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the Water Depsrtaient of the city of Abilene* The United States

Geological Survey Topographic Sheets, the United States Geological

Water Supply Papers, and the Reports of the Board of Water Engi-

neers for the State of Texas were used in preparing the report©

Population figures were taken from the 1959-1940 Texas Almanac©

Ohc-vic-il analyses of water were obtained from the Texas State

Bf>ard o? Health©

AUTHORIZATION

The report has been prepared in accordance with the provi»

5ions for operation of the Water Facilities Program authorised under

,hs Water Facilities Act, Public Law Ho. 399, 75th Congress*

The aref., consisting of the watersheds of Big Him, Mulberry,

Hoodie, Bitter, and Deadman Greeks, was approved for area planning

Vy Water Fertilities Board on January 18, 1939 Operations were

iiuthorizer/. to proceed as rapidly as mutually agreed upon by respon-

sible field officials of the agencies concerned with the execution

of the Program*





TABIE OF CONTENTS

Page
SUS3I/IAK3t Cf i) (i © O O « O <> C» © « i> © a w* • 1

Xq PURPOSE AND SCOPE © © * * * © © © © © © a © © * 8
Ho PHYSICAL DESCRIPTION OF TIE AREA© ©©..©©

Location of the -Areac «•»»«» • «©»•©
PxQft3iOgr8>phy ©i>9*<j©fi»©t>»fl©©«»

6

•

•

4
4

4
Precipitation end Climate • ©«©•»»©*© • 6
Sunshine. Wind Movement, and Relative Humidity© 11
GeOlOgy «©»0«©©©©»©«:"©©©©©e<9 A

GbfOtmCt Wat©r© acsos?s>«o»it>oe(Eoot»
Surface discharge ©©©©a©©©*©©©©©

18
o 80

3odL3*S © © 90 * $ © 9 c o q © e © o o £6
hi. PKESENT USE OF AREA ©©©©©©©©o.©©* 35

Water Use ooe«»3©i»©©©©9©©©©«o • 35
Land Use and Types of Farming »« • •«•©• © 39
Land Values and Public Facilities and Popular

tiOn ©««©»«eo«©©«»©«a©ee • 42
17 I?EG0m!EI3DKD AREA UTILIZATION© © © © © * © © © © 4«

LIST OF TAMES

Table

1 Monthly and Annual Average Precipitation (53~
year period) Abilene^ Texas ©©©©»o©©©o 7

3 S&xima and l&nima of Precipitation© Abilene

^

Te^CaS u :^»©aeo9©'3o©0'9©09©0<» 8
3 Extremes of High Intensity of Precipitation

During the period 1886=1950., inclusive, Abilene 9

TeXaS a< a . j o o e © © e> • a o © o o a © © a ©

4 Monthly,. Seasonal^ and Annual Average Tempera-
tures, (SS^year period) 9 Abilene, Texas © © © 9 i?

5 Sunshine^ Wind Movement, and Relative Humidity^
Abilene

?
Texas© © © © ©

6 Geologic Formations in the Abilene Area © © « « 13
7 StreaSflow Records at Nugent, Jones County, on

the Clear Fork of the Brazos River © © « © « * 2£
8 Streamflow Records at Fort Griffin, Shackelford

County, on the Clear Fork of the Brasos River © 23
9 Lakes in the Area ©©©©e©«©a©o©©©©56

10 Appropriation of Public T/aters from September \
1913 to 1S3G© # © © © © © „ , 58





LIST OF VAFS

Water Resources* » o a • © •

GeoXog3T« « o o o e e » • o e e





Operations Guidance Report on

WATER FAGILCTIES FOR

biga wwww-.* MMn»is
TEXAS

lo The average annual precipitation in the area is E4 66 inches

«

2a The Fssan annual evaporation in the area is S3- inches a

So The drainage areas total 1,185 square ©lies*

4© Tb& average annual run-off rate for the area is 61 acre-feet

per square railee

5o The average annual yield of surface -raster for the area is 72,285

acre-feet

o

6o Ground vaster is generally recoverable in sufficient quant ita.ee

for stock and domestic needs in the areas indicated on Plate 1«

7* Throughout the remainder of the area, ground~-smter resources are

uncertain as to distribution, quantity, and quality*

8o Retention of surface water for livestock and domestic needs is

possible throughout the area because of favorable topography*

9 » NoTrahere in the area is recovery of ground -water for irrigation

purposes (other than garden plots) physically feasible a

10a Provisions for the irrigation of small gardens are to be made

wherever possible «,

1





He Topographically irrigable land lies usually adjacent to streams

and is subject to dame© by floods., No recommendations are

made for surface irrigation structures*

12 o Present mater facilities for donjestic and livestock use in the

area ©re inadequate both as to number and distribution*
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HggQgB MD SCOPE

