801l comccoococaanas 2 2 T 2 484
Caliche ccuucua. 12 14 12 496
Sandstone ------ 54 68 6 502
Clay, rede-a---- 352 420 14 ] 516
Sand; water.. 2 422 6 522
Clay, redeccecccccccnaana-s 60 482 20 542
Well F-21
[Owner: Wink City Airport. Driller: —]
Surface S0il wumocccaaao oo 5 5 ||[Calich€ v cceeacceeaeae 30 70
Calich€ mmcccmcicdcceacaama 25 30 ||Sandemcecceccccmcacccnanaa 140 210
Sand ceeoeccime e 10 40
Well F-27
[Owner: University of Texas. Driller: L. F. Buchanan]
Surface sande.o ... 4 4 l1Clay, gray ceecececcrancann 15 160
Calich€ mevccecemmanaas 11 15 || Sandstone, brown; water 17 177
Sand, reddish-brown... 50 65 || Clay, gray ceeecaecaccacan- 8 185
Sand, gray, fine ccceemecana. 40 105 || Rock, red sand, and red
Shale, yellow, sandy; water.. 40 145 Clay ma e meeaaee 23 208
-Well F-32
[Owner: D. P, Anderson. Driller: J. R. Marshall]
Surface sandeacaoccaaaaooo 8 8 J|Quicksande cccmmcaacccaaaas 110 145
Caliche 12 20 (| Clay, red wecu-.. 8 153
Sand, whit€ acmacmeocaaoooo 15 35 ||Sand; water 7 160
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Thick-| nepth T:;:l: Depth
ness
feet feet
(feet) (feet) (feet) (feet)
Well G-2
[Owner: Sinclair Oil & Gas Co. Driller: J, J. Bush]
Surface Sandeeeecccaeaoaaoo 3 3 [|Sand, whit€sweceaocccannan- 20 140
Gypsum and caliche cmeweanno 12 15 {IClay, red ... 30 170
Sand, white cemeacmcmmneno- 89 104 ||Sand, white.-- 15 185
Clay, reédacmecccccccumacans 16 120 HClay, red caccecccmceacenae 32 217
Well G-3
{Owner: Skelly Oil Co. Driller: J. D. Cole]
4 4 [|Rock, red cmcvcceceeeanm 29 205
14 18 |[|Rock, gray, and sand-....--- 10 215
40 58 [[Red bedSeucccccmccacncacana 5 220
Clay, red, sandy, and gravel. 2 60 {{Rock, gray, and sand .-c.--- 8 228
Quicksand o e oooao o2 22 82 |[Rock, red cc cccccmacccecana 13 241
Red bedS accccmccoaeaeoo 20 102 [|Sand; water - eeeccaccmoaooa 5 246
Sand and gravel c.looooaooo. 8 110 ||Red beds 22 268
Clay and gravel ceoeoooaoooo 10 120 {|Sandecuccccecccccnceccaana 7 275
Rock, red, and gravel..._._. 8 128 ||Sand and red bedS.cemacana- 31 306
Sandstone, grayeeecaceooo-- 39 167 ||Rock, red amemcccvcccccanan 16 322
Lime, gray, sandy-occccac.- 4 171 ||Red beds.. 22 344
Red bedS - cmccecceececacann 5 176 |1Sandacccmccc e cccccmcmamme 10 354
Well G-7
[Owner: Humble Oil & Refining Co. Driller: R. E. Griggs]
4 4 1Sande . ccoe e e e aean 16 152
14 18 [|Clayemccec e ccmmcmcmaman 9 161
66 84 [|Sande e e e 53 214
2 86 HClayeoceecmmec e e e 5 219
48 134 [ISand. e oo cmce e aamae 11 230
2 136 fClayecccaccemcceccacaaanan 20 250
Well G-9
[Owner: Gulf Oil Corp. Driller: —}
Sand and caliche wcacaccanas 115 115 [[Anhydrite and lime.-.cooooo- 36 2,314
Red beds and shale wauooo.-. 706 821 [|Anhydrite and gypsum. 103 | 2,417
Red beds, anhydrite, and Anhydrite and lime____ 738 | 3,155
shale e cemmcmcccccceaan 481 1,302 |Lime - oo ececaemoo 395 | 3,550
Anhydrite and saltaoccoeooao 976 |,278
Well G-10
[Owner: Humble Oil & Refining Co. Driller: N. B. Oliver]
Surface sand--_.._.. amm———— 6 6 ||[Sand, red ccceeccccnneoaaas 53 91
GYPSUM «ccmccc e 12 18 ||Sand and gravelacemaceuoo-- 7 98
Quicksand . oo o 20 38 ||Rock and red sand ---ao-.-- 12 110
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Thick- Thick-
ness |Depth ness |Depth
(feet) |(feet) (feet) | (feet)
Well G-11
[Owner: Humble Oil & Refining Co. Driller: —]
Surface sandeeceeccecacnan- 6 6 {ISand, red ceccmcmcnmncncann 47 86
Gypsum 15 21 ||Sand and gravel; water ————— 11 97
Quicksandau e ccaocaaoaao 18 39 {{Rock and red sand —eeooooas 8 105
Well G-13
{Owner: Gulf Oil Corp. Driller: J. R. Marshall]
Sandeee e 10 10 [|Rock, redacacccccencccncan 8 120
Caliche ae oo cceciaeceaas 15 25 {|Sand; water weeeeceeecmcaaa- 4 124
Sand cw e e ieecccaaana 87 112 |Rock, red, sandy-cuceceuoa 76 200
Well G-28
[Owner: Humble Oil & Refining Co. Driller: J. J. Harrell)]
Sand cece e 6 6 [|Sand and gravel. ___c.caao 30 100
Caliche ccccmccccccaccaae.a 14 20 ||Shale, redecccccccccacaaax 2 102
Sand and gypsum «eeceaacaen 25 45 ||Sand, red .. 19 121
Sand, redecccc e caeeeaan 25 70 l|Shale, redeccccvccccccccaaa- 4 125
Well G-37
[Owner: Gulf Oil Corp. Driller: —]
Caliche ceimmmccaccacoaae 24 24 [[Anhydrite and salt weeceecea 1,260 | 2,131
Red bedS cmcucmcmcccccaaan 252 276 fAnhydrite and lime-a-.o._.. 463 |2,594
Anhydrite and red rock ---_. 595 871 fLime cecacmcacccccccaccann 956 | 3,550
Well G-38
[Owner: Wink Basin System. Driller: H. E. Turbeville]
Surface sande..caocccecaa_o [ 6 [|Sand and shale streaks o.... 144 215
Caliche ceecmcemmmcmmaaaaan 6 12 JROCK cmcmccdreeccceecaacam 7 222
Quicksand cccccocooaeaaaoo 57 69 [[Sand; water —ccccccceououns 26 248
ROCKa e imaemaa 2 71
Well G-40
{Owner: Gulf Oil Corp. Driller: —]
Sand and caliche -eucuuoua.. 70 70 |[Anhydrite and limeamacuaa. 844 2,713
Red beds and anhydrite ..... 750 820 ||Lime ccncccmcccncmcccmeaae 151§ 2,864
Anhydrite and gypsum —..... 615 |1,435 {|Anhydrite and lime€as ceecuna 206 3,070
Anhydrite and lime «ccc oo 233 |1,668 ||Lime ccceucmcceamcaeccceam 4801 3,550
Saltemmeaacmcemcm e 201 1,869
Well G-41
[Owner: Gulf Oil Corp. Driller: —]
Sand and red beds oo 227 227 ||Anhydrite, lime, and
Anhydrite, gypsum, and salt-.|1,787 |2,014 gYPSUM e immmmeme e 810} 2,963
Anhydrite and lime acaaao._ 139 J2,153 ||Lime and sande c cccaaccaano 587 3,550
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e i oo
feet
(feet) (feet) (feet) (feet)
Well G-42
[Owner: Gulf Oil Corp. Driller: —|
Caliche mececmmccemeaoaoo 65 65 ||Anhydrite and salt cwceceaaa 4931 2,163
Red beds, sand, and shale...|1,073 |1,138 ||Anhydrite and lime.~ucccoaa. 8921 3,055
Anhydrite and shale -.._._... 338 1,476 ||LimMe ccccmcccmcccccccaceem 496 | 3,551
Anhydrite and lime «cu-..._. 194 {1,670
Well G-49
[Owner: Humble Oil & Refining Co. Driller: —]
Rock, white 12 12 ||Sand, red cccccccccccaaaaaa 57 107
Quicksand e eean oo 26 38 [[Sand, white; water ..----__- 43 150
Sand, white 12 50
Well G-52
[Owner: Humble Oil & Refining Co. Driller: —]
1 1 lISande e cccee e e cccamaae 28 140
16 17 ||Shale, sandy 11 151
56 73 {|Gravel and sand eceucuoaa. 11 162
Shale wcmeeomecccmcceacae 19 92 {[Sand and gravelo.oaooa_.._. 11 173
15 107 |[|Shale - cco o cecamcaaaan 12 185
5 112
Well G-69
[Owner: Sun Oil Co. Driller: Hines]
4 4 5 80
16 20 20 100
35 55 10 110
20 75 19 129
Well G-75
[Owner: Humble Oil & Refinihg Co. Driller: I. O. Fannin]

