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ABSTRACT

The Lower Cretaceous Antlers and Travis Peak
Formations, along with more isolated Paleozoic
rock units, crop out over a 3,900 square mile area
of north-central Texas that includes all or parts of
Brown, Callahan, Comanche, Eastland, Erath, and
Hamilton Counties. Composed of carbonate and
terriginous clastics, the formations supply practi-
cally all of the ground water used for domestic,
industrial, and agricultural purposes in the outcrop
area.

Aquifers in the Cretaceous strata are best
developed in lower sand intervals of the Antlers
Formation and laterally equivalent units making up
the Hensell and Hosston Members of the Travis
Peak Formation. More restricted Paleozoic aquif-
ers generally occur in channel sandstone deposits
of the Pennsylvanian Strawn Group.

Ground-water production from Lower Cre-
taceous and late Paleozoic aquifers in north-
central Texas has grown steadily in recent years,
with pumpage between 1967 and 1972 increasing
from 16,000 to 28,000 acre-feet. Still, there are
indications that even more ground water can be
withdrawn from the aquifers, should the need
arise.

Slight fluctuations in water levels throughout
the outcrop area generally reflect variations in
annual precipitation and the quantity of irrigation
water pumped during the summer months. Over a
ten-year period (1965-1975), no significant rise or

decline in winter water levels was observed in the
study area, even though the quantity of ground
water pumped during summer months increased
appreciably. At the end of extremely dry summers
when wells were pumped continuously, many
areas covered in the report experienced reduced
yields and, in some instances, wells even wentdry.
Still, water levels rose during the non-pumping
seasons back to previous static highs.

Two parts of the study area considered espe-
cially favorable for additional ground-water devel-
opment are in Callahan County, where the Antlers
Formation is beginning to be investigated as an
irrigation water source, and in Erath County,
where wells are drilled through the Paluxy and
Glen Rose Formations to be completed in the Tra-
vis Peak Formation. Yields of over 500 gallons per
minute have been measured on wells in Erath
County. With only a few other isolated exceptions,
all remaining outcrop areas in north-central Texas
are already extensively developed.

Water quality in the outcrop area is generally
acceptable for most purposes except industrial
applications. High iron and silica contents along
with the high calcium and carbonate levels prevent
the water from being used in most industries. For
domestic use, the water is very hard and contains
border-line amounts of iron but is still acceptable.
The ground water does have a medium to high
salinity hazard to crops, but a high annual rainfall
negates this problem to some degree, and in other
respects the water is suitable for irrigation.
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GROUND-WATER RESOURCES OF THE ANTLERS AND TRAVIS PEAK

FORMATIONS IN THE OUTCROP AREA OF NORTH-CENTRAL TEXAS

INTRODUCTION
Location and Setting

The Lower Cretaceous Antlers and Travis Peak
Formations crop out over a 3,900 square mile area
of north-central Texas, including all or parts of
Brown, Callahan, Comanche, Eastland, Erath, and
Hamilton Counties. Located in the West Cross
Timbers physiographic province, the outcrop area
is covered with native vegetation that includes
pecan, oak, mesquite, and cedar trees when it's not
cleared for peanut cultivation and other farm
crops. Rolling hills, sandy soils and winding river
valleys characterize the region, with drainage
being to the southeast into the Brazos and Col-
orado River basins.

Figure 1.—Location of the Study Area

Purpose and Scope of the Investigation

The primary purpose of this study is to de-
scribe the hydrologic conditions of the Antlers and

Travis Peak Formations in their outcrop area and to
establish programs for the continuing collection of
pertinent hydrologic data. The primary objectives
were to determine the occurrence, availability,
dependability, quality, and quantity of ground-
water resources. Particular attention was given to
the sources of water suitable for irrigation and
public supply and to the areas of potential or pres-
ent ground-water problems. The resuits of this
study are presented as a guide for proper develop-
ment and utilization of the available ground-water
supplies.

More specifically, the scope of the study
involves describing the following characteristics
and conditions of the aquifer: areal extent, chemi-
cal quality of water, amount of pumpage, effects of
pumpage on water levels and water quality,
amount and extent of ground-water contamina-
tion, hydraulic characteristics, amount of water
available, over and under-developed areas, and the
proportion of rainfall that becomes runoff in the
Antlers and Travis Peak outcrop areas.

A secondary purpose of this study is to deter-
mine and describe the occurrence, availability, and
chemical quality of ground water occurring in the
Paleozoic rocks. This covers only the areas where
the Paleozoic rocks are hydrologically connected
with the Antlers and Travis Peak Formations.

The report locates all known water wells in the
study area (Figures 34 through 39), providing
records of wells (Table 16) and a listing of electric
logs of oil, gas, and stratigraphic tests made in the
region (Table 17). Data from observation wells
monitored for water-level information (Table 18)
and analyses of water-quality samples collected
for the study (Table 19) are also presented, as are
ground-water pumpage figures (Table 7) and
related pump-test data (Table 4).



Previous Investigations

The outcrop area of the Antlers and Travis
Peak Formations has been previously discussed in
numerous publications related to geology and
ground-water resources. Some of the investiga-
tions leading to these publications were conducted
by the U. S. Geological Survey, Texas Water Devel-
opment Board, Bureau of Economic Geology of the
University of Texas at Austin, private concerns,
educational institutions, and individuals fulfilling
partial requirements for advanced degrees.

During the late 1930’s, the Works Progress
Administration, sponsored by the State Board of
Water Engineers, conducted a program for inven-
tory of water wells which included a record of
wells, drillers’ logs, water-level measurements,
chemical analyses, and a location map. Countiesin
which the well inventory was completed during
this period in the report area are Brown, Callahan,
and Eastland Counties.

Previous investigations conducted by the
Texas Water Development Board include Report
46, “Occurrence and Quality of Ground Water in
Brown County, Texas,” and Report 195, “Ground-
Water Resources of Part of Central Texas with
Emphasis on the Antlers and Travis Peak Forma-
tions.” It was because of Report 195 and its dis-
covery of the tremendous development of ground
water for irrigation on the outcrop area that this
study was begun.

Economic Development

The primary basis for conducting this study
was the rapid increase in ground-water usage for
irrigation of peanuts and other crops in the Antlers
and Travis Peak Formations outcrop area. In 1954,
an estimated 663 acre-feet of ground water was
pumped from approximately 60 irrigation wells
completed in the Antlers and Travis Peak Forma-
tions. By 1967, pumpage in the same area had
increased to 16,000 acre-feet from about 1,590
irrigation wells; and in 1972, pumpage again
increased, to over 28,000 acre-feet from over
3,700 irrigation wells. These statistics clearly indi-
cate not only why the study was undertaken, but
also the tremendous increase in economic devel-
opment through agriculture in the area.

Climate

The weather in the study area is characterized
by long hot summers and short mild winters. The
average daily minimum temperature in January is
approximately 32°F while the average daily maxi-
mum temperature in July is approximately 96°F.
The annual mean free air temperature for the
period 1931 to 1960 was 65°F (Carr, 1967).

The mean annual precipitation ranges from 25
inches in the west to 30 inches in the eastern part
of the study area. These figures are based on U.S.
Weather Bureau records up to 1971, illustrated in
Figure 2.

The average annual gross lake evaporation for
the period 1940 to 1965 ranged from 80 inches in
the northwest to 73 inches in the southeast (Kane,
1967).

Well-Numbering System

The numbers assigned to the water wells, oil
wells, and test holes in this report conform to the
statewide system adopted by the Texas Water
Development Board (Figure 3). This system facili-
tates the location of wells and prevents duplication
of well numbers in present and future studies.
Each well is assigned a seven-digit number which
is derived by using the following system.

The State is divided into quadrangles of one-
degree of latitude and longitude. There are 89 such
quadrangles numbered 01 through 89. Each one-
degree quadrangle is further subdivided into 64
7-1/2 minute quadrangles numbered 01 through
64. Finally, each 7-1/2 minute quadrangle is then
subdivided into nine 2-1/2 minute quadrangles,
numbered 1 through 9. Within these 2-1/2 minute
quadrangles, each well is assigned a two-digit
number beginning with 01.

The first two digits of each well number iden-
tify the one-degree quadrangle; the third and
fourth digits indicate the 7-1/2 minute quadran-
gle; the fifth digit identifies the 2-1/2 minute quad-
rangle; and the last two digits identify the well
within the 2-1/2 minute quadrangle.

In addition to the seven-digit well number, a
two-letter prefix is used to identify the county. The



prefixes for the six counties covered by this report
are:

Prefix County
BR Brown

BX Callahan
DY Comanche
JD Eastland
JP Erath

LA Hamilton

56

TO [€3 68

76 Lid T8
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Metric Conversions

For readers interested in using the metric sys-
tem, the English units used in this report may be
converted to metric units by the following conver-
sion factors.

Multiply
From by To obtain
acres 0.4047 square hectometers
(hm?2)
.004047 square kilometers
{km?)
acre-feet 1,233.0 cubic meters (m3)
.001233 cubic hectometers
(hm3)
feet (ft) .3048 meters (m)
feet per mile 189 meters per
(ft/mi) kilometer (m/km)
gallons (gal) 3.785 liters (I)
gallons per 06309 liters per second
minute (gal/min) (1/s)
gallons per .207 liters per second
minute per per meter
foot [{gal/min)/ft] f(1/s)/m]
galions per 12.418 liters per day
day per foot per meter
[(gal/d)/ft)] [(1/d)/m]

Multiply
From by To obtain

inches (in.) 254 millimeters (mm)
million galions 3.785 million liters

per day per day

(million gal/d) (million 1/d)
million galions 001461 million cubic

per square mile meters per square

{million gal/mi?) kilometer

{million m3/km2)

square miles (mi2) 2.590 square kilometers

(km?)