The purpose of this report is to determine the available

usable -raster supplies in the area and to make reconimendatiGns for

a more beneficial use of these supplies to promote proper land

utilization*

This report presents (1) a pb^ical description of the area

which way be considei'ed as an inventory of agricultural resources

in the area^ (2) a brief review of the present use of the agri-

cultural resources,, and (S) recommendations for the future use of

the area. The report is a prellisinary presentation of data col-

lected in the field and of data pertaining to the area which was

obtained from various sources.

8
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HffSIO&L paajt.IFTION OF THE MM

X^&tion of; the Arjgg

The area to which this report relates occurs in all or portions

of Taylorj JGnes, Shackelford, Callahan, and Nolan comities, Texas*

It coaiprises the watersheds of Big Elm, Mulberry, Noodle, Bitter,

Deadman, and Cedar Creeks and. that area in Jones Comity which drains

southward into the Clear Fork of the Brazos Eiver»

The area extends from approximately longitude 99° 25* to approxi-

mately longitude 100° IS* west, and from about latitude 5S° IS* to

approximately latitude 5S° 43* north and comprises 1,185 square sdles

or 758,400 acres.

The area lies within the Osage Plains Section of the Central

Lowland Province of the Interior Plains, and varies frota gently

rolling to rough broken hills , Large areas of g ently rolling land

are found near Abilene, Tys, Iferkel, and Trent* The area around the

headwaters of Big Elm, Cedar, and I&ilberry Creeks is composed of rough

breaks*
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From the foothills of the Callahan divide to the Clear Fork

of the Brazos the land slopes in a direction slightly east of north

with a gradient of 17 feet per iaile The valley of Elm Creek, from

the head to its eEmergence from the hills at Buffalo Gap, has an

average gradient of SO feet per mile in an easterly direction.

The area is topographically suited to the development of surface

water storage structures for doa&stic and stock needs* Stream di-

version and channel storage are not practicable in most of the area

because of the extreme overflows during flood stage -which result in

consequent damage to works for storage or diversion*

In the lower portions of the several stream basins many areas

adjacent to streambeds are topographically irrigable • However

,

practically all such land is subject to damage by floods because,

in sany casess it is topographically lower than the banks of the

stream channel®

The elevation of the area var3.es from 2,500 feet at the head

of Elm Creek to 1,550 feet at the mouth of Elm Creek* Elevations

of towns in the area are as follows s Abilene 1,738 feet| Buffalo

Gap 1,926 feet.? Msrkel 1,872 feetj and Trent 1,914 feet*

Tiie major streams within the area are Big Elm, Mulberry, Noodle,

Bitter, Headman, and Cedar Creeks. Minor streams Include long,

Spring, Lytle, and Little Sim Creeks. The headwaters of the streams

are characterized by narrow and sharply eroded rocky channels. Lower

where the streams traverse the rolling plains, the channels are





usually bordered on one or both sides by broad benches of cpapara*-

tive3_y level land which, in many instances, lies slightly below the

level of the stream banks « The average stream gradient of ETta Greek

from the liead to its essrgencp from the Mils at Buffalo Gap is 20

feet per s&le© From Buffalo Gap to the mouth of the stream, the

average gradient is 8 feet per raiXe<»