Sand and red beds - ccccocnaa 90 90 [[Sand; water ceeceoccancnan - 34 136
Sand and gravel cceacaceanaa 12 102 ||Sand and gravelecaceccaaac. 6 142
Well G-80

[Owner: Skelly Oil Co. Driller; J, D. Cole]
10 10 |[Sandstone, gravel, and -
18 28 Bhells oo iciaaaaas 70 130
32 60
Well G-83
[Owner: Skelly Oil Co. Driller: J. D. Cole]
Sand e cecccaccecccncne e 2 2 llRock, redeccccccacccaccaas 25 150
Caliche wcccocmccaeaa e 21 23 22 172
Sand, brown 20 43 4 176
Clay, red, sandy cacacccaaan- 22 65 [|Sandstone, brown —cececeaca- 79 255
Red bedS caccmmamacccnaaaoa 18 83 ||Rock, red e ccccccccacaa- 10 265
Sand, redeccacmcanoo- 5 88 |[Sandstone 30 295
Sand and gravel oo _____ ... 14 102 ||Red bedSe oo cevocammanan 30 325
Gravel and red rocKacoac.-- 23 125
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Thick- Thick-|
ness Depth ne]:s Depth
(feet) | (eet) (feet) | (feet)
Well G-84
[Owner: Skelly Oil Co. Driller: J. D. Cole]
Surface sandeaccceocaaaoaes 4 4 |{|Sandstone 50 148
Caliche caaaoo.. 14 18 ||Red bedSaaocuo-- 3 151
Clay, red, sandy 57 75 {[Sandstone, brown 116 267
Rock, red 7 82 [|Red bedSeecmcccnccccanacan 38 305
Sandstone 8 90 ||Red beds and sand «ccaao--- 11 316
Rock, red 8 98
Well G-85
[Owner: Skelly Oil Co. Driller:'J. R. Marshall]
3 3 ([Sand; water - cccuacoceoacooo 3 81
17 20 [|Clay, red moccoccamccaaanaaa 25 106
35 55 {|Sand and gravel; water .-... 4 110
15 70 {|Clay, red mewcecnecacnacaan 1 111
8 78
Well G-92
[Owner: Hudson & Hudson. Driller: Donnell Drilling Co.}
[SE=1 ¢ 1 55 55 ||Sand and red shale cc ccauo-- 80 295
Sand and gravel cweuoocooooo 50 105 [|[Red bedScec cccecccmcmncoan 30 325
Sand and red shale «cacma-__ 25 130 ([Shale, redeccececccccanaaas 130 455
Sand and gravel o cceeaaoo.. 27 157 [[Shale and sandewacccccaaan 5 460
Sand c e e mmeeamae s 8 165 ||Sand, red acemucacoicannaan 42 502
Sand and shale ceaeeo oo 50 215 ||Shale, rede . ccccccaeccaaaaa 8 510
Well G-93
[Owner: Hudson & Hudson. Driller: Donnell Drilling Co.]
3 3 |[Shale, sandy--eececocaaana-- 45 245
4 7'/|Shale, redmoccaaeccaacacaa- 41| 286
s 70 77 {|Shale and gravel ceecccmaoao 19 305
Sand and gravel; 'water-.-..-. 93 170 {[Shale, red-c oo cccccccacaaaa 5 310
Gravel and red shale ....... 30 200
Well G-112
[Owner: Humble Oil & Refining Co. Driller: —]
Surface sande-ccceccacauaas 1 1 ||Gravel; water cececcceaaoux 9 149
Calich€ wocccmacocmaaaaao 8 9 ||Red bedSaaccacmuaocanaa 11 160
Caliche, sandy cceocecmecane 33 42 4] 164
Shale, red, sandy---c--c-o-- 60 102 18 182
Gravel; water- oo cccmcaaaan 5 107 301" 212
Sand, redecccemcccacccmnean 33 140
Well G-113
[Owner: Humble Oil & Refining Co. Driller: I. O. Fannin]
Calich€ ccccmcaocoogee oo 10 10 ||Gravele o acoccceacccmaeaaae 93 168
Red beds o cceoomeoieee 65 75 ||Sand and graveloo-ccoo_o-a 20 188
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Thick-| ick-
ness Dfepth ness Depth
(feet) (feet) (feet) (feet)
Well G-126
fOwner: Skelly OGil Co. Driller: Ken Woods Co.]
Sand and caliche wecceaoeao. 12 12 99 800
Sand and red beds ccceaaooo- 100 112 52 852
Red bedS meccmeaccmcmecmnan 264 376 134 986
Red beds and limeacaaccaaa- T2 448 12 998
Red beds and sandecacacaaa- 114 562 691 1,067
Red bedS e cmeuccacmannanaa 108 670 {Anhydrite, gypsum, and
Red beds, sand, and gypsum. 31 701 Shale caccccmccccmicncann 1531 1,220
Well G-127
[Owner: Skelly Qil Co. Driller: J. D, Bush}
4 4 |IShale, reduceeeccccaocoaao. 5 135
21 25 |{Rock, red .- 45 180
94 119 {|Sand, red -- 10 190
‘Shale and red rock ceeacooo. 3 122 |jRock, redeecccccccccaccaca- 90 280
Sand; watereececccccccccaaax 8 130
Well G-130
[Owner: Richardson Oils, Inc, Driller: Bud Tone]
Caliche ceecoccmcacmaccaaan 20 20 5 155
Sand o e e cmccamcaene 35 55 37| 192
Red bedS mmmmcmcaccccaaaaas 61 116 28 220
Shale, red-ccceocccccacaa- 34 150 40 260
Well G-133
[Owner: Gulf Oil Corp. Driller: White Well Service}
Surface sand 8 8 ||[Rock, redee ccecccmeaocnaaa 11 210
Caliche 12 20 ||Sand; water -_. 3 213
Sand . e cocem e cc e 65 85 |[Rock, red.-.... 3 216
Sand and clay, red-—--.______ 25 110 {|Sand; water —ceccecacaaooaod 4 220
Sand; water. e oceeaacaao 3 113 [|Sand and clay, red ... __.. 4 224
Rock, red .- 83 196 [|Red bedS. o ccccmocccecaaaa ] 16 240
Sand, coarse.c ... -an.o S 3 199
Well G-134
[Owner: Skelly Oil Co. Driller: J. J. Bush]
4 4 ||Sand, red ccc-tecamccaaaoaad 73 98
2 6 [{Shale, red-ccccccocmccnan 22 120
2 8 [|Sand, brown._.. 14 134
17 25 O recordeccceccccccac—ca- 141 275
Well G-149
[Owner: Gulf Oil Corp, Driller: J. R. Marshall]
20 20 ||[Rock, red eccccecc e d 20 160
65 85 [Red bedS.cecucucacccaanau-d 32 192
23 108 !Sand; water 5 197
32 140 [|[Rock, red ccucccccccccacand 4 201
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' Thick- Depth Thick Depth
ness ness
(feety | (Teet) (feet) | (feet)
Well G-161
[Owner: John Witt, Driller: Hamblin]