GEOLOGY AS RELATED TO THE
OCCURRENCE OF GROUND WATER

Geologic History
Paleozoic

Shallow seas covered much of the north-
central Texas region in the early and middle
Paleozoic Era, sometimes shoaling over the Llano
Uplift region immediately south of the study area.
Sediments deposited or precipitated in the marine
environment were mainly constructional shallow-
marine shelf carbonates with smaller amounts of
clean sandstone and shale.

In the late Paleozoic Era, the north-central
Texas region was raised above sea level as North
and South America collided and the Quachita
Overthrust Belt became emergent to the east.
Subaerial erosion and local faulting accompanied
the uplift, with sediment dispersal patterns
branching westward into the marine Permian
Basin of West Texas. Marine waters then with-
drew from the state entirely as regional uplift con-
tinued through the end of Paleozoic time.

Mesozoic

Meandering streams and rivers continued to
traverse across the north-central Texas region in
the early Mesozoic Era, carrying sediment loads
first to enclosed lake basins in West Texas, then
later to the east and southeast towards opening rift
basins ringing a nascent Gulf of Mexico. By the
Cretaceous Period, continued subsidence and rift-
ing around the Gulf margin led to transgressive
flooding of marine seas over north-central Texas
again, depositing basal sands (including the
Antlers and Travis Peak Formations) over eroded
Paleozoic terrane.



Although interrupted by several minor regres-
sive periods, marine seas continued to transgress
over Texas, eventually covering the entire mid-
continent region of North America. Then, in the
Late Cretaceous Period, epirogenic uplift prompted
wide spread oceanic withdrawals, leaving the
north-central Texas region high and dry again.

Cenozoic

North-central Texas has been subaerially
exposed and subject to stream erosion since the
Mesozoic Era. As a consequence, many mid-
Cretaceous rocks that once covered the region
have been removed, exposing Lower Cretaceous
sands in some places and leading to the accumula-
tion of Quaternary alluvium in others. The expo-
sure of Lower Cretaceous sands has enhanced
recharge potential and contributed to the devel-
opment of major aquifer zones in the Cretaceous
and underlying Paleozoic sections of north-central
Texas.

Stratigraphy

Stratigraphic units supplying fresh to slightly
saline water to wells in the outcrop area range
from the Pennsylvanian-age Strawn Group (oldest)
to the Lower Cretaceous Antlers and Travis Peak
(Twin Mountains) Formations (Table 1).The study
areas’s major aquifer is developed in the Antlers
and Travis Peak Formations, with a minor, local
aquifer also defined in the Strawn Group.

Paleozoic rocks in the study area include Penn-
sylvanian and Permian sandstones, limestones,
and shales with numerous channel-fill deposits of
sand, gravel, and clay. In order of decreasing age
toward the northwest, the Strawn, Canyon, and
Cisco Groups of Pennsylvanian age crop out, and
Wichita Group of Permian age crops out in the
western portion of the study area. The strike and
dip of the groups are very similar; they strike
generally north-northeast and dip west-northwest
at a rate of approximately 50 feet per mile. The
lithology and thickness of the formations vary lat-
erally along the strike and hence, the quality and
quantity of water obtained along the outcrop vary
accordingly. Quality and quantity of ground water
in the Paleozoic rocks are generally poor except in
several areas where the Strawn Group provides

moderate quantities of fresh to slightly saline
water.

The Lower Cretaceous Trinity Group is the
principal water-bearing group in most of central
Texas. It contains the Travis Peak (Twin Moun-
tains*) Formation, the Glen Rose Formation, and
the Paluxy Formation. The Paluxy Formation con-
sists of sand and shale and is capable of producing
small quantities of fresh to slightly saline water to
domestic and livestock wells along the edge of the
outcrop. The Glen Rose Formation is predomi-
nantly a limestone that yields only small amounts
of water, some of which is poor in quality. Neither
the Paluxy Formation nor the Glen Rose Formation
are discussed further in this report as previous
studies have covered them amply and no further
development for water supply has been observed
in either unit

The Travis Peak Formation is composed of
sand, gravel, shale, clay, and occasional conglom-
erate, sandstone, and limestone beds. It is the
principal water-bearing formation of the Cretace-
ous System in the study area and yields moderate
to large quantities of fresh to slightly saline water.
The Travis Peak Formation is further divided into
members which from oldest to youngest, are the
Hosston Member, the Pearsall Member and the
Hensell Member. The Hosston and Hensell
Members consist predominantly of sand and
gravel and provide practically all the water pro-
duced from the Travis Peak Formation. The Antlers
Formation occurs, as shown on Figure 5, north-
west of a line where the Glen Rose Formation
pinches out and the Travis Peak and Paluxy Forma-
tions coalesce to form one unit.

*In late 1966, a publication by W_L_Fisher and P. U. Rodda titled “Nomenclature
Revision of Basal Cretaceous Rocks Between the Colorado and Red Rivers, Texas”
described a division of lowermost Cretaceous rocks into three distinctive lithological
sequences. These ravisions were based on facies changes and are named as follows:
(1) Twin Mountains Formation, characterized by siliceous conglomerates and lack of
carbonate units; (2) Antlers Formation, northwest of the Glen Rose pinchout where
the Paluxy and Twin Mountains Formations coalesce; and (3) the Travis Peak Forma-
tion in central Texas, mostly south of the present study, characterized by carbonate
units and coarse, locally derived, limestone and dolomite conglomerates. According
to this revision, the correct name for the principal Cretaceous aquifer in the study
area is the Twin Mountains Formation. However, due to the use of the term Travis
Peak in previous studies in this area from which field data were obtained and aiso due
to the use of Hosston, Hensell, and Travis Peak on all well schedules, chemical
analyses, and observation well records, it was decided that for this study the older
terminology would be used. In future studies in this area, the term Travis Peak should
be changed to Twin Mountains, and in those areas where the Pearsall is absent
(updip of the Pearsall pinchout), the term Hosston should be changed to lower unit of
the Twin Mountains Formation. and Hensell to upper unit. The only typical, highly
calcareous Travis Peak in the study area occurs in central to southern Brown County.
A type section of the Twin Mountains is shown on Figure 4.
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Adapted from Fisher and Rodda (1966, P. 7)

Physical Characteristics and
Water-Bearing Properties
of Geologic Formations

Paleozoic Rocks

As shown on the geologic map in Figure 5,
Paleozoic rocks of Pennsylvanian and Permian age
are exposed in western portions of the study area
where extensive surface erosion has removed
overlying Cretaceous sediments. The Pennsylva-
nian rocks are divided into the Strawn, Canyon,
and Cisco Groups. Of particular importance to this
study is the Strawn Group, which contains the
principal water-bearing strata in the Paleozoic
rocks and crops out in a band through eastern
Brown, western Comanche, eastern Eastland, and
northern Erath Counties. Generally, the rocks of
this group consist of sandstone, shale, and lime-
stone; however, the limestone in many areas has
been removed by erosion and replaced with
channel-fill deposits of sand, gravel, and clay. The
Strawn dips toward the west-northwest at an
average rate of 50 feet per mile, and is angularly
unconformable with overlying Cretaceous rocks
elsewhere in the study area.

A water-bearing stratum in the Strawn Group,
tentatively identified as the Brazos Sandstone,
produces moderate quantities of water toirrigation
wells in the Duster area of Comanche County.
These irrigation wells range between 90 and 300
feet deep. Other than a short section of surface
casing through Cretaceous rocks, the wells are
generally completed as open holes.

The water-bearing strata in the Strawn Group
are separated by beds of relatively impermeable
shale and sandstone that appear to contain little or
no water, and are characterized by friable sand-
stone and conglomerate interspersed with
channel-fill deposits as seen in the outcrop along
Copperas Creek south of Duster. The channel-fill
deposits are highly cross-bedded and consist of
sand, gravel, and clay. Many springs discharge into
the streams, usually from the base of friable sand-
stone beds or channel-fill deposits where these
overlie the beds of shale or impervious sandstone.

The quality of water in the Strawn Group dete-
riorates rapidly downdip from the outcrop so that
the zone of usable quality water is usually limited
to a narrow strip of land approximately five miles
wide.

West of the Strawn Group, rocks of the
Canyon Group crop out in a band five to 12 miles
wide extending from central Brown County to
north-eastern Eastland County (Figure 5). Dipping
northwest, the Canyon Group is composed of rela-
tively thick limestone beds that interfinger with
nonresistant shales and sandstones. Occasional
channel-fill deposits interrupt the sequence.
Water quality in the Canyon Group is very poor,
and, in most cases, unfit for domestic and livestock
use.

The Cisco Group crops out in a band sixto 11
miles wide extending from western Brown County
to northwestern Eastland County and dips to the
northwest. This group consists of alternating beds
of limestone and sandstone with layers of shale
and conglomerate, interrupted by numerous
channel-fill deposits. Small-capacity water wells
that produce from the Cisco are usually completed
in the lenticular sandstones or channel-fill depos-
its. Water from the Cisco Group is generally poor in
quality and small in quantity.

The Wichita Group of Permian age surfacesin
Callahan, western Brown, and western Eastland
Counties. This group consists of lenticular sand
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stone, thin limestone beds, and sandy shale.
Channel-fill deposits replace the limestone and
shale beds locally. The Wichita Group yields only
small quantities of water, generally of poor quality,
to shallow wells in or very near the outcrop.

