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RECONNAISSANCE INVESTIGATION OF TH E
GROUND-WATER RESOURCES OF THE
RED RIVER, SULPHUR RIVER, AND

CYPRESS CREEK B ASINS, TEXAS

ABSTRACT

The Red River, Sulphur River, and Cypress Creek Basins, Texas, comprise an
area of 31,116 square miles and include all or parts of 54 counties in the
northern part of the State from the New Mexico State line to thé Arkansas and
Louisiana State lines. About 760,000 people reside in the area.

The economy is dependent largely upon the availability and quality of
ground water for agriculture and industry. Irrigation is practiced throughout
the area as an implement for successful famming on the High Plains and much of
the Osage Plains, where the climate is dry-subhumid to semiarid, but chiefly on
2 supplemental -basis in the humid to moist-subhumid eastern region of the West
Gulf Coastal Plain. A large part of the industrial development is associated
closely with areas of agricultural production and with the production of petro-
leum and natural gas. : -

The area ranges in elevation from about 4,500 to about 180 feet and is
characterized by the nearly flat elevated surface of the High Plains, the dis-
sected area of low relief of the adjoining Osage Plains, and the gently rolling
hills and alluvial lowlands of the West Gulf Coastal Plain. Rocks cropping out
range in age from Pennsylvanian to Quaternary and consist of thousands of feet
of clastic, carbonate, and evaporite sediments. Deposits of sand, gravel, an-
hydrite, and gypsum form the aquifers of the area,

Primary aquifers are the Trinity Group, Woodbine Formation, and Wilcox
Formation and Carrizo Sand, undifferentiated, in the West Gulf Coastal Plain;
the Blaine Gypsum and the Quaternary alluvium in the Osage Plains; and the
Ogallala Formation in the High Plains. Included as secondary aquifers are the
Blossom Sand, Nacatoch Sand, Mount Selman Formation and Sparta Sand, undiffer-
entiated, and Quaternary alluvium in the West Gulf Coastal Plain; the Cisco and
Wichita Groups, undifferentiated, Pease River Group ‘(except for the Blaine Gyp-
sum), and Whitehorse Group of the Osage Plains; and the Dockum Group of the
High Plains, '




Fresh to slightly saline water is available from all aquifers with the ex-
. ception of the Blaine Gypsum, which generally contains slightly to moderately
saline water. In the other primary aquifers, most of the water in the fresh to
slightly saline water-zone is fresh. Secondary aquifers, containing large
amounts of slightly saline water, include the Cisco and Wichita Groups, Pease

- River Group (except for the Blaine Gypsum), Whitehorse Group, and Dockum Group
of the Osage Plains and High Plains, and the Blossom Sand of the West Gulf
Coastal Plain. The base of the fresh to slightly saline water varies with each
aquifer, but is deeper generally in the primary artesian aquifers of the West
Gulf Coastal Plain.

About 970,000,000 gallons per day or about 1,100,000 acre-feet of ground
water was used in the Red River, Sulphur River, and Cypress Creek Basins in
1959. Of this amount, 93 percent was for irrigation, 4 percent for public sup-
ply, and 1 percent for industry. About 2 percent was withdrawn for domestic,
livestock; and miscellaneous purposes. The largest withdrawal was from the
- Ogallala Formation in the heavily irrigated High Plains. In the Osage Plains,
‘large amounts of irrigation water was supplied by the Quaternary alluvium and
the Blaine Gypsum. In the West Gulf Coastal Plain, most ground water is .sup-
plied by the Carrizo Sand and Wilcox Formation, undifferentiated, the Woodbine
Formation, and the Trinity'Gfoup, chiefly for public supply and industry.

Water levels are declining in areas of heavy development. The amount of
decline varies among aquifers and within aquifers as a result of large with-
drawals of water. Discharge of ground water exceeds recharge in the Ogallala
Formation of the High Plains, where the aquifer is being dewatered in places as
much as 5 feet per year:. Declines are less in the Blaine Gypsum and the Qua-
ternary alluvium in the Osage Plains, where, even though large quantities of
water are pumped, effective natural recharge partly replenishes the aquifers.
Declining artesian pressures rather than dewatering of the aquifers are charac-
teristic of the heavily pumped aquifers of the West Gulf Coastal Plain. Water
levels are declining in heavily pumped areas as much as 6-1/2 feet per year in
the Trinity Group, 12 feet per year in the Woodbine Formation, and 3.3 feet per
year in the Wilcox Formation and Carrizo Sand, undifferentiated. Water levels
are declining significantly also in the Blossom and Nacatoch Sands in places of
heavy pumpage. In areas remote from heavy pumpage, levels in the artesian
aquifers have not declined significantly.

To compute the potential quantity of ground water available in the primary
artesian aquifers in the West Gulf Coastal Plain, many assumptions are neces-
sary, chiefly because of the lack of sufficient hydrologic data. One of the
assumptions is that water levels would be lowered to a maximum depth of 400
feet along a line of discharge. Based on this and other assumptions, the
amount of fresh to slightly saline ground water perennially available from the
Trinity Group would be about 6,800 acre-feet and the amount of water released
from storage as the water level was lowered to 400 feet would be about 29,400
acre-feet. The amount of fresh to slightly saline ground water perennlally
available from the Woodbine Formation would be about 11,700 acre-feet, and
about 9,000 acre-feet of water would be released from storage as the water
level was lowered to 400 feet, About 18,000 acre-feet would be perennially
available from the Carrizo Sand and Wilcox Formation, undifferentiated, and the
amount of water released from storage as the water level was lowered to 400
feet would be about 27,000 acre-feet.




: In the Osage Plains, the amount of ground water pumped from the-Blaine

='G§psum and Quaternary Alluvium in 1959 was 40,000 and 43,000 acre-feet, res-

& pectively. These quantities may be considered perennially available because

f indications are that discharge probably does not exceed recharge during periods

" of normal rainfall. 1In addition, about 5,400,000 acre-feet of ground water ‘in
storage in the Quaternary Alluvium was available to wells in 1959. The amount
of ground water stored in the Blaine Gypsum is not known.

: In the High Plains, about 63,000,000 acre-feet of ground water in storage
was available to wells in 1958. ‘ .

The problem common to almost every aquifer of primary and secondary impor-
tance is declining water levels; in some aquifers the declines are regional, iit
.others they are local. 1In the Ogallala Formation, even though considerable

‘cquantities of ground water are still available, the remaining ground-water sup-
ply is being depleted at a relatively rapid rate, Large pressure declines in
the artesian aquifers of the West Gulf Coastal Plain have lowered water levels
to an extent that some wells have stopped flowing and pumps are continually
being lowered in wells in some areas, resulting in higher lifting costs and
decreases in the efficiency of the wells. Lack of sufficient data in much of

the area does not permit a complete appraisal of many of the aquifers. More

- data need to be gathered and analyzed to ascertain more correctly the ground-

~water reserves ‘and availability for future development.
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RECONNAISSANCE INVESTIGATION OF THE
GROUND-WATER RESOURCES OF THE
RED RIVER, SULPHUR RIVER, AND

CYPRESS CREEK BASINS, TEXAS

INTRODUCTION

Purpose and Scope

~ The Texas Water Planning Act of 1957, Senate Bill 1, First Called Session
-of the 55th Legislature, created a water-planning division within the Texas
Board of Water Engineers (name changed to Texas Water Commission, January 1962)."
The act directed that the Board submit a statewide report on the water resources
of the State and make recommendations to the Legislature for the maximum devel-
‘opment of the water resources of the State. The report entitled, "Texas Water:
Resources Planning at the End of the Year 1958, A Progress Report to the Fifty-
Sixth Legislature,'" was submitted in December 1958. The report states (Texas
~Board of Water Engineers, 1958, p. 78), ",..Initial planning for development of.
“the State's water resources will require that reconnaissance ground-water stud-
. .ies be made in much of the State because time is not available to complete the
‘recommended detailed investigations. Studies of this type will be made chiefly
" to determine the order of magnitude of the ground-water supplies potentially
-available from the principal water-bearing formations." .

To implement the directive of the Legislature, a cooperative project be-
tween the Texas Board of Water Engineers (Commission) and the U. S. Geological
Survey was begun in September 1959. The project was titled, "Reconnaissance
ground-water investigations in Texas." The Planning Division of the Texas
Board of Water Engineers based its approach to water-resource development plan-
ning upon the needs and availability of both surface water and ground water of
each river basin and subdivision of a basin. Therefore, the cooperative pro-
gram between the Ground Water Branch of the U. S. Geological Survey and the
Texas Board of Water Engineers was planned by major river basins. The Geologi-
- cal Survey is reporting on the Red, Sulphur, Cypress, Brazos, Upper and Lower
Rio Grande, Guadalupe, Nueces, and San Antonio Basins, and on the Gulf Coast
region. The Texas Water Commission is reporting on the Canadian, Sabine,
Neches, Trinity, Colorado, and Middle Rio Grande Basins. All the reports are
E scheduled for. completion in 1962; except for the Canadian Basin report, which
& was completed in 1960 (Texas Board of Water Engineers, 1960), the Gulf Coast

: region report completed in 1961 (Texas Water Commission, 1963), and a report on
the Guadalupe, Nueces, and San Antonio Basins, which will be completed in 1963.




_Fhe studies of the river basins were to have their principal emphasis on
the following items (Texas. Board of Water Engineers, 1958, p. 78): "...(1)In-
ventory of large wells and springs; (2)compilation of readily available logs of
wells and preparation of generalized cross sections and maps showing subsurface
geology; (3)inventory of major pumpage; (4)pumping tests of principal water-
bearing formations; (5)measurements of water levels in selected wells; (6)deter-
mination of areas of recharge and discharge; (7)compilation of .existing chemical
analyses of water and sampling of selected wells and springs for additional
analyses; (8)correlation and generalized analysis of all data to determine the
order of magnitude of supplies available from each major formation in the area
and general effects of future pumping; and (9)preparation of generalized reports
on principal ground-water resources of each river basin."

Location and Extent of the Area

The Red River, Sulphur River, and ‘Cypress Creek Basins in Texas comprise
an area of 31,116 square miles, including all or parts of 54 counties in the
northern part of the State. The area is bordered on the west by New Mexico, on
the north by the Canadian River Basin, Oklahoma and Arkansas, on the east by
- Arkansas and Louisiana, and on the south by the Brazos, Trinity, and Sabine
River Basins. The Red River forms most of its northern border. .The area is
irregular, ranging in width from about 160 miles to less than 1 mile and av-
eraging about 50 miles.. Most of the area is between latitude 32° and 36° north

and longitude 94° and 103° west (Figure 1).

Economic Development and Cultural Features

The Red River, Sulphur River, and Cypress Creek Basins .constitute 12 per-
cent of the area of Texas and have 8 percent of the State's population, oT
760,000, Most of the population is urban. Among-the larger centers of popula-
tion, all or partly in the basins, cities having more than 10,000 population.
(1960 census) are Amarillo, 137,969, in the western part of the area; Wichita
Falls, 101,724; Sherman, 24,988; Denison, 22,748; and Vernon, 12,141, in the
central part; and Texarkana, Texas, 30,218; Marshall, 23,846; and Paris, 20,977,
‘i{n the eastern part. Most of the cities and towns obtain their water from

wells. - : i

Agriculture has contributed substantially to the economy. Farming, live-
stock raising, and dairying are successful because of the fertile soils, and
for the most part, a favorable climate. The availability of ground water has
been largely responsible for the success of farming in many areas, especially .
in the drier western part,.wheré'irrigation is necessary to sustain crops. In
the eastern part, where rainfall is greater, only supplemental irrigation is
practiced, thus insuring and maintaining good crop yields. The raising of beef
cattle, prevalent in parts of the western half of the area where irrigation is.
not being practiced, is important to the economy. Dairying is common -in the
eastern ‘half of the area.. =

Ground water for irrigation was largely responsible for the economic devel-
opment of much of:the area. In the 1930's. and ‘1940's, cattle raising and dry-
land farming ‘gave way to large-scale irrigation farming in parts of the High
Plains. Irrigation increased in the High Plains during the drought of the early

_6-
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g, and as of 1962 the High Plains is one of the largest intensively culti-
5 regions of the State. Irrigation spread throughout the rest of the Red
qr., Sulphur River, and Cypress Creek Basins as a result of the drought of
§950's. Large irrigation centers were developed in the west-central part

s the area where suitable ground water was available, 1In the eastern part,

e dryland farming is successful, irrigation is used chiefly as a supplement
-ghe usually adequate rainfall. Cotton, grain sorghums, and wheat are the
incipal crops in the western part, and cotton, corn, and vegetables predomi-

e in the eastern part. According to the Extension Service of Texas A. & M.
llege (Keese, 1959, p.-1-16), about 1,650,000 acres was under irrigation in

e Red River, Sulphur River, and Cypress Creek Basins in Texas in 1959, 98
hercent being irrigated by ground water.

: Industry in the area is diversified and consumes substantial amounts of .-
gground water. Much of the industrial development rs related to the prpductiun'.
iof oil and gas, and the development of irrigation in places has been facili-

¥ tated greatly by the abundant supply of natural gas, a cheap fuel. According
'to the Texas Railroad Commission, about 76 million barrels of crude oil and

p about 4.million Mc.f. (thousand cubic feet) of gas was produced in 1958, or 8"
j- percent and 3 percent, respectively, of the total for the State. Industries .in.
¥ the area depending on the production of 0oil and gas include synthetic rubber,
-carbon black, refineries, petrochemicals, and pipeline companies., ' A large part_
of the manufacturing has been closely associated with the areas of agricultural
. production, and many of the largest manufacturers process local farm products.
Several manufacturers are producing food and food products., Other industries
include lumber mills and plants related to timber production, power plants,
manufacturers of cotton goods and apparel, machinery, furniture, and miscel-~

" laneous products. '

The report area is served by several rail, air, and bus lines and by many
hundreds of miles of paved Federal and State hlghways and secondary roads.

Methods of Investigation

Fieldwork in the Red River Sulphur River, and Cypress Creek Basins was
done from September 1, 1959, to December 31, 1960. Basic data were collected
and assembled by C. A, Armstrong, E. T. Baker Jt., KA. T. Long, J¥., R. D,
Reeves, and P. L, Rettman of the U. S. Geologlcal Survey The basic data in-
cluded primarily an inventory of the major wells throughout the area, For the
Ppurpose of this report, major wells include public-supply, industrial, and ir-
rigation wells having a pumping capacity of 50 gpm (gallons per minute), or
more. All public-supply wells were included, regardless of capacity.  Total
ground-water pumpage was tabulated from the well inventory. Records for other.
types of wells--domestic, livestock, and miscellaneous--were obtained in se-
lected areas for quallty of-water studies or for use as geologic or hydrologic
control points. Other hydrologic data included the chemical analyses of more
than 100 water samples collected during the investigation in addition to several
hundred analyses of water samples previously collected. The analyses were used
in delineating areas of usable water and as a guide in interpreting quality of
water from electric logs. Records of changes in ground-water levels obtained
by periodic measurements of water levels in selected observation wells were
used to show the effects of recharge and discharge and other natural or

-?-




artificial factors. Pumping tests were made to determine the hydraulic charac-
teristics of the aquifers in several localities. The geologic and hydrologic
characteristics of many of the aquifers are shown by means of geologic sections,
contour maps on the top  and Bottom of formations, saturated-thickness-of-sand
maps, depth-to-water maps, and water-table maps. These maps were prepared from
thousands' of electric and drillers' logs of wells and water-level measurements,

and served asa basis for evaluating the availability of water, water problems,
and overall potential of the aquifers. C ' = '

Well -Numbering System

The numbers assigned to wells and springs in this report conform to the
statewide system used by the Texas Water Commission. The system is based on
the division of Texas into l-degree quadrangles bounded by lines of latitude
and longitude. Each l-degree quadrangle is divided into 64 smaller quadrangles,
7-1/2 minutes on a side, each of which is further divided into 9 quadrangles,
2-1/2 minutés on a side. Each of the 89 l-degree quadrangles in the State has
been assigned a 2-digit number for identification  (Figure 2). The 7-1/2 minute
quadrangles are numbered with '2-digit numbers consecutively from left to right
beginning in’the upper left-hand corner of the l-degree quadrangle, and the 2~
1/2 minute quadrangles within each 7-1/2 minute quadrangle are similarly num- -
bered with & ‘1-digit number. Each well inventoried in each 2-1/2 minute qua-
drangle is assigned a 2-digit number. The well number is determined as follows:
From left to right, the first 2 numbers identify the l-degree quadrangle, the
next 2 numbers' identify the 7-1/2 minute quadrangle, the fifth number identifies

the 2-1/2 minute quadrangle, and the last 2 numbers designate the well in the
2-1/2 minute quadrangle. -

' In addition to the 7-digit well number, a 2-letter prefix is used to iden-
tify the'county. The prefix for the 54 counties that are all or partly in the
Red, Sulphur, and Cypress Basins are as follows:

County Prefix County |Prefix County Prefix
© |Archer ' | AT " | Donley JA . Marion SX
| Armstrong | AKX Fannin |~ JS Montague TR
Baylor - AU ~ Floyd JW Morris TU
Bowie - BD Foard JX Motley TW
Briscoe " *BL -| Franklin JZ Oldham UH
‘Camp ' BZ Gray KS Panola UL
Carson | ‘DA : Grayson KT Parmer UR
Cass - - DB | Gregg KU | Potter uu
Castro " ‘| DD Hale - KY Randall Uy
Childress - DK Hall ~KZ Red-River WB
| Clay - -l DL Hardeman’ LD Roberts WJ
Collingsworth DU Harrison | " LK Swisher XT
| Cooke HA Hemphill [ LS Titus - YA
{Cottle HP Hopkins - | . LZ' | - Upshur - YK
Crosby ‘ HK Hunt PH Wheeler ZB
" {Deaf Smith | HT | King RL Wichita ZD
| Delta 2 HU  Knox' ‘RS Wilbarger ZH -
| Dickens | HY Lamar RT Wood Zs




521

UD|ES{WUWOY JHOM SOXBL ey yim uojjosadood ul Kamng [palBojosg S N

uoIssjwwo) Jojop soxal ey} Aq pesn weyshAs Buuaquinn-jiem oy Buimoys soxal Jo
2 ounbl4

dopy

10-8-¥i-¥S-5Z

fu 02 muu.n S
6 a@a L Mﬂw %WM.WM .M.mu” |
o /ar
= . @ ﬁ 5 k\v \-— «82

£ St | #¥ | ¢ | 2¢ Iy

14

® .62
£ 2 I .
@ i) mw L
tes = fo 51 L&A
&l 2L 0z 2 . - #\Ll
SIIONVHAVNO ILONIW 3TVH-INO GNV OML W, )
y St A K
o F: o Fez oc B sv R e - {4 w:..:_...
, e 4 /
ﬁv\m €929 | 19 )09 |es[es | 25| [ Sl
M M wmflhurl. 4
v .
os |ss|vs|es|as | s |os | e gt

“lov|ee| e se | ve | e | P e
- @T@ * [0,
e | g | oe 2| s .

0z | sl al 4l

ve

=] 2l I 01 | 60

i

.mwt

B8O 10 €0 20 10
.ﬂﬂ_lnb ~ 3 143
L L O SITONVHOYND 33HO3G 3INO o~ st

h ¥ ,. <95
SITONVHAYND ILNANIA 4TWH-3INO ONY N3IA3S | wrrae

i,




.. In this report only the degrees of latitude and longitude are shown on
B, the 7-1/2 minute and 2-1/2 minute lines are not shown, as they wpuld
ure other details. However, a well whose number is known can be easily
ated by identifying the l-degree quadrangle from Figure 2 and using the
ree lines on the individual well maps. Similarly, a well located on a map
be approximately identified by dividing a 1-degree quadrangle into 7-1/2

te quadrangles.