The- area has relatively £m trees* Small cedars (junipers)

grow in the breaks of the Callahan Divide at the headwaters of Big

EGba, Malberry and Cedar Creeks© On the rolling land of the area and

usually adjacent to the stream beds scattered growths of mesquite,

postoak, live oak, western red oakj elm, hackberry, pecan, and red-

bud are found© Grasses found in the area include mostly grama *nd

mesquite grasses o £he range areas contain shrubs such as catclaw,

lotebush, agrite, sumac, and others. A Holina species, locally

called sacabaiste, is abundant©

Precipitation and Climate

Precipitation records of the United States Weather Bureau show

an average annual precipitation of 24*66 inches at Abilene, Texas*

The Abilene station is the only weather station within the area*

Due to its central location within the ares and because of the

length of the records, the records of this station are more repre-

sentative of the are© than any other available informations The

precipitation in the area is ordinarily' sufficient for high crop





production. However, due to erratic occurrence of rainfall during

tlie growing season, the practice of contouring cultivated laid is

found to increase production and to help toward eliminating crop

failure • Planting dates are controlled to quite an extent by the

irregularities in precipitation* The following data are from the

records of the United States Weather Bureau regarding monthly and

annual precipitation, msdmum and minimum and extremes of high

intensity of precipitation at Abilene*

Table I.^IIMHLY MB .ANNUAL AVERAGE PRSGIPITM^ION
(5S-»year period)
ABILEME, TEXAS

Month Inches
,
.

,90

1«0S
1.29
i

4 »14

2* 5S

1*96
S 10

£.57
3*85
1«B$

Annual 24,66





Table 2.—&4X31ffl. .W OTIMfi. OF FPJSCIPITATOT
ABHE3BB, TEXAS

Item (inches) Month Day Year

Greatest precipitation in 72 fars* 8»23 May 11-13 19S8

Greatest 2
,Jrecipitat5.on in 1 no« 15 ©70 Aug* 1914

Maximum annual precipitation 46„43 1952

MininBM aamsH precipitation 10*85 . 1917

Table OF HIGH OT2JSm OF PRBCIPJTATXON
DURING TEE PERIOD 1686-1980, INCLUSIVE

AB2LBM2, TSXAS

Bainf&31 in inches
Date ^SlSS-StJ^T-^.,-™.

Sfegr 22, 1908 2*70

October 28, 1S08

July SI, 1911 BA6

August 3, 1928 2.OS

The following table shows the average,, monthly, seasonal,

and annual temperatures eosnpiled from the records of the tfaited -States

Weather Bureau for Abilene, Texas* There ©re only Blight variations

from these figures in other parts of the area*





Table 4. M>NTHLY, SEASONAL, AND ANNUAL AVERAGE TEMPI2*ATtffiES

(55-year period)
ABHEHE, TEXAS

Month Average Temperature

December 46,0
January 44#7
February 47«7

Winter — 46.1
March 56,5
April 64.7
May 72,1

Spring —- 64,4
June 79«8
>. S5»c
August 82 7

Srazsner —» 81»8
September 76.0
October 85 «7
November 53„9

Fall — 65.8

Annual —• 64«4

The absolute zasodmum temperature recorded for the 58-year

period is H0»0 degrees§ the absolute rsinirana is 66 degrees below

zero* The highest monthly average teroerature recorded during the

ssme period is 87 »2 degrees and the lowest monthly average 33»0

degrees*

On the basis of the 55-year record at Abilene, the average

length of growing season is 252 days, the latest date of killing

frost in the spring being April 23 and the earliest date of killing

frost in the autumn being October 19»





A report by %nkoop Eiersted, Coasuliiag Sagineer, Kansas

City, S&ssouri, on Water Supplty Conditions around Abilene, Texas,

1928, includes the folloxdng information on evgporatiom

1» Direct determination of annual evaporation from water

surface is possible onlj from the records of the Signal

Service Station for the years 1887-88# Evaporation was

calculated from data derived from readings of wet and

dry bulb thermometers supplemented by and controlled by

observations at several stations by seans of the Piebe

1
evapariiseter*""" This record gives an annual evaporation

of 54«4 inches at Abilene, Texas

*

£• Records of the Reclamation Service were used relating

to evaporation at Lake AveXon, Agricultural College,

HesiHa Park, Elephant Butte
s
and Roosevelt 'Dm* Tte

average mean annual tejiperature of the five stations is

6E WS (1928) and that at Abilene 64.1 (1988). These

records cover periods of five to nine years » The fac-

tors for reducing floating and landpsn measurements

to reservoir equivalents have been worked out and

found to be 0*91 and 0»6?, respectively* Using these

factors of reduction, making corrections for difference

1 Reference — Monthly Weather Review, September, 1088o
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of elevation above see level and reducing to Abilene