Antlers Formation

The Antlers Formation crops out mostly in Cal-
lahan, Brown, and Eastland Counties as shown on
the geologic map in Figure 5. The formation is
actually a coalescence of the Travis Peak and
Paluxy Formations which occurs where the Glen
Rose Formation is absent. The approximate boun-
dary between the Antlers and Travis Peak Forma-
tions (Figure 5) is a line marking the approximate
northwest extent of the Glen Rose Formation.

The Antlers has been subjected to extensive
erosion and a complete section is found in only a
few places, mostly in central Callahan County and
in northeast Brown County. A total thickness of
220 feet of Antlers is present in well BX-30-46-
901 in Callahan County. The erosional remnant of
the Antlers Formation in most of its outcrop is less
than 100 feet thick, as illustrated in Figure 6.

The Antlers Formation dips to the southeast at
an average rate of 12 feet per mile, increasing
slightly near its southeastern limit where it
becomes differentiated into the various other Trin-
ity Group formations. It overlies Paleozoic rocks of
Pennsylvanian and Permian age and underlies the
Fredericksburg Group.

The Antlers has been divided by Fisher and
Rodda (1966) into three parts, referred to as the
lower, middle, and upper units. The lower unit of
the formation contains pebbly conglomerate and
gravel, fine to coarse grained, siliceous sand and
sandstone, and strips of red to green sandy clay.
Most of the coarse sand and gravel inthe Antlers is
foundin this lower unit, and it is the source of most
of the water produced by wells. The middle unit is
composed primarily of sandy, red-brown clays with
streaks of siltstone, sandstone, and fine clayey
sand. The upper unit of the formation is composed
of friable, compact, massively bedded, fine-grained
sandstone with interbedded red-brown to gray-
green sandy clay and clay. In a few localities, con-
glomerate is present but not very extensive.

A stratigraphic test hole (BX-30-55-610) was
drilled by the Texas Water Development Board 4
miles north of Cross Plains on the S.E. Page farm.
The electrical survey and stratigraphic log of the
test, which was drilled through the lower unit of
the Antlers Formation into the Pennsylvanian
rocks, is shown on Figure 8. All the irrigation wells
in this area, and also the Cross Plains public-
supply wells, are completed in similar Antlers
material.

Travis Peak (Twin Mountains) Formation

The Travis Peak Formation is composed of
sand, gravel, shale, clay and occasional conglom-
erate, sandstone, and limestone beds. As the prin-
cipal water-bearing formation in the study area, it
yields moderate to large quantities of fresh to
slightly saline water to producing well heads.

Stratigraphically, the Travis Peak Formation is
divided into three members, which from oldest to
youngest, are the Hosston Member, the Pearsall
Member and the Hensell Member. The Hosston
and Hensell Members consist predominantly of
sand and gravel and provide practically all of the
water produced from the Travis Peak Formation.
The Pearsall Member contains more clay and
generally acts as an aquiclude between the forma-
tion’s upper and lower units.

The Travis Peak Formation crops out mostly in
Comanche and Erath Counties and in eastern por-
tions of Brown and Eastland Counties (Figure 5).
Also it overlies Pennsylvanian rocks in the study
area and underlies the Glen Rose Limestone. The
approximate altitude of the base of the Cretaceous
rocks is illustrated on Figure 7. The Hosston
Member of the Travis Peak Formation is geologi-
cally and hydrologically equivalent with the basal
sands of the Antlers Formation and accordingly,
the water levels in the Hosston and Antlers are
shown on a single map (Figure 18). The upper sand
(Hensell Member) was treated separately from the
others due to different water level and chemical
quality. The middle clay member (Pearsall) sepa-
rates the upper and lower sand and gravel units
and yields little or no water. Electric or gamma-ray
logs of three representative stratigraphic test holes
in the Travis Peak Formation in Comanche, East-
land, and Erath Counties are shown on Figures 9,
10, and 11.
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Hosston Member.—The Hosston Member of
the Travis Peak Formation consists primarily of
sand and gravel with layers of sandstone, conglom-
erate, and clay. Containing more siliceous gravel
and coarse sand than other members of the forma-
tion, it is the most productive source of water in the
Lower Cretaceous section of north-central Texas.
Large-capacity wells in the study area are gener-
ally completed in the Hosston Member, with many
also tapping the overlying Hensell Member of the
Travis Peak Formation. Water quality is good, with
dissolved sclids averaging 700 mg/I (milligrams
per liter).

The Hosston is referred to by many drillers as
the “second Trinity” or “bottom Trinity”. The unitis
easily recognized in electric logs and gamma-ray
logs of water wells and oil tests due to the presence
of clay and shale beds above (Pearsall Member)
and below (Paleozoic rocks). In test holes drilled by
the Texas Water Development Board, yellow to
purple clay and shale beds were found to underlie
the Hosston in many locations.

The Hosston is made up of medium to coarse
sand, gravel, and sandy clay near the land surface,
with the amounts of shale, sandstone, and con-
glomerate increasing with depth. The Hosston dips
tothe southeast at about 15 feet per mile, increas-
ing to 20 feet per mile in the eastern portion of the
study area. The approximate altitude of the top of
the Hosston is shown on Figure 12. The clays are
usually silty to sandy, and a siliceous cement binds
the sandstone and conglomerate beds. Cross-
bedding is very common. Conglomerate pebbles
are chert or quartz and are found in a wide variety
of colors, mostly red to black.

Thickness of the Hosston varies according to
the distance from its outcrop to any down-dip loca-
tion. It is about 40 feet thick in Comanche and over
100 feet thick in the eastern part of the study area
(Figure 13). The thickness varies greatly along the
lobate structures within the outcrop, with thicker
sand and gravel deposits occurring along the cen-
tral axis of the lobes. One such lobe is present from
Gorman through Deleon to Lake Proctor and is
separated from other lobes by the Leon and
Sabana Rivers. Figure 14 illustrates the complex
thickness patterns found in this lobe with a Hos-
ston thickness ranging from zero to 55 feet.

Pearsall Member.—The middle unit or Pear-
sall Member of the Travis Peak Formation is com
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posed of silty to sandy, multicolored clays inter-
bedded with lenses of sand and is commonly
referred to by drillers as "red beds”, especially in
the eastern portion of the study area. This unit
separates the water-bearing sands of the Hensell
and Hosston and is an impervious barrier between
the two sand units, permitting very little, if any ,
vertical recharge.

Ranging in thickness from zero to 60 feet in
the study area, the Pearsall pinches out before
reaching the area of the Antlers Formation to the
west. The Pearsall thickens down-dip and local
variations in thickness usually correspond with an
opposite thinning or thickening of the underlying
Hosston. The rate of dip is approximately the same
as that of the Hosston Member.

Hensell Member.—The upper sand unit or
Hensell Member of the Travis Peak Formation is
overlain by the Glen Rose Limestone. The approx-
imate altitude of the top of the Hensell is shown on
Figure 15. Itis locally termed the “upper Trinity” or
"first Trinity”. The Hensell is the second most
important aquifer in North-Central Texas, and the
quality and quantity of its water are more than
sufficient for most purposes. Most of the small-
capacity wells drilled in the Travis Peak Formation
are completed in the upper member.

The Hensell consists of fine- to coarse-grained
sand and sandstone with much cross-bedding,
gravel or sandy conglomerate, usually poorly
cemented, sandy to silty multicolored clays, and
gray to green shales. The sand and conglomerate
are predominantly siliceous with pebbles consist-
ing of chert and quartz. The Hensell in the sou-
thernmost portion of the study area contains lime-
stone and carbonaceous cemented beds.
Conglomerates are usually found at the base of the
Hensell and overlie the Pearsall. The Hensell out-
crop is not shown separately on Figure 5; however,
it is included within the Travis Peak Formation.

Unlike the middie and lower members of the
Travis Peak Formation, the Hensell is thickest in
the study area and thins down-dip. Thickness
ranges from zero to over 140 feet as shown in
Figure 16. Also, a decrease in the content of gravel,
conglomerate, and coarse sand is noted to the
southeast. The Hensell dips to the southeast at a
rate of 14 feet per mile in Comanche County and
increases to over 25 feet per mile in the eastern-
most part of the study area.
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GROUND-WATER HYDROLOGY

Hydrologic Cycle

The hydrologic cycle, as illustrated in Figure
17, is well defined in the study area. Warm, moist
air, moving in from the Gulf of Mexico, periodically
encounters cooler air masses over north-central
Texas, forming storm fronts that rain on the out-
crop, evaporated back into the atmosphere or
returned to the Gulf region as surface runoff.
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Figure 17.—Schematic Diagram of the
Earth's Water Cycle—the Hydrologic Cycle

springs and seeps. In the study area, springs and
seeps are particularly evident where exposed
channel sandstone beds in Pennsylvanian Strawn
Group overlie finer-grained deposits of silt and clay
in the same unit.

Man influences the hydrologic cycle in the
study area by returning ground water to the sur-
face through well development and by building
dams that impound surface drainage. Crop irriga-
tion and reservoir containment increase evapo-
transpiration rates and also influence recharge
characteristics in underground reservoirs. In the
study area, man-made reservoirs include Lake
Brownwood in Brown County, Proctor Lake in
Comanche County, Lake Clyde in Callahan County
and Lake Cisco in Eastland County.

Source and Occurrence of Ground Water

Rainfall regularly converts to ground water in
the study area, both by direct infiltration at the
outcrop and by later absorption along local streams
and rivers. Percolating downward by gravity, the
water generally flows down dip through the more
pervious and permeable subsurface formations.
More specifically, ground water in the study area
preferentially flows through sand and gravel inter-
vals in the Antlers and Travis Peak Formations
where porosity and permeability are especially
well developed.