Caliche « o comecaoooC 30 30 ||Gravel, fine, and sand .- .. _] 40 310
Shale, sandy « e e ccccocouanno. 85 115 ||Gravel, coarse —co-c_oo____ 90 400
Sand and red clay streaks...| 155 270
Well G-168
[Owner: City of Monahans. Driller: Layne-Texas Co.]
Surface Soil memeeane-caum-n- 4 T"Gra‘vel, large, and clay ... 4 15] 195
Caliche cccmmcccccccccannn 12 16 {|[Gravel, medium-coarse,
Caliche, hard, and brown sand and red clay .o ..._._/] 13 208
limerocK caccccanocaaaaoo 13 29 ||Clay, red, soft, and sand
Sand, brown, hard, and Streaks e cccmanccacc oo 29 2317
sandy caliche ...._______. 9 38 ||Clay, red, hard, and soft
Sand, red, red sandrock, i brown clay streaks-....-.J 48 285
and sandy clay--...____.._ 27 65 |Band, brown, broken; red
Caliche, hard, and cemented " clay and small gravel ... 25 310
pea gravelao. .. ooce_.o.... 10 75 ||Sand and red clay layers-..... 31 341
Sand, brown, sandy, yellow ‘Clay and sand layers .-..--- 20 361
clay and gravel «._.._.__. 11 86 | Sand and clay layers.__...__ 21 382
Clay, red. - oeooomeeoon 9 95 .Clay, red and brown
Caliche, hard, lime and red streaked, and sandy
_ clay streaks oo oo .a 31 126 | StreakS --voceccecmeeen 26 | 408
Clay, sandy cavewmeoooo oo 3 129 HlGande o o e oo 6 414
Sand, coarse, and medium- Sand, brown, broken; red
coarse gravel __._.._.___. 21 150 clay and hard gravel
Gravel, large, and brown 1aYers oo cem e e 15 | 429
sand-- oo oooeeeoas e 30 180 ]JSandrock, layers, broken -__ 4 433
Well G-169
[Owner: City of Monahans. Driller: Layne~-Texas Co.]
Surface sand- .- ._.... 2 2 [[Clay and dirty brown sand -. 32 209
Caliche cavomcamcaco o 13. 15 {|Sand, brown c c e ccacccaooooo 20 229
Caliche, sandy, and red Sand, brown, and clay
sandrock o oo ooo_ oo 16 31 streakS cccecmccccceccaa- 18 2417
Caliche, sandy, and hard Clay, red, sandy .. _____.___ 4 251
3 11 S, 5 36 [IClay and sand streaks.-.... 15 266
Caliche, red, and sandy clay- 30 66 ||Sand, medium brown __.._.___ 43 309
Sandrock and red sandy clay. 11 77 §Sand, brown, coarse, and
Clay, brown, soft, sandy, fine gravel cw oo _._. 17 326
with hard layers «.___.._.. 15 92 ||Sand, brown, coarse, fine
Clay, red, hard, tough ...._. 46 138 gravel, and thin hard
Sand, brown, and small layers memmceccccacaaocan 5 331
gravel oo __.____ 12 150 ||Sand, coarse, and fine
Clay, redaccacceca oo 2 152 gravel m oo cicceeaan 40 371
Sand, brown, and small Gravel and hard sand-.._ ... 24 395
gravel - oo ® 158 ||Lime, soft, gravel-
Clay, red-cee oo oo .. 19 177 cemented - cceemmouao oL 7 402
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T:;gls{- Depth T:;::' Depth
(feet) (feet) (feet) (feet)
Well G-170
[Owner: City of Monahans. Driller: Layne-Texas Co.]
Surface sandeeceeccccaoon.. 1 1 ||Sand and soft clay; traces
Caliche cecccmmcecmccnaanan 6 7 of gravel .o oo 12 180
Sandrock, red, and sandy Sand and fine gravel-.-.-... 3 183
calich€ao s cccaeccammnaan 19 26 [{Clay, light-brown, sandy-..- 11 194
Sand, red, hard, and sandy Clay, brown, tough .o ccaeaoo 15 209
calichen o ccacacmacaaaen 20 | - 46 ||Clay and hard layers--.----- 3 212
Clay, red, sandy, and Clay, red and brown, sandy
Sandroek - cceeecemecconan 23 69 clay, and sand streaks.--. 15 227
Sandrock, red, and sandy Lime rock, honeycombed,
clay aoe e ciecaaaaa 18 817 sand and claye-ceeceaaaax 15 242
Clay, red, soft, sandy, with Sand, brown, coarse,
hard streakS-.---o_coocoon 13 100 broken, fine gravel, and
Clay, red, hard, tough .....- 29 129 Clayeoccaccmac e cm e 31 273
Clay, red, and soft sandy Sand, coarse, packed, hard
Clay moeeemeaeaaea 14 143 fine gravelacececcnceaaa- 31 304
Clay, red, and fine gravel Sand, coarse, packed, fine
and sand oo oo necaoniae- 10 153 gravel acecmccecaocaacao 43 347
Sand, mediunt-brown, soft Sand, brown, coarse,
light-brown clay, and broken, clay. - cceecucacana 56 403
some gravelo. o coacocono-- 13 166 [ISand, broken, and red clay
Layers, medium, hard..__.. 2 168 layers .ceceeuceomeam - 16 419
Well H-30
[Owner: Humble Oil & Refining Co, Driller: G, S. Taylor]
Sand Lo 30 30 |[Sand, red ... 5 290
Red beds and sandecaoooa-a 10 40 J|Rock, red 5 295
Sand, red- . oo 20 60 |IRed beds and red rock---... 100 395
Redbeds .o e ana 15 75 |[|[Red beds_-.-.. 10 405
Sand co e 9 84 [[Rock, red.... 40 445
Red bedsS.oucucummuancaaoas 6 90 ||Red beds_.... 85 530
Sand v ieiemcmeeaan 8 98 [[Sand; water - ooooocoaaan 20 550
Red bedS e e ccwcme i ccmmcae 187 285 ||[Red beds. cmccccacae e 60 610
Well H-83
[Owner: Magnolia Petroleum Corp. Driller: —}
5 5 |{Sand; water - cuacceccacanaa 10 95
40 45 |{Rock, red, sandy. 15 110
20 65 |[Sande-ccamcocana 25 135
Rock, red, sandy eceecenoa-- 10 75 ||Rock, red, sandy..-caceaaa- 20 155
Gravel and red sand eucoo--. 10 85
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Table 9.—Analyses of water from

[Water-bearing unit: C, Cenozoic alluvium; Ch, Chinle formation equivalent;