Previous Investigations

¢ The ground-water resources of much of the Red River, Sulphur River, and

Bypress Creek Basins in Texas have been discussed in various reports. (See

lected References.) .Among the earliest ground-water studies were those by

£f (1892), Taff and Leverett (1893), Hill (1901), Johnson (1901, 1902), Gould

££1906, 1907), Veatch (1906), Gordon (1911, 1913), and Baker (1915). Most of

fghe early ground-water reports were generalized, discussing large areas of

pseveral counties. Many, however, served as a basis.for later, more detailed

Bteports. During the period 1936-46, a statewide inventory of water wells, by

f counties, was undertaken by the Texas Board of Water Engineers in.cooperation

“ with the U. S. Geological Survey. These reports, published in mimeographed

f form, included counties in much of the report area. The records of wells,

f drillers' logs, water analyses, and maps showing locations of wells serve as

1 guides to landowners, officials of industrial plants, well drillers, and others

§" who need basic information regarding wells; the depth to ground water, and the
. quantity and quality of water yielded by the wells. :

Periodic measurements of water levels are made in wells in the principal
aquifers of the State through an observation-well program of the Texas Water
i Commission to evaluate effects of ground-water development in relation to avail-
£ able supply. Records of such measurements in hundreds of wells in many of the
counties in the western part of the Red River Basin are available for the
period 1936 to 1962. The records, by counties, are published periodically by
“the Texas Water Commission. Water levels in some observation wells also are
published in annual reports of the U. S. Geological Survey on water levels and
artesian pressures in the United States.

Numerous other reports on ground water in the area have been published.
A series of reports beginning in 1945 give summarized descriptions of the .
public-water supplies in Texas. Reports on eastern; north-central, and western
Texas describe the entire area of the Red River, Sulphur River, and Cypress
Creek Basins. Much of the High Plains has been described since 1936 in a series
of progress reports.on the occurrence of ground water. Many reports discussing
local areas smaller than counties have not been published but are in the open
files of the U. S. Geological Survey and Texas Water Commission. Recent de~
tailed investigations of the geology and occurrence of ground water in the re-
port area include those for Grayson County (Baker, 1960), Carson and Gray Coun-
ties (Long, 1961), and the Southern High Plains of Texas, (Cronin, 1961).

Acknowledgments

The collection of basic data was greatly facilitated by the cooperation of
the well owners, well drillers, and personnel of oil companies and ground-water

- 13 -




R e

- conservation districté,-who gave their time in supﬁlfing?ﬁﬁe‘necessary records
essential to this report. The writers express their appreciation. -

PO AR

' .
FXe L P
£ 5 MR |

GEOGRAPHY

The Red River, Sulphur River, and Cypress Creek Basins aré in three physio- .
graphic sections--the High Plains section of the GCreat Plains province, the
Osage Plains section of the Central Lowland province, and the West Gulf Coastal
Plain section of the Coastal Plain province (Figure .1). The Red River Basin
includes all three sectioms. The -Sulphur River and Cypress Creek Basins lie
" within the West Gulf Coastal Plain section only.- pe Tt

The High Plains section within the Red River Basin -is ‘characterized by a
nearly flat surface sloping'gently’southeastward about 10 feet per mile. Among
the few and generally insignificant features of relief are saucerlike depres:
sions, ranging in diameter from several tens of feet to about a mile and in
depth from a few inches to about 60 feet. The edstern margin of the High Plains
is marked by a prominent-escarpment,'or preaks of the plains.”

The Osage Plains 'section within the Red River Basin adjoins the High Plains
and has as its eastern boundary the westward margin of the gulfward-dipping
Cretaceous rocks of the West Gulf Coastal Plain. The Osage Plains section-is,
for .the most part, a gently eastward-sloping plain dissected by prominent s8ys=
tems of drainage.  The valleys are wide and are bounded by abrupt egscarpments,;
and the rivers flow in broad, shallow channels. : Much of the surface of the
area has a definite reddish color.

The West Gulf Coastal Plain section adjoins the Osage Plains and extends
eastward throughout the rest of the report area. Low relief -and the gentle
gul fward slope of the land surface characterize this section. Local topographic
features are irregular, rolling, and hilly uplands and flat flood plains and
terraces. The -streams have wide, nearly flat flood plains bounded by :a series
of terraces, which mdy be more than 100 feet higher than the stream channel.

The Red River is formed by the junction of several streams in the .south-
eastern part of the Panhandle of Texas. Tierra Blanca Creek, which drains a
large ‘area on the High Plains and is, therefore, considered the continuation of
the main stream, has its beginning in the extreme western part of Deaf Smith
County and adjacent part of New Mexico at an approximate elevation of 4,500
feet. From this source the stream takes a géneral-southeastward course of
about 200 miles across the High Plains and Osage Plains and flows to a point on
the east side of Childress County, where it intersects the Oklahoma boundary.
Thence, it flows along this boundary about 440 miles and along the Arkansas
boundary 40 miles to the northeast corner of Texas. - e Pl

In its upper drainag across the High Plains, the Red River is little more
than a dry channel, which in places is poorly defined and flows only during
times of-heavy precipitation. 1ts first perennial flow is in Randgll, Arm-
strong, and Brisco Counties--derived from springs in palo Duro. and other can-
yons, which are cut to a depth of several -hundred feet. East of Grayson County,
the river passes through a timbered country of relatively heavy pre;ipitation,
and the flow of the stream is augmented by many tributaries. Where it leaves

Texas, the flow averages about 9,400,000 acre-feet per year. The principal

O




caries of the river in Texas include the Sulphur, Wichita, and Pease
s, Cypress Creek, and Salt and North Forks of Red River,

& The Sulphur River is formed at the extreme eastern tip of Delta County by

- junction of the North and South Sulphur Rivers. The South Sulphur River

its source in gsouth-central Fannin County and flows southeastward and east-
i about 60 miles to its junction with North Sulphur River. North Sulphur

er has its source in southeastern Fannin County and flows eastward about 50
es to its junction with South Sulphur River. The Sulphur River, thus formed,
ws eastward about 75 miles through heavily timberéed country and crosses the
kansas boundary at the Bowie-Cass County line, joining the Red River in Arkan-
about 15 miles to the southeast.

8  Cypress .Creek (Big Cypress Creek) has its source in southeastern Hopkins
ﬁkunty_and flows eastward and southeastward about 100 miles through heavily

% imbered  country, emptying into Caddo Lake at the Louisiana boundary. Its prin-
f'¢ipal tributary, Little Cypress Creek, has its source in northeastern Wood and
-4 outhwestetn'CaMp County and flows eastward about 65 miles, joining Cypress

- reek about 12 miles west of the Texas State line. Cypress Creek, partly form-
£ ing the boundary of Marion and Harrison Counties, joins the Red River at Shreves«
£ port, Louisiana. . ‘ .

CLIMATE

- " The climate of the Red River, Sulphur River, and Cypress Creek Basins in
Texgs ranges from humid to semiarid (Thornthwaite, 1952, p. 32). According to
Thornthwaite's classification, which is based on a moisture index, the poten-
tial evapotranspiration is compared with the precipitation. Where precipita-

&t tion is exactly the same as potential gvapotranspiratioh and water is available
~. just as neédéd, water is neither deficient nor in exceés, and the climate is
neither moist K mor dry. As water deficiency becomes larger with respect to po-
tential evapotranspiration, the climate becomes more arid; conversely, as water
-surplus becomes larger, the climate becomes more humid.

East of a north-south line near the Cooke-Montague County line, the area
of the Red River, Sulphur River, and Cypress Creek Basins has surplus moisture
and is characterized by a moist-subhumid to humid climate. West of this line
the area is deficient in moisture and is characterized by a dry-subhumid to
semiarid climate. ' -

Precipitation ranges widely from an annual mean of about 16 inches in the
semiarid western region to about 48 inches in the humid eastern region (Figure
3). . The average monthly precipitation at Amarillo, Iowa park, Denison Dam, and
Clarksville are shown in Figure 4. In general, precipitation is greatest ¥
e during the spring and summer and least during the winter. However, in the
3 eastern part, precipitation tends to be more evenly distributed throughout the

year than in the western part. At Amarillo, for example, May, the wettest
3 month, has five times the precipitation of January, the driest. Most of the
i precipitation is during the growing season, although in much of the semiarid
3 and subhumid region, the amount and distribution of rainfall is usually inade-
: quate to insure good crop yields; successful farming is' thus implemented by’
irrigation. In the moist subhumid to humid regions, precipitation generally is
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sufficient for most dryland farming, although during periods of below-normal
rainfall, irrigation is practiced in some areas to prevent the loss of crops.

Temperature and evaporation records of the U. S. Weather Bureau show that
June, July, and August have the highest temperature and evaporation (Figure 5):
On the High Plains where low humidity and strong breezes prevail, evaporation
is high, and the average annual potential evaporation of more than 80 inches is
about four times the average annual precipitation. Elsewhere in the area, po-
tential evaporation usually is about twice the precipitation. In general, eva-
poration is greatest during the hot summer, when the soil-moisture requirement
to sustain plant life also is great. The length of the growing season varies

from year to year but averages about 200 days on the High Plains and about 228
days throughout the rest of the area. ' '

GENERAL GEOLOGY

Geologic History

The present structural attitude and stratigraphic succession of geologic
formations in the Red River, Sulphur River, and Cypress Creek Basins are the
result of a sequence of events in geologic time. A continuing cycle of advance
and retreat of the seas resulted in periods of sediment accumulation alternat-
ing with periods of erosion. Subsequent structural deformation altered the
attitude of the strata. Nonmmarine deposition of sediment by streams and other
bodies of water complete the depositional sequence.

During much of Paleozoic time, the area of the Red River, Sulphur River,
and Cypress Creek Basins was part of a large marine sedimentary basin receiving
thousands of feet of sediment. A period of mountain building in Middle Penn-
sylvanian time caused a general westward tilting of the land, and the seas
moved westward. Near the end of Pennsylvanian time, the oldest rocks exposed
in the report area were deposited. Tectonic activity to the north and south
marked the end of Pennsylvanian time and the beginning of Permian time. Con-
tinued tilting of the land toward the west caused the shoreline to migrate lowly
westward, and oscillating seas resulted in the deposition of lagunal sediments
in Early Permian time. During middle and Late Permian time, restriction of the
seas caused the character of sedimentation to change, and hundreds of feet of
red beds, evaporites, and other chemical precipitates, now exposed in the Osage
Plains, were deposited. Ultimately the Permian sea retreated southwestward,
and the Palezoic Era came to a close.

The area was a land region at the beginning of the Mesozoic Era and re-

. mained above sea level throughout Triassic time. The area probably was exposed
to erosion during Early and Middle Triassic time; however, during Late Triagsic ..
time, continental sediments several hundreds of feet thick were depcsited on

the eroded surface of the Permian rocks, their source presumably being the an-
cestral mountains of southern Colorado. Much of the area remained above sea
level in Jurassic time. While the western part of the area was being eroded,
northeastern Texas was jnundated by Jurassic seas, and several thousand feet of
sediments consisting of evaporites, carbonates, and clastics were deposited
before the sea retreated gulfward. Although the absence of Jurassic rocks in
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tionm, the rocks may have been deposited and subsequently removed by erosion
along with some of the Upper Triassic rocks prior to the deposition of the

[ S
| -

i ‘ much of the central and western parts of the area probably is due to nondeposi- :
P Lower Cretaceous strata.

————

Advance of the Early Cretaceous sea from the south and east marked a
period of widespread inundation. All of Texas was submerged. Ultimately many
! thousands of feet of sediments were deposited. Late Cretaceous time was marked
i by elevation of the land and retreat of the sea--more pronounced in much of the
Osage Plains and High Plains, where uppermost Cretaceous strata probably were

not deposited. The retreat of the Cretaceous sea marked the close of the
Mesozoic Era. .

Cenozoic history is characterized by the alternation between the encroach-
ment of the Gulf of Mexico and deposition from the heavily loaded, large-
streams, At times the sea advanced over the land, and the rivers formed deltas
in the sed. In some epochs the advance of the sea prevailed; in others, land-
building processes predominated. This transgression and regression of the sea

prevailed in northeastern Texas throughout much of Paleocene and Eocene time,
and many hundreds of feet of clastic sediments were deposited.

in much of the Osage Plains and High Plains area, the Cenozoic Era was one
of erosion and deposition of continental sediments derived largely from the
rising Rocky Mountains to the west and northwest. Streams flowing eastward in
Pliocene time from the Rockies deposited sediments hundreds of feet thick over

the eroded Triassic and older strata of the High Plains and much of the Osage
Plains. '

Erosion and deposition by streams characterized the Quaternary Period,
when the present boundaries of the physiographie provinces largely were es-
i tablished. Surfaces of the area were modified by downward cutting of streams,
subsequent formation of terraces along the water courses, and, in parts of the
western region, by shifting of windblown deposits.

W; o Stratigraphy and Structure
|

The rocks exposed in the report area range in age from Pennsylvanian to
Recent and consist of thousands of feet of sediments representing various modes
‘of deposition (Table 1, Plates 1,-2,'3, and 4). Most of the aquifers are pre-
dominantly sand and gravel, the notable exception being the Blaine Gypsum of

Permian age, which is predominantly gypsum and anhydrite. In this report, aqui-

‘ fers are referred .to as being primary.or secondary, depending on whether they

"  yield large amounts of water in relatively large areas (primary aquifers) or
, whether they yield either large amounts of water in relatively small areas or
'\ small amounts of water in relatively large areas (secondary aquifers).

Rocks ranging in age from Pennsylvanian to Recent are exposed in the Osage
Plains, the systéms of rocks including Pennsylvanian, Permian, Triassic, and
Quaternary. The Pennsylvanian rocks lie on older Paleozoic rocks consisting
chiefly of more than 14,000 feet of shale, limestone, dqlomite, sandstone, and

EM Osage Plains :
|
|
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srites. These older rocks do not yield potable water. Of the Pennsylvanian
, only the uppermost group, the Cisco, crops out in the report area. The

o Group consists of about 1,000 feet of shale, sandstone, fossiliferous
ostone, and conglomerate. The Cisco Group does not readily yield water and .

a secondary aquifer.

The Permian rocks, nearly 6,000 feet thick, conmsist, in" ascending order,
‘the Wichita, Clear Fork, Pease River, and Whitehorse Groups and are by far
e most widespread strata in the Osage Plains. The Wichita and Clear Fork-
yups represent the near-shore and off-shore facies of the Permian sea and
sist of about 3,600 feet of shale, sandstone, limestone, dolomite, and eva-
ites. Of the two groups, only the Wichita is considered to be a significant
quifer.. The Pease River Group overlies the Clear Fork Group and consists of
bout 900 feet of shale, anhydrite, gypsum, limestone, dolomite, and sandstone.
he gypsum and anhydrite in the Blaine Cypsum forms a primary aquifef in the
i Pease River Group. The Whitehorse, which is the uppermost group of the Permian
in this area, consists of about 1,200 feet of sandstone, evaporites; -shale, and
olomite. The Whitehorse yields small to moderate quantities of water and is a

;Becondary aquifer.

o The Quaternary alluvium, including the Seymour. Formation of Pleistocene

& age, consists of sand, silt, clay, and gravel and in places is more than 340

¥ feet thick. It constitutes a primary aquifer in parts of the Osage Plains.

[ Included in the Quaternary alluvium are channel fillings of ancestral streams,
- terraces, flood plains associated with present-day drainage, and sheets of

qg”windblown material.

The regional dip of the Upper Pennsylvanian and Permian strata in the
Osage Plains is, in general, toward the west (Plates 5, 6, and 7) about 40 feet
per mile. The Quaternary deposits and Triassic strata dip toward the southeast
about 15 feet per mile. Although the strata include unconformities, small-
scale faults, and local structural features, they have not been affected by any
‘deformation of large magnitude. Among the large structural features of the

~0Osage Plains are the Red River uplift (Figure 6) underlying parts of Foard,
Wilbarger, Wichita, Clay, and Montague Counties, and the eastward projéction of
the Amarillo uplift in parts of Wheeler and Collingsworth Counties. :

High ?lains

Rocks ranging in age from late Tertia

face of the High Plains (Plates 1 and 5).
age covers by far the largest area and has a max imum
feet. The Ogallala, which consists of sand, clay, silt, gravel and caliche, is

a primary aquifer. Quaternary deposits of various types and thicknesses overlie
a small part of the surface of the Ogallala, chiefly along the eastern margin
near the escarpment, and in places they extend into the Osage Plains., The de-
posits are principally stream-channel fillings, sheets of windblown material,.
and sand dunes. The thickness of the deposits probably averages 40 to 60 feet.
The Quaternary deposits generally are above the water table in the High Plains;
they are hydrologically significant in that they serve as a recharge facility

to the underlying Ogallala Formation.

ry to Quaternary constitute the sur-
The Ogallala Formation of. Pliocene
thickness of about 900
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Table 1.--Scratigraphic
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The Upper Triassic rocks represented by the Dockum Group overlie the Per-
mian strata on the High Plains. They consist principally of about 1,400 feet
of shale, sandstone, and conglomerate. Only a small part of the Triassic sec-
tion is exposed, most of it being covered by Pliocene deposits of the High
Plains. The Dockum Group yields small to moderate quantities of water and is 2
. gecondary aquifer.

The Cenozoic deposits of the High Plains show no significant structural
deformation. They were deposited on an irregular erosional surface of Triassic
and Permian rocks and hdave a gently southeastward dip of about 10 feet per mile
(Plate 5). ' o '

The most pronounced-struc;ural features of the High plains in the Red

River Basin are the Amarillo uplift in parts'of Carson and Gray Counties, the

Anadarko basin, and the Palo Duro or plainview basin. These structural fea-
tures, although well developed in the Permian and older strata, are concealed
mostly at the surface by the Ogallala Formation and younger deposits. The
_relatively thin section of Ogallala in parts of Carson and Gray Counties pro-
bably is related to the underlying Amarillo uplift.

| Mest Gulf Coastal Plain .

Rocks ranging in-.age from Cretaceous to Recent are exposed in the West
Gulf Coastal Plain (Plates 3, 4, 7, 8, and 9). The Trinity Group, lowermost
group of the Cretaceous System,,was deposited on the eroded surface of Palgozoic
and Jurassic rocks, which do not yield potable water to wells. The Trinity
consists of sand, clay, limestone, marl,. anhydrite, and conglomerate and has a
maximum thickness of about 5,300 feet. It constitutes 2 prhmary'aquifer in its
outcrop along the western margin of the Coastal Plain and for considerable dis-
tances downdip. The Fredericksburg and Washita Groups undifferentiated overlie
the Trinity Group and consist chiefly of about 925 feet of limestone and marl.
These deposits are relatively impermeable, and they form an aquiclude between
the Trinity Group below and the overlying Woodbine Formation. The Woodbine, 2
primary aquifer, has a maximum thickness of 600 feet and consists chiefly of
sand, clay, and some’ lignite. Clay is predominant in the northeastern part of
the outcrop, and the Woodbine in that area is not a significant aquifer. The
Eagle Ford Shale, rocks of Austin age, rocks of Taylor age, and the Navarro
Group overlie the Woodbine Formation, in ascending order. Having a collective
thickness of about 3,700 feet, the deposits consist largely of chalk, marl,
clay, and sand. The sands occur at two stratigraphic®levels about 1,500 feet
apart and form secondary aquiferé; The lowermost of these, the Blossom Sand of
Austin age, has a maximum thickness of about 400 feet. It is not an aquifer
west of central Fannin County. The uppermoét sand, the Nacatoch Sand of the
Navarro Group, has a maximum thickness of about 450 feet and yields fresh to
slightly saline water throughout most of its occurrence in the Red River Basin
and ‘in a part of the Sulphur River Basin.