Ground water generally occurs under water-
table conditions at shallow depths in the outcrop
area and under artesian conditions in deeper inter-
vals where less permeable formations overlie the
aquifer. Wells drilled in the outcrop tap only the
lower unit, or Hosston,where slight artesian condi-
tions exist. The artesian head is usually quickly

pumped off and can be seen in the straight line
graphs of aquifer tests conducted in this area using
the modified non-equilibrium method. The line can
be measured in two directions; the first occurs at
the beginning of the test and has a steep gradient
(low transmissivity) as the aquifer is dewatered,
and the second part occurs when the head is
pumped off and the water level assumes water-
table characteristics displaying a gentle gradient
(higher transmissivity). Artesian conditions exist in
wells drilled through overlying formations like the
Glen Rose Limestone and completed only in the
Travis Peak Formation. The overlying impermeable
beds confine the water under a pressure greater
than the atmospheric pressure, causing the water
torise above the confining bed when penetrated by
the drill.

Major sources of water to the Pennsylvanian
rocks are precipitation on the outcrop and infiltra-
tion through overlying Antlers and Travis Peak
Formations. Joints and fractures in the sandstone-
conglomerate facies increase the quantity of
recharge to this local aquifer. Water-table condi-
tions exist throughout most of the area serviced by
wells completed in the Paleozoic rocks.

Recharge and Movement of Ground Water

The water table has been defined as the upper
surface of that part of the zone of saturation where
water is free to move by gravity. The water table is
not a level surface, but a sloping surface having
irregularities in the form of mounds, depressions,
and ridges related to the topography, geology, and
hydrology of the area. Figures 18, 19, and 20 show
the configuration of the water table in the Antlers
Formation, the Hosston and Hensell Members of
the Travis Peak Formation and Paleozoic (Pennsyl-
vanian) rocks. The direction of ground-water
movement is at right angles to the contours and in
the direction of dip which is to the southeast for the
Cretaceous aquifers and west for the underlying
Paleozoic aquifers. Because of frictional resistance
of the small interstices through which the water
must pass, this movement is very slow. The slope
of the water table varies inversely with the per-
meability of the aquifer; that is, in the areas where
the water-bearing beds are more permeable, the
slope of the water table is relatively flat and the
water-table contours are of wide spacing.

Ground water in the outcrop area is derived
from precipitation, streamflow, and irrigation
water infiltration. Of the 3,900 square miles
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covered by this report, approximately 1,750 square
miles consists of Antlers and Travis Peak Forma-
tions outcrop. The mean annual precipitation of 27
inches amounts to nearly 470 million gallons per
square mile and a total of more than 2.5 million
acre-feet over the entire outcrop each year. Only a
small part of the annual rainfall, however, reaches
the ground-water reservoir. Evaporation, transpi-
ration, and runoff account for a large portion of the
rainfall. The small amount of water not discharged
by these processes percolates downward to the
zone of saturation. After the water reaches the
water table, it moves down gradient slowly toward
points of discharge such as wells, springs and
streams, or to points of evaporation and
transpiration.

In order to determine the amount of runoff on
the outcrop, two drainage basins were selected for
measurement, one on the Hosston Member out-
crop and one on the Travis Peak. A weir board,
stilling-well recorder, and rain gauge were
installed at each location. One basin of 568 acres
was located several miles west of Downing (Hos-
ston Member outcrop), and the other basin of 986
acres on the border of Erath and Comanche Coun-
ties approximately five miles northeast of DelLeon
(Travis Peak outcrop). These locations are shown
on Figure 5. Both areas were covered predomi-
nantly by peanut fields with some areas also hav-
ing brush and oak trees.

After two years of monitoring data from the
weir-site recorders and rain gauges, it was con-
cluded that 97 percent of the rainfall was retained
by the soil. This percentage is composed of that
amount which goes to evapotranspiration and that
which reaches the water table as recharge. An
estimate of the amount of recharge is presented in
a later section of this report under the heading of
"Ground Water Available for Development.” About
three percent of the rainfall was observed as
runoff. In fact, the only time runoff occurred was
during rain falls of high intensity and long duration
(Figures 21 and 22 and Table 2). Using this three
percent figure for runoff, a total of only 14 million
gallons per square mile per year of the total rainfall
occurs as runoff.

Most pumpage for irrigation in the study area
occurs during the summer months, allowing the
aquifer to recover completely after the irrigation
season is over. During dry summer months many
irrigation wells pump off or suffer a severe drop in
yield and in some cases, quality; however, water-
level observation wells throughout the study area

show that recharge to the aquifer is adequate to
cause water levels torise to near normal each year. -
Not all irrigation water is used by plants, allowing a
part of the water to infiltrate downward to the zone
of saturation. It is estimated that up to 20 percent
of the water used for irrigation returns to the
aquifer as recirculated water.

Recharge from streams and rivers dissecting
the outcrop area is also evident. The Leon, Sabana,
and Paluxy Rivers contribute to the recharge of the
Antlers and Travis Peak Formations. However, in
the central and northwest parts of the outcrop
area, the opposite is true. Where a creek or river
bed cuts through the Cretaceous into the Paleozoic
strata, seeps and springs occur, causing a natural
discharge along the Cretaceous-Paleozoic contact.

In summary, ground water is discharged natu-
rally from the Antlers and Travis Peak Formations
by springs, seeps, and evapotranspiration, and is
artificially discharged in the form of water-well
pumpage. Recharge occurs primarily from rainfall
and affluent streams. Recirculation of irrigation
water also occurs in the Antlers and Travis Peak
outcrop as irrigation returns. The exact amount of
recharge is not readily determinable; however, an
estimate is made in a later section of this report.

Hydraulic Characteristics

Under natural conditions, an aquifer is in a
state of equilibrium and the piezometric surface is
static except for minor fluctuations due to natural
recharge and discharge. When a well is pumped, a
cone of depression is created in the piezometric
surface (water table) around the well; hence, the
static water level is lowered to a new level com-
mensurate with the rate of pumpage, geometric
boundaries of the aquifer, and the coefficients of
transmissivity and storage. The difference in eleva-
tion between the pumping level and the static
water level is called the drawdown. When equili-
brium of the pumping level is reached, assuming a
constant yield, the aquifer boundaries and trans-
missivity control the shape and size of the cone of
depression. The coefficient of storage influences
the time at which this equilibrium condition is
reached but has no control over the final shape of
the cone.

The quantity of water an aquifer can produce
depends upon its ability to store and transmit
water. Not all water in storage is available for
pumping due to retention of water because of
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Figure 20
Approximate Altitude of Water Levels in
Wells Completed in the Paleozoic Aquifer, 1972
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Figure 21.—Summary of Precipitation and Runoff
at a Selected Site on the Outcrop of the
Hosston Member of the Travis Peak Formation

molecular attraction between the rock particles
and water molecules. Formulas have been deve-
loped to show relationships between well yield, the
shape and size of the cone of depression, and the
coefficients of permeability, transmissivity, and
storage. Generally speaking, the formulas show
that well yield varies directly with drawdown. This
relationship is reflected in the specific capacity of a
well. The specific capacity is a measure of the
amount of water a well will yield with a certain
amount of drawdown. This discharge per unit of
drawdown is measured in gallons per minute per
foot, and is found simply by dividing the measured
yield in gallons per minute of the well by the
observed drawdown in feet. The specific capacity is
affected by the hydraulic characteristics of the
aquifer and the type of completion, construction,
and development of the well.

Table 3 gives the yields and specific capacities
measured in wells throughout the study area and
Figure 23 shows the location of these wells along
with measured data. Averages of specific capaci-
ties from wells completed in the major aquifers in
the study, computed from data from Table 3 are as
follows:

Number Specific Capacity’
Aquifer of wells Range Average

Antlers 23 0.3-18.7 26
Hensell 5 0.7- 6.2 33
Hosston 19 0.4-12.8 35
Travis Peak 64 0.3-14.3 25
Paleozoic
rocks 2 4 05- 3.7 1.8

'Gallons per minute per foot of drawdown.
2Includes reported data.

The specific capacities are considerably higher
along the central axis of the lobate structures of the
outcrop, where the saturated thickness of the Hos-
ston is at its greatest. These also correspond with
the thicker deposits delineated on Figure 13.

Aquifer coefficients for the Antlers and Travis
Peak Formations are shown in Table 4. Data from
the aquifer tests were analyzed by using the Theis
non-equilibrium formula, as modified by Cooper
and Jacob (1946) and Wenzel (1942). The trans-
missibility is the quantity of water in gallons per
day that will pass through a vertical strip of the
aquifer one foot wide extending through the full
saturated vertical thickness of the aquifer at a
hydraulic gradient of one foot per foot and at the
prevailing temperature of the water. In other
words, this value is an index of the ability of an
aquifer to transmit water.

The coefficient of permeability is defined as
the quantity of water in gallons per day that will
pass through a section of aquifer one foot square
under a hydraulic gradient of one foot per foot. This
value can be determined by dividing the transmis-
sivity by the saturated thickness of the aquifer in
feet.

The coefficient of storage, which is obtained
from a pumping test when one or more observation
wells are used, is the volume of water in cubic feet
that will be released from or taken into storage by a
vertical column of the aquifer having a base one
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Figure 22.—Summary of Precipitation and Runoff
at a Selected Site on the Outcrop
of the Travis Peak Formation

foot square when the piezometric surface is
lowered or raised one foot. Under water-table con-
ditions, the storage coefficient is equal to the effec-
tive porosity of the aquifer and may be as large as
0.35. Under artesian conditions, the storage coef-
ficient is very small, usually less than 0.001. This
value is controlled by the compressibility of the
aquifer, of the water, and of the clay interbedded
within the aquifer. Any leakage of ground water
from adjacent beds also affects the coefficient of
storage.