(Results in parts
{Depth Water- ‘
of . Date of Mag-
Well Owner (well) be::iitng collection |Silicaliron S;,l,; ne. ;:'.ni‘z::_
feet (SiOg)(Fe) sium
(€a) | (g || (1)
-A-1 |Allen Cowden. ] 87 C FNov. 1, 1956{ 57, |... |} 139 46 308
A-3 |[B,F,Jenkins ..[ 100/ C Jan. 13, 1957 73 ... 98 29 98
B-2 |Mary K. E. 750 C  |Jan. 29, 1957 68 |... | 100 21 145
Bauer.
B-4 |....do-a.-.__] 75| C  jeoo-- domean-- 68 |... | 129 18 105
B-6 |....do-...____J 88 C |...- docaaa- 38 |.._ | 468 47 389
B-9 |Ratcliff & 52| T Feb, 12, 1957 88 |... 53 13 41
Bedford. }
*B-10 {.cn_-dOmceen__. 72( T iApr, 26, 1940L._.. --- ] 112 16 191
B-10 |---.dO-cu-o-_.] 72| T eb, 12, 1957 79 |[._._| 116 30 F39 [3.7
B-14 |Allen Cowden..| 83 C g;ov. 1,1956| 54 ... | 267 115 228
B-15 |B, F. Jenkins _.| 80 C Jan, 13, 1957 45 |[._._ | 101 23 77
B-17 |-ca.doceoao ] 115f € [o.-. doe e 79 |--- | 347 74 173
B-18 |John Henry 115/ C Feb, 4, 1957 52 |... | 429 78 1198 7.0
Wallace
Estate.
B-20 |--a_dOaeoao._] 1,025 S Feb, 2, 1957 11 |._. 21 13 936
B-21 |J. M, Williams, | 1,180 S |.__. [+ (s Y, 12 |... 57 27 | 1,380
and others,
C-1 |J. B. Tubb 220 S Sept. 7, 1956 22 |_.. 75 29 147
Estate,
C-2 |ecadOaenao.. 140 C  |----- doaccaan 44 (... 82 41 100
C-5 |W,P,Edwards.| 260 C Sept. 8, 1956 12 |___ 86 50 418
C-13 |W. D, 300/ C,S |Sept. 10, 1956] 13 |-.. | 54 27 266
Harrison,
C-17 |Sinclair Oil & 455{ S Oct, 22, 1956 11 |._. 53 41 291
Gas Co, l
*C-18 |Tom Lineberry. 130 C Mar, 16, 19400L__.. --a | 102 50 313
*C-20 (W, L, Beckham.| 134| C |Apr. 1, 1940{_... - 52 33 49
*C-21 |{J. B, Tubb 151 C Mar, 16, 19400 ... RO PR S ORI E U,
Estate,
*C-22 (J, B, Walton .| 118 C |..... [« (o TR IR, JEUSPR EPRPEPRPRS SRS SR E—
C-25 [couodOmcauaood 165, C Sept. 10, 1956 44 |._. 49 26 126
*C-33 [--e_doecmuna.] 95| C Mar, 21, 1940f._..|--. | 189 42 233
C-37 |OlsenOil Co. .. 250|....._ Sept. 12, 1956 56 |.._._ 99 21 52
C-39 {Tom Lineberry. | .o . |..co-_ Sept. 11, 1956 50 |.__ 87 32 452
C-40 |Evelyn 125 € ... do-coo-- 44 |.__ 51 30 319
Lineberry. l
C-47 [Stanolind Oil &| 212 C Mar, 18, 1957 55 |._. 52 10 23
Gas Co, *
C-50 |Jack Lineberry. 90 C Sept. 11, 1956] 70 |._. | 646 100 481
C-53 (J.E, Haley...j 297 C Sept. 18, 1956 48 {._. | 211 149 | 1,100
D-1 |Tom Lineberry.l..... S Jan, 12, 1957] 1.5--. 5.6 5.1 208
D-3 [Wood River 540 S Apr. 13, 1957 13 [--- 42 38 317
Oil & Refin-
ing Co.
D-5 |Tom Lineberry- 80y C Oct, 17, 1956| 58 |... | 102 44 234
D-29 .o dO-voana.] 100 C Oct, 10, 1956/ 64 |[-.. | 102 39 261
D-38 |Richardson 531]C,S8 |(Jan. 8, 1957 54 (._. | 125 48 245
Oils, Inc, l

See footnotes at end of table,
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R, Rustler formation; S, Santa Rosa sandstone; T, Trinity group]

per milljon) . Specific
Sodium-
Per- 4 _|conduct-

. Total | neng [ 39SOTP"|  5nce
Bicar- | Sul- [Chlo- |Fluo- | Ni- |p | Dis- |hard-| go- | tiOR~ |icno |PH
bonate | fate | ride | ride | trate (B) solved | ness |gjym| T30 | 4os
(HCOg) [(SOy | (C1) | (F) [(NOy) solids | as (SAR) | o4 9500)

CaCOs
206 578 302 2.0 2.8)-caon 1,610 535 56 5.8 2,260 |7.6
236 286 55 2.6 1.0~ 759 364 37 2.2 1,060 7.8
220| 263 131 2.4 8.1} 0,11 847 336 48 3.5| 1,280 (7.4
188; 273 109 1.4 317 .18 833 396 37 2.3] 1,200 7.4
137/ 1,420| 370| 3.0 107 .78 12,910 | 1,360| 38 4.6 | 3,660 |7.5
214 46 32 2.8 I NN 379 186 33 1.3 535 (7.7
238| 255 200 ... 22 oo 913 K7:1:] IR U PR ————
241 230 175 3.2 49 o ____] 972 414 42 3.0 | 1,420 (7.7
212| 1,140 175 2.4 28 |eaeeand 2,110 1,140 30 2.9 2,650 {7.5
234 230 54 2.2 648 346 33 1.8 963 7.7
334| 791! 308| 2.6 1,950 | 1,170 24 2.2 | 2,600 {7.4
161} 1,460 138 2.8 14 o] 2,460 1,390 24 2,3} 2,860 |7.3
491 795 640 2.8 1.5 o] 2,660 107 95 39 4,180 |8,2
352|/1,180 | 1,230 1.8 -] 4,060 254 92 38 6,310 |8.1
180 395 45 el 4,5 |accand 816 306 51 3.7 1,200 (7.4
246| 200 88 4.4 749 373 37 2,3 | 1,140 (7.8
253 854 165 [ceaaa 1,710 420 68 8.9 | 2,500 (7.5
231| 440 120 2,8 1,040 246 70 7.4 1,620 |7.4
325 465 130 |hecaee O e 1,150 300 68 7.3 1,790 7.9
268 561 230 4,40 e 1,390 110 ) (RS PRSI Uy I,
220 120 43 2.9 focecc e 408 p.1: 1) PR S e
220f 220 98| ... R S 645 | oo leccenlcccmmen |am———mm S
177 154 482 | |cemea e e -
242 152 630 230 55 3.6 1,010 {7.6
177 629 1,430 646 cccofacncece e -
176] 197 600 334 25 1.2 864 7.4
257| 455 1,660 348 74 11 2,660 |7.8
325| 435 1,200 250 73 8.8 1,840 |7.8
147 54 26 1.8 4.5 (e 308 171 23 .8 430 |7.7
198[1,270 | 1,120 L ... 6.0 |- _._. 3,790 | 2,020| 34 4,6 | 5,300 |7.1
245| 2,180 740 3.2 ) IS S 4,550 5,970 68 14 5,970 7.5
1283 129 80 3.4 N1 SR 572 35 93 15 974 |9.1
343} 507 100 fmccan 1.8 41,190 262 72 8.6 | 1,800 7.7
286 511 115 2.6 9.3 |eaueaad 1,220 435 54 4.9 1,720 (7.7
278| 383 242 4,0 5,0 maceand 1,240 415 58 5,6 | 1,860 (7.6
215] 561 195 3.0 e8locaanad 1,340 510 51 4,77 1,940 7.7
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Table 9.—Analyses of water from wells