conditions gave an annual evaporation of 59«9 inches*

3* V/eather .Bureau records at Spur, Texas, and at Austin, Texas

s

The elevation at Spur is 2,500 feet, which is 500

feet above Lake Abilene. Kecords of the Weather Bureau

at Austin, Texas, give open water evaporation as 0,75 of

land values at Spur, which are land pan measurements*

Using annual temperature at Spur and Abilene as 61*6 and

64 »1 respectively and wind velocity as 5„45 miles per

hour and 9*75 miles per hour, respectively, the mean

annual evaporation from open water was computed to be

60*8 inches at Abilene*

Considering the above data, Kiersted used a

mean animal evaporation figure of 61 inches, divided

into monthly percentages as follows t

January 4.10 July IS*90
February 5*20 August
March September 8*65
April 8*97 October 6.85

&y November 5„%1
June 3^*07 December 3*54

^osh^ie, l^nd Movement
f
and Relative jtoidity

Table 5 gives the amount of sunshine, wind movement and

relative humidity at Abilene, Texas, as recorded by the United States

Weather Bureau*





Table 5.*—SUNSH3UR, WIND HOVEMOT, AND RELATIVE HUMIDITY
ABIIENE, IMS

Item

Clear days

Partly cloudy days

Cloudy days

Winter

Spring

Summer

Fall

Annual

7i00 A»Ma

12 s 59 PJIe

noo P.M.

Sunshine
8~yr* period

Average
Annual

169

1058

Average
Wind Velocity
45~yr*period ,
Miles per hour1

Annual Average
Relative Humidity

Per Cent

10,0

U»6

9.0

10*0

75

44

4S

The formations that make up the lend surface in the Abilene

area are largely of the Permian period* The several formations of

this period are exposed successively from, older to younger and from

east to -nest across the area* Cretaceous strata forra the land sur-

face in portions of the area* Plate Z shovrs the surface geology of

the watershed*

1 Prevailing wind direction, south* Mastimm velocity, April B s 1892,
66,0 miles per hour*





Table 6 —GEOLOGIC FORMATIONS IN TIE AB1OTJE ARKA

XS

Group
or

I

Formation j Character

Thick-
ness
(Fee*)

Quaternary Recent Inane Sands

u.* mm o«F cu coo ma «•» aw - -- -tfocoafomaity - J M 0» «L»

Edwards Massive CaprinRMisestone^
chert layers 20-75

Cretaceous

Fredericks-
burg ^*j-tlnilij»W"LJillj"

ucnusncne jreatc onajLKy & ©anay laJsesriono

(Uadifferen-
tiated on
geologic rasp)

. i. , . «— .. —j

Walnut Clay Yellowish^ Sandy clay and
marl

4-10

Trinity Uhdifferen-
xxaxed.

" tO «[9 (Ql IU CS

Basal Sands 50=150

«*» tea

Double
Mountain

oiaine

San Ar*gelo

Gypsum beds^ shale thin
dolomites, Dog Creek shale

- - -4Mcc::ibrmity

CongloiKerateSg sandstones
9

clay
«, «. -Uhcoraformity

MM OA* «W

30-170

wJ30ZS xteoL snajjso^ x>njji CLOxoiniXieo^

Herkel dolomite persistent
DO*

Clear Fork
(T&idifferen-

tiated on
geologic map

Vale

j ,
-

,

,
. - -

Bullwa^on do'iom-te included
5)'» fc!»J/3 foi-rptic-.n© Red
gypsiferous^, sandy shales

,
,..,..—„—

-

Arroyo Shales , limestones &
gypsum

260*

Wichita Leuders Limestones and shales 50*





The oldest "beds outcropping in the area ere the limestones

and clays known as the Wichita group of the Permian system, which

cover a sraall portion of the watershed on the northeastern edge*

The Clear Fork group of the Permian system, and next in age,

covers approximately 80 per cent of the surface of the watershed*

Above the Clear Fork group to the west the San Angela sand-

stones and shales of the Double Mountain group outcrop in a strip

& few miles in width, and extend in a north and south direction

The Blaine gypsum beds of the Double Mountain group form

the surface geology of a small area on the western edge of the

watershed. Along the southwestern, southern,, and eastern edges of

the drainage basins, the Fredericksburg and Trinity groups of the

Cretaceous period lie on the surfaces these remnants form a portion

of the Callahan Divide.