Pumping tests conducted by the Texas Water
Development Board within the study area indicate
that the sand and gravel deposits of the Antlers and
Travis Peak Formations are characterized by
transmissibility values ranging from 1,140 to
14,375 (gal/d)/ft. The wide range in values is due
to the extreme variation in saturated thickness and

permeability in the outcrop. The permeability
ranges from 87 to 440 (gal/d)/ft2, and the coeffi-
cient of storage varies greatly; because ground
water in the outcrop area occurs under both water-
table and artesian conditions.

FLUCTUATIONS OF WATER LEVELS

Water levels in wells completed in the Antlers
and Travis Peak Formation and the Paleozoic rocks
within the study area fluctuate mainly in response
to the relative quantities of recharge to and dis-
charge from the aquifers. In the study area, the
fluctuations are due to seasonal changes resulting
from large withdrawal of ground water for irriga-
tion during the summer months. Changes from
year to year reflect the amount of recharge to the
aquifers through rainfall. Recharge is relatively
high due to the permeability of the sands on the
outcrop and along streams and rivers. The hydro-
graphs of representative wells throughout the
study area show very little net change in water
levels through the period of record.

A breakdown of the 126 observation wells by
county is as follows: 15 in Brown, 4 in Callahan, 46
in Comanche, 20 in Eastland, 26 in Erath,and 15in
Hamilton. Records of measurements from these
wells can be found in Table 18. Selected hydro-
graphs from each county are shown in Figure 24.
Pumping levels on many wells are recorded in the
Remarks column of the records of wells (Table 16).

GROUND-WATER DEVELOPMENT

The well inventory for this report includes all
public-supply wells and selected industrial,
domestic, livestock, and irrigation wells. Table 5
lists all wells inventoried for this project, and Table
6 lists the irrigation well inventory by county.

Until 1965, the principal use of ground water
in the study area was for public supply and domes-
tic purposes. Beginning in 1965, major ground-
water usage shifted to irrigation. In 1970, the
amount of ground water used for irrigation was
approximately 16 times that used for public supply
purposes. Figure 25 reflects both irrigation and
municipal pumpage for the period 1955 through
1971. This illustration graphically shows the
impact of Proctor Lake which was completed in
1968. Prior to its completion, an additional 1,300
acre-feet of ground water was required annually
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for municipal purposes. The use and amount of
ground water pumped in 1970 is illustrated in
Table 7.

Industrial use of ground water in the study
area is limited to large feedlots, dairies, and turkey
farms, and the only reason some of these were

inventoried was due to the sizeable quantity of
water pumped each year. There were only three
feedlots of any size but there were, according to the
Texas Almanac, 23,000 dairy cows in the study
area, mostly in Erath County (Dallas Morning
News, 1972). Assuming that at least half of the
dairies operate on ground water, about one acre-

Table 2. Summary of Precipitation and Runoff at Two Instrumented Drainage Basins
(Locations are shown on Figure 5.)

Precipitation Runoff Percent
Year Month inches acre-feet acre-feet Retention
Site of 986 Acres on the Outcrop of the Travis Peak Formation

1971 May 2.85 234 —

June .61 50 —

July 2.32 190 0.01

Aug. 2.27 188 .04

Sept. 5.96 465 454

Oct. 3.37 252 40

Nov. 1.40 115 .00

Dec. 2.39 192 1.22

Subtotal 21.17 1,739 6.21 99.6
1972 Jan. 0.97 bb —

Feb. 32 26 —

Mar. .00 0 .00

Apr. 3.16 275 1.77

May 3.04 270 1.29

June 1.85 152 A1

July 213 187 .00

Aug. 1.43 115 A2

Sept. 2.02 161 .00

= A01=



Table 2. Summary of Precipitation and Runoff at Two Instrumented Drainage Basins—Continued

Precipitation Runoff Percent
Year Month inches acre-feet acre-feet Retention
Site of 986 Acres on the Outcrop of the Travis Peak Formation—Continued

1972 Oct. 413 339 1.45

Nov. 87 L5} .00

Dec. A8 12 .00

Subtotal 20.17 1,657 414 99.7
1973 Jan. 3.24 277 0.04

Feb. 2.03 161 2.21

Mar. 2.21 189 1.16

Apr. 6.32 520 60.02

May .87 72 .00

June 1-15 3.69 305 2.76

Subtotal 18.36 1,509 66.55 95.6

Totals 59.70 4,905 76.90 9856

Site of 568 Acres on the Outcrop of the Hosston Member

1971 May 298 142 5.41

June 1.13 53 .00

July 3.44 163 1.26

Aug. 2.61 123 2.39

Sept. 3.61 170 .24

Oct. 410 194 1.04

Nov. 1.42 67 .00

Dec. 2.98 140 2.98

Subtotal 2227 1,052 13.32 98.7
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Table 2. Summary of Precipitation and Runoff at Two Instrumented Drainage Basins—Continued

Precipitation Runoff Percent
Year Month inches acre-feet acre-feet Retention
Site of 568 Acres on the Outcrop of the Hosston Member—Continued

1972 Jan. 0.89 42 0.00

Feb. .33 15 .00

Mar. .00 0 .00

Apr. 452 214 3.39

May 2.28 108 .23

June 1.10 52 .00

July 1.95 92 .54

Aug. 2.82 134 1.98

Sept. 113 53 .00

Oct. 3.15 149 .00

Nov. 1.09 52 .00

Dec. A2 5 .00

Subtotal 19.38 916 6.14 99.3
1973 Jan. 3.45 163 0.00

Feb. 2.16 102 .00

Mar. 1.93 92 .58

Apr. 4.26 202 1.75

May 1.66 74 .49

June 1-15 2.63 123 2.74

Subtotal 15.99 756 5.56 99.3

Total 57.64 2,724 25.02 99.0
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Table 3.—Measured Yields and Specific Capacities of Irrigation and Public-Supply Wells

Water Bearing Units: Kca, Antlers Formation; Kctp, Travis Peak Formation;
Kche, Hensell Member of the Travis Peak Formation; Kcho, Hosston
Member of the Travis Peak Formation; Pn, Pennsylvanian rocks.

Yield Specific Capacity
Well Aquifer (gal/min) (gal/min/ft)

Brown County

BR-31-57-449 Keca 615 —_
847 Kca 41 1.5

Callahan County

BB-30-46-703 Kca 12 —
47-604 Keca 60 18.7
55-309 kca 43.7 1.7

512 Kca 48 1.4
608 Kca b3.2 1.9
933 Kca 277 1.6

Comanche County

Dy-31-51-603 Kcetp 120 3.2
621 Ketp 152 9.2
52-201 Ketp 121 —
202 Ketp 19.5 -
203 Kctp 16 —
401 Kctp 114.7 5.0
411 Kcho 24 —
415 Kctp 37.2 24
502 Ketp p i 3
521 Ketp 38.1 —
608 Kctp 1371 24
609 Kctp 43.6 8
623 Ketp 16 1.5
624 Kctp 20.2 1.0
625 Kctp 14.6 1.0
629 Ketp 93.1 —
703 Kctp 27 14
721 Kcho 231 12.8
722 Kcho 43 12
734 Kctp 30.6 —
737 Ketp 31 —
832 Ketp 20.6 —
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Table 3.—Measured Yields and Specific Capacities of Irrigation and Public-Supply Wells—Continued

Yield Specific Capacity
Well Aquifer (gal/min) (gal/min/ft)

Comanche County—Continued

DY-31-52-845 Kcho 160.2 —
846 Ketp 378 1.9
902 Kctp 102.3 2.0

53-422 Kcho 365
423 Kcho 69 256
451 Kctp 43 —
31-53-702 Kcho 33.3 1.1
703 Kcho : 285 L
704 Kcho 72.7 —
705 Kcho 73 -
706 Kcho 30.4 1.6
724 Kctp 10.9 4
725 Kctp 8.3 —
739 Ketp 56.2 —
740 Kcho 34.4 7y
741 Kcho 325 —
57-604 Kca 73.5 2.6
58-703 Kctp 43.4 1.5
59-206 Pns 38.1 5
215 Pns 188.9 —
305 Pns 23.1 —
306 Pns 18.1 —
310 Kho 7.2 —
311 Kcho 6.2 -
324 Kctp-Pns 8.1 —
325 Ketp-Pns 9.3 —
60-209 Kctp 72.7 4.3
210 Kctp 64.8 37

212 Ketp 35.8
215 Kcho 80 2.6
3356 Ketp 56 2.2
336 Kcho 28.4 —_
502 Kctp 26.3 .8
605 Kctp 36.1 —
607 Ketp 487 —
608 Kctp 68.4 —
617 Ketp 102.5 -
618 Ketp 89.6 —
627 Kctp 60 —_
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Table 3.—Measured Yields and Specific Capacities of Irrigation and Public-Supply Wells—Continued

Yield Specific Capacity
Well Aquifer (gal/min) (gal/min/ft)

Comanche County—Continued

DY-31-60-701 Kctp 34.7 2.3
809 Kctp 64.7 —
810 Kctp 359 24

61-112 Kcho 21.2 14
113 Kcho 411 21
114 Kcho 334 7
1156 Kcho 17.2 1.0
116 Kcho 429 22
117 Kcho 68.6 2.3
402 Kctp 57 —
403 Kctp 29 —
701 Kctp 90 1.2
703 Ketp 80 12
712 Kctp 108 -
802 Kctp 114.3 —
808 Ketp 107.7 1.8
815 Kctp 180 —
901 Kctp 58.5 1.1