(Results in parts
Depth
Water-
of X Date of -
Well | Owner well Pe2FiR8) collection  fiiica [tron| C2L N:lig- So- Potas-
oo | (e o | st [ e
' | (g)
D-47 {El Paso 166 C Oct 17, 1956|44 -—— 94| 19 41
Natural Gas
Co. well 1,
D-48 well 2, 600 S Oct. 19, 1956/ 43 ——— 74| 15 43
D-85 well 5, 250/ C,S |Feb. 14, 195734 —— 87 9.8 27
D-89 |El Paso Natu- 156] C  |o-a-- [ [ T 34 - 133f 16 (44 2.2
ral Gas Co. l
D-93 |Richardson & 210/ C,S |Apr. 15, 1957 28 - 846} 81 3,160
Bass. l
D-98 |Carter Foun- 200, C,S |[Feb. 14, 195730 ——- 21 29| 9.4 1,5
dation.
D-107[Stanolind Oil & 100 C June 25, 1957 -coc |coc|cmceccmmace]| cocafunann
J Gas Co,
D-108)J. B, Walton. .. 11 C Mar, 28, 195710 —— 31 9.2 36
D-117/Humble Oil & 2000 C Apr, 15, 195732 - 38| 6.7 25
Refining Co. [
D- 129|Gulif Oil Corp.. 2500 C Feb, 14, 1957 36 _— 65| 8.3 20
*D-135(J, B, Walton...l 155 C Mar, 21, 1940.... |--- 28 11 9
D-136|Cabot Carbon 180 C May 15, 1947 ... |--- 34 7.1 18
Black Co, L
D-137caecdOacuaa_ ] 230 C Feb. 14, 195740 - 34 6,7 2
D-138[....domeo-- 4 215) C Oct. 20, 1956{42 - 51 10 24
D- 141|Magnolia Pe- 225/ C,S |{Sept. 20, 1956/ 44 I 200 29 84
troleum Co. |
D-144....dooeoo._ 250/ C,S |Apr. 16, 195747 ——- 112} 18 69
D-154Sun Oil Co,.-.. 143{ C Sept. 10, 1956(52 ——— 1871 31 138
D- 160|Texas Pacific | 1,234/ R |[Sept. 25, 1956(10 ---| 1,380| 1,400 | 57,400
Coal &0il Co, |
D- 163|Sinclair Oil & 2000 C Oct, 22, 195640 ——- 86| 12 41
Gas Co, well 3,
*D-185/J, B, Walton - .| 87 C Mar, 21,1940 ... |cccfcccmn]moccac] cama| maaad
*D-186|..domeocoo. 87 C |Apr. 21,1940 -__ | co|ccmcnlomaeen] cmmn] =maad
D- 191Standard Oil 195 C May 14, 1947._.. {-.- 33 4,0 10
Co. of Texas. |
D-193|...-dOcucan.. 1,062/ R [Jan, 25, 195716 - 627, 845 4,810
D-196). .. .doc-oao-_] 425/ C,S  |ae--n- [« [ M— 28 - 82| 16 46
D- 208{Seth Campbell.f 175 C May 14, 1947.... |[.-- 44 5.7 20
D- 209 The Texas Co..] 140 C Oct. 24, 1956|32 —- 39 6.1 22
D- 220{Ambassador 200] C,S [Oct 19, 1956/ 36 ——- 34 3.4 11
0il, Inc, |
D- 224 Rock Hill Oil 150 C  |o-.-. dOmcuca- 38 _—— 31 2.8 12
Co. well 2, |
D-231J..B. Walton ... 200 C Mar, 18, 195741 - 39| 4.8 19
D- 244Harlan 230/ C, S |-a--- do.._--_ 39 -——— 75| 77115 2,0
Producing Co, |
D-245....docaon-.- 148 C  [eeu-- dowcanan 34 ---| 1,320 739 25,100
D- 256 Standard Well 2000 C Oct. 17, 1956( 40 —— 53 4,9 18
Service. |
D-254 Skelly Oil Co, 4 210/ C,S |Oct. 18, 1956/34 —- 123 15 28
D-277City of Kermit.] 405 S Aug, 18, 195732 --- 34 5,11 12 1.7
D-279.--.doaca-__ 4 300/C,s |[Jan, 30,1957 29 0,00 30 5.4 17 l2.0

See footnotes at end of table,
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per million) . | Specific
Per- |Sodium-=| . duct-
Total | gent | 2959TP~| apce
Bicar-| Sul- |Chlo- [Fluo-| Ni- Dis- |hard- _ | tion- icro- | PH
Boron so . (micro
bonate| fate | ride | ride |trate g [solved | ness |giym ratio (" . vos
(HCO,)[ (50,) |(c1) | (F) |(wo,) | ®B) |solids | as (SAR) |, 2500)
CaCQg
192 188 27, 1.8 L 70 | (. 543 313 22 1.0 755 | 7.5
166 | 167 12 2,2 70 cceae- 452 247 28 1.2 635 | 7.6
164 40 98 .6 1.5)ccacaa 436 258 18 T 651 | 7.3
143 81 227 .8 3.5 ccmun- 591 398 19 1,01 1,070 | 7.4
68| 70 (6,520 |ocooc|occs |oaoaes 10,700 | 2,440| 74 28 | 17,900 | 7.7
80 7.4 3.2 1.4 6.9 oo 128 64 24 .5 175 | 1.7
86 [cceen 4,080 Lo ecoon [eemmen]aeaeaa 735 | ccce | 9,260 | 6.7
5 63 46 .6 ] P 268 115 40 1.5 422 | 1.4
134 19 26 2,2 6.0fccc-- 221 123 30 1.0 351 | 7.7
103 20 89 .8 h( ] P 334 196 18 .6 504 | 7.5
122 18 9 2.2  ccice e 137 I17 | cmfmcmmeae e ee e .
140 25 T0facaas [ 3] DR 225 ) -3 (N 336 L...
132 24 7.5 2.6 5,2 cccaa- 213 112 27 .8 303 | 7.8
145 48 29 2,2 [ | [ 290 | 168 23 .8 434 (7.8
219 | 209 278 1.0 12 [cecao- 965 618 23 1.5{ 1,580 (7.4
130 112 195 1.4 RN ] . 622 354 30 1,6 1,050 | 7.9
183 496 158 1.2 - 1] R, 1,200 594 34 2,57 1,640 | 7.4
57 (7,140 |89,700 b2 J [, 157,000( 9,200 93 260 |ceceen- 6.5
166 134 54 [eeean 1.2)eccaaa 463 264 25 1.1 693 | 8.0
104 14 13 boccer| cmeee | meeeam 125 [cocce e cmmcca e e e bew-
122 16 19 fboo | cmmec | emeeaa 152 | ccca feccec jocccme fecnmnmn .
117 15 5.0f ceuma-- R ] R 215 99 e femcacaa 250 ...
133 14,320 7,720 2.8 e emeees 18,400| 5,040 67 29 24,500 | 7.3
138 69 127 1.8 2.8/ 0,10 441 270 217 1.2 781 | 1.7
123 42 20 |oenood 5.1 258 1833 |ecccm Jeeeeeea 381 (...
146 30 9.5 1.2 3.8facn 209 123 28 .9 369 | 7.7
102 16 14 ...._ 4.0fcaucaa 165 99 20 .5 249 | 8.1
96 16 12 4 1.5)ceeua- 157 88 23 .6 248 | 1.9
124 22 18 1.8 3.5[camana 210 117 26 .1 305 | 7.6
94 32 101 .6 2,0)cnuc-a 320 218 13 4 554 |17.5
221 12,820 {41,000 | oo | cccac|accaan 71,100( 6,330 90 137 82,200 | 6.8
107 21 55 .6 [N\ ] PR 266 150 20 .6 390 | 7.5
84| 138 152 .6 Olecaaoa 532 368 14 .6 872 | 7.6
118 22 7.0 1.2 4.8 .06 178 106 19 .5 259 | 7.9
120 21 6.0 1.8 2,1 ccoae 173 97 27 fececeos 263 | 7.7
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Table 9.—A4nalyses of water from wells