The geological formations affecting water supply are described

below.

The beds exposed over the greater part of the watershed belong

to the Permian system* 3h general, formations of Permian age yield

only small quantities of water which is usually a poor quality*

It therefore appears reasonable that over the greater part of the

Permian outcrop in this area, with some exceptions, ground-water

development is highlv unsatisfactory from the standpoint of quan-

tity and quality. The following is a brief description of the Permian

groups and formations in ascending order and their hydrologie charac-

teristics.





The Lenders formation, a msnibsr of the Wichita group, consists

of limestones and shales* It outcrops extensively in stream channels

in the highly dissected eastern part of the -watershed* Westward,

it dips beneath younger formations, and near Iferkel it is many hun-

dred feet below the surface a This formation yields water of a poor

quality in extremely small quantities, and is therefore not to be

considered in ground-water development*

Overlying the Lenders formation are three closely related

formations known as the Arroyo, Vale, and Chosa, in ascending order*

These formations are very similar in lithologic characteristics, con-

sisting in general of axzterbedded shales, sandy shales, dolomites,

limestones, and gypsum,, In view of the close similarity between

these beds, they have not been clearly differentiated, and will

therefore be discussed collectively as the Clear Fork group, and

is so indicated on the accompanying Plate 2* The Clear Pork group

are exposed at the surface over approximately 80 per cent of the

watershed. These rocks dip to the west, and their combined thick-

ness averages about 1,000 feet.

With some exceptions, ground-water development in the Clear

Fork group highly unsatisfactory as to both quantity and quality*

Field investigation of wells producing from various members of the

group furnished conclusive evidence that, in general, the Clear

Fork beds are poor sources of water* The investigation disclosed





that Clear Fork -wells produced wry limited supplies of water which

are highly contaminated with calcium sulphate*

la the vicinity of Bferkel and extending north through the area

in a broadening band, as indicated on Hate 1, the Clear Fork is a

rather reliable aquifer* It is reasonably certain that over this

area, the Chossa member of the Clear Fork group is the surface for-

mation, and the principal aquifer* The Choz© is composed chiefly

of red shales with some thin interbedded dolomites « The shales

are jointed and broken and yield water in quantities sufficient

for stock and domestic purposes as well as for garden irrigation»

Locally, in this general area, the Chosa contains gravel lenses

which yield moderate supplies of ground water. Throughout the Mesv

kel area, and north through the watershed, the Cfaoea ®sy be regarded

as a fairly reliable aquifer, yielding water in moderate quantities©

Overlying the Clear Fork group in ascending order are the San

Angelo and Blaine formations, members of the Double Ifibuntadn group*

The San Angelo formation averages about 80 feet in thickness,

and consists of conglomerates, sandstones, and clays* It outcrops

in small areas in the extreme western part of the watershed* This

formation, in other parts of Texas, is usually & reliable aquiferj

however, in this watershed, it apparently yields moderate supplies

only in local areas » The quality of San Jkngelo water is comparable

to that in the Chossaw 2n local aress. as indicated on Plat© 1, the





San .Angelo yields water in quantities sufficient for stock, domes-

tic, and garden irrigation purposes

«

Overlying the San Angelo is the Blaine formation. This for-

mation is impregnated with vast quantities of gypsum, and yields

only small quantities of highly mineralized water* It is a poor

aquifer in all respects, and should not be considered in ground-water

development in this area*

The Cretaceous system in this area is represented by the fol-

lowing groups and formations*

Group Formation Character (feet)

Edwards Limestones, some chert 80-75
Fredericksburg Comanche Peak Sandy & chalky limestones 60-80

Walnut Clay Yellowish, sandy clay & 4-10
marl

Trinity Uhdifferen- Basal Sands 50-350
tiated

The Cretaceous formations outcrop in normal sequence over

the southern part of the area, as shown on Plate 2» In the extreme

southeastern part of the area the Fredericksburg has been removed

by erosion, exposing the Trinity.