41-02-201 Kctp 10.5 21
202 Ketp 20.7 —
203 Kctp 155 —
204 Kctp 25.1 —

03-101 Ketp 411 —
203 Kctp 29.7 —_
604 Kctp 60 —

04-201 Ketp 51.6 —
202 Kctp 12.2 —
203 Kctp 30 —_
502 Kcho 67 4.0
507 Kctp 56.2 —
701 Kche 50 6.2
803 Ketp 14.7 —
906 Kctp 120 —

05-205 Kctp 344 —
206 Kctp 71 1.4
207 Kctp 51 —_
212 Ketp 50 —
213 Kctp 100 —
402 Kcho 120 4.3
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Table 3.—Measured Yields and Specific Capacities of Irrigation and Public-Supply Wells—Continued

Yield Specific Capacity
Well Aquifer (gal/min) (gal/min/ft)

Comanche County—Continued

DY-41-05-502 Ketp 56.5 28
503 Ketp 2181 —
603 Ketp 300 —
604 Kctp 560 —
704 Kctp 31.9 —
901 Ketp 66 —
905 Kctp 60 —

12-303 Ketp 95.7 =
304 Kctp 69.8 1.1
13-101 Kctp 92.3 1.2
201 Kctp 30 —
202 Kctp 21.3 —
204 Ketp 20 —
14-106 Kcho 61.1 8
107 Kcho 53.3 A
305 Kctp 96.7 29

Eastland County

JD-30-48-901 Kca 375 19
902 Kca 110 3.6
56-103 Kca 25.6 17
401 Kca 48.4 1.0

508 Kca 57.5 1.9
64-301 Kca 35.8 —
302 Kca 47 —

306 Kca 375 —

307 Kca 27.8 —
31-35-601 Kca 10.4 iy}
36-702 Kca 8.3 3
42-511 Kca 16 ——
512 Kca 9.7 3

513 Kca 18.8 3

514 Kca 41.7 —

i Kca 21.7 21

810 Kca 14.6 9

811 Kca 124 =

812 Kca 13.8 —

901 Kca 34.3 —
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Table 3.—Measured Yields and Specific Capacities of Irrigation and Public-Supply Wells—Continued

Yield Specific Capacity
Well Aquifer (gal/min) (gal/min/ft)

Eastland County—Continued

JD-31-42-902 Kca 64.8 20
43-420 Kca 50 —
752 Kca 25 —
804 Kca 16.6 —
805 Kca 20 —
807 Kca 45.1 ==
888 Kea 34.9 —
843 Kca 10.1 —
844 Kca 26.8 —
909 Kca 75 —
911 Kca 68.9 —
940 Kea 34 —
44-113 Kca 33 —
114 Kca 33.7 —
115 Kca 295 —_
403 Kca 41.2 —
404 Kca 36.7 —
405 Kca 48 —
406 Kca 436 3.1
407 Kca 238 =
503 Kctp 59.6 23
505 Kctp 87.6 1.9
506 Kctp 44 —
507 Ketp 66 —
5156 Kca 27.3 —
603 Kctp 80 3.1
804 Kctp 21.3 1.2
805 Kctp 347 —
806 Kctp 40 -
51-102 Kca 20 —
205 Kca 55 2.3
215 Kca 125 28
224 Kca 56 —
225 Kca 471 —
226 Kca 61.1 —
239 Kca 30 5.1
258 Kca 78 —
57-137 Kca 30 —
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Table 3.—Measured Yields and Specific Capacities of Irrigation and Public-Supply Wells—Continued

Yield Specific Capacity-
Well Aquifer (gal/min) (gal/min/ft)

Erath County

JP-31-46-902 Ketp 223 —
48-302 Kctp 69.1 -
52-301 Kctp 142 6.5

302 Kctp 100 59
303 Kctp 150 —
304 Kctp 120 1.5
314 Ketp 103 —
317 Ketp 302 —
53-202 Kche 67 5.3
203 Kctp 137 —
208 Kcho 114 7.6
209 Kcho 128 9.1
403 Kcip 212 —
415 Kctp 240 29
417 Ketp 130 -
420 Ketp 150 —
439 Kctp 54.5 3.0
440 Kctp 37.5 8
441 Ketp 63.2 —
503 Kctp 81.6 3.9
504 Kctp 48.8 -
514 Kctp 405 1.3
515 Kctp 91 1.0
517 Kctp 63.2 1.7
518 Kctp 68.6 8
522 Kctp 120 14
527 Kctp 185.3 1.8
717 Kctp 296 —
718 Kctp 30 5
732 Kctp 93 1.6
803 Kctp 47 1.1
804 Ketp 33 5
806 Kche 71 4.3
808 Kctp 99 3.3
809 Ketp 945 -
817 Ketp 61.6 —
54-801 Kctp 200 2.1
803 Kctp 450 —
55-103 Kctp 188 2.6
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Table 3.—Measured Yields and Specific Capacities of Irrigation and Public-Supply Wells—Continued

Yield Specific Capacity
Well Aquifer (gal/min) (gal/min/ft)
Erath County—Continued
JP-31-55-105 Ketp 140 —
115 Ketp 200 40
116 Kctp 1504 1.0
201 Kctp 120 —
402 Ketp 195 —
407 Ketp 1715 1.7
408 Kctp 141 —
801 Ketp 227 —
802 Kctp 167 15
803 Kctp 184.6 33
61-202 Kctp 200 14.3
204 Kctp 104 1.4
301 Ketp 173 9.6
601 Kche 64.8 —
62-201 Ketp 343 -
501 Kche 48 1.2
63-101 Kche 302 —
102 Kctp 446 —
203 Kctp 500 —
205 Kctp 400 —
301 Kche 200 —
502 Kctp 550 —
32-41-103 Ketp 200 4.0
Hamilton County
LA-40-01-401 Ketp 600 54
41-15-501 Kctp 350 =
23-301 Kche 52 7
24-401 Ketp 103 23

foot per day would be used by the dairy industry
alone.

Public Supply

The city of Stephenville in Erath County is the
principal user of ground water for public supply in
the report area. Table 8 gives the annual pumpage
from all the cities using ground-water supplies in

the study area from 1955 to 1972. Until the com-
pletion of Proctor Lake in 1968, DelLeon, Dublin,
and Gorman pumped about 1,300 acre-feet of
water from the Travis Peak Formation. Hamilton
and Carbon have also changed to surface water,
eliminating another 325 acre-feet per year of
ground-water consumption. Hico, Cross Plains,
and Rising Star are the next leading users of
ground water in 1972, listed in decreasing order of
usage.

- 49 -






-gg-

Table 4.—Summary of Results of Aquifer Tests Conducted on Wells
Completed in the Antlers and Travis Peak Formations

Kca, Antlers Formation; Kctp, Travis Peak Formation; Kcho, Hosston Member of Travis Peak Formation;

Aquifer:
Kche, Hensell Member of Travis Peak Formation.
Transmissibility values are the average of drawdown and recovery tests unless otherwise indicated in the remarks.

Specific
Transmissibility Permeability Coefficient Yield Capacity
Well Aquifer (gal/d)/ft (gal/d)/ft2 of Storage gal/min  (gal/min)/ft Remarks
Brown County
BR-31-57-847 Kca 8,900 225 — 41 1.6 Pumping well
858 Kca 11,600 258 0.0043 — - Observation well
859 Kca 11,500 274 0050 — — Do.
860 Kca 14,400 320 .03 — — Do.
Comanche County
DY-31-53-423 Kcho 7,900 208 — 69 24 Pumping well
448 Kecho 10,910 341 0.053 —i — Observation well
449 Kcho 11,285 305 .05 — — Do.
450 Kcho 12,680 352 .043 — — Do.
451 Kcho 14,375 375 021 — — Do.
41-05-401 Kcho 8,500 213 .0003 — — Observation well
Kcho 8,400 187 - 120 4.3 Pumping well

402
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Table 4. —Summary of Results of Aquifer Tests Conducted on Wells
Completed in the Antlers and Travis Peak Formations—Continued

Specific
Transmissibility Permeability Coefficient Yield Capacity
Well Aquifer (gal/d}/ft (gal/d)/ft2 of Storage gal/min  (gal/min)/ft Remarks
Comanche County—Continued
DY-41-05-408 Kcho 12,200 321 .004 — — Observation well
409 Kcho 12,300 354 A3 - - Drawdown of
observation well
Eastland County
JD-31-44-505 Kctp 5,140 260 - 70 25 Pumping well
516 ketp 6,050 200 - — — Observation well
51-239 Kca 8,900 212 - 90 5.1 Pumping well
240 Kca 9,200 263 0.00 — — Observation well
270 Kca 9,000 300 0042 — — Do.
271 Kca 7,500 300 04 — Do.
272 Kca 13,200 440 068 - Drawdown of
observation well

For additional Pumping Tests see Table 4 of Texas Water Development Board Report 195 (Klemt and others, 1975.)



Table 5.—Inventory of Wells by Water Use

*Approximately 25-50 percent inventory of irrigation wells was the goal for this report.

County
Use Brown Callahan Comanche Eastland Erath Hamilton Total
Domestic 21 119 81 79 34 28 362
Public supply 8 30 25 27 32 10 132
and livestock
Irrigation 95 45 779 683 219 8 1,829
Industrial 13 1 9 1 15 2 41
Abandoned 8 17 69 61 27 1 183
Total 145 212 963 851 327 49 2,547
Table 6.—Irrigation Well Inventory by County
Total Number of Irrigation Wells Percent
_ County Irrigation Wells' Inventoried? Inventoried
Brown 161 104 64.6
Callahan 45 45 100
Comanche 1,697 811 47.8
Eastland 1,243 720 57.9
Erath 304 225 74.0
Hamilton 8 8 100
Total 3,458 1,913 55.3

'"The number and location of all irrigation wells were determined in 1971 by field investigation and the number
updated through reports submitted by drillers up until 1973.