(Results in parts|
Depth Water-
of : Date of Mag-
Well Owner \:ell beu:;ri:ng collection [silica Ironcc:; ne- dsiz;nps:fxar:-
eet i siu
(feet) 5i0, ) (Fe) (Ca) (;w lgl; (Na) | (K)
D-278City of Kermit. | 300/ C,S [Mar. 18, 1857 |30, |._.| 31 5.3 22
D-279 7000 S June 3, 1940 | 29 0.13 34 6,0f 14 |2.4
D-280; 50 S May 15, 1947 |._... -} 37 6.7 47
*D-285C. B, Parker-..| 2000 C |Apr. 18, 1940 |.____ S SNSRI B I
D-291|City of Kermit - 5591 S Apr. 27, 1957 | 28 ---| 36 6.8 20
D-292|.... [ ([« FPR 545/ C, S [Mar, 18, 1957 | 32 ---| 85 14 29
D-294____. [ [ TR, 471| C, S [May 15, 1947 | 26 .0 40 7.21 25 14.6
D-298Winkler County- 252 C Oct, 23, 1956 | 28 ---| 40 7.4 29
D-299|City of Kermit. 394 S July 25, 1957 | 24 | 42 8,1 23
D-302(C. M. 375 C,S [Mar, 21, 1957 | 30 ---1 39 6.0 28
Chastain, I
D-307/Seth Campbell.| 168 C |Oct. 24, 1956 | 24 ---| 40 6.8 35
E-12 {John Henry 115 C Feb, 12, 1957 | 49 ---]161 28 86 |5.5
Wallace Estate|
E~15 |Texas State 1200 C Nov, 8, 1956 | 35 ---1127 18 65
Highway Dept.
E~19 {Waddell Bros. 75 C Feb, 7, 1957 | 34 ---] 84 21 34 |6.5
& Co.
¥E~22 jao.- do 65 € Mar, 7, 1940 | _.___ RPN S [ DU,
*E-24 jo___. do. 96| C Mar, 14, 1940 {__.._ ---1581 103 319
E-24 |..... do. 96| C Feb, 7, 1957 | 28 ---|596 110 |232 '12
E~28 |Larry 60 C [Nov. 2, 1956 | 30 ---| 44 6.9 89
Fernandez, I
E-39 (Stanolind Oil & [1,113] S Jan, 28, 1957 | 12 - 5.6 3.4 406
Gas Co. I
E-42 |Waddell Bros, 75 C Feb, 17, 1957 | 37 ---| 33 7.5 |18
& Co.
E~51 |C.O, Wheeler.- . 140 C Jan, 28, 1957 | 34 ---| 48 12 49
F-5 |L. W, 184) C |Apr. 23, 1940 |.___. ---|138 94 1,380
Anderson. r
F-5 [-o--. [« [« T, 184 C Sept, 12, 1956 | 40 --- 139 118 1,410
*F-6 |C,E, Wilson... 290 C Apr, 23, 1940 |.__._._ ---1373 288 2,090
F- 8 [Winkler County 190 C Mar, 18, 1957 | 50 | 97 61 436
Country Club, ‘
F-9 |Jack 130 C Sept. 12, 1956 | 34 ---| 52 18 347
Lineberry. I
*F-11 (Hulda J. 100} C Apr, 23, 1940 {____. ---|198 43 257
Wilson,
F-14 |.____ [ [« PRRN 230, C Mar, 16, 1957 | 18 ---1| 52 25 (104 |6.4
*F-15 |..__. do_o.____ 96 C Apr, 23, 1940 |____. ---|137 39 69
F-15 [._... s {c JPR, 96| C |[Nov. 5, 1956 | 27 ---|610 130 301
*F-16 (Permian Ice 219) C |May 1,1940 | __.__ -] 97 25 11|4
Co.
F-18 |Pasotex Pipe- 468 C |[Sept. 19, 1956 | 16 -e-] 51 18 4
line Co. well 4. 1
F-21 |Wink City Air- 210 C Sept. 16, 1957 | 46 --.]1746 241 454
port. l
F-22 |L. W. 176] C Apr, 10, 1940 |_____ ---|163 71 357
Anderson. I
F-25 |G, P, Mitchell__| 300f S Sept. 13, 1956 | 16 ---| 68 37 115
F-26 |D. P. 152 ____ Aug. 23, 1940 {_____ -4 97 38 43
Anderson.

See footnotes at end of table.
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er million) Sodium-  Specific
Per- d conduct-
Total | cent |205°"P7} ance
Bicar-| Sul-| Chlo-| Fluo-| Ni- Dis- | hard- tion- ) pH
X . Boron s0- ratio (micro-
bonate! fate| ride ride | trate solved | ness {g4i
(B) dium SAR mhos
(HCO3 ) (SO4)| (C1) | (F) |(NOj) solids | as (SAR) | 250y
CaCO3
127 24 7.2 1.8 3.0 ccanns 186 99 32 0.9 273 | 7.8
96 44 6.0 1.1 3.4 0.2 197 110 21 oo 280 |....
136 93 8.0 _-._ 3.0fano 266 120 fcemecbermaca| cmmmam I
171 45 bk T (R PR 240 |eocooifemeca e aeme e S
138 29 7.0 1.6 ] 201 119 26 .8 307 | 7.8
127 94 86 1.2 (701 DR 410 270 18 .8 673 | 7.5
146 34 19 1.8 3.0] et 232 129 joo o beemmao- 3541 7.5
146 40 20 |eaooao 3] —— 241 130 33 1.1 394 | 17.9
158 38 8.0 1.4 4,5 cnnana 227 138 26 .8 358 | 8.0
127 42 18 1.8 6.9 .- 234 122 34 1.1 367 7.6
150 58 12 feeoaoo 5.0[ e 255 128 37 1.4 413 | 8.0
181 310 43 2,2] 213 fooo--- 1,030 516 26 1.6 1,350 | 7.6
166 | 292 59 2,0 5,00 729 392 26 1.4] 1,010 | 7.9
167 109 26 1,8{ 104 (----_- 498 296 20 .9 743 | 7.6
195| 276 34 |ecocofeeeenifeeeaan 604 b feaeae
104 (2,070 | 180 |.ooo-_. 96 fooo-_ 3,400 {1,880 foooolcemmooc]cmmmefeanes
99 11,960 | 146 2,8/ 210 |_.__._. 3,590 {1,940 21 23 .3,720 | 7.4
192 64 44 4.4 42 fo-oooa- 418 138 58 3.3 599 | 7.8
459 | 342 | 119 4.4 .0 .79 1,110 28 97 33 1,760 | 7.2
137 20 7.0 1.6 Te2]emmmnn 209 113 26 A 304 | 7.7
144 125 19 feoooo- 2,5} e 374 170 39 1.6 544 | 8.1
376 {1,980 | 970 |_.____ 1.0} eoeee 4,750 731 .- R, 6,650 |- oo
356 {2,110 {1,0p0 [-ccon- 2,5 cmcnn- 4,990 832 79 21 6,950 | 7.6
281 (3,930 (1,650 | o _fccaccafacaoan 8,470 2,120 |- laoao o amcaafemaa
270 | 810 262 1.8 2.5 cmanan 1,850 493 66 8.5 2,660} 7.5
297 | 543 105 {aooa-- ) It ] [ 1,250 204 79 11 1,860 | 8.1
159 | 696 | 265 |occaclecaccc|enoan- 1,540 671 |oae--  ARPRIUPU RPN SR
231( 184 56 3.0 5.0{cneo--- 567 232 48 3.0 885 | 7.6
140 219 220 Jooooo_lacecc|cocans 753 504 |o oo e
115(1,200 0 970 |.._.._ 1] [ 3,300 (2,060 24 2,9 4,610 8.0
201 139] 195 P P R, 675 345 |ccccclecrmcne fevmmenn)oenaa
221 161 34 2.2 4.5/ 490 201 50 2.9 73| 1.7
142 1,810 (1,300 1.6 3.0 - 4,670 (2,850 26 3.7| 6,150 7.3
171 876 294 |..__._ 10 joooooo 1,860 |oo o |eceoc e 2,640 |._.__
278 276 37 1.2 1.0[cacooo 696 322 44 2.8{ 1,040 7.4
256 189 53 |.o._.. 12 |- 636 |oecmeee e 951 |o ...