 The Tertiary rocks in the West Gulf Coastal Plain are, in ascending order,
the Midway Group, Wilcox Formation, and Claiborne Group. With the exception of
the Midway Group, which consists mostly of clay and is about 900 feet thick,
the Tertiary sediments are largely sand. The Carrizo Sand and Wilcox Formation
together form a primary aquifer. The Carrizo and Wilcox have a maximum thick-
‘ness of about 900 feet and consist of sand and subordinate amounts of clay.

226 =




Mount Selman Formation and Sparta Sand,: the youngest deposits of Tertiary
have a maximum thickness of about 450 feet and consist chiefly of sand and
. The deposits as a unit constitute a secondary aquifer

Quaternary deposits of the-west Gulf Coastal Plain include flood-plain and
errace material consisting of sand, silt, and clay associated with the Red

ver and to a lesser.extent with the ‘Sulphur River. Flood plains and lower
Perrace deposits along the Red River, although isolated in places, are secon-
Gary aquifers. Their maximum thickness may be more ‘than 100 feet in places.

The Cretaceous and Tertiary strata exposed in the West Gulf Coastal Plain:
ishow effects of moderate structural deformation. Regionally these strata-dip
tbastward and southward, the dip decreasing from an average of about 75 feet in
t.he Trinity Group to about 25 feet in the Wilcox Formation. The principal
fStructural features of the area are the East Texas basin, Sabine uplift,

ﬁ reston anticline, Sherman synclinme, the Luling-Mexia-Talco fault system, and
ithe Rodessa fault. Noteworthy among the buried structural features affecting
7‘rimarily the Paleozoic rocks is the eastward extension of the Red River-uplift.

X The East Texas baein trends ncrtheaet-southwest the axis. paasing through

¢ Cass, Morris, Upshur, -and Wood Counties. The basin is bordered  on the south-

£ east by the Sabine uplift, the northwestern part of the uplift.extending into

¢ parts of Marion and Harrison Counties., The structural features interrupt:the

. normal gulfward dip of the Cretaceous and Tertiary strata causing reversals of-

¢ dip to the north and west on. the flank of the Sabine uplift., . Uplift'and ero- °
sion during the early. growth stages of the Sabine uplift have caused the re-
moval of hundreds of feet of Lower and Upper Cretaceous strata im the basin.
0ccasional uplifts since, accompanied by continued downwarping of the basin
contemporaneous with deposition, have caused thinning and thickening of much of
the Cretaceous and Tertiary strata in the area,.

In Grayson and Fannin Counties, the Preston anticline and Sherman syn-
cline, plunging southeastward, have deflected the Cretaceous strata sharply to
the southeast. The structural features were factors that created local pro-
blems of ground-water quality in the area.

The -Luling-Mexia-Talco fault system, trending along the Cretaceous-
Tertiary contact, acts as a barrier to the normal gulfward movement of ground-
water in many of the aquifers of Cretaceous age. - The faults, having displace-
ments commonly of 300 to 500 feet, mark the southward limit.of fresh to slightly
saline water in the Nacatoch Sand. The Rodessa fault on the northwest flank of
the Sabine uplift and the part of the Luling-Mexia-Talco fault: system that cuts
the aquifer of the Carrizo and Wilcox on the surface: probably act as a partial
barrier to the movement of water

GENERAL GROUND-WATER -HYDROLOGY : ' -

The following discussion of some of the general principles of gronnd-water
hydrology is presented as a review to aid in understanding the hydrologic dis-
cussions of the aquifers in the Red River, Sulphur River, and Cypress Creek
Basins. - :
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l - . Source and Occurrence of Ground Watep cive, b

1 The source and occurrence of ground water are integral parts of the hydro-
~ logic cycle, during which water follows paths of various length and complexity

‘(Figure 7). The primary source of '‘all ground water is precipitation. Water _
| from precipitation, which is not evaporated at the surface, transpired by - ' t
{ll -+ plants, or retained by capillary forces in the soil, migrates downward by gra-

vity -through the zone of aeration until it reaches the zone of saturation,

| where . the rocks are saturated with water. The upper surface of the zone of
1l  saturation is the water table. Open spaces in the rocks--interstices or pore
#lll ° -spaces. between grains in clastic rocks, such as sand and gravel, and cracks,
' | . fissures, or solution cavities in carbonate and evaporite rocks, such as lime~
§il . :stone and gypsum deposits--contain the water in the zone of saturation.

_ Aquifers may be divided into two classes--water table, or unconfined aqui-

b': fers, and artesian, or confined aquifers~-depending on the mode of occurrence

M| - of the water. Unconfined water occurs in water-table aquifers wherever the

fI;' upper surface of the zone of saturation is under atmospheric pressure only and

L | - is free to rise or fall with changes in the volume of water stored. A well

{l]l  penetrating a water-table aquifer becomes filled with water to the level of the ;

'l watetitable. Confined water occurs.in artesian aquifers which are separated =S

M1l ~ from:the zone of aeration by rocks of lower permeability; hence, the water is -

Ei; confined and under pressure. A well that penetrates.an artesian aquifer be-
I comes filled with water to a level above the point where . the water was found.

%i»'  The.level or surface to which the water will rise in artesian wells is called
| the piezometric surface. ' Although the terms water table and piezometric sur-

u!l face are synonymous in the outcrop area, the term piezometric surface as used

il | in this report is applicable only in artesian areas. 1f the pressure is suf-
\ ficient to cause the water to rise above the land surface, the well will flow.

| Recharge, Movement, and Discharge of Ground Water

i Aquifers may be recharged either by natural or artificial processes: Nat-
il ural recharge comes from rain, either where it falls or by runoff .en route to a
;‘I water course, melting snow or ice, water in streams, lakes, or other natural
i bodies of water, subsurface transfer of water from one saturated rock unit to
1l | another, infiltration resulting from irrigatiom, and disposal of {ndustrial
wastes and sewage. Artificial recharge is accomplished by.injection through
wells and infiltration basins of various kinds. - a :

‘ The natural source of water for recharge is precipitation. In general, the
] greater the seasonal precipitation on the intake area of an aquifer. the greater
the recharge. Also, a given amount of rainfall in a short period usually pro-
ALE duces less recharge than the same amount of rainfall over a longer period, al-
' though there are exceptions. A larger proportion of the precipitation infil-
trating during the dormant or nongrowing season will reach the zone of satura-
'\ tion than during the season of active plant growth.

Gravity 'is the motivating force in the movement of water. After initial
8 infiltration; the dominant direction of movement through the zone of aeration
'ﬁj ' is vertical. After reaching the zone of saturation, the movement of the water
1| - generally has a large horizontal component in the direction of decreasing head
iF . . or pressure. The movement is seldom uniform in direction or velocity. The
I
|
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The Hydrologic Cycle in the Red River, Sulphur River, and
Cypress Creek Basins
(Modified from Piper, 1953, p. 9)

U.S. Geological Survey in cooperation with the Texas Water Commission
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water may be impeded by structural barriers, such as faults and folds; or by
masses of impervious material--or the water may follow a devious path along
courses of material having the least resistance to flow.

The rate of movement of ground water is a direct function of the size of
the open spaces and interconnecting passages in rocks. The movement of ground
water may range from velocities and volumes approaching zero to those of. rapidly
flowing streams. JIn most sand and gravel the movement of ground water is very
slow, ranging from tenths of a foot per day to many feet per year. Faster
rates of movement are usually associated with cavernous gypsum or limestone
aquifers, where water flowing in subterranean channels may have velocities com-
parable .to surface streams.

Water is discharged from aquifers both naturally and artificially. The
most obvious method of natural discharge is by springs. Other means of natural
discharge include seepage to streams, lakes, and marshes that intersect the
water table, transpiration by vegetation, and evaporation through the soil
where the water table is close to the land surface. Ground water also is dis-

. charged naturally beneath the land surface by transfer of water from one aquifer

to another in résponse to differences in head. Because gravity is thé motivat-
ing force in its movement, ground water is always discharged naturally from an
aquifer at a lower altitude than the {ntake or recharge area of that aquifer.
Withdrawal of water from pumping and flowing wells represents artificial dis-
charge of ground water.

Changes in Water Levels

Water levels in wells respond continuously to natural and artificial fac-
tors acting on the aquifers. In general, the major factors that control changes
in levels are the rates of recharge to and discharge from the aquifers. Changes
of levels are caused also by variations in atmospheric pressure, variations in
the load on aquifers commonly caused by changes in the level of streams, lakes,
and other bodies of water overlying artesian aquifers, tidal effects, and other
less common disturbances. The fluctuations usually are gradual, but in some
places levels rise or fall from several inches to feet in a few minutes.

Fluctuations due to natural factors generally are cyclic. Daily fluctua-
tions are caused chiefly by barometric fluctuations, tidal effects, or changes
in rate of evapotranspiration. Annual fluctuations are the result generally of
changes in the amount of precipitation and evapotranspiration throughout the

year; hence, changes in the amount of water available for recharge.

Water-level fluctuations of considerable magnitude may result .from with-
drawal of water from wells. In water-table aquifers, fluctuations of levels
due to pumping are léess pronounced generally than in artesian aquifers, the de-
cline of level being the result of a decrease {n the storage of water. In ar-
tesian aquifers, levels fluctuate primarily from an increase OT decrease in
pressure; the change in the amount of water in storage may be small.
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‘Hydraulic Characteristics of Aquifers

. The extraction of water from a well establishes a hydraulic gradient to-
rd the well, the gradient being either that of the water table or piezometric
P rface. In a pumping or flowing well, the elevation-of-the water table or.
};&ezometfic surface is lower than it was before discharge was started, and the
Fii fference between the discharging level and the static level (water level

fore pumping started) is thé drawdown.: The water table or piezometric sur=-
E face surrounding a discharging well assumes more or less the shape of an in-
g yerted cone, called the cone of depression. - e )

1 Formulas have been developed to show the relations among the discharge of
i 5 well, the shape and extent of the cone of depression, and the properties of

k. the aquifer, such as permeability, specific yield, and porosity. Permeability
; is defined as the capacity for transmitting water under pressure, quantitatively
i expressed as the rate of discharge of water in gallons per day through a cross
B gection of 1 square foot under a unit hydraulic gradient; specific yield is the
£ quantity of water that a formation will yield under gravity if it is first sat-
¢ urated and then allowed to drain; and the porosity is the ratio, in percent, of
the aggregate volume of interstices ‘in a rock to its total volume. The formu-
las indicate that, within limits, discharge from a well varies directly ,with
drawdown--that is, doubling the drawdown of a well will double or nearly double
its discharge. The discharge per unit of drawdown, or specific capacity, is of
value in estimating the probable yield of a well drilled in a given formation.

Aquifer tests employing these ‘formulas also supply hydraulic information
about the aquifer with which the coefficients of transmissibility and storage
may be computed. The coefficient of transmissibility is the rate of flow of
water in gallons per day through a vertical strip of the aquifer 1 foot wide
extending through the vertical thickness of the aquifer at a-hydraulic gradient
of 1 foot per foot and at the prevailing temperature of the water. The trans-
mission capacity of an aquifer is defined .as the ‘quantity of water-that can be
transmitted through a given width of an aquifer at a given hydraulic gradient.

The coefficient of storage is the volume of water that the aquifer re-
leases from or takes into storage per unit surface area, per unit change in the
component of the head normal to that surface. Under artesian conditions, the
coefficient of storage is d measure of the ability of the formation.to yield
water from storage by compression of the formation and the expansion of the
water as the piezometric surface is lowered. The coefficient of storage for an
artesian aquifer is small compared to that of a water-table aquifer; conse~
quently, after an artesian well’ starts discharging, a cone of depression is
developed over a wide area in a short time. In a water-table aquifer, the
coefficient of storage is much larger, as it reflects removal of water from
storage by gravity drainage of the aquifer; and, under these conditionms, it is
nearly equal to the specific yield.

Figure 8 shows the theoretical relation between drawdown and the distance
from the center of pumpage for different coefficients of transmissibility. The
calculations of drawdown are based on a withdrawal of 1 million gallons pér day
over a l-year period from aquifers haviug coefficients of transmissibility and
storage as shown. "For example, if the coefficients of transmissibility and
storage are 5,000 gpd (gallons. per day) per ft. and 0.0001, respectively, the.
drawdown or decline in the water level would be 85 feet at a distance of 1 mile
from a well or group of wells discharging 1,000,000 gpd for 1-year. O
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Figure 8 _ -
Graph Showing Relation of Drawdown to Transmissibility

P S Gaciygicul Survey in cooperation with the Taxas Water Commission




ure 9. shows the relation of drawdown to t ime with pumpage from an ar-
quifer of infinite areal 'extent. Tt shows that the rate of drawdown
he equilibrium curve shows the time-

s 20 miles from the point of

> Fig
dian 8
eases with an increase of time. T
down relation when a 1ine source of recharge i

gcharge.

k' Figure 10 shows the relation of drawdown to time with pumpage from a water-
ple aquifer of infinite areal extent. The drawdown is ‘less than that in an
tesian aquifer because of the larger coefficient of storage, other factors

'Ik 2 ing equal " 7 - £ - |'

: Wells drilled close together commonly create cones of depression that in-
Bl ersect, thereby excessively lowering the water table or piezometfic surface.

e overlapping of cones of depression or interference between wélls may cause
gerious decrease in yield of the wells, an increase in pﬁﬁpiﬁé;FOBts, or both.

1B _In.discussing'féiétiyé well yields in this report,;ﬁﬁiiyijfélds are less
£ than 100 gpm (gallons per minute), moderate yields are -from 100 to 1,000 gpm,

§ and large yields are more than 1,000 gpm. i

Chemical Quality of Ground Water - {J

‘ nts of ground water are.dissolved principally from

the soil and rocks through which the water has-paséed;;CUnsequently, the dif-
ferences in chemical character of ground wate;_:efléct'in a general way the
nature of the geologic formations in contact with the water. Deep water usually
is free from contamination by organic matter, but the chemical content of
ground: water usually increases with depth. - The temperature of ground water
near the land surface generally approthages:thé’ﬁéan annual air temperature of

the region and increases with depth...... ... ... .. S

The mineral copstitue

L4

water supply depends on the chemical quality of the
th the. contemplated use of the water.

irements have been developed including
tent, physical characteristics,

- The suitability of a
water and the limitations associated wi
Various criteria for water-quality requ
most categories of water quality, bacterial con
and chemical constituents. Usually, water-quality problems of the first. two
categories can be alleviated economically, but the removal or neutralization of
undesirable chemical constituents can be difficult and expensive. - For many
purposes the total dissolved-soii&chohtent constitutes a major limitation on
the use of the water. A general_c}ésgifipation of water based on dissolved-

solids content is as fqllqwsq(Wihslg? and Kister, 1956, p. 5):.

W e &y " Dissolved-solids cogteﬁt;
Description  : /- ) in parts per million

Fresh Léss' than 1,000

1S8lightly saline 1,000 to 3,000
3,000 to 10,000

10,000 to 35,000

Moderately saline

Very saline

| Brine More than 35,000
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. . The United States public Health Service has gstablished and from time to
time revises gtandards of drinking water to be used on common carriers engaged
in. interstate commerce. The standards are designed to protect the traveling
public dnd may be used to evaluate public water supplies. According to the
standards; chemical constituents should not be present in a water supply in
excess of the 1listed concentrations shown in the following table except where
other more suitable supplies are not available. Some of the gstandatds adopted
by the U. S. Public Health Service (1961, Pp. 935-945) are as follows:

r_ B lConcentration‘
- (ppm)

‘Chleride (C1) . 250
Fluoride_(F) | : s

Tron (Fe) : ': ' 9.3
Mangaﬁeée (Mn) - - 0.05
Nitrate (NO3) - 45

sulfate (S04) 250

Total disaolved‘solids 500

* When fluoride is present naturally in drinking water, the
concentration should not average more than the appropriate up-
-1per 1imit shown in the following'table.

Annual average of maximum . Recommended control limits of _fw
daily air temperatures fluoride concentrations (ppm)
; (°F) — Lower Opt Lmum Uppet
50.0 - 53.7 0.9 1.2 1.7
53.8 - 58.3 8 2 . 1.5
58,4 - 63.8 .8 1.0 1.3
63.9 - 70.6 a3} .9 1.2
70.7 - 79.2 I IR | 8 1.0
79.3 - 90.5 | B 7 .8

.Water having concentrations of chemical constituents in excess of the re=
comuended 1limits may be_objectionable for various reasons. In areas where the
nitrate content of water {s in excess of 45 ppm (parts per million), & poten-
tial danger exists. Concentrations of nitrate in excess of 45 ppm in water -
used for infant feeding have been related to the incidence of infant cyanosis
(methemoglobinemia or "blue baby" disease), a reduction of the oxygen content
in the blood constituting a form of asphyxia (Maxcy, 1950, p. 271). High con-
-centratiohs of nitrate may be an indication of pollution from organic matter,
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rations of iron and manganese in water cause
ates that stain clothes and 1imbing fix-

may have a salty

uce a laxative effect.

th to become mottled;
the incidence of

Excessive concent
dark-gray precipit
hloride content exceeding 250 ppm
rer in excess of 250 ppm may prod
£ fluoride in water may cause tee
tions of about 1 ppm may reduce
p. 1155-1179).

enly sewage.
i{sh-brown OT
. _Water having a €
nd sulfate in wa
e concentrations O

‘fluoride in concentra

ever,
Arnold, and Elvove, 1942,

wth decay (Dean;
esium are the principal constituents in water that cause
hardness causes increased consumption of soap and induces
ot water heaters and water pipes. - The commonly ac-
f water hardness are shown

Calcium and magn
dness. Excessive

e formation of scale in h
pted standards and classifications- o

g table.

in the follow-

Hardness range 'Cl . ifi.
(Ppm) assification

60 or less Soft

61 °- 120 Moderately hard.

121 - 180 Hard

More than 180 Very hard

s not depend necessarily on pota-

not be acceptable for

ter for industry doe
be classified into three

o for industrial use may or mdy
sed for industry may
and boiler.

The quality of wa
 bility. Water suitabl
f human consumption. Ground water u
principal use categories--cooling, process,
ted for its-temperature'and gource of sup-
also is significant. Any characteristic
dversely affect heat -exchange surfaces is undesirable.’ Calcium, mag-
and silica may cause scale. Corrosivenesslis another
objectionable feature. ‘Calcium and magnesium chloride, sodium chloride in the
presence of magnesiﬁm, acids, oxygen, and carbon dioxide are among substances

that make water corrosive.

Cooling water usually is selec

- ply, although its chemical quality
that may a
nesium, aluminum, iron,

am must meet rigid require-

of corrosion and encrustation are intensified greatly.

ater may be needed, and it may be better to evaluate
atment rather than for direct use as raw
cause it forms a hard scale,

in the boiler.

The.quality of water for the production_of ste

" ments, Here the problems

Some treatment of boiler w
the suitability of the water for tre
water. Silica in boiler water -is undesirable be
the scale-forming tendency increasing with pressure
ity requirements. Usually

subject to a wide raﬁge of qual
hysical,-chemical, and

hese requirements commonly involve P
In general, water used in manufacture of textiles must be
ids content and free of iron and manganese;‘-The paper in-
dustry, especially where high;gradé'paper is made, requires water in which all
heavy metals- are either absent or in small concentrations. Water free of ironm,

mally is required by many beverage indus-

manganese, and organic substances norm
tries. Unlike cooling and boiler water, much ‘of the process water is consumed
in the manufacturing process and is not avail-

or undergoes a change in quality
able ggnerally'for reuse.