2Except in several areas, inventory ceased in 1972 and includes irrigation wells that have been abandoned.
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Figure 25.—Public Supply and Irrigation
Ground-water Use from the Antlers and
Travis Peak Formations and Paleozoic
Rocks in the Study Area, 1955-71

In Stephenville, water is pumped from the Tra-
vis Peak Formation from 22 wells ranging in depth
from 366 to 511 feet. Most of the wells pump about
150 gallons per minute although they are capable
of much more. Wells are dispersed within the city
limits and there are also eight city wells equally
spaced to a distance six miles south of town
towards Alexander along FM 914. During the
summer months, 2.6 million gallons per day is
pumped from all wells.

The city of Hico has two wells, one 311 feet
deep (Hensell) and the other 600 feet deep (Travis
Peak). The yield of the deeper well is approximately
200 gal/min while the Hensell well only yields
about 115 gal/min. A new city well has been
drilled recently but the information on it has not
been received as yet. During the summer months,
about one-quarter million gallons per day is
pumped for city use.

The city of Cross Plains pumps from 26 wells
completed in the Antlers Formation. The wells
range from 45 to 70 feet in depth and pump about
127,000 gallons per day. The estimated yield for
these wells is 10 to 15 gal/min. Cross Plains is
situated on the edge of the Cretaceous—Paleozoic
contact and therefore does not have the thickness
of water saturated sand necessary for larger yields.
Several miles north of Cross Plains, yields up to 40
gal/min can be attained.

The city of Rising Star has 15 municipal wells
pumping water from the Antlers Formation at the
rate of two million gallons per month. The wells
range from 70 to 95 feet deep and produce about
40 gal/min. During the summer months when the
heavily irrigated area surrounding the town is in
full production, a serious drop in municipal well
yields is experienced.

The other small towns in the study area pump
about 100 acre-feet of ground water per year.

Irrigation

The irrigation boom did not start in the study
area until around 1965 when irrigation and public
supply ground-water use were about equal. Since
that time, irrigation use has increased to over
25,000 acre-feet per year more than public supply
use and over 85 percent of the total ground-water
usage is for irrigation. Most of this economic
development can be attributed to the growth in the
peanut industry. Peanut production in the study
area is the largest in Texas and according to the
Texas Almanac, Comanche County is the leading
peanut producing county in the State (Dallas Morn-
ing News, 1972). Also a large amount of ground
water is used for irrigating grasses.

Table 9 shows the development of ground
water for irrigation by county. Brown and Callahan
Counties have begun to develop their agricultural
capabilities through irrigation. Their production is
estimated to have doubled since 1971. As an
example of the growth experienced in the Rising
Star area of Eastland and Brown Counties, 75 irri-
gation wells were drilled in a one month period in
early 1974.

Comanche and Eastland Counties account for
85 percent of the irrigation wells located in the
1971 irrigation well inventory. A physical inven-
tory of 55 percent of the irrigation wells provided
more than sufficient information to determine the
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Table 7.—Pumpage of Ground Water in the Study Area, 1970
(Quantities in acre-feet per year 1)

County Irrigation Industry
Brown 410 =
Callahan 204 |
Comanche 13,380 1
Eastland 7.825 32
Erath 5,100 1
Hamilton 350 < 3
Total 27,269 34

'Quantities estimated in part.

hydraulic characteristics of the Antlers and Travis
Peak Formations. The concentrations of irrigation
wells are normally developed in the Antlers and
Travis Peak Formations except in the Duster area
of Comanche County where Paleozoic rocks are
tapped for irrigation water.

The quantity of ground water used for irriga-
tion was estimated from power and yield tests con-
ducted on irrigation wells within the study area.
The procedure used to estimate the irrigation
pumpage is as follows: (1) the annual amount of
power, in kilowatt-hours, supplied to the irrigated
farms from 1957 through 1971 was obtained from
power companies and electrical cooperatives
supplying the irrigation district; (2) power and yield
tests were conducted on selected irrigation wells
to determine the average number of gallons pro-
duced per kilowatt-hour depending upon the irriga-
tion system employed (open discharge into a pit,
direct through a sprinkler system, and open dis-
charge with a booster on the same line); and (3) the
average number of gallons used per kilowatt-hour
was multiplied by the total number of kilowatt-
hours supplied to the irrigation system for that
year. This gives the approximate number of gallons
used that year by the system tested. An average

Domestic
Public and

Supply Livestock Total
49 282 741
119 116 439
28 844 14,253
27 405 8,339
1,572 647 7.320
174 268 792
2,019 2,562 31,884

number of gallons per kilowatt-hour was deter-
mined separately for each county except in certain
areas where power and yield tests were insuffi-
cientin number. This was done to take into account
the differences in hydraulic characteristics
throughout the study area. The data and results
collected from power and yield tests are given in
Table 10. The average gallons per kilowatt-hour
factors determined from these tests, listed by
county, are as follows:

System Type Comanche Eastland Erath
Open 898 an 1,044
Direct 597 536 613
Open with booster 405 409 565

The factors used for Brown and Callahan Counties
were determined using the Eastland County tests
(western half) and those used for Hamilton County
were derived from Erath County tests. Also, these
figures are from tests conducted on irrigation wells
drilled on the outcrop. For those wells that were
drilled through younger formations and into the
Travis Peak, mainly in Erath and Hamilton Coun-
ties, a different set of factors was used because of
the higher pumping lift.
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Table 8.—Annual Public-Supply Pumpage of Ground Water, 1955-72, by City, in Acre-Feet
(SW-changed to surface-water use.)

1955

1956

1957

1958

1959

1960

1961

1962

1963

1964

1965

1966

1967

1968

1969

1970

1971

1972

s " = 2
= c g E :T:; 8

£ O F 3 8 £ 5 £ 2 £ 5§ 2 £
§ 3 & 8 3 &8 % 5 =3 2% 5 & E B8
o = N Q (] o (&} O] = o =2 w T =2

9 — — 61 158 — 3 187 74 232 — 2,817 321 135
17 - — 101 190 — 3 175 110 232 — 2,302 401 157
10 — — 101 188 - 3 166 120 232 — 1.964 343 122
13 - — 101 155 - 5 196 84 307 — 1,660 240 129
13 — — 124 99 — 4 193 166 392 — 1,680 290 131

8 — - 89 148 — 1 193 166 387 — 1,105 323 142

9 — — 85 183 -— 1 b 7 92 435 — 1,170 320 128

9 — — 84 177 — 4 79 123 656 — 1,292 307 154
10 — — 107 221 - 4 79 92 600 — 1,324 356 176
10 — — 122 362 — 4 856 107 657 — 1,298 297 152
10 — — 104 509 — 4 82 117 657 — 1,396 49 157
10 — — 107 521 — 2 82 77 562 — 1,326 14 140
10 2 — 112 582 — 2 96 89 663 1 1,460 SW 190
10 11 — 100 599 19 2 100 91 663 5 1,426 SW 139
10 8 3 195 102 26 10 22 80 sSw 5 1,479 SW 157
10 9 30 119 SWwW 26 19 sSw 58 SW 5 1,667 SwW 17
23 1 23 133 SwW 28 SW SwW 89 SW 5 1.711 SwW 184
26 10 23 140 SW 29 Sw SW 38 sSw T 2,032 SW 192

- 60 -




Table 9.— Annual Pumpage of Ground Water for Irrigation
(Acre-feet per year)

COUNTY
Year SHoain Callaban Lomanche: Zaotd. Erath
1967 130 58 10,760 4,125 3,250
1968 108 37 8,760 4,215 2,560
1969 155 84 9,805 4,730 2,775
1970 410 204 13,380 7,825 5,100
1971 620 310 12,960 4,810 6,100

In 1963, there were an estimated 180 irriga-
tion wells supplied from the Antlers and Travis
Peak Formations. By the end of 1967, about 1,600
irrigation wells were in operation and by 1972,
there were over 3,700 irrigation wells capable of
producing approximately 200 million gallons per
day of ground water during the irrigation season.

Domestic and Livestock

The amount of ground water pumped from the
Antlers and Travis Peak Formations for rural
domestic purposes and livestock use in 1970 was
approximately 2,562 acre-feet (Table 7). This
amounts to only eight percent of the ground-water
use for the entire study area. The pumpage for
domestic and livestock purposes has been fairly
constant from 1955 to 1971 with minor fluctua-
tions occurring during wet or dry years.

The amount of ground water used was esti-
mated by using the rural population as listed by
county in the Texas Almanac (Dallas Morning
News, 1972), and the livestock population as
reported in Texas Livestock Statistics (Texas
Department of Agriculture, 1971).

In areas where there is a normal section of
Hensell and Hosstcn Members of the Travis Peak
Formation, the domestic and livestock wells are
usually completed only in the upper Hensell
Member where there is sufficient water. These
wells are usually not affected by the irrigation
pumpage during the summer. However, in the
Antlers Formation and in the Travis Peak where
the Hensell is not present, these small-capacity
wells are definitely affected by the heavy irrigation

pumpage. Most irrigation wells are completed in
either the Hosston Member only or in the entire
Antlers or Travis Peak Formation.