634592 O-62—11
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Table 9.—Analyses of water from wells

! (Results in partd
Depth’ Water
Well Owner of bear:.n Date of 5 Cal- Mag- So- [Potas
well X collection [Silica(Iron|™ ne- X !
(feety| "™t (Si0, ) (Fe) [C19m | gjum [diumy sium
(Ca) | (Mg |(Na)| (K)
F-27 |University of 208 S Sept. 20, 1956 | 16 ---| 98 40 184
Texas.
F-30 |._... I (T 136) C |Apr. 10, 1940 ... | ... 254 97 900
F-3T {eceee do_.---_. 1401 C Sept. 21, 1956 45 ---]390 143 592
F-41 | ____ [ s T 12 S Sept. 19, 1940|____ | _.__{112 40 83
F-43 [L_.__ doo . .__ 151 S Sept. 20, 1956 | 50 eeu] 51 19 21
F-46 ... do_o_.._ 2000 C ISept. 21, 1956 | 44 ---| 50 19 122
G-3 |Skelly Oil Co. .| 354 S [Oct. 18, 1956|26 |...[198 50 | 144 15.0
G4 |.___. do. .- 180} C May 15, 1947 {_.__. ---1608 85 379
G~10 {Humble Oil & 1100 C June 28, 1957 { 23 .--{114 15 44
Refining Co. I
G-14 |Earl Vest_.._. 146/ C June 26, 1957 | 17 ---] 48 11 39
G~ 16 |Seth Campbell . 1550 C ct. 24, 1256 | 26 ~--] 38 5.9 25
G- 18 |-_.._ do___.___. 179 C R’ [ J 33 ---| 60 6.0 18
G-24 |D, D, Feldman 310| C, S E)ct. 23, 1956 | 15 ---] 50 21 45
0il & Gas Co, ]
G~-33 |Earl Vest-__._ 12 C Oct. 24, 1956 | 31 ---| 58 9,6 29
G-38 |Wink Basin 248/ C,S |Nov. 5, 1956 | 34 ---1610 132 563
System. j
G-39 |Shell Pipelige 200 C Oct. 24, 1956 | 30 ---]605 145 2 |9
Co,
G-47 |Gulf Oil Corp... 273 C (Nov, 6, 1956 | 32 ---| 127 42 65
G- 58 |Rycade Oil 1100 C Oct. 24, 1956 | 22 _--{363 67 138
Corp. I
G-59 |._-._ [+ (o Y, 110f C T‘""do ______ 26 ---|374 70 194
G60 f..__._ [« T 2000 C  |---- do-__.__ 27 - | 377 68 196
G-61 |Earl Vest._.__ 1000 C  jeae-- do- oo 60 ---| 149 30 84
G- 66 [Bert Fields 200/ C,S [Oct. 23, 1956 | 35 -e=| 75 12 32
0il Co. |
G- 70 {Barron Kidd... 120{ C,S [Oct. 20, 1956 | 38 ---| 665 92 280
G T4 joueo- [s [ TR, 2511 C, S foo--- dooo._- 34 _--] 68 8.8 28
*G- 78 |G. P, Mitchell.. 85 C |Apr. 9, 1940 |._... ---] 33 12 42
G- 86 |Earl Vest ... 110 €  ©Oct. 9, 1956 | 30 -] 44 8.2 29
G 87 [cvcu- dooceooo o 110f C  |eo-a- [ [ T 42 ---]203 42 156
G-92 |Hudson & 510/ C, S fOct. 22, 1956 | 22 | ._..| 42 11 42
Hudson.
G-108City of Wink... 165 C June 3, 1940 | 35 0.19 43 13 30} 3.3
G- 109|City of Wink
well 3 camuan 250 C Sept. 23, 1956 | 40 ---|230 63 161
G111 well 6 o _o__._ 240 C  focen- do______ 25 ---| 40 14 50
G- 115A, C. Morton 90 C Oct. 11, 1956 | 48 —a=| T8 19 67
and others. l
G- 117Humble Pipe- 182 C Oct. 8, 1956 | 32 ---| 36 9.4 33
line Co. |
*G- 122{Sinclair Oil Co. 151} C lApr, 9, 1940 {_____ ---| 84 19 47
*G~129{G. P, Mitchell... 101} C  |cecaao- [« Lo TP ORI -.-| 80 13 72
G-129|..... do-_—___ 101l C [Oct. 5, 1956 | 34 ---| 63 9.0 89
*G-136|Sun Oil Co,o..- 205 C IApr. 9, 1940 |__..__ ---| 46 10 39
G-138Earl Vest ..___ 82| C Oct. 4, 1956 | 46 -] 82 14 39
*G-139Texas & New 30 C rApr. 9, 1940 {___.._ ---| 58 13 37
Mexico RR.
*G~ 140{ Tobe Morton .. 1100 C  |oaa-- dOccccac|mmea RN (S A — S
*G-14Y. .. [+ I PR 8 C  heaoo [ 1 SR SR ---]1 90 20 22