Process water is
rigidly controlled, t
biological . factors.

low in dissolved-sol
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 * The suitability of water for'ifrigatidn'ﬂkbeﬁHS'oﬂ the‘bﬁemicaI"Quality‘qf
the water and other factors such as sdil'téxtufe'ahd composition, Crbpftypéé;"
irrigation practices, -and climate. Maﬁ?;plassiiiéaﬁiéhé of irrigatidn:water'”'-‘ s N
express, the suitabililty of water in terms of one OT more of these variables and :
offer a criteria for evaluating the relative overall suitability of'{rrigation

water rather than placing rigid limits on the concentrations of certain chemical
constituents. The most important chemical chéractefistics'pertineﬁt to the
evaluation of water ion are the proportion of sodium to total ca-

tions, an index|df‘the sodium_hazardj total concentration of goluble’salts, an

index of thg;galihity ha;ard;'tééidual sodium ca;bonatei and ‘concentratior of

boron. . ' ' Y 7 T BT a8 S

Sodium can be a significant factor in evaluating quality of irrigation’

water because of itsipdtential'effect'on soil structure. A high percentage of

sodium in water tends to break down .soil structure by,déflocculating the col- 2
loidal soil particles. .Consequently,.aoi;s can become plastic, movement of k-
water through the soil can be restricted, drainage problems can develop, and 3
cultivation can be rendered difficult. A system of classification commonly

used for judging the /quality of water for irrigation was proposed in 1954 by i
the U. S. Salinity Laboratory staff (1954, p-. 69-82). The classification 1is 4
based primarily on the salinity hazard, as measured by the electrical conduc~ -
tivity of the water, ‘and the sodium hazard, as measured by the sodium;adsorp-

tion ratio (SAR). This classification of irrigation water {g diagrammed in

of classification used by the 3
licable to supplemental waters b
in the eastern part of the 4
Creek Basins, the

Hilcéxl(lgisl p._lS)_staEed,thét the system
Salinitx.LabpratqurS;pﬁf ", ..is not d{rectly.épp
used in areas of relatively high rainfall." Thus,
Red River Basin and in all of the Sulphur River and Cypress
system.prqbablylis‘not Qirectly applicable. )

~ An excessive concentration of boron renders & ﬁaterfunsﬁitgble'fof”irriga;
tion. 'Spgfiéld”(lQSG, p. 286) indicated that boron concentrations as much ‘as’ -
1 ppm are permissible. for i;;igating most_bofon-saqsitive crops and' concentra-
tions as much as 3 ppm are permissible for the more boron-tolerant crops: - His
suggested permissible'limits of boron for irrigation waters are shown in 'the

following table:

‘| classes of water Sénsiti&@l Sémitoleranﬁ Tolerant “
Rating| . - Grade ¢rops, crops crops
- - (ppm) (ppm) (ppm)
L | Exceriemt |7 <.0.33 < 0.67 ©<1.00
2 Good 0.33 to .67 | 0.67.t0 1.33 |1.00 to 2.00]
3. | permissible |. .67 to'1.00 |1.33"to .00 |2.00 to 300}
4 | Dowbtful | 1.00.t0 1.25 2,00 to 2.50 |3.00 to 3.73
s | unsuitable | .~ >1.25 >2.50 >3.75 :
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principally on the kind of animal, and, according to Heller (1933, p. 22), the
| total amount of soluble salts in the drinking water, more so than the kind of

i salt, is the important factor. Heller also suggests that as a safe rule 15,000
fl ppm dissolved-solids content should be considered the upper limit for most of
the more common stock animals. .

i Quality limits for 1ivestock-are variable. The limit of tolerance depends
|

WEST GULF COASTAL PLAIN

General

The eastern part of the Red River Basin and all of the Sulphur River and
f ! Cypress Creek Basins are in the West Gulf Coastal Plain (Fenneman, 1938, p.100- E
: 120). The West Gulf Coastal Plain is bounded on the west by the western margin 3
i of the Cretaceous rocks and extends eastward throughout the rest of the report :
i i area (Figure 1). Characterized by low relief and a gentle gulfward slope, the
/ West Gulf Coastal Plain within the report area comprises about 10,000 square
miles and occupies all or parts of 21 counties.

_ The West Gulf Coastal Plain is the most populous section in the report

) area. The principal cities and population, according to the 1960 census, in-
il clude Texarkana (Texas), 30,218; Sherman, 24,988; Marshall, 23,846; Denison,

i | 22,748; and Paris, 20,977. Ground water is the source of water for most public
| supplies in the area, although most of the larger cities use surface water.

§l _ The chief uses of ground water in the West Gulf Coastal Plain are for

ll public supply and industry. Irrigation is comparatively new to the area, be-
i“ ginning during the drought in the early 1950's. Rainfall usually is adequate
!' for crops, irrigation being used primarily as a supplement. .

{f The climate is classified as moist-subhumid to humid. The average annual

| precipitation increases eastward, ranging from 30 to 46 inches. The mean an-
nual temperature ranges from 64 to 66°F.

Occurrence of Ground Water

Primary Aquiferé

The geographic distribution of the primary and secondary aquifers and the
| areas in which they contain fresh to slightly saline water in the West Gulf
|l - Coastal Plain are shown in Plate 10. The primary aquifers, which yield moderate
l amounts of water in a large part of the West Gulf Coastal Plain, are the Trinity
‘ Group, Woodbine Formation, and Carrizo Sand and Wilcox Formation, undifferenti-
i ated.

=
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Trinity Group

A4 ,
wical Description

The Trinity Group crops out in the Red River Basin in Texas, principally
eastern Montague County and western Cooke County, and in places in northern
ayson County along the Preston anticline, where it has been exposed by uplift

ftplate 3 and Figure 6). Much of the northernmost outcrop, trending east and
Bost, is in Oklahoma and Arkansas. South and east of its outcrop where water-
ble conditions prevail, the Trinity Group dips beneath younger rocks and is
resent throughout the subsurface as an artesian aquifer. : '

. The Trinity Group is divided into the Paluxy Sand, Glen Rose Limestone,

nd Travis Peak Formation, in descending order. The division applies only to

£ "the area south and east of a northeast trending line representing the updip

£ 1imit of the Glen Rose Limestone through central Fannin County. North and west

£ of the line, the Trinity Group is almost all interbedded sand and clay and is,

k¥ therefore, not divided into formations (Plate 7). Most of the fresh to slightly
" saline water is in this part of the Trinity ‘Group. ' '

The undivided Trinity Group, as defined above, consists of basal: conglom-
erate and gravel overlain predominantly by fine to coarse white to light-grayish
poorly consolidated massive crossbedded sand interbedded with red, purple, and .
gray clay. The beds of clay generally are in the form of lenses that are nei-
ther continuous mor extensive over large areas and, thus, are not effective
barriers to the movement: of ground water except perhaps locally. The thickness
of the undivided Trinity Group ranges from about 450 feet near the outcrop in
Cooke County to about 1,000 feet near the updip limit of the Glen Rose Limestone
in Fannin County (Plate 7). : 5 "

The Paluxy Sand underlies the area south and east from the updip limit of
the Glen Rose Limestone. It does not crop out in the report area, but is ex-
posed a few miles north of the Red River in Oklahoma and Arkansas. The Paluxy
Sand on the outcrop consists of reddish-brown to light-gray and white rounded
well-sorted unconsolidated crossbedded sand interbedded with thin lenses of
gray clay. In the subsurface in Texas, the sand generally is light gray to red
and fine to medium. The more massive sand beds are in the upper part of the
formation. Near the base, the sands are less dominant, .and some limestone beds
are present. The thickness of the Paluxy Sand changes rapidly in a distance of
a few miles. 1In much of the area, the thickness ranges from 300 to 700 feet,
although in places the Paluxy Sand may be less than 300 or more than 700 feet
thick. : . - :

The Glen Rose Limestone, consisting of alternating beds of limestone, marl,
anhydrite, and some sand, and the Travis Peak Formation, consisting of fine to
coarse sand, .clay, basal conglomerate, and gravel, do not crop out in the report
area; but they are present in the subsurface south and east of central Fannin
County, where they have a maximum aggregate thickness of about 4,600 feet.
Neither the Glen Rose Limestone nor the Travis Peak Formation contain signifi-

' cant amounts- of fresh or slightly saline water. ' ' g

;ﬁb The Trinity Group dips east and south, the magnitude of dip ranging widely:
: (Plates 11 and 12). Generally, however, in areas of undistrubed rocks, the dip
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ranges from 45 feet per mile to the east in Cooke and Grayson Counties to 100
feet per mile to the south from Fannin to Bowie Counties (Plates 7, 8, and 9).
Locally, in parts of Grayson County on the south flank of the Preston anticline,
the Trinity Group dips southward in excess of 300 feet per mile. 1In the north-’
ern part of Hunt County, where the Trinity Group contains its deepest fresh to

slightly saline water, the depth to the top of the formation - is about 3,700
feet, T e B

Recharge, Movement, and. Discharge of Ground Water

The Trinity Group is recharged primarily by precipitation on the outcrop.
The outcrop, about 15 miles wide in Cooke and Montague Counties and about 10
miles wide in Oklahoma and Arkansas, is chiefly a ‘loose, friable sand affording
favorable conditions for infiltration of rainfall, The average annual precipi-

tation along the outcrop ranges from 34 to 48 inches, but only .a small fraction
of this amount becomes recharge. e nos

The Red River crosses the outcrop of the Trinity Group in Cooke County,

" and Lake Texoma is in contact with the group in Grayson County. In Cooke

County, the Red River probably is effluent--that is, the Trinity is discharging
to the river. Similar conditions existed in Grayson County prior to the for-
mation of Lake Texoma; however, since the impounding of water in the lake in
1943, water from the lake is recharging the:sands of the Trinity Group, and has
saturated about 80 feet of previously dry material (Baker, 1960, p. 40).

- The movement of ground water in the Trinity Group has two horizontal com-
ponents - of direction. . From the recharge areas in Montague and: Cooke Counties,
ground water is moving eastward through Cooke and Grayson Counties. From the
recharge areas in the outcrop in Oklahoma and Arkansas, the water moves gener-
ally southward. Locally, in northern Grayson County, where water fr?m Lake
Texoma enters the Trinity, the movement is southward toward the heavily pumped
Sherman area. The present rate of movement in the Trinity Group in Grayson
County ‘was estimated to be 1 to 2 feet per year (Baker, 1960, p. 37). The
presence of fresh to slightly saline ground water in the Paluxy Sand south of
a wedge of more highly mineralized water in Fannin, Lamar, and Red River
Counties - (Plates 8, 9, and 10) suggests that water probably is moving from the
outcrop in Oklahoma and Arkansas southwestward along zones of higher permea-
bility outlined by the area of fresh to slightly saline water. The movgment of .
ground water presumably is impeded to a large degree by low permeabilities of

-the Paluxy Sand in the wedge of -highly mineralized water. The wedge of highly

mineralized water extends into McCurtain County, Oklahoma, whereg.according to
Davis (1960, p. 29, 79), a part of the water in the Paluxy Sand, including that
in the outcrop, is saline.

Pumpage from wells constitutes the principal discharge from the Trinity
Group. In 1959, about 3,000 acre-feet was pumped from the Trinity Group in the
Red River Basin in Texas. : '

Ground water is discharged from the Trinity Group naturally by seeps and .
springs, probably in the valley of the Red River in Cooke County. Some upward
migration of water along or across fault planes in the Luling-Mexia-Talco fault
system is probable, although most of the water in the Trinity at the -fault sys-
tem is highly mineralized. In Montague County and parts of Cooke County, the
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Ince of fresh or slightly saline water in the Wichita and Cisco Groups be-
the Trinity probably is due to discharge from the Trinity.

ical Qua_‘l ity

, The area of occurrence of fresh to slightly saline water in the Trinity
pup is shown in Plate 10. The area is mostly in the Red River Basih, although
rather large part is in the northwestern part of the Sulphur River Basin.

st of the water in the zone of fresh to slightly saline water is fresh, con-
ining dissolved solids of less than 1,000 ppm. The slightly saline water is
nfined mainly to the basal part of the zone, except perhaps in the area south
the wedge of highly mineralized water in Fannin, Lémar, and Red River Coun-
es, where much of the water in the Paluxy Sand probably is slightly saline.
one of highly mineralized water below the base of fresh to slightly saline
er begins at the base of the Trinity Group in central Cooké County and ex-
fiends eastward, increasing in thickness with depth, until it occupies the whole
E6f the Trinity Group (Plates 7 and 8). . In northern Grayson County and north-
Ewestern Fannin County along the crest of the Preston anticline, the zone of
fhighly mineralized water occupies almost all the Trinity Group. Wells drilled
i too deeply are thus likely to encounter the highly mineralized water. The
Ethickness of fresh to slightly saline water sands in the Trinity Group is shown
f'in Plates 13 and 14. '

_ An abundant supply of ground water of good to excellent.quality suitable
¥ for many uses is available from the Trinity Group. Table 2 shows chemical
" analyses of water from selected wells in the Trinity Group. The locations of
the wells are shown by means of bars over the well symbols on the well maps
(Plates 3 and 4). The analyses shown are only a few of the total number on
¥ record, but they may be considered representative of the quality of ground water
* in the Trinity Group at the general depth and vicinity of the wells.

e The chemical analyses indicate that the softer but more mineralized water
- 10rmally occurs at greater depth and that most of the fresh to slightly saline
water is high in sodium bicarbonate content. The hardness of 40 samples ranged
from 1 to 426 ppm; however, it exceeded 60 ppm in only 7 samples. The dis-
solved-solids content in 19 samples ranged from 242 to 1,830 ppm, exceeding 500
" ppm in all but 1 sample. However, in only 4 did it exceed 1,000 ppm. The

" total iron content in 19 samples ranged from 0.00 to 7.8 ppm. In 7 of the sam-
ples, the content exceeded 0.3 ppm; however, in most places the iron content is
not ‘a serious problem. The fluoride content in 14 samples ranged from 0.2 to
6.2 ppm, exceeding 1.5 ppm in 5 samples. Most of the ground water is alkaline
(pH greater than 7.0). The chemical analyses used here for comparison are from
wells mostly more than 1,000 feet deep and should not be used as an indication
of quality at shallower depths, where mineralization generally is less,

The quality of water in much of the Trinity Group is suitable for public
supply. ' Generally, the ground water nearer the outcrop is less mineralized,
and concentrations of chemical constituents in most places will not exceed the
limits established by the U..S. Public Health Service. ‘Deeper water in the
Trinity Group generally exceeds 500 ppm in dissolved-solids content, although
in many places it is less than 1,000 ppm. P e
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"Ground water from the Trinity Group may be used for mary industrial pur-

. Vast amounts of typically soft water are available, but high concentra-
s of sodium bicarbonate may make it undesirable as boiler-feed water and
- use in laundries. Most industries requiring cooling water obtain their
Mioply -from shallow wells near the outcrop, as the temperature of the water in
Trinity Group ranges from about 65°F, the mean annual air temperature on
outcrop, to more than-90°F in wells 2 500 feet deep.

i Analyses of water. from sands below 500 to 600 feet indicate that generally
fiie sodium and salinity hazards are medium to very high, according to standards
ablished by the U. 'S. Salinity Laboratory Staff (Flgure 11). The most fa-
grable areas where water of suitable quality for irrigation may be obtained

e on or near the outcrop in Montague and Cookeé Counties and in places in ex-
pireme northern Red River County and adjoining the counties on the west, where
_‘he Trinity Group is closer to the surface.'

fUtilization and Preseot Development

: Table 3 shows the amount of ground water pumped from the Trinity Group for
5fpublio supply and industrial and irrigation use in 1959. Pumpage for domestic,
' livestock, and miscellaneous purposes from the Trinity Group was not calculated,
¢ but it is probably relatively small because of the deep position of the aquifer
® in most of the area and the accessibility of shallower aquifers.

In 1959, 2,7 mgd (million gallons per day), or about 3,000 acre- feet, of
ground water was. pumped from the Trinity Group from about 1? major wells. All
major_pumpage was from region III in the Red River Basin., More than half
the total major pumpage was from major subdivision RE-38, which includes the
¢ Sherman area in Grayson County. The remainder of the pumpage was about equally
¥-. distributed in major subdivisions RE-35 and RE-37 in parts of Montague, Cooke,
and Grayson Counties (Plate 3). '

Public-supply systems pumped 85 percent or 2.3 mgd of the ground water
withdrawn from the Trinity Group in 1959, and about 65 percent was withdrawn in
the Sherman area. Other municipalities using water from the Trinity include
Gainesville in Cooke County and Whitesboro, Bells, and Gordonville in Grayson
County. About 13 major publlc -supply wells in the Trinity Group were in use at
the end of 1959, .

Industry used 15 percent or 0.4]1 mgd of ground water from the Trinity
Group in 1959. Most of this was from three major wells in Cooke and Grayson
Counties. The water is used chiefly for cooling at gasoline refineries and
natural gas processing plants. " Relatively minor amounts of- slightly saline
water is withdrawn from the Trinity Group (Paluxy Sand) in western Red River
County, where the water is produced in association with oil in two small oil
fields (Plate 4, and wells WB-17-23- 902, WB-17-23-801, and WB-17-31-201 in
Table '2). . : -

- The amount of ground water pumped from the Trinity Group for irrigation is

’ insignificant, Water from only one well in Grayson County was-used in 1959 as
a supplément to rainfall. Three irrigation wells tap the Trinity Group (Paluxy

. Sand) i extreme northern Red River County but were not used during 1959. The
wells are capable of flowing severdl hundred gallons per minute but are capped
when not in use, -
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'.gesJin Water.-Levels. .. S T SR o eren

Reported water levels in the early part of the 20th century prior to

ge development of wells indicate the water level or piezometric surface of

e Trinity Group was close to or above land surface in parts of Grayson and -

ke Counties. Levels declined steadily in places in the artesian part of the

fguifer after wells were drilled. From 1909 to 1958, levels in wells in the

firinity at Sherman declined at least 180 feet, or 3.5 feet per year. However,

gincreased withdrawal of water at Sheérman for public supply after World War II

faccelerated the rate of decline to 6.5 feet per yéar. Levels declined also in

jthe western part of Grayson County in the vicinity of Whitesboro,: where during .

#the period-1935-57, levels: in the Trinity declined -72 feet; -an-average of

_}’1most 3:5-feet per year. Some of the decline may have been caused by heavy

fepumping at Sherman and Gainesville. L

g Where pumping has caused a decline in'water levels, the decline usually

¢* reflects a decrease. in .artesian pressure rather than a rediuction in storage.

" At Sherman, 'for example, the level of the Trinity is still about 1,300 feet

. above the top:of the aquifer and:levels. fluctuate in responsé to pressure

. changes.,. ' However, "at Gainesville,-'a”short distance downdip from the outcrop

of the Trinity, where levels have declined’in some wells more.than 80 feet .from

- 1946}p9”1950,.the_p;és&urehhad_begn;;educed‘to such an extent that the .level in
1960 was: at ‘or below the top of the iaquifer. Pumping below this level will
cause-a dewatering of the sands,---. ‘.. = . BN

A significant rise in water levels in the aquifer of the Trinity has been
recorded in northern Grayson County. Almost 80 feet of saturation has been
added to the aquifer, where it is in contact with Lake Texoma, since the for-
mation of-the lake.in 1943.. Levels in wells .adjacent to the lake now fluctuate
in résponse to'changes in lake level. D £

ko PR T SR, A e .

. 4 . R I . | ,
Artesian pressures in the Trinity Group east of Sherman probably have re-
mained high, “as gfﬁundhwétér‘witﬁdréwalbiS'insignificantrin,the-area.

»

Short-term records Ei wateT levels inithe Shefmap area (Figure 12, wells
Kr-18-20-719 and.KT—18-20-72k§.showuartgsién pressures are lowest. in August and
September, generally the months of heaviest pumping. - The hydrograph of well
HA-19-14-801,.which is:in the.outcrop of: the Trimity Group, shows.fluctuations
of the water table in response:te: recharge from precipitation on the outcrop of
the aquifer. The highest level of the water table for the length of record was
in May 1958 when rainfall was great.