GENERAL CHEMICAL QUALITY OF
GROUND WATER

The types and concentrations of dissolved
minerals carried in ground water are derived
mainly from the soil and rocks through which the
water percolates. As the water moves through its
environment, the solvent power of water dissolves
some of the minerals from the surrounding rocks.
The concentration of the various dissolved mineral
constituents depends upon the solubility of miner-
als in the formation, the length of time water is in
contact with the rock, and the concentration of
carbon dioxide present within the water. There-
fore, the chemical character of the water mirrors
the general mineral composition of the earth
through which it has passed. Additionally, dis-
solved mineral concentrations generally increase
with depth and temperature. The source and signif-
icance of dissolved-mineral constituents and
properties of water are summarized in Table 11
which is modified from Doll and others (1963, p.
39-43), The chemical analyses of water from
selected wells in Brown, Callahan, Comanche,
Eastland, Erath, and Hamilton Counties are given
in Table 19. The wells from which samples were
taken are identified in the well-location maps by a
bar over the well numbers.

Quality Criteria or Standards

The degree and type of mineralization of
ground water determines its suitability for munici-
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Table 10.--Power and Yield Tests from Selected Irrigation Wells

BROWN COUNTY
Length Pump Yield
Test| Wwell Date of Method ) Total h ; Total | Garg/ | Kkwhv
no numbers test of . head vl Vi kwh kwh hr Remarks
J distribution test in feet power gal/min used
Hour Min Wwell Booster Well Sprinkler
1 31-57-847 Nov, 16, 1971 opan a7 0 2.0 a 101.4 1,140 2.2
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Table 10.--Power and Yield Tests from Selected Irrigation Wells

COMANCHE COUNTY
Test well Date of Metlf'lod ""?,?'h :‘:;:a; ::::: wi:lld L’ﬁ:‘ Gals/ | Kwh/ Ramaris
B | b test distrigution tost in feet U gal/min used | W |
Hour Min well Booster well Sprinkler

1 31-51-605 Aug. B, 1966 direct a4 0 174 5.0 101 3315 720 8A 2 wells-2 maters-pump through one line
606 3.0

2 621 July 15,1970 do 4 o 192 20,0 152 7.0 an 193

B 810 Aug. 25,1970 open 5 k1] 75 1.5 a0 30.5 B66 55 3 wells pump through one discharge line
811 1.5
B12 1.5

a 903 Aug. 25,1970 do L] 30 n 1.0 82 2.5 888 5.0 3 wells pump through one discharge line
904 1.5
905 1.5

5 52201 Aug. 17,1967 do 23 45 9 .0 12 173.0 192 73 3 wells pump through three discharge lines-
202 10 20 booster not on
203 30 16

b 204 Aug. 10, 1967 direct a ] 133 1.5 136 55.0 694 137
205 10.0

1 401 Aug, 5, 1966 do 3 15 101 1.5 15 30.0 746 9.2

8 an July 10,1970 open 5 [] 7 1.0 24 9.5 758 1.9

9 a15 July 16,1970 direct 4 0 106 37 13.0 687 33

10 502 Aug. 8, 1966 opan 24 [] 84 5 1" 46.0 a7 1.9 house and well on meter

n s July 16,1970 do 17 0 55 1.5 38 30.0 1,295 1.8

12 608 Aug. 5, 1966 direct 5 20 180 15.0 137 85.0 516 16.0
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Table 10.--Power and Yield Tests from Selected Irrigation Wells

COMANCHE COUNTY--Continued

Test well Date of Method Leg?th L:t:c: a:l:;: Vi;ld 1?,:?1' Gals/ | Kwh/ Remarks
no. | numbers test distri?:‘utinn test infost power Gal/min used | Kwh hr
Hour Min Well Booster well Sprinkler

13 31.52.609 Aug. 8, 1966 direct 24 0 160 10.0 a4 94 668 1.8 house and well on meter

14 611 Aug. 17, 1967 do 24 5 3.0 100 243.0 521 10.1
612 5.0
613 a0 3.0

15 623 July 16, 1970 open a 1] 1.0 16 25.0 488 6.3 3-wells pump through one discharge line
624 1.5 EL
625 70 1.0 15

16 629 do direct 4q [} 1.5 93 235 952 5.9

17 703 June 28, 1966 open 2 0 61 1.0 27 3.0 1,080 1.5

18 704 Aug. 5, 1966 direct b 1] 150 5.0 87 74.0 an 123 3 wells-3meters-pump through 1 discharge line
105 5.0
106 5.0

19 m July 16, 1970 do 3 a 188 25.0 231 70.0 594 3.3

20 123 do open il 30 43 1.0 a9 83.5 750 39
724 1.5

2 04 Aug. 15, 1967 direct 17 35 119 10.0 13 460.0 487 26.3
805 19 15.0
806 125 10.0

22 812 uly 9, 1970 open a ) 30 69 15.5 1,068 39

22a 812 July 10,1970 do 25 0 3.0 67 817 1135 3.5




_99-

Table 10.--Power and Yield Tests from Selected Irrigation Wells

COMANCHE COUNTY--Continued

Test|  well Date of Method o ot o ki Total | Galsy | Kkwh Samark
no. | numbers test distri'::fuﬁon test i:?::t power gal/min u::d kwh hr RMALES
Hour Min well Booster well Sprinkler
b 3152832 July 13,1970 | open-booster 2 0 20 0 7 29.5 wo | 123
2 8as | July 10,1970 direct a 0 175 20,0 160 60.0 641 [ 15
2 886 | Aug. 18.1970 open a 0 125 30 84 250 s02 | 63
812 120 1.0
i 902 Aug. B, 1966 direct a 0 151 15 103 320 w8 | 80
27 913 July 9, 1970 do 3 20 144 50 85 30,0 563 | 90
918 143 50
m a5 | July1a, 1970 do s 0 10 52 230 668 | a6
916 142 10
29 53423 et 11, 1971 open n 0 83 50 6 4430 69 | 62
0 702 | July 29,1966 do a 0 105 10 33 20 m | se
03 10 29
1 704 do open-bouster 5 0 9 5.0 15 n B2.0 538 | 164
705 50 3
1 704 do apen 1 20 a9 50 7 wo | e | 76
705 50 ”
7 706 do direct a 0 128 50 n 12.0 561 | 32
i 724 Aug. 5, 1966 open 6 50 7a 10 1" 230 a2 | a3
725 10 8
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Table 10.--Power and Yield Tests from Selected Irrigation Wells

COMANCHE COUNTY--Continued

Test well Date of Matl;\od Le:?th qu:: :z:g Vi:‘ld Ix::l Gals/ | Kwh/ Remarks
no. | numbers test distri:mtion test infeat power gal/imin used il he
Hour Min well Booster Well Sprinkler
3a 31-53745 July 14, 1970 open-booster 26 45 132 3.0 56 285.0 314 10.7
750 143 3.0
35 57-604 Aug. 9, 1966 direct L) 0 160 10.0 74 37.0 ar 9.2
36 58-703 do open a o 66 3.0 a4 8.5 1,224 21
kY 59-206 Aug. 25,1970 direct 6 ] 10.0 38 23.0 596 38
kL) 215 do do 6 1] 20.0 189 83.5 814 13.9
39 216 do open-booster 2 0 139 1.5 7.5 196 36.0 654 18.0
217 2.0
218 1.5
a0 n Aug, 11, 1966 direct 4 0 15.0 132 80.0 396 20.0 2 well-2 meters-pump through 1 line
307 253 10.0
a3 305 July 28, 1966 open a 0 50 15 18 16,0 618 4.0
306 2.0 23
az 310 Aug. 25, 1970 do 5 0 .50 7 118 526 1.5
3 .50 6
324 50 9
325 36 75 []
a3 602 do do 5.0 0 2.0 (52) 353 440 71 4 wells-2 meters-pump through one discharge pipe
603 2.0
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Table 10.--Power and Yield Tests from Selected Irrigation Wells

COMANCHE COUNTY--Continued

Test| well Date of Method Le:?'h Total S Viif,m 1otal | Gals | Kwhy —
no. | numbers test distri:fution test i:(;::t power gal/min usv:d kwh hr Amarks
Hour Min well Booster well Sprinkler
56 31-61-110 Aug. 10, 1966 direct 170 3.0
" 5.0
57 12 Aug. 16, 1967 open-booster 24 0 10 10 21 336.0 aw 14.0
13 62 2.0 a1
1a do 2.0 34
58 15 do open 2 a 62 1.0 17 228.0 768 10.1
16 2.0 a3
17 1.5 69
59 208 July 18, 1970 direct a (1] 332 2.5
209 209 7.5 159 8.0 489 19.5
60 a02 June 29, 1966 open 7 0 102 1.0 57 15.0 1.032 5.0
a03 1.5 29
61 701 Aug. 3, 1966 direct L] 0 249 10.0 a0 32.0 675 8.0
62 703 do apen a 0 159 5.0 80 21.0 914 5.2
63 802 do do 25 10 105 1.5 15 193.0 894 1.7 domestic well and shop on same meter
64 808 July 15,1970 direct a 0 28 15.0 108 0.0 ERl) 17.5
b5 901 July 27, 1966 open ] 10 104 1.0 59 12.0 1,023 1.4
66 41.02.201 Sept. 4, 1970 do a a0 30 1.0 1 37.0 544 7.9
202 1.0 2
203 1.0 16
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Table 10.--Power and Yield Tests from Selected Irrigation Wells

COMANCHE COUNTY-Continued

Test|  well Date of M“f“" - se o i Total | Gals/ | Kkwh —
Bo; || TeMOAE tost distrizution test in feet Rawey galimin used | kwh e
Hour Min Well Booster well Sprinkler
bb 41-02-204 Sept. 4,1970 open 3.0 245
b7 03-101 Aug. 17,1967 do 18 ] 55 5.0 a1 a2.0 1,057 2.3
[ 203 July 26, 1967 