See footnotes at end of table,
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[Per million) Sodium- Specific
Per- iconduct-~
Total cent adsorp- ance
Bicar- | Sul- | Chlo- | Fluo-| Ni- |Boron| Dis- |hard-{ _ ") tion- (micro- pH
bonate | fate | ride | ride |trate | () |solved|ness | . ratio mhos
(HCO,) | (SO,)| (C1) (F) |(NOy) solids | as (SAR) at 25°C)
CaCQOs
284 411 102 1.6 0.0 ... 1,020 409 49 3.9 1,500 | 7.2
203 1,040,240 |._____ 4.0 ... 3,640 | ___Joo e 5,570 |--.
85 8761,320 1.6 2.0[ - 3,410 11,560 45 6.5/ 5,180 | 7.4
227 229 112 |__.__. 54 |_._..- jrZ: 3 R I PR, 1,230 .-
243 25 10 1.6 10 (... 309 205 18 .6 464 | 7.4
227 157 75 2.2 [ | P 596 203 57 3.7 916 | 7.7
115 451 330 BT 2.0 0,77| 1,260 700 31 2.4] 1,930 7.7
112 1,100,030 |.__.... 2.0 oo 3,260 11,870 | __|_-._-_- 4,610 |L__
228 41 150 | feecoc]acmaan 499 346 22 1.0 899 { 7.3
186 75 9.8 1.4 2.0 e 298 165 34 1.3 483 | 7.5
125 44 15 |- 5.0/ oo 220 119 31 1.0 350 | 8.1
148 5% 20 {_____. 4,0 ... 273 174 19 .6 421 | 8.0
214 99 21 |.__.__. N . 358 212 32 1.4 593 | 7.8
180 54 29 .8 Y| . 301 184 25 .9 5311 7.5
168 | 1,320,260 | _____|ocoooofocoooo 4,000 [2,060 37 5.4] 5,670 7.4
163 | 1,220 820 |._.._... ] [P 3,110 | 2,110 18 2.01 4,290 | 7.4
146 130 265 [.__._... 3.2 oo 834 490 22 1.3 1,290 | 7.6
73 332 760 .8 [+ 1,720 |1,180 20 1.7F 2,920 | 7.5
113 621 640 4 ] . 1,980 {1,220 26 2.4] 3,010 { 7.5
114 623 640 .8 ] R 1,990 j1,220 26 2.4| 3,020 7.7
173 144 268 1.6 3.8 e 825 495 27 1.6 1,530 | 7.9
149 58 84 1.0 2.8/ oo 388 236 23 .9 695 | 7.6
167 1,600 560 |[._.__.. 67 |ccecoo 3,380 (2,040 23 2.7 4,150 { 7.6
149 66| 48 .4 2.8 .. 330 201 23 .9 580 | 7.7
103 T 47 |omefmccacc]caceae 256 133 |occccfmmmmaa [ aeaeaee c—e-
147 421 27 1.4 1 254 144 30 1.0 404 | 7.5
297 432 215 1.0 24 |_.__. 1,260 679 33 2.6 1,810 | 7.1
175 65 21 |._.... 1.0} oecean 290 150 38 1.5 472 | 8,1
153 57 24 2.0 3.8 0.6 293 161 |acaot coooon 446 |.___
154 412 438 1.4 T2l e 1,430 833 30 2.4 2,270 | 7.4
191 68 22 2.6 2.0/ oo 318 158 41 1.7 513 | 7.5
240 121 62 2.2 2,0/ oo 518 272 35 1.8 778 | 8.2
148 46/ 19 1.4 O s 250 128 36 1.3 381 | 7.9
207 157 38 Jeoccoco|ceceac]|amaaon 450 287 [comenl cmcece | cacme ] ———-
226 133 60 [ooccofecccee]amaes 469 253 |occme| cmmmee | e el
174 1500 62 .8 ] [P 494 194 50 2.8 750 | 7.5
189 53 20 b %] [ IR 262 156 [ecccal mccmee | mceeeae ———
168 102 60 1.8 17 |cecaan 462 262 24 1.0 678 | 7.8
183 47 55 |ucomca|ccmccc]emecna 301 198 [oocoo ] commce | ccme e ] ———-
207 ki 51 oo cecmcefcceeen 359 | oo cdeccec ] cmmeee [ emeeaed _———
183 1340 32 |oo._.. 24 ... 412 307 loccal ceemec e .-




158 GEOLOGY AND GROUND WATER, WINKLER COUNTY, TEX.

Table 9.—Analyses of water from wells

(Results in parts
Depth Water- -
Well Owner of lpearin Date (?f Silica| 1 Cal- Mag_ So- |Potas-
well N8 collection [Silica|Iron| = ne ; ;
unit Si0, )| (Fe) cium | oo dium| sium
(feet) 2 (Ca) | (mg) |Na)] (K)
G—14(7 University of 130) C  jAug. 23, 1940).____ .| 82 47 183
Texas. |
G-146__ .. dooo.._ 130 C Oct. 8, 1956 | 47 ---| 55 30 177
G-157Fay H, Hogg__] 180 C [Oct. 18, 1956) 45 | _._| 50 15 40
G-162|John Witt __._| 223 C Jan, 25, 1957 | 42 ---]211 93 33114
G-163{_____ doaaao_ 400 C Mar, 14, 1957 | 35 -u-| 75 40 36710
G-166{J. D, Cole ____] 300 C ct. 21, 1956 | 48 ---]211 102 400
H-7 |W, D, 100 C Jan, 28, 1957 24 ---| 578 75 311
Amburgey. J
H-21 (Fay H, Hogg..] 105 C Feb, 8, 19571{ 33 —ua| 47 12 1
*H- 25 |G, P. Mitchell § 250| C,S |Apr., 9, 1940 |._.__ P ) 14 64
B~25 |.._._ do.o. . 2501 C,S POct. 4, 1956 34 ---] T8 12 58
H-28 (W. D, 100 C Oct. 8, 1956 | 44 .- 128 13 100
Amburgey. I
H- 35 |Sealy & Smith 120 C Oct, 4, 1956 | 52 ---] 207 28 175
Foundation, l
H- 44 |Stanolind Oil 95 C [Oct. 3, 1956 44 ---{ 89 10 56
& Gas Co.
well 3,
H-64 {Sealy & Smith 60 C tFeb 12, 1957 | 73 ---] 153 33 95 (5.3
Foundation.
H-68 C |Apr. 26, 1957} 4.2| ... 53 7.5 11
H-69 C Oct. 9, 1956} 19 ---{ 38 8.9 39
H-78 C [ct. 8, 19561 38 ---] 31 3.3 i1
H-81 C, s L.o__. - [T 40 | == 198 24 13]7

Yncludes equivalent of 31 ppm carbonate (COs).
*Analyzed by Works Progress Administration,
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per millrion) Sodium- Specific
| Total | Per- adsorp- conduct-
Bicar-| Sul- |Chlo- | Fluo-| Ni- |g 1 Dis- |hard-| S®1 | tion- ance | g
bonate| fate | ride | ride |trate (B) solved | ness | SO~ ratio {micro-
(HCO,)| (S0,) | (€ | (F) [(NOy) solids| as [dium | (gap) | mhos
CaCOs at 25°C),
308 367 110, .. (7 — 948 398 50 |omeee o 1,520 ..
278 289 71 3.6 9.8 cecaea 819 260 60 4,8 1,190 ] 7.9
182 75 28 1.8 2.0 o] 355 186 32 1.3 520 | 7.7
153 474 740 1.4 4.5 0,31) 1,990 910 44 4.,8| 3,290 | 7.8
220 258 492 2,6 3.0 .37] 1,390 352 69 8.5 2,310} 7.6
186 531 780 2.6 3.2 aee o] 2,170 945 48 5.7 3,470} 7.5
123 1,810 290 2.2 32 | aaoo-] 3,180 | 1,750 28 3.2 3,670 | 7.4
203 82 27 370 166 44 2.0 983 | 7.7
195 165 40 456 249 | b e ———
186 136 49 462 244 34 1.6 692 | 7.7
168 314 7 789 373 37 2.2 1,080 { 7.8
171 546 199 1.2 25 |oooo-o 1,320 632 38 3.0f 1,810 | 7.8
204 135 49 1.0 6.2 o 490 263 32 1.5 720 | 1.7
165 288 180 N 56 }o-oo-a 997 516 28 1.8y 1,43017.8
96 k&d 18 |ocmeao 1.2 oo 237 162 12 W4 3731 17.0
20 87 64 4 8 - 259 132 34 1.2 429 | 6.7
121 7.6 4.5 4 WO o] 156 90 22 .5 210 | 7.9
210 390 220 Sl 1,2 e 1,110 592 34 2.5 1,640 | 7,7
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