Availability and Potential Development

The coefficient of transmissibility of the Trinity Group in the Red River
Basin generally is small in comparison to most of the major aquifers in Texas.
The coefficient of transmissibility determined from pumping tests of 5 wells
that tap the Trinity in Grayson County ranged from 300 to 4,700 gpd per foot
and averaged about 2,800 gpd per foot: (Baker, 1960, p. 48). The coefficient of
storage ranged fromTP.QQQOQ to,0.00008 and averaged 0.00003. .

; . Because of the¢ low transmissibility of-the Trinity Group, the specific
j = capacities of the wells are also low. In 11 wells that tap the Trinity in
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bn County, the specific capacity ranged from 0.57 to 4.2 gpm pér foot and
5ed 2.25 gpm per foot (Baker, 1960, p. 46). The average well that taps
Finity would have about 100 feet of drawdown for each 225 gpm pumped, al-
1 well in the city of Sherman was reported to pump 602 gpm with only 170
“of drawdown (Baker, 1960, p. 82). The wells having the largest yields,
est coefficients of transmissibility, and largest specific capacities gen-
ly penetrate the full thickness of the fresh water-bearing part of the
tty Group and are screened opposite all the water-bearing sands.

Where it contains fresh to slightly saline water, the top of the Trinity
es from more than 600 feet above sea level in the outcrop to more than
00 feet below sea level in Hunt County, or from land surface to more than
00 feet below lahd surface. The top of the fresh to slightly saline water
nds in southeastern Fannin, northeastern Hunt, and in Delta, Lamar, and Red
er Counties is from 1,500 to more than 3,600 feet in depth and has not been

Eipped by water wells (Plate 12).

& - The saturated thickness of the fresh to slightly saline water sands in the
inity Group ranges from 0 to 500 feet in the Red and Sulphur River Basins
i(Plates 13 and 14)., A zero isopach line encloses a large area in northeastern
E¥annin, north-central Lamar, and northwestern Red River Counties. The 500-foot
Fisopach line encloses. two small areas in south-central Grayson County. The
$saturated thickness. in the outcrop of the Trinity Group in the Red River Basin

;in'Texas generally is less than 300 feet.

i The volume of fresh to slightly saline water stored in the sands in the

P Trinity Group in the Red and Sulphur River Basins in Texas is estimated to be

§ 90,000,000 acre-feet. However, only a very small fraction of the water stored -
in the sands is recoverable by known methods at present costs. The -amount of

f water stored in the aquifer was determined by planimetering the areas of equal
F- saturated thickness (Plates 13 and 14) and computing the volume of saturated
sand. This figure was multiplied by 30 percent, which is the estimated poro-

sity.
able from the Trinity Group for com-

To compute the amount of water avail
A line of discharge was postulated

parison, several assumptions were made. _ _
more or less parallel to the outcrop in regions III and IV. The line of dis-

charge in region III was 39 miles long, extending from a point on the boundary
of the Red River Basin 8 miles southwest of Sherman to a point on the zero

saturgted-thickness 1ine about 13 miles northeast of Bonham. The line averages
38 miles from the assumed line source of recharge. The discharge line in re-
gion IV was 84 miles long between a point in Hunt County on the boundary of the
Sulphur River Basin 19 miles northwest of Commerce and a point on the Red River
14 miles northeast of Clarksville. The discharge line averages 32 miles from
the assumed line source of recharge. The transmission capacity of the aquifer
from the outcrop to each line of discharge was computed; using the following

assumptions:

1. Water levels will be lowered to a maximum depth of 400 feet along the

line qf discharge.

2. No water moves downward into the aquifer except. in the outcrop area,
where all recharge is assumed to occur along a line parallel to the strike of

the outcrop and in the middle of the outcrop.

- 49




‘the salt-water interface; and the altitude of the water levels is the same at

feet at the line of discharge.

discharge at the assumed gradients.

‘would be 0.05 inch per year. The conditions are suitable for_recharge of

p B

3. The altitude of the water levels is the same and remains the same at
all points along the center line of the outcrop (assumed effective line ‘souxce
of recharge); the altitude of the water levels is the same at all points along

all points along the line of discharge.

""" 4, The slope of the water surface will be_constaﬁ;Cafter drawdown tq.AOO

Tl

*'5. The hydréulic gradiéﬁt'is a straight-line slope from the water level

at the line source of recharge to the water level' along the line of discharge.

6.. All the .sands between the line source of recharge and the line oft '
discharge transmit water from the outcrop area to the line of discharge. The
assumed average coefficient of transmiss;bility'of the Trinity Group is 4,000 .
gpd per foot. : : ’ e

_ . 0 Wﬁere rechargé-is considered, the amount of recharge glong the line
source is sufficient to supply the water that can be transmitted to the line of

8. The rate of transmission of water through the aquifer is the average
of the rate based on the present hydraulic gradient and the rate based on the - -
maximum hydraulic gradient that can be attained with a water level of 400 feet
at the line of discharge. - = ' ' g

9. The only increment to the water moving toward the line of discharge
from the downdip side is that water released from storage as & result of lower-
ing water levels. LIS ' : .

The -transmission capacity of the Trinity Group from the assumed line
source to the assumed line of discharge in region 1IT would be about 1,200
acre-feet per year at the average hydraulic gradient during the time that the
water level was being lowered to 400 feet. The transmission capacity at the
maximum hydraulic gradient would be about 2,000 acre-feet per year. The amount
of water withdrawn from artesian storage as the water level was lowered to 400
feet would be about 9,400 acre-feet. At the present discharge rate of the
wells tapping. the Trinity Group in region 111, the water level could be lowered
to 400 feet alon@ the assumed line of discharge in about_S'years. The present
rate of withdrawal is about 3,000 aére-feet 'a year which is the equivalent dis-
charge of about 19 wells equally spaced along the assumed discharge 1ine and
each pumping 100 gpm continuously. By moving the line of discharge to only
half the distance to the outcrop, the hydraulic gradient would be steepened, €0
that the transmission capacity at the average hydraulic gradient would be about
2,200 acre-feet per year, and at the maximum gradient would be about 3,900
acre-feet per year. Most of the withdrawal from the Trinity Group is in the
vicinity of Sherman which, although just 5 miles northeast of the assumed line
of discharge, is only about 15 miles from the nearest outcrop of the Trinity in
Lake Texoma because of the irregularity of the strike of the Trinity outcrop .in
region III. " o

The amount of recharge on the outcrop necessary to replace the water
moving downdip at the maximum transmission capacity (2,000 acre«feet per year)

several times that amount.
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k- The transmission capacity of the Trinity Group to- the assumed line of dis-
¥ge in region IV would be about 2,400 acre-feet per year at the average. hy-.’
wlic gradient during the time that the water level was being lowered to 400
t. The transmission capacity: at the maximum hydraulic gradient.would be -
5out 4,800 acre-feet per year, .About 20,000 acre-feet of water would be re-
\ased from storage as the water level was lowered to 400 feet.. Although there
y.Nno significant withdrawal from the Trinity in region IV, a withdrawal rate
6,000 acre-feet per year, which is the equivalent of 38 wells pumping 100
fzpm continuously equally spaced along the 84 miles of the assumed discharge
ne, would lower the water level to approximately 400 feet in 5.5 years. at the
ransmission capacity at the average gradient. The assumed -line of discharge
£is near the center:of the area of occurrence of fresh :to slightly saline water
fin the Trinity in region IV; if the line were moved closer to the outcrop, it
Bisould be near or in the area of salty water. No wells tap the Trinity in the
area except for a few oil wells near Clarksville so that the transmissibility
and storage coefficients are unknown. The coefficients may be considerably
lower .than those used which were assumed from information in region III.

Y

: The amount of recharge on the outcrop of the part of the Trinity Group

. parallel to the assumed line of discharge in region IV necessary to replace the
amount of water moving downdip at the maximum transmission capacity: (4,800 acre-
feet per year) would be about 0.10 inch per year. Conditions are such that
adequate recharge is available to maintain water levels in the outcrop at that

rate of recharge. .

. Problems

The decline of artesian pressure in areas of large ground-water withdrawals
is one of the most serious problems associated with the Trinity Group. Con-
tinuing declines of water levels in some areas--particularly near Sherman,
where 1.4 mgd is pumped from the Trinity--have resulted in the costly process
of lowering pumps in wells, installing larger motors, and thereby increasing
the overall lifting costs. Wells drilled into the Trinity Group in recent
years have deep pump settings to accommodate anticipated declines. '

_ Evidence of encroachment of salt water has caused concern in. some areas.
. Salt-water contamination in the heavily pumped Sherman area has caused an in-
crease in chloride content inm several of the public-supply wells during the
. several years prior to 1960. . The source of this contamination is not well
 known; however, some wells are screened in fresh-water sands short distances
-above the highly mineralized basal water of the Trinity Group, and it is pro-
bable that "coneing up" of the saline water is occurring during the pumping
operation, thus increasing the salinity of the water pumped. Another possible
source of contamination is from improperly cased, cemented, or plugged oil
tests. The repressuring of oil fields also could cause salt water to rise in
abandoned casings and invade the fresh-water zones.

The presence of large amounts of salt water in the Trinity Group on the
Preston anticline in northern Grayson County and its movement southward creates
a problem; however, this situation poses 1ittle threat to the Sherman area in
the foreseeable future because of the low permeability of the sands and conse-
quent slow rate of movement of the water. v
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Additional information ‘is needed in region IV in Fannin, Hunt, Delta,
Lamar, and Red River Counties to appraise more accurately the availability of
water in the Paluxy gand. Little is known about the Paluxy gand .regarding per-
meability, water levels, movement of water, or quality. Chemical analyses from
a few oil tests and water wells indicate that the water in much of the Paluxy
‘Sand in this area is fresh to slightly saline; however, the scarcity of electric
logs and the absence of water wells in the Paluxy gand in much of the area’
makes evaluation difficult. Also, more information is needed concerning the
source and movement of the very saline ground water.(in excess of 10,000 ppm .
diasolvéd-solids'Eonteﬁt) which saturates part of the Paluxy Sand,qincluding the
outcrop in eastern McCurtain County, Oklahoma. - The movement presuma‘oly.iB :
southward into Texas and ¢ould be a major source of. contamination to the Paluxy
in Red River, Lamar, and Fannin Counties.

Woodbiﬁe Formﬁtion

Physical Description

The Woodbine Formation crops: out in the Red River Basin in Texas, princi-
pally in the eastern part of Cooke County and western and northern parts of
Grayson County, and in places in northwestern Fannin and extreme northern
Lamar and Red River Counties (Plates 3, 4, and 10). Much of the northernmost
outcrop. is in Oklahoma and Arkansas, trending east and west. South and east of
; the outcrop, where water-table conditions prevail, the Woodbine Formation_diPs
? beneath younger rocks and becomes an artesian aquifer. : :

The Woodbine Formation consists of brownish-red to light-gray medium to
coarse crossbedded unconsolidated ferruginous tuf faceous sand and laminated
shaly clay interbedded with layers of lignite and gypsiferous clay. Beds of .
hard siliceous sandstone are scattered throughout the formation; locally, the
outcrop is covered with residual boulders of this siliceous material. Many of
the sands are highly lenticular and grade laterally into clay within short dis-
tances. Neither the hard siliceous sandstones nor the lenticular layers of
clay retard the movement of water in the formation, except perhaps in local
areas. In most places, the thickest and more massive sand beds are at or near
the base of the formation. Thick accumulations of sand are common also in the
upper one-third of the formation. The separation of the upper and lower sand
strata becomes more pronounced in parts of Fannin' and Hunt Counties.- Farther
to the east, the proportion-of clay gradually increases, and the sand content
decreases until in parts of Lamar and Red River Counties the formation is al-

" most totally composed of. clay and the Woodbine ceases tO be a primary aquifer.

The thickness of the Woodbine Formation ranges from about 410 feet near
the outcrop in western Grayson County to about 600- feet in southeastern Fannin
County near the downdip limit of fresh to slightly saline water. Eastward from
Fannin County, the thickness gradually decreases until in parts of Bowie County
the Woodbine is less than 200.feet thick., Where the. formation is 2 primary
aquifer, however, its thickness is rarely less than 400 -feet.

The Woodbine dips south and east, ranging from 45 feet per mile eastward
in parts of Graysom County to 70 feet per mile southward in Red River County
(Plates 7, 8, 15, and 16).. Locally in central and northern Grayson County, the
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ipine Formation on the south flank of the Preston anticline dips southward
than 300 feet per mile. In the north-central part of Hunt County, where
deepest fresh to slightly saline water occurs in the Woodbine, the depth to
top of the formation is about 1,900 feet.: ok e S

‘¢harge, Movement, and Discharge of Ground Water

Rainfall on the outcrop is the principal source of recharge to the Wood-
e Formation. The outcrop, ranging in width from .about 10 miles 'in western
rayson County and eastern Cooke County to about 5 miles along much of its east-
e ast outcrop, is typically sandy, affording favorable conditions for infiltra-
jon of rain. The average annual precipitation along the outcrop .is from 37 to.
8 inches, but only a small fraction of this amount: reaches the water table.
fThe Red River, which flows on the outcrop of the Woodbine Formation in places
{ in Fannin, Lamar, and ‘Red River Counties, is probably effluent throughout its
¢ course, No recharge is taking place from Lake Texoma, which is impounded in
£ part of the Woodbine Formation in northwestern Grayson County. - :

3 Water in the Woodbine Formation moves eastward from the recharge area in

§ western Grayson County and edstern Cooke County and' southward from the recharge

3 areas along the east-west trending outcrop 'in northern Grayson, Fannin, and

i Lamar Counties. From these two components'df direction in Grayson County, the
resultant direction is southeastward. Areas of heavy pumping interrupt the

general downdip direction of movement  of ground water in the Woodbine--for ex-

ample, at Sherman ground water moves‘toward the discharge area from all sides.

The rate of movement in the Woodbine Formation in Grayson County was es-=
timated to be 10 to 20 feet per year. Although most of the sands in the Wood-
bine are hydrologically connected, the greatest circulation and movement of
ground water probably is in the thick basal sands, which generally contain
fresher water than the upper more lenticular sands. '

Pumpage from wells constitutes the principal discharge from the Woodbine
Formation. In 1959, about 4,500 acre-feet was pumped from the Woodbine by
major wells in the Red and Sulphur River Basins 'in Texas. Flowing wells on the
shore of Lake Texoma discharge water continuously. The amount of the waste
water is small, however, probably less than 0.02 mgd. Ground water is dis-
charged maturally from the Woodbine Formation by -springs and -seeps into-streams
crossing the outcrop. . This type of discharge may be considered rejected re-
charge-~-that is, the formation is full at the outcrop and the discharge repre-
sents an overflow from the outcrop area. The amount of ground water discharged
by the Woodbine Formation to the Red River where it crosses the outcrop is un-
known but probably is large. Phreatophytes, abundant in much of the outcrop of
the Woodbine especially along many of the streams, consume substantial amounts
of ground water. Ground water in the Woodbine probably is discharged 'along or .
across fault planes into other formations in the area of the Luling-Mexia-Talco
fault system; however, the water in the Woodbine at the fault zone is highly

mineralized.
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~ The area of occurrence of fresh to slightly. saline water in the Woodbine
Formation is shown in Plate 10, Most of the water is in the Red River Basin,
probably less than 10 percent being in the Sulphur River Basin in Fannin, Hunt,
and Lamar Counties. Chemical analyses show that most of the fresh to slightly
saline water has less than 1,000 ppm dissolved-solids content and is, thus,
classiﬁied'aSnfrgsh. The slightly saline water in the Woodbine Formation is
confined for. the most part to the fringes of the southward and eastward limit
of the fresh to slightly saline water in Hunt, Fannin, and Lamar Counties.

- Ground ‘water-in the:outcrop of the Woodbine :Formation is -less abundant and more
" mineralized east of north~central Lamar County, primarily because of the gradual
decrease in sand content, In Red River County, the Woodbine ceases to be sig- -
nificant as an-aquifer. -The thickness of sand containing fresh to slightly
saline water .in. the Woodbine Formation is shown on Plates 17 and 18.

Table 4 shows chemical amalyses af water from selected wells in the Wood- |
bine Formation. The locations of the wells are shown on the well-location maps
(Plates 3 and '4) by means of a bar .over the well symbols. The analyses shown
are only-a few of the total number of analyses on record, but may be considered
representative of the quality of ground water in the Woodbine Formatiom at the.
general depth and vicinity of the wells. ' : '

. Ground water of good to excellent quality suitable for most uses 1is avail-
able from'the Woodbine Formation. .The hardness of 114 samples ranged from 0 to.
1,120 ppm and exceeded 60 ppm in 38 samples. The dissolved-solids content in
35 samples ranged from 114 to 1,750 ppm, exceeding 500 ppm in 16 samples. How-
ever, in only 4 samples did it exceed 1,000 ppm. The total iron content in 24
samples ranged from 0.02 to. 7.2 ppm; in 13 samples the content exceeded 0.3 ppm.
The fluoride content in 29 samples ranged from 0.1 to 2.5 PPW, exceeding 1.5
ppm in only 5 samples. In general, water in the Woodbine Formation is charac=-
terized by a high sodium bicarbonate content and is rather high in iron; nor-
mally the softer but more mineralized water is at greater depths.

Water in the Woodbine Formation generally is suitable for public supply.
Water from relatively shallow wells in or mear the outcrop is high in irom con=
tent; usually exceeding the limits established by the U. S. Public Health Ser-
vice. The high iron content seems to be the only serious quality problem, and
this can be solved by inexpensive treatment. Much of the deeper water-in the
Woodbine conforms to U. S. Public Health Service standards, although, because .
mineralization increases with depth, the dissolved-solids content generally is
in excess of the recommended limit of 500 ppm. :

Ground water in the Woodbine Formation is acceptable for many industrial
purposes.: The abundance of very soft water makes it desirable for boiler use
and laundries, -although some of the water is excessively high_in_sqdium bicar-
bonate. Ground water in or near the outcrop is unacceptable for certain types
of industry that require low concentrations of iron. Water in the outcIop, .
however, is more effective for cooling, the temperature being about 65°F,
whereas at depths of 800 feet, the temperature is about 80°F.

Ground water in the outcrop oT the Woodbine Fotmation is acceptable for
~irrigation and can be used on almost all soils where ieaching is at least
" moderate; the relatively high rainfall probably is adequate for the necessary
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leaching. ~All the irrigation wells inthe Woodbine are on the outcrop of the
formation. Water from depths between 500 ‘and 1,000 -feet generally has a med ium
salinity hazard, but a very high sodium hazard (Figure 11). "Such water should
not be used for continuous. irrigation but possibly can be used supplementally
and when soil conditionmers such as gypsum are added. Water in the. Woodbine %
Formation below 1,000 feet is, for the most part, unsatisfactory for irrigation. 4

Utilization and Present Development

Table-5 shows the amount of water pumped from the Woodbine Formation for
public supply and industrial and irrigation uses. Pumpage from the Woodbine
for domestic, liéeStock,‘and“misééliénedus purposes was not calculated, but
probably is less than 15 percent of the total for all uses. _About 4,500 acre-
feet, or 4.0 mgd, of water was pumped by major wells in 1959 from-the Woodbine
Formation in the Red and Sulphur River Basins in Texas, almost all of which was
from the Red River -Basin in region III. Almost 45 percent of the total pumpage
was from major subdivision RE-38, which includes the Sherman area. The rest of
the: pumpage was divided among major subdivisions RE-37 in western.Grayson
County and RE-39 in Fannin County (Plate 3). ' ' : '

About 2.5 mgd of water was pumped from the Woodbine for. puprrc supply in
1959, about 63 percent of the total major pumpage from the Woodbine Formatiom. ]
About 35 percent of the total water pumped for public supply was for the city s
of Sherman; most of the remainder was in major subdivision RE-39, where the '
city of Bonham is the largest user. In addition to Sherman and Bonham, 11
other municipalities in Fannin and Grayson Counties depend on the Woodbine For-
mation for water. About 25 public-supply wells in the Woodbine Formation were
in use at the end of 1959 in the Red and Sulphur River Basins. :

Water for industry constituted about 35 percent, or 1.4 mgd, of the total
major pumpage. from the Woodbine Formation in 1959. All the industrial pumpage

j was in Grayson County within an 8-mile radius of Sherman. The water is used
" for processing and cooling and in boilers. = :

] The amount of ‘water pumped. from the Woodbine Formation for irrigation is

! relatively small, about 2 percent of the total, 0.07 mgd being withdrawn in

k 1959. The production is from five wells in western Grayson County, all the
wells being on the outcrop of the Woodbine Formation. ‘The wells range -in depth
from 180 to 345 feet and yield as much as 260 gpm; the water is used-phiefly
to supplement rainfall. £ -

F
l
l
\ . Changés in Water Levels

‘Water levels in the Woodbine Formation have declined significantly in a
few areas in the Red and Sulphur River Basins since the dgveldpment-of ?8118 in
» the early part of the century. All the declines have been in the a;pe31an part
of the aquifer, and they represent, for the most part, a decline in pressure
rather than a decrease in storage or dewatering of the sands. -

1 fThe1iarger deéiines in the ' Woodbine Formation have been-at centers of
heavy pumping such as at Sherman, where about 1,000 acre-feet of water is with-
drawn per year. During the 497ygar.period“from_IBQQth 1958, levels in the
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northwest of Sherman. Since the drilling of the first well in the Perrin well
‘field, the level.declined 72 feet. during the period 1941-57, an average of 4.5

ﬁbodbiﬁe_at Sherman have declined about 240 feet, or about 5 feet per year; -

however, most of the decline has been since 1945 at a rate of 12 feet per year.
In some of the Sherman municipal wells, levels are at or.below the top of the
Woodbine Formation, indicating local overdraft and dewatering of the sands.

" The hydrographs of wells KT-18-20-710 and KT-18-20-718 (Figure 13) at Sherman

show the decline in levels and fluctuations due to seasonal pumping, the heav- 5
jest withdrawals and consequently the deepest water levels being in August. :

'Water levels have declined substantialiy at Perrin Air Force Base 6 miles

feet per year; most of the decline was from 1953 to 1957 at a rate of 9 feet
per year. The decline diminishes with distance from the center of pumping
(Figure 8). The level in the public~supply well in. the town of Pottsboro, 3
miles north of Perrin Air Force Base, declined an average of 6.5 feet per year
from 1952 to 1958. ° ' B

In Fannin County, artesian pressures have declined around centers of local

' pumping. ‘At the city of Bonham, the largest user of ground water in the county,

levels have declined 180 feet, from 120 feet in 1911 to 300 feet in 1960, a de- %
cline of almost &4 feet per year.. _ N -

Water levels in or near the outerop of the Woodbine'Formation p:obably ;
have fiot been seriously affected by the large withdrawal downdip. Wells on the .
outcrop of the Woodbine Formation in an area 15 miles northwest of Sherman -

' ‘flowed in 1901 (Hill, 1901, p. 624) and were still flowing in 1961 with little

apparent loss of head. Furthermore, in places along the outcrop of the Wood -
bine Formation, recharge is being rejected by apringflow_and seepage, indicat-
ing the aquifer at places is completely-saturated. The hydrograph of a typical
well on the outcrop of the Woodbine Formation (Figure 13, well KT-18-18-401)
shows fluctuations of the water level in response to recharge from rainfall,
the highest water levels reflecting periods of heaviest rainfall.

Availability and Potential Development

The coefficient of transmissibility of the Woodbine Formation is small
compared to that of most of the major aquifers in Texas. The coefficient of
transmissibility, determined from tests of 9 wells tapping the Wqubine in
Grayson County, averaged about 3,200 gpd per foot (Baker, 1960, p."54)- Al-
though the transmissibility ranged from 1,400 to 12,500 gpd per foot, all but 3
of the tests indicated a transmissibility between 2,100 and 2,700 gpd per foot.
The coefficient of storage ranged between 0.00002 and 0.0002 and avetaged
0.0001. A short recovery test on a well in Fannin County indicated a coeffi-

cient of transmissibility of 9,900 gpd per foot.

: " The specific capacities of wells tapping the Woodbine Formation are cor-
respondingly low, ranging from 0.36 to 6.0 gpm per foot in 12 wells in Grayson
County- (Baker, 1960, p. 53). The average gpecific capacity was 2.9 gpm per
foot. In the vicinity of Sherman the combination of low specific capacities
and moderate to large yields has lowered the pumping levels in some of the
wells tapping the Woodbine below the top of the sand after prolonged periods of
pumping. In other areas the pumping levels at moderate yields are above the

- top of the sand except in and near the outcrop.
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Figure 13
Changes in Water Levels in Wells in the Woodbine Formation

U. S. Geological Survey in cooperation with the Texas Water Commission
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The altitude of the top of the fresh to slightly saline water sands in the
Woodbine ranges from more than 600 feet above sea level. in and near the outcrop
in Grayson and northwestern Fannin County to more than 1,200 feet below sea
level in southeastern Fannin and northeastern Hunt Counties. The depth to the
top of the Woodbine in northeastern Hunt County northwest of the zero thickness
line of fresh to slightly saline water (Plates 15 and 16) is about 1,800 feet.

The saturated thickness of the fresh to slightly saline water sands in the
" Woodbine Formatiorn ranges from O to-about 250 feet in the Red and Sulphur River
" Basins (Plates 17 and 18). The thickest section is in south-central Grayson

County., The saturateéd thickness in the outcrop ranges from 0 to about 150 feet.

The volume of fresh to slightly saline water stored in the sands in the
Woodbine’ Formation in the Red and Sulphur River Basins in Texas is estimated to
be 30,000,000 acre-feet. However, only a small part of this is recoverable by
- known methods at present costs. The amount of water stored in the sands was
estimated by planimetering the areas of equal- saturated thickness (Plates 17 %
‘and 18) and. computing the volume of saturated sand. .The volume of saturated
sand multiplied by 30 percent (assumed porosity) equals approximately 30,000,000
‘acre-feet of water. S

For comparison, the amount of water available from the Woodbine Formation
in the Red and Sulphur River Basins was computed using several assumptions. A
line of discharge was postulated, extending from a point 8 miles south of Sher-
man in region III to a point 15 miles north of Paris in region IV. The line is
about 65 miles long and generally parallels the trend of the outcrop of the
Woodbine Formation. Although the distance from the assumed line of discharge
to the center line of the outcrop ranges from less than 5 to about 20 miles,
the assumed distance to the line source of discharge is 10 miles. The transmis-
sion capacity of the aquifer from the outecrop to the line of discharge was com-
puted, using the following assumptions:

1. .Water levels will be lowered to a maximum depth of 400 feet below land
surface along the line of discharge.

2. No water moves downward into the aquifer except in the outcrop area, .
where all recharge is assumed to occur along a line parallel to the strike of
the outcrop and in the middle of the outcrop. :

3. The altitude of the water levels is the same and remains the same at
all points along the center line of the outcrop (assumed effective line source
of recharge); the altitude of the water levels is the same at all points along
the salt-water interface; and the altitude of the water levels is the same at
all points along the line of discharge.

4, Tﬁe slope of the water gurface will be constant after drawdown to 400
feet at the line of discharge.

_ 5. The hydraulic gradient is a straight-line slope from the water level
at the line source of recharge to the water level along the line of discharge.

6. All the sands between the line source of recharge and the line of dis-
charge transmit water from the outcrop area to the line of discharge. The as-
sumed average coefficient of transmissibility of theé Woodbine Formation is
4,000 gpd per foot. '
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7. Where recharge is considered, the amount of recharge along the.line
rce is sufficient to supply the water that can be transmitted to the line
B¢ discharge at the assumed gradients.

3 g. The rate of transmission of water through the aquifer is the average
fof the rate based on the present hydraulic gradient and the maximum hydraulic
dient that can be attained with a water level of 400 feet at the line of

%.ischarge.

¥ 9. ‘The only increment to the water moving toward the line of discharge
s om the downdip side is water released from storage as a result of lowering

ghgater levels.

£l .. The transmission capacity of the Woodbine Formation from the assumed line

$ gource to the assumed line of discharge at the average hydraulic gradient during
§ phe time the water level is being lowered to 400 feet would be about 8,500 acre-
#§ feet per year. The transmission capacity at the maximum hydraulic gradient’

g yould be about 11,700 acre-feet per year. The amount of water withdrawn from

¢ artesian storage as the water level was lowered to 400 feet would be about 9,000
i acre-feet. If the 1959 discharge (4 mgd or 4,500 acre-feet per year) were con-
. tinuously maintained by wells evenly spaced along the assumed line of discharge,
.. fhe water levels would not be lowered to 400 feet. However, if pumpage were
increased to 10 mgd or 11,200 acre-feet per year from wells evenly spaced along
. the assumed line of discharge, the water level could be lowered to 400 feet in

i .about 3 years at the average gradient. The transmission capacity at the maxi-
‘mum gradient after the water level had been lowered to 400 feet below the land
surface would be slightly greater than the 10 mgd withdrawal rate. '

outcrop necessary to replace the water mov-
ssion capacity (11,700 acre-feet per year)
This probably is well below the potential

The amount of recharge on the
ing downdip at the maximum transmi
would be about 0.28 inch per year.
in this area.

The concentrated withdrawal from the Woodbine in the vicinity of Sherman

already has lowered pumping levels to more than 500 feet below land surface
during periods of heavy pumping. The computations indicate that if the with-
drawal was evenly distributed along the 65-mile long assumed line of discharge,
the water levels would be less than 400 feet below land surface. However,
owing to local variations in saturated-sand thicknesses, coefficients of trans-
missibitity, distances from outcrop, and other factors, the concept of the
assumed line of discharge is valid for order-of-magnitude comparisons only.

Problems -

The decline of artesian pressure is the most serious problem concerned

with ground-water development from the Woodbine Formation. The_problem is most
acute around centers of heavy withdrawal of ground water; however, the cones of
depression from the heavy pumping affects areas of many square miles, lowering
~water levels in domestic and other wells within the area of influence. :This
situation has resulted in the necessity of lowering pumps in many of'the_af-

fected wells.
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1 At Sherman, where water levels have declined below the top of the Woodbine

' Formation in many wells; the water is being taken from storage or '"mined."

Further declines will cause a noticeable reduction in pumping rates and effi-

| ciency of the wells. Steps are being taken in the Sherman area to check the’

i problem by spacing new wells to be drilled to the Woodbine over wider areas %
and by limiting increases in pumpage. SR 5

ﬁ] . Carriéo Sand and Wilcox Formation, Undifferentiated

.?l- Physical Description

£l ' The Carrizo Sand and Wilcox Formation, undifferentiated, crop out princi-

i pally in the eastern and southern parts of the Sulphur River Basin and north-

| western and southeastern parts of the Cypress Creek Basin., Two inliers of

Ly small extent are in east-central Upshur County (Plates 4 and 10). In the

- general region between the major outcrops, the Carrizo Sand and Wilcox Forma-
tion, undifferentiated, dip beneath the Mount Selman Formation, and artesian
conditions prevail. '

The Carrizo Sand and Wilcox Formation, although treated as a hydrologic
unit in this report, may be distinguished lithologically. The Wilcox Forma-
tion is more important hydrologically than the Carrizo Sand, chiefly because
of its greater thickness. The Wilcox consists principally of reddish-brown to
light-gray unconsolidated ferruginous crossbedded fine~-to-medium sand, inter-
bedded with light to dark-gray clay, lignite, and silt. The upper and lower
parts of the formation have a larger percentage of sand than the middle, and E
some massive beds 100 feet or more in thickness are made up entirely of medium i
sand. Individual sand beds are lenticular and may grade laterally into clay,
lignite, or silt in short distances. However, the lenticularity of the strata
generally does not {solate water in one sand from that in another. ?he total
thickness of the Wilcox Formation ranges from about 450 to 800 feet.

gray to reddish-brown unconsolidated crossbedded, fine-to-medium sand and an
1 {nterbedded sequence of fine sand, silt, and clay generally near the top of the
i1 formation. The thickness of the Carrizo Sand is highly variable, ranging from
\? 0 to not more than 100 feet. -

i b
'\E The Carrizo Sand overlying the Wilcox Formation consists of light brownish-
Il

TI The maximum combined thickness of the Carrizo Sand and Wilcox Formation is
' about 900 feet, the thickest sections being along the axis of the East Texas
basin in parts of Cass, Morris, Camp, Upshur, and Wood Counties.

The dip of the Carrizo Sand and Wilcox Formationm, undifferentiated, is
it ‘both southeastward and northwestward into the East Texas basin (Plate '12).
. From its northern outcrop, which trends southwestward from the Arkansas State
' * 1line to Hopkins County, Texas, the dip of the beds averages about 15 feet per
; . mile to the southeast. 1In the eastern part of Marion and Harrison Counties on
" the Sabine uplift, the unit dips northwestward from 20 to 50 feet per mile.
The greatest dips in the Carrizo and Wilcox are in areas of structural deforma-
t tion in northeastern Marion County on the downthrown south side of the Rodessa
i fault and in an uplift in western Upshur and eastern Wood Counties. The depth
it to the top of the Carrizo and Wilcox exceeds 500 feet in only a few places; the
' unit is deepest in northwestern Marion and southyestern Cass Counties.
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;gtharge, Movement, and Discharge of Ground Water

e Carrizo Sand and Wilcox Fofmation,
The northern outcrop, about
occupying much of

source of recharge to th
is precipitation on the outcrop.
and the “southern outcrop,
is covered by loose porous sand offering ideal
nditions for the {nfiltration of precipitation, the annual average of which
fanges from about 40 to 48 inches. Only a small percentage of the annual pre-
(jpitation, however, is added to the ground water in storage. The presence of
& merous springs, seeps, and marshes in much of the outcrop suggests that re-
Pgharge is being rejected, indicating complete or nearly complete saturation of
i1 sand in the outcrop. The Sulphur River, which flows diagonally across the
£ orthern outcrop of the Carrizo and Wilcox into Lake Texarkana, and Big and -
Epittle Cypress Creeks, crossing the southern outcrop of the Sabine uplift and
p: flowing into Caddo Lake, are effluent throughout their courses. Probably no

g recharge toO the Carrizo and Wilcox occurs from either Lake Texarkana or Caddo

i Lake.

4 The principal
:differentiated,

ffc miles wide in most places,
rion and Harrison Counties,

the Carrizo Sand and Wilcox Formation, undif-

¥ ferentiated, has several components of direction due chiefly to the geologic

| structure of the area. However, three principal components of direction pre-.

. dominate. One component is southeastward from the northern outcrop and another
is northwestward from the southern outcrop on the gabine uplift. Water from
these two source areas meet along the axis of the East Texas basin, thence
takes a northeastward course and moves downdip along the trough of the basin in
the general direction of southern Arkansas and northern Louisiana.

Movement of ground water in

ater moving northwestward

of the Rodessa fault (Figure 6) on W
OX are not

from the Sabine uplift is not clearly known. The Carrizo and Wilc
completely displaced by the fault, and water probably is moving across the
fault--providing the fault plane is not effectively gealed. However, an ab-
normal amount of slightly saline watex near the base of the Carrizo and Wilcox
in places south of the fault may indicate that the fault functioms as & partial

‘parrier, restricting the normal circulation of ground water.

The effect

st Texas basin in western

jzo and Wilcox are exposed (Plates 4 and 12), pro-
affects a considerable area. The area
e entire East Texas basin, and it

d and westward movement of ground

Structural uplift within the trough of the Ea

Upshur County, where the Carr
bably forms a ground-water divide that
possibly is the highest structurally in th
probably forms a divide between an eastwar
water in the trough of the East Texas basin.

und water are discharged from the Carrizo Sand
rtificial and natural means, Pump-
In 1959, about 5,400 acre-
Sulphur

Considerable amounts of gro
‘and Wilcox Formationm, undifferentiated, by a

--ing from wells constitutes & principal discharge.
feet was discharged from the Carrizo and Wilcox by major wells in the

River and Cypress Creek Basins.

ischarged naturally by
Much of the southern part of the Sulphur
Creek Basin is thickly timbered and

pired by such thick plant growth
d by the Carrizo and

Significant amounts of ground water also are d

springs and seeps On the outcrop.
River Basin and almost all the Cypress
vegetated. The amounts of ground water trans
probably is a large part of the total water discharge

Wilcox.
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- Chemical-Quality

The area where fresh to slightly saline water may be obtained from the
Carrizo Sand and Wilcox Formation, undifferentiated, is shown in Plate 10... i

. Probably less than 10 percent of the fresh to slightly.saline water 'in the ..

Carrizo and Wilecox is available from the southern part of the Sulphur River .
Basin where the unit crops out. The remainder underlies .the Cypress Creek. =
Basin, and fresh to slightly saline water may be obtained anywhere in the . .~

basin. As a rule, although there are minor exceptions, the base of the Carrizo
and Wilcox marks the base of the zone of fresh to slightly saline water (Plate

‘8). Chemical analyses show that most.of the water is fresh; the slightly saline

water is confined for the most part to the lower part of .the Carrizo and Wilcox.,

The thickness of sand containing fresh to slightly saline water in the. unit is
shown in Plate 14. . e . Ea . . :

- “Chemical analyses of water from selected wells in the Carrizo Sand and
Wilcox Formation, undifferentiated, are shown in Table 6. The locations of .
the wells indicated by the identifying numbers in the table are shown on the
well map (Plate 4) by means of a bar over the well symbols. The analyses.
shown are only a few of the total number of analyses on record, but may be
considered representative of the quality of ground water in the Carrizo and
Wilcox at the general depth and vicinity of the wells. - s

The chemical analyses indicate that ground water. from the Carrizo and .
Wilcox is suitable for.a wide range of .uses.. A combination of good circulation
of ground water, recharge areas to the north.and south receiving abundaht:rain-
fall, and the fact that the aquifer does not attain great depths are largely
responsible for the-good quality of the ground water. .The water is character-
ized by high sodium bicarbonate content, a low dissolved-solids content, and
the water is soft throughout the formation. The hardness of 18 samples ranged
from 5 to 59 ppm. The dissolved-solids content in 18 samples ranged from 99 to
698 ppm, exceeding 500 ppm in only 4 samples, all the samples having less than.
700 ppm. The iron content in 12 samples ranged from 0.00 to 10 ppm; in & of the
samples, the content exceeded 0.3 ppm. The fluoride content in 14 samples
ranged from 0 to 1.4 ppm.

The quality of water .in the Carrizo and Wilcox is excellent for public
supply. The concentrations of chemical constituents generally are within the
recommended limits established for drinking water by the U. S. Public Health
fervice. Concentrations of iron in excess of 0.3 ppm may. be expected in some
places, generally on or near the outcrop, and treatment may be necessary. The
dissolved-solids content normally increases with depth in the Carrizo and
Wilcox, but because the aquifer is relatively shallow in the.Sulphur River. and

‘Cypress Creek Basins, in most places the concentration is less than 500 ppm. .

The water in the Carrizo and Wilcox generally is suitable for most indus-
trial needs, although reduction of iron concentration for some uses may be ne-
cessary. In or near the outcrop, acidic ground water may require treatment to
prevent corrosion. The ground water should be soft enough to use in boilers;
however, some’of the water has medium to high concentrations of silica. The 4
temperature of ground water in the Carrizo and Wilcox should range .from about o
65°F in the outcrop to more than about 70°F at depths in excess of 400 feet.. £

Ground water in the Carrizo and Wilcox is acceptable for irrigation in
most of the area. The salinity hazard of most of the water is medium, and even
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though the percentage of sodium generally 1s high, the sodium-adsorption ratio

(SAR) or sodium hazard is low to medium because of the low dissolved-solids
content of the water. Because the salinity hazard generally is medium, SAR as
much as 20 may be allowed in water used for supplemental irrigation. Good
drainage, adequate leaching, which can be expected from the relatively high
rainfall, and the use of chemical additives generally will counteract much of
the harmful effects of using water of borderline quality. The better irriga-
tion water in the Carrizo and Wilcox occurs at shallow depths in or near the
"outecrop. _ N '

Utilization and Present Development

Table 7 shows the amount of ground water pumped from the Carrizo Sand and
Wilcox Formation, undifferentiated, for public-supply, industrial, and irriga-
tion use. Pumpage from the Carrizo and Wilcox for domestic, 1ivestock, and
miscellaneous use was not calculated, but probably is less than the major pump=
age. About 5,400 acre-feet, or 4.8 mgd, of ground water was pumped from 106
major wells in.the Carrizo and Wilcox in the Sulphur River and Cypress Creek
- Basins in 1959; about 90 percent of the pumpage was in the Cypress Creek ‘Basin. -
Almost 40 percent of the total pumpage from the Carrizo and Wilcox was from
“major subdivision CY-6 in eastern Harrison, Marion, and Cass Counties (Plate 4).

d for public supply in 1959; this rTe-

About 3.1 mgd of ground water was use
ge from the Carrizo and Wil-

presents about 65 percent of the total major pumpa
cox in 1959. About 30 percent of the water for public supply was from wells in
bdivision CY-6, where

the eastern part of the Cypress Creek Basin in major su
the city of Atlanta is the largest consumer. Forty-eight municipal wells in 20

municipalities were in use at the end of 1959.

3 percent, of the total ma-
x in 1959. About 51 percent
CY-6 in the eastern part of

Industrial pumpage accounted for 1.6 mgd, or 3
jor ground-water pumpage from the Carrizo and Wilco

of the industrial pumpage was in major_subdivision
the Cypress Creek Basin, the water being used for cooling and boiler feed.

More than half the remaining industrial pumpage was from 8 wells in southern
Franklin County, where the water was used for waterflooding in oil fields,
cooling, and boiler feed. Forty-one industrial wells producing from the Carrizo

and Wilcox were in use at the end of 1959.

About 0.12 mgd was pumped for jrrigation in 1959. This is about 3 percent

of the total ground water pumped from the Carrizo and Wilcox in 1959. The pro-
duction was from 13 wells in the Cypress Creek Basin. About 75 percent of the
water pumped for irrigation was from 5 wells in eastern Harrison County in ma=
‘jor subdivision CcY-6. Most of the jrrigation in the Cypress Creek Basin 1is
used to supplement the usually adequate rainfall. Frequently the rainfall is
distributed evenly throughout the year and the irrigation wells commonly are

shut down for several months to more than a year.

Changes in Water Levels

have declined in the Carrizo and Wilcox since the early de-
The more significant declines have been re-
£ the aquifer, and they

Water levels
velopment of public-supply wells.
stricted, for ‘the most part, to the artesian part O
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.The sands are being dewatered at Naples, as the level is below the top of the

Formation, undifferentiated, in the Sulphur River and Cypress Creek Basins is

‘Marion, Morris, Titus, Camp, Harrison, Franklin, and Cass Counties shows that 40

x

',East Texas basin in Cass and Marion Counties (Plate 12). The altitude of the

represent chiefly a decline in pressure rather than a decreéSe in the volume of
water in storage. : : '

~ The areas of large withdrawals of ground water have had ‘the greatest de-
‘clines of water levels. In eastern Cass County in the city of Atlanta, which
pumps about 0.56 mgd, levels declined about 80 feet during the period 1936-60,

a decline of about 3.3 feet .per year. However, the static level in 1960 re-
mained about 50 feet above the top of the aquifer. Levels declined about 55
feat in northern Morris County at the city of Naples, 12 miles north of Dainger-
field, during the period 1943-60, the decline being about 3.2 feet per year.

dquifer. A municipal well in the city of Jefferson i{n Marion County flowed 50
gpm when drilled in 1926. The artesian pressure declined, and in 1937 the flow
ceased; in 1960 the level was below the land surface. '

In general, water levels tend to fluctuate in wells in response to rainfall
on the outcrop of the Carrizo and Wilcox and to seasonal pumping in the cites.
The highest levels may be expected in the winter, and the lowest during the
summer, when pumpage is greatest. - Heavy withdrawal of ground water in the ar-
tesian part of the aquifer has not caused general declines in levels in the
outcrop, which in most places is nearly saturated. '

Availability and Potential Development
The average coefficient ofﬁtransmissibility of the Carrizo gand and Wilcox

about 10,000 gpd per foot. The coefficient of transmissibility, determined _
from pumping tests of 3 wells tapping the Carrizo and Wilcox in the report area,
was less than 1,000 gpd per foot, and in 3 others it ranged from 7,000 to 14,000
gpd per foot. No coefficients of storage were obtained during the tests, and

in most wells only part of the total sand thickness was tapped.

specific capacities of 7 wells tapping the Carrizo and Wilcox ranged from
less than 0.5 to about 19 gpm per foot of drawdown, and in 3 wells they were
less than 1 gpm per foot. An analysis of reported yields of 60 public-supply,
industrial, and jrrigation wells tapping the Carrizo and Wileox in Hopkins,

percent yielded less than 100 gpm, 70 percent less than 200 gpm, and 90 percent
less than 300 gpm. Only 2 of the 60 wells yielded more than 500 gpm. However,
in much of .the area, wells capable of yielding 500 gpm oTf more could be con--
structed by screening opposite more of the sand beds in the Carrizo and Wilcox.
Many of the wells ‘are screened opposite only one OT two sand beds.

The altitude of the top of the Carrizo Sand and Wilcox Formationm, undif-
ferentiated, where the unit is overlain by the Mount Selman Formation in the
Sulphur and Cypress_Creek Basins, ranges from more than 500 feet in southeastermn
Hopkins and southwestern Franklin Counties to slightly below sea level in the

outcrop north of the East Texas basin ranges from about 600 feet in southeastern
Hopkins County to less than 200 feet at the Sulphur River at the Louisiana State
line south of Texarkana. The altitude of the outcrop in Marion and Harrison
Counties ranges from about 400 feet Lo 180 feet in Caddo Lake. The greatest
depth below land surface to the top of the Carrizo and Wilcox is about 500 feet
in the vicinity of the Marion-Cass County 1ine northwest of Jefferson.
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8. The rate of transmission of water through the aguifexr is the average
of the rate based on the present hydraulic gradient and the maximum hydraulic
gradient that can be attained with a water level of 400 feet at the line of

. discharge. ' ; ' :

The transmission capacity of the Carrizo and Wilcox from each assumed line
gource to the assumed line of discharge at the average hydraulic gradient during
the time that the water level is being lowered to 400 feet would be about 6,350
acre-feet per year or a total of 12,700 acre-feet per year from both line
sources. The total transmission capacity at the maximum hydraulic gradient
from both line sources would be about 18,000 acre-feet per year. The amount of

_water that could be withdrawn from artesian storage as the water level is
lowered to 400 feet along the line of discharge would be about 27,000 acre-feet,
assuming no dewatering. However, along part of the line of discharge some of
the upper sand beds would be dewatered if the water level were lowered to 400
feet below land surface. 1f the 1959 discharge rate (4.9 mgd or 5,400 acre-
feet) were continuously withdrawn from wells evenly spaced along the assumed
1ine of discharge, the water levels would not be 1owered to 400 feet. However,
if 'the pumpage rate were increased to 15 mgd (16,800 acre-feet per year) from
wells evenly spaced along the assumed line of discharge, the water jevel could
be lowered to 400 feet in about 7 years at the average gradient. The transmis-
sion capacity at the maximum gradient after the water level had been lowered to
400 feet below land surface would be about 1 mgd greater than the 15 mgd with-
drawal rate. Also, the proper distribution of pumpage thoughout the area, leak-
age from overlying formations, locally much larger coefficients of transmissi-
bility, and other factors probably would increase the perennial discharge rate
by a factor of from 3 to 10 times the 1959 rate.

; The amount of recharge on the outcrop necessary to replace the water mov-
ing downdip at the maximum transmission capacity (18,000 acre-feet per year)
would be about 0.14 inch of rainfall per year, or less than 0.3 percent of the
annual rainfall.

Problems

The continuing decline of artesian pressure is 2 cause for concern in
areas of heavy withdrawal. Water levels in most places in the artesian part of
the aquifer, however, are still many feet above the top of the aquifer. As ar-
tesian pressures continue to decline, the problem will become more commorn.

Data are insufficient to permit 2 complete evaluation of the potential of
the aquifer of the Carrizo and Wilcox. More information is needed on hydraulic
-characteristics to determine more accurately the rate and direction of movement
of water in the aquifer and the ability of the sands to transmit and yield
water to wells. Also, periodic measurements of water levels in selected obser-
vation wells are needed to evaluate the effects of ground-water development on
available supply. -

Secohdary Aquifers

Secondary aquifers in the West Gulf Coastal Plain, which yield either
moderate amounts of water in relatively small areas OT small amounts of water
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slatively large areas are the Blossom Sand, Nacatoch-Sand, Mount Selman
pat ion and Sparta Sand, undifferentiated, and Quaternmary alluvium,

Blossom Sand

§ The Blossom Sand of Austin age crops out in the Red and Sulphur River
lasins in central Fannin, Lamar, and Red River Counties and in extreme north-
stern Bowie County. The Blossom is not differentiated from other rocks of
stin age on the geologic maps, and only the undifferentiated rocks are shown
lates 3 and 4).. In Red River and Bowie Counties much of the outcrop is

vered by high-level alluvial terrace deposits.. The outcrop trends east- and -
st and is terminated on the west in central Fannin'County near the city of
gponham, where the Blossom Sand merges laterally into marl:and chalk: ° South of
Fits outcrop, the Blossom underlies younger deposits in the Red River, Sulphur
ERriver, and Cypress Creek Basins, where it is an:artesian aquifer.- However, the
B Blossom contains fresh to slightly saline water only'in the 'Red River Basin and
F the northern part of the Sulphur River Basinj in the rest of the area.the water
{s more saline. : Tom e e b o * : : - -

_ The Blossom Sand consists of brownish to light-grayish unconsolidated fere
£ ruginous glauconitic fine to medium sand interbedded -with light to dark sandy .
E parl and chalky marl. Individual beds for: the most part, extend over a few °

f gquare miles and do not tend to change 1ithology in short distances, although.

¥ facies changes in greater distances of ‘perhaps a few tens of-miles are common,

f Most of the Blossom Sand is relatively impermeable sandy clay or marl and chalk;
b the net sand thickness constitutes about 25 percent of the formation and the
gverall percentage of sand decreases westward. Generally, the thicker accumu-
lations of sand, in places 40 to 50 feet.thick, are at the base®and near the
top of the formation, and, because of the thick intervening relatively imper-
meable section, probably are not hydrologically connected.

. The Blossom Sand thickens southward downdip and eastward.along the strike.
. The total thickness ranges from 0, where the formation merges into marl in cen<
tral Fannin County, to about 400 feet in southern Red River County. T

The dip of the Blossom Sand is southward throughout the area in which it
contains fresh to slightly saline water, the magnitude of dip averaging about
85 feet per mile.. No major structural features interrupt -the dip of the .aqui-
fer. The depth to the top of the aquifer along the southward limit of :fresh to
slightly saline water is, in most places, less than' 350 feet, and the maximum
depth to the base of the fresh to slightly saline water is about 750 feet, a
few miles south of Clarksville in central Red River County. :

The principal source of recharge to the Blossom:Sand is precipitation on:
the outcrop, which ranges in width from about 1 mile near its western.end in
central Fannin County to about 5 miles in central Red River County. Much'of the

outcrop in Red River County is covered by a mantle of thin high-level terrace .

deposits, which in places forms an excellent recharge facility for the Blossom
Sand. Thick saturated deposits of alluvium along the Red River:probably supply
considerable water to the underlying ‘Blossom Sand in' extreme northwestern Bowie

County.’
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Mexia-Talco fault system.

Water.moves southward in the Blossom Sand from the recharge areas on the
outcrop to points. of discharge, The rate of movement is not known, but proba-
bly is very slow. Water is discharged from the Blossom by pumping from wells
and by natural means, such as transpiration by plants on the outcrop and by
seepage into other formations in the subsurface, especially along the Luling=~

-Fresh to slightly saline water may be- obtained from the Blossom Sand in
the area shown in Plate 10. The area is divided about equally between. the Red
and Sulphur River Basins.. The irregularity of the southern limit of the fresh

" to slightly saline water is related primarily to the distribution and amount of

sands in the formation. Thick sand beds in eastern and central Red River County
gradually merge into marl toward the west, as indicated by the narrowing of the -
putcrop and the subsurface extent of fresh to slightly saline water.

Chemical analyses. of water from selected wells in the Blossom Sand are
shown in.Table 8.. The locations of the wells are shown on the well map (Plate
4) by.a-bar over the well symbols. The analyses shown may be considered repre- ;
sentative of the quality of ground water in the Blossom at the general depth e

"and vicinity of the wells. In general, ground water from the Blossom Sand 1is

high in sodium bicarbonate, high in dissolved-solids content, and is soft. The
hardness of 5 samples ranged from 8 to 30 ppm. The dissolved-solids content in
5 samples ranged from 501 to 2,030 ppm, all exceeding the 500 ppm limit recom-=
mended by the U. S. Public Health Service.. The fluoride content ranged from
0.4 to 2.6 ppm,-exceeding 1.5 ppm in 1 sample.

The quality of water in the Blossom Sand is dcceptable for public supply
in.small areas mostly close to the outcrop. in the eastern half of Red River
County. ‘The dissolved-solids and chloride contents commonly exceed the recom-
mended limits for drinking water. ' :

The acceptability of water from the Blossom for industrial use is depen- -f
dent on.the type of use. Although the water is soft, the high concentration of i
sodium bicarbonate and high dissolved-solids content makes it undesirable for 2
boiler feed. The temperature of the water should range from 65°F in the out~- o
crop to 73°F at a depth of 600 feet.

Ground water in the Elossom,Sand generally is unsatisfactory for irriga-
tion. .Most of the water, even from relatively shallow wells;, is high in gsalin- °
ity and sodium hazards; however, where soils have good drainage and leaching is

‘adequate, the water of better quality in the Blossom might be used on a supple-
mentary basis without damage. - ' : : ;

Table 19 shows that about 336 acre-feet, or 0.30 mgd, of water was pumped
from the Blossom Sand by major wells in 1959, all of the water being used for
public supply. All the pumpage was in Red River County in major subdivision
SU-4 from 2 public-supply wells at Clarksville. . The amount of water used from .
the Blossom Sand for domestic, livestock, and miscellaneous purposes is not
known; but probably is about 25 percent of the major pumpage. A large part of
the total discharge for domestic, livestock, and miscellaneous purposes is from -
5 flowing wells in Lamar County near Paris where 0.03 mgd flows- for livestock

use.
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Water levels in the Blossom sand have declined since the start of develop-
ment in the early part of the 20th century; however, the decline has been small
and is restricted to the artesian part of the aquifer and is a decline in pres-
sure rather than a dewatering of the sand. Since the drilling of the first well
in the city of Clarksville in 1905, levels have declined from 144 to 170 feet
below land surface in 1960, about 0.5 foot per year. The static level in 1960
was near the top of the aquifer; however, most of the wells are screened in the
lower sands several hundred feet below the top of the aquifer and the danger of
dewatering is small. -

Insufficient data preclude a quantitative hydrologic evaluation of the
Blossom Sand; however, north and east of Clarksville, where water levels are
probably high, large quantities of sand in the Blossom probably contain water
of good quality. A pumping test of a well in Clarksville indicated coefficients
of transmissibility and storage to be 3,800 gpd per foot and 0.00004, respec-
tively, and the specific capacity to be 1.8 gpm per foot. vields of wells in
the Blossom Sand should be 650 gpm or more in areas of optimum sand thickness.
Additional information is needed regarding the changes in quality of the ground
water from place to place as well as an accurate determination of sand thick-
nesses throughout'the extent of fresh to slightly.saline water in the aquifer.

Nacatoch Sand

The  Nacatoch Sand crops out in the Sulphur and Red River Basins in Hunt,
Delta, Hopkins, Franklin, Lamar, Red River, and Bowie Counties (Plate 10). The
outcrop, which trends northeastward, is almost entirely within the Sulphur
River Basin. Only the part in northern Bowie County is in the Red River Basin.
From Red River County eastward, much of the outcrop is covered by a thin mantle
of high-level terrace deposits, and thick deposits of alluvium in the Red River
Valley conceal the outcrop where it crosses the Red River. The Nacatoch Sand
is not separated from other rocks of the Navarro Group on the geologic map
(Plate 4); hence only the undifferentiated Navarro Group is shown. In the out-
crop, water-table conditions prevail, whereas to the south the Nacatoch Sand

. underlies younger deposits and is an artesian aquifer.

The Nacatoch Sand consists of light gray unconsolidated massive glauconitic
calcareous sand and marl. Some layers of sand are indurated, forming hard cal-
careous concretionary masses. Although some sand beds, especially near the top,
are persistent in a wide area of several counties, other sand beds, particularly
in the middle part of the formation, may grade into marl within a few miles.

The ratio of sand to marl in the Nacatoch varies from place to place, but in
general the formation consists of about 50 percenf sand. In the eastern part
of the outcrop and in the subsurface in Bowie County, the lower part of the
Nacatoch Sand is predominantly marl. The lower marly part of the aquifer de-
creases in thickness westward until, in much of the area west of Bowie County,
sandy beds mark the base of the aquifer.

The thickness of the Nacatoch gand ranges from about 500 feet in parts of
Bowie County, decreasing westward along the strike, to about 350 feet in parts
of Delta and Hunt Counties. The thickness does not change significantly down-
dip from the outcrop within the area of extent of fresh to slightly saline
water.




=" The Nacatoch Sand dips southward at about 80 feet per mile. In the wes-
+n part of the outcrop in Delta, Hopkins, and Franklin Counties, the forma-
»n is cut by numerous faults of the Luling-Mexia-Talco fault system (Plates 8
4 9). The system also displaces the formation in the subsurface in Red River
F5.d Bowie Counties. At the southward extent of fresh to slightly saline water
..+ the Red River-Bowie County line, the depth to the top of the Nacatoch is

fbhout 800 feet.

. ' Pprecipitation on the outcrop is the chief source of recharge to the Naca-
Eoch Sand. The outcrop, ranging in width from 1 mile in Hunt County to 6 miles
¥in Bowie County, is covered by a mantle of high-level terrace deposits in much
§of its area in Red River and Bowie Counties, but is generally at the surface in
Hiunt,, Delta, and Hopkins Counties. A significant amount of recharge probably
fis being continuously derived from the overlying terrace deposits, which are
Pesaturated in many places., ' : '

§.  Movement of ground water in the Nacatoch Sand is southward in the direc-

¢ tion of dip. The rate of movement is not known, but it is probably slow because
' of the fine sand size and the discontinuity of the sand beds. "

. Ground water from the Nacatoch Sand is discharged by pumping and flowing

§ wells and by natural means. The relation between the Nacatoch Sand and the

£ South and North Sulphur Rivers, which flow for several miles on the outcrop, is
f. not known completely; however, based on a few water levels in the outcrop of

§  the Nacatoch Sand, the streams probably are effluent. Numerous faults in the

¥ Luling-Mexia-Talco fault system, which displace the Nacatoch, probably are con-
' duits through which the water moves from the Nacatoch to other formations.

= Fresh to slightly saline water may be obtained from the Nacatoch Sand in

. the area shown in Plate 10. About 80 percent -of the area is in the Sulphur
‘River Basin, the rest being mostly in northern Bowie County in the Red River
Basin. The southern extent of the fresh to slightly saline water .is controlled
in large measure by the Luling-Mexia-Talco fault system, the northernmost fault
or series of faults marking the southern limit in the subsurface in western
‘Bowie County, Red River County, and eastern Hunt County. South of the faults,
.“the water is, for the most part, highly mineralized (Plates 8 and 9). In Delta
" and Hopkins Counties the fault system cuts the outcrop of the Nacatoch Sand,
largely restricting the area of fresh to slightly saline water to the outcrop.

Chemical analyses of ground water from selected wells in the Nacatoch Sand
- are shown in Table 8. The locations of the wells are shown on the well map
(Plate 4) by a bar over the well symbols. The analyses shown may be considered
representative of the quality of ground water in the Nacatoch Sand at the gen-
eral depth and vicinity of the wells. " In general, the ground water is highly
alkaline, high in sodium bicarbonate content, .and soft. The hardness of 11
samples ranged from 3 to 312 ppm, exceeding 60 ppm in only 1 sample. The
dissolved-solids content in 11 samples ranged from_442 to 1,030 ppm, Fxceeding
500 ppm in 9 samples and 1,000 ppm in 2 samples. The iron content in 7 samples 4
ranged from 0.00 to 1.7 ppm, exceeding 0.3 ppm in only 1 sample. The fluoride [
content in 9 samples ranged from 0.2 to 2.1 ppm, exceeding 1.5 ppim in only 1 3
sample. ' : . o : - '

= 15 5 DN

The quality of water in the Nacatoch Sand generally is good for public
supply. Excessive concentrations of thoride-and dissolved solids are, for ghe
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most part, associated with the deeper water near faulted areas. Ground water
from the outcrop and short distances downdip generally conform to the recom-
mended standards for drinking water. '

Ground water from the Nacatoch Sand is suitable for many types of indus-
_ trial uses, but high sodium bicarbonate waters usually are objectionable in
high-pressure steam boilers, laundries, and-textile plants. Ground water at or

near the outcrop is more efficient for cooling, the temperature of the ground 53
water ranging from the average annual air temperature of 65°F at the outcrop to k-
80°F at a depth of 800 feet. -

Ground water from the Nacatoch Sand is, in most places, generally unaccep- fer
table for irrigation. - The water is high to very high in sodium hazard and high
in salinity hazard. However, where soils are well drained and sandy, water 2
from the Nacatoch at shallow depths on or near the outcrop may be used as a sup- =
plement to rainfall without damage to the soil. ' -

The quantity of water withdrawn in 1959 from the Nacatoch Sand by major
wells for public supply, industry, and irrigation is shown in Table 19. 1Imn
1959, about 1,500 acre-feet, or 1.2 mgd, was pumped for all uses from the Naca-
toch in the Red and Sulphur River Basins, about 86 percent being withdrawn from
the Sulphur River Basin. Withdrawal for public supply -was 1.16 mgd, or about
83 percent of the total. About 79 percent of the total_public-supp1Y pumpage
was from 6 wells at the city of Commerce and adjoining area in major subdivision
SU-1. ‘Other municipalities using water from the Nacatoch include DeKalb .in
Bowie County, Bogata in Red. River County, and Talco in Titus County. Industry
used 0.15 mgd, almost 11 percent of the total ground water withdrawn from. the
Nacatoch Sand in 1959. All industrial pumpage was from 3 major wells in south-
western Red River County in major subdivisions SU-3 and SU-5. Most of the
water was used for cooling and boiler feed. About 0.07 mgd from the Nacatoch
Sand was used for irrigation, representing about 5 percent of the total water, -
withdrawn from the aquifer. All pumpage was from 3 wells in northwestern Bowie
County in major subdivision RE-42. The amount of water withdrawn from the
Nacatoch for domestic, livestock, and miscellaneous purposes has not been esti-
mated, but is probably relatively small. Eighteen flowing wells in southeastern
Red .River County.and eastern Bowie County discharged about 0.13 mgd, or about 9
percent, of the total major ground-water pumpage in 1959. Although some of the
flow.is being used, most of it is wasted. '

Water levels in the Nacatoch Sand have declined steadily in places where
withdrawal is heavy. Since the drilling of the first municipal well in Com- _
merce in 1914, levels have declined about 180 feet during a &47-year period, an o
average of'about 4 feet per year. Levels were at or below the top of the aqui- -
‘fer at Commerce in 1961, indicating a dewatering of the sand in that area.
Withdrawal of about 0.2 mgd for public supply and industrial use in a small
area in southwestern Red River County has caused rapid declines of levels, as
much as 16 feet per year from 1957 to 1961. As a result, a municipal well in
the area, which flowed 23 .gpm in 1942, stopped flowing, and in 1959 had a level
40 feet below land surface: - :

Lack of sufficient data precludes an .accurate evaluation of the potential
development of the Nacatoch Sand. However, in general, yields as much as 500
gpm-may be obtained in areas of optimum sand thickness and where water levels
are high enough to permit sufficient drawdowns without dewatering the sands.

- 76 =




er levels are high in much of southeastern Red River County and southwestern
ie County, where flowing wells are common, and the depth to the top of_thé
{fer is several hundred feet, providing sufficient drawdown for large yields.
cific capacities of 6 wells ranged from about 0.50 to about 14.0 gpm per.

t, being greatest in parts of western Bowie County and in Hunt County. A
gmping test about 6 miles northwest of Texarkana indicated the coefficient of
nsmissibility to be 2,200 gpd per foot. The well tested had a specific capa-

&ty of 1.3 gpm per foot.

Much information is needed regarding sand thickness in the aquifer, and the
Ebility of the aquifer to transmit water before the availability of water from
¥ he Nacatoch Sand may be determined accurately.

t©  The most serious problem concerning water in the Nacatoch Sand is the de-
elining levels. 1In areas of relatively heavy pumping, static water levels are
felow the top- of the aquifer, and in some wells the pumping levels are danger-
;6u51y close to the screened part of the aquifer. Continued declines will result
fin a reduction of the yield and an overall decrease in efficiency of the wells.

Mount Selman Formation and Sparta Sand,'Undifferentiated

3 The Mount Selman Formation and Sparta Sand, undifferentiated, crop out in
§ the Sulphur River and Cypress Creek Basins (Plates &4 and 10), where they over-
} lie the Carrizo Sand and Wilcox Formation, undifferentiated. The Mount Selman
§ Formation and Sparta Sand, undifferentiated, are present only in the south-

¥ eastern part of the Sulphur River Basin, the -greater extent of this map unit

occupying about 90 percent of the Cypress Creek Basin. The only parts of the
Cypress Creek Basin not underlain by the unit are on the Sabine uplift and in

the extreme northwestern part of the basin.

The Mount Selman Formation and Sparta Sand, undifferentiated, consist of
light gray to brownish-gray unconsolidated ferruginous crossbedded fine to
medium sand interbedded with light to dark-gray carbonaceous clay, glauconite,
lignite, and ironstome. Iron staining imparts a decidedly reddish color to
much of the weathered outcrop. TFine to medium sand in massive beds as much as
50 feet thick is common in many places. The Mount Selman Formation may be -
separated into members--Reklaw, Queen City Sand, and Weches Greensand, in as-
cending order. However, because of the predominance of sand in the Mount Selman
Formation, the fact that most. of the sand beds aré_hydrologically connected,
and because the Sparta Sand overlying the Mount Selman is sandy and relatively
thin, the two formations are undifferentiated and may be considered a composite
hydrologic unit or aquifer in the report area. Water-table conditions prevail
in most of the aquifer; however, locally ground water may be confined under ar-
tesian pressure by thick beds of clay generally near the base of the aquifer.

The thickness of thejaquifer.ranges from O at its contact with older rocks
at the surface to about 500 feet. The thicker sections are in the trough of the

East Texas basin in areas of highest altitudes (Plate 8).

The dip of the Mount Selman Formation and Sparta Sand, undifferentiated, is
predominantly southeastward and northwestward toward the synclinal axis of the
East Texas basin, the magnitude of dip ranging from about 15 feet per mile
southeastward to about 50 feet per mile northwestward. The greatest dips are
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in areas of structural deformation in northeastern Marion County adjaceht to the
Rodessa fault and around the uplift in western Upshur and eastern Wood Counties.

~ The principal source of recharge to the Mount Selman Formation and Sparta
Sand,,undifferentiated, is precipitation on the outcrop. The aquifer crops out
in parts of 10 counties and receives an average of 40 to 48 inches annually;
however, only a small part of the rainfall may be considered recharge. Streams
flowing across the outcrop, particularly Big and Little Cypress Creeks, are
probably effluent throughout much of their courses.

Water has several components of movement in the aquifer. In general, it
is moving downward to the water table, thence laterally from higher to lower
elevations; thus, much of the movement is northeastward in the direction of
southern Arkansas and northern Louisiana. The rate of movement 1is not known.

Water is discharged from the aquifer by wells and natural means. -Pumpage
from major wells was 152 acre-feet, OT 0.14 mgd, in 1959. Most of the pumpage
is from several hundred domestic, livestock, and miscellaneous wells. Spring-
flow and seepage into streams and transpiration by the thick vegetation, which
covers much of the outcrop, account for substantial amounts of discharge from
the aquifer. Water from the Mount Selman Formation and Sparta Sand, undiffer-
entiated, may be discharging into the underlying aquifer of the Carrizo and
Wilcox in areas where the artesian pressure in the Carrizo and Wilcox is low.

Fresh to slightly saline water may be obtained from almost.any part of the
aquifer (Plate 10). Most of the water is fresh, typically low in dissolved-
solids content, and generally soft. Chemical analyses of water from selected
wells in the Mount Selman Formation and Spartan Sand, undifferentiated, are
shown in Table 9. The locations of the wells are shown on the well map (Plate
4) by a bar over the well symbols. The analyses shown are only a few of the
total number on record, but they may be considered representative of the quality
of water in the aquifer at the general depth and vicinity of the wells. The
hardness of 43 samples ranged from 6 to 295 ppm, exceeding 60 ppm in only 8
samples. The dissolved-solids content in 43 samples ranged from 12 to 549 ppm,
exceeding 500 -ppm in only 1 sample. The iron content in 5 samples ranged from
0.18 to 6.6 ppm, exceeding 0.3 ppm in 4 samples. The fluoride content in 11
gsamples ranged from 0 to 0.4 ppm. Most of the water is acidic.

The quality of the water in the aquifer generally is acceptable for public
supply. Concentrations of most chemical constituents are typically low and
meet the standards for drinking water as recommended by the U. S. Public Health
Service. However, concentrations of iron in excess of 0.3 ppm are common and
treatment may be necessary. Concentrations of nitrate generally are high, ex-
ceeding 45 ppm in places. The high nitrate content may be an indication of "
contamination by sewage, and water having high nitrate content should be teste
for bacterial content.

Water in the aquifer is suitable for many. kinds of industrial uses. The
softness of the water and absence of alkalinity is desirable for boiler feed,
but the acidity of the water may have a corrosive effect on metals, Industry
requiring low,concentrations of iron may need to treat the water to reduce thi
" {ron content. The temperature of much of the ground water should be about 65°F

or slightly higher.
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The quality of the water for irrigation is excellent. Low salinity and
sodium hazards indicate that it can be used on almost all soils and crops with
little danger." ' '

Table 19 shows that about 160 acre-feet of water, or 0.14 mgd, was pumped
from the aquifer by major wells in 1959. All the pumpage was in eastern Cass
County from major subdivision CY-6, the water being used in industry and for
irrigation. The quantity of water pumped for domestic use and livestock was
not calculated, but it probably is large compared to the withdrawal for industry
and irrigation. : :

o Wa;ér levels in the Mount Selman Formation and Sparta Sand, undifferentiat-
ed, fluctuate chiefly in response to rainfall. Levels in wells rise during wet

periods and decline during drought. However, a comparison of levels measured in

58 wells in December 1941 and January and March 1942 with those measured in the
same wells in August, September, and October 1960, show that the levels declined
{n 46 wells and rose in only 12, even though rainfall was 2.5 inches greater in

" the measuring period in 1960 than it was in 1941 and 1942. The declines ranged
- from less than 1 to almost 10 feet, averaging about 2.5 feet, and the rises

ranged from less than 1 to about 5 feet, averaging about 2 feet. Water levels
in the aquifer range from slightly above land surféce_to as much 75 feet below
the surface.

The Mount Selman Formation and Sparta sand, undifferentiated, are, for the
most part, undeveloped as an aquifer. Yields of 200 gpm or more could be ob-
tained in areas of optimum sand thickness, generally along the axis of the East
Texas basin, where the aquifer generally is thickest and high water levels allow
for relatively large drawdowns. However, data are insufficient to permit a
complete evaluation of the aquifer. More information is needed concerning the
areas of greatest sand thickness and the ability of the aquifer to yield water
to wells.

Quaternary Alluvium
Qﬁaternary alluvium is exposed in the West Gulf Coastal Plain from Montague

County eastward for about 170 miles to the northeast cormer of Texas. Although
the Quaternary alluvium is present along many of the streams in the area, the

_deposits that may be considered as aquifers -are restricted to the Red River
Valley and are, thus, wholly within the Red River Basin.

The alluvial deposits along the Red River are in the form of terraces
formed at different stages of the river. Consequently, the highest terrace 1S
the oldest, and the lowest (the present flood plain) is the youngest. The

" older terraces commonly are dissected by erosion and are about 100 feet above

the present level of the Red River. These high-level dissected deposits gern-
erally contain only minor amounts of ground water and are, for the most part,
relatively poor aquifers. However, in parts of Bowie and Fannin Counties and
possibly in a few other places, these upland terraces, though not shown on the
geologic maps, are thick enough to contain sufficient ground water for irriga-

tion. 1In this report, only the flood-plain deposits "and low-level comparativelfi

undissected terraces. are treated as significant aquifers’ (Plates 3, &, and 10).

The Quaternary alluvium consists of light-grayish to reddish-brown uncon=
solidated crossbedded very fine to very coarse sand interbedded with

A
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.colored clay, silt, and gravel.: The.gravel, ranging in gsize from pebbles
cobbles, generally is near the base:of the deposit. Most of the sediments
nstituting the alluvial deposits .may-.grade laterally and vertically into sed-
ents of different character; however; this condition is local and does not
paterially restrict the movement of water. : :

& The Quaternary alluvial deposits in the Red River Valley are highly irre-
ffular in thickness and areal extent, the thickest and most widespread deposits
Generally occupying the concave side of bends in the Red River. 1In places the
sediments may overlie level surfaces of bedrock or fill irregular depressions
iin the bedrock surface. Buried stream channels of the ancestral Red River un-
Edoubtedly are present in places beneath the alluvium.. The thickness of the
fQuaternary alluvium ranges from 0 at its contact on the surface with older

k. ocks to 100 feet or more in places in northeastern Bowie County. The maximum
¥ thickness is largely conjectural, as no wells of that depth are known to tap

b the alluvium; however, Davis (1960, p. 49) reports a maximum thickness of 110
f feet along the Red River in McCurtain County, Oklahoma, opposite parts of Red
f River and Bowie Counties. In general, the alluvial deposits thicken eastward
¥ sith a corresponding increase in flow of the Red River,

£ The dip of the Quaternary alluvial deposits is, in general, eastward in

f the direction of slope of the land surface, although locally they may dip in

| other directions, depending on.the direction of the flow of the stream. From
¢ the exposure near the Montague-Cooke County line at an altitude of about 750

. feet, the alluvial deposits decrease in'altitude until at the northeast corner
of the State in Bowie County, they are at an altitude of about 250 feet, a dip

- of approximately 2-1/2 feet per mile.

Recharge to the Quaternary alluvium principally is from precipitation on
the outcrop or as runoff from adjacent slopes. The flood plain and lowermost
terraces range in width from less than 1 to more than 5 miles and receive an
annual average precipitation of 36 inches in Montague County to 48 inches in
Bowie County. A part of the precipitation infiltrates the typically sandy sur-
face and is added to the water in storage. Many of the older high-level dis-
sected terraces; although relatively poor aquifers, are favorable recharge areas
for underlying bedrock aquifers. The Quaternary deposits adjacent to the Red
River are recharged in places during high water or flood stages on the river,
when significant amounts of water in the stream moves into the deposits to be
held as bank storage. However, much of the water drains back into the stream
after the high-river stages subside. Heavy withdrawals of water from the allu-
vium by pumping.from wells near the river may induce recharge by diverting part

of the streamflow into .the alluvium.

The movement of .ground water in the Quaternary alluvium principally is
toward the Red River. In no areas in the West Gulf Coastal Plain, as far.as
could be determined, is the reverse situation true during normal flow of the
river; thus, for parts of the Red River having a relatively straight east-west
course, the slope of the water table in the adjacent alluvial deposi
the river and slightly downstream. The rate.of movement is not knownj
Davis (1960, p. 49) determined the slope or hydraulic gradient of the water
table in alluvial deposits along the Red River in McCurtain County, Oklahoma,
opposite parts of Red River and Bowie County, to be from 2 to 5 feet.per mile

southeastward.

however,
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founty , where 14 irrigation wells are in use. .Other'aredswof;pUmp'irrigationf
g e in Bowie County -in subdivision RE-42, 42 percent of:the ‘total pumpage, and -,
Fannin County in subdivision RE-39, -about 11 percefte. . ot Tt R ey E R

¥ . water levels in the Quaterﬁary-alluvium~f1uctuate in response to .changes; “-
tin ground-water storage. During periods of rainfall, when -irrigation wells are
inot being used, levels rise. . During drought or when withdrawal .of ground water
Pfor {rrigation ig’ large, ievels declines Because of the relatively high rain-:’
Ffa11 along the outcrop, levels have remained comparatively high, within 10 to ..
$70 feet of the surface, In some of the upland terraces, levels are lower, as
Equch as 45 feet below the surface in some places. No ‘long-term records. of

¥ 1evels in.thefalluvium,are-available;-however, 1little or no declines in leveld
i have been reported, although most,of-the,irrigation wells were drilled in the -

.:ﬁiddle‘lQSO's.

o Ground water in the Quaternary alluvium in the Red River Valley is only
2,part1y developed. Moderate_to_lagge.gupglies-qﬁ'fresh ground water are availa-
' ‘ble in areas where sands are thick and water levels are high. These conditions

. are most likely in the more extensive deposits jmmediately adjacent to the Red

¢ River. Yields of 500 gpm or more are possible under optimum conditions.;.A .
'~ pumping test on a well in the Quaternary alluvium 6 miles northwest of Texarkana
indicated a transmissibility of about 22,000 gpd per foot and a specific eapa-

city of 15.3 gpm per foot.

Insufficient data preclude a complete appraisal of the ground-water poten-
tial of the Quatermary alluvium. Boundaries of the alluvial deposits and thick-
nesses need to be more accurately mapped to determine the vertical and areal
extent of the deposits. Hydraulic characteristics largely are unknown, and
long-term records of water-level fluctuations are lacking. -

OSAGE--PLAINS

General

The central part of the Red River Basin .in Texas is 4in the Osage Plains -~
province. The Osage Plains (Figure 1) is an area of low relief, and in this
report is defined as extending from the eastern escarpment of the High Plains
(Plate 1) to the western limit of the Cretaceous.rocks (Plate 3). .Where the.. - .
escaf%ment is not present, the western. boundary is defined as.the eas
of the Ogallala Formation. The area of about 15,000 square'mile& occupies-alL-
or parts of 23 counties and is the largest physiographic region within the Red
River Basin. e e . TR . .

The 1960 census showed the population of the principal cities in the Osage
Plains part of the Red.River Basin to be Wichita Falls,. 101,724; Vernon, -12,141;
Burkburnett, 7,621; and Childress, 6,399.: . , ML= it 1w o
" Most of the puﬁlic water-supply systems in the Osage Plains use ground
water. However ,-probably not more than 35 percent of the urban population 18
gpupplied by ground water because several of the 1arger_public-supply systems,
including that of Wichita Falls, use gurface water. b = owma o e
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