The basal sands (Trinity) constitute the only water-bearing

formation of any importance in the Cretaceous rocks throughout this

watershed. These sands range in thickness from 20 to 150 feet and

are comprised of rather coarse-grained, clear to brownish quarts

grains. In general, the sands are poorly cemented and freely yield

water in quantities sufficient for stock and domestic purposes.
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The quality of "water produced from this formation is good*

The area is located near the eastern rim of the Permian basin*

The beds dip slightly to the west* The Cretaceous beds covering a

portion of the area have a gentle dip to the southeast» Structural

geology has little or no effect upon the ground water supply of the

area*

Ground Siter

Potable ground water is generally recoverable in adequate

quantities for stock and domestic needs in the areas indicated on

Plate 1* The aquifers along the Callahan Divide are the limestones

of the Fredericksburg formation and the sands and gravels of the

Trinity formation* 2h these portions of the area, some -wells are

found which exceed 200 feet in depth but most wells reach the aqui-

fers at lesser depths* Some ground water occurs locally in alluvial

wash along the larger streams*

In the western portion of the area potable ground water is

recoverable from sand and gravel lentils and from jointed clays of

the San Angelo formation* Locally, throughout the entire area,

ground water is recoverable in small quantities from jointed clays

of other Permian formations* Areas where Permian clays are suffi-

ciently jointed to store and yield adequate quantities of ground water

for stock and domestic use are difficult to locate by other than ex-

ploratory drilling methods* Tfell depths in the Permian formations
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vary from 10 feet to 100 feet and yields are seldom more than suffi-

cient for stock and domestic demands*

Very little ground water is recovered in the area for indus-

trial purposes.

The quantity of ground water recovered for irrigation is limited

to that used for gardens in rural areas and small towns.

Ground water in the area originates from precipitation falling

locally within the area» The quantity available varies with rainfall

as evidenced by failure or lowering of water level in many wells

during drought periods • There is little if any recharge from out-

side areas*

Underground movement of water is limited to comparatively small

local areas, as evidenced by large areas in which little or no ground

water occurs * The Srederieksburg and Trinity formations generally

yield water readily in adequate quantities for stock and domestic

purposes • The Permian formations, except in the very local instances

of jointed clays, yield only meager quantities of ground water*

The quantity of ground water discharged through springs and

spring-fed streams in the area is very small. A few small springs

occur near the base of the hills of the Callahan Divide*

Ground water occurring in the Trinity and Fredericksburg

formations is usually of good quality* Throughout the remainder of

the area the quality of ground water, where available, is very poor

due to its occurrence in and passage through the Permian formations*
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Ground water occurring in the Permian formations is known locally

as "gyp •water" because of its comparatively high content of gypsum

(calcium sulphate) The chemical analysis of water from the townwell

at Clyde 5 located in the Trinity sand formation bordering the east

edge of the area, shows a total alkalinity of 585 parts per million

and a total hardness of 498 parts per million* No chemical analyses

of ground water in the Permian formations of the area are available«

Surface Rischarg@_

Precipitation, in this area is erratic in occurrence and in~

tensity* Storms of high intensity are often reflected in damaging

flood flows. Periodic and damaging droughts are not uncommon©

In the analysis of stream discharges at two gaging stations

on the Clear Fork of the Brazos, one of which is located in the

area, correlations between discharges aid annual precipitation are

shown©

While there are no stream measurement records available for

any of the streams with which this report is concerned, a gaging

station at Nugent in Jones County on the Clear Fork of the Brazos

River measures stream flows which include discharges from the several

streams of the area* Another gaging station is also maintained at

Fort Griffin^ Shackelford County, on the Clear Fork of the Brazos

River* Records of stream discharge at both stations are shown by

tables, the latter as a comparison of the discharge and discharge

rates with the Nugent station*
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Table 7 gives the discharge records at Nugent , Jones County,

and Table 8 shows discharge records at Fort Griffin, Shackelford

County* Tip 13»7<»year record at Nugent shows an average annual dis-

charge of 125,700 acre-feet from a drainage area of 2,280 square

miles o fhe maximum recorded discharge occurred in 1932 at the rate

of 47,000 cubic feet per second.

The Fort Griffin discharge records have been kept over a

period of 13 9 8 years© The average annual discharge is 205,000 acre-

feet fi*om a drainage area of o,970 square miles. The maximum measured

discbarge of 55,600 cubic feet per second occurred in 1932*





Table 7 ~*&XWMmmi RECORDS AT NUGENT, JONES COUBTY,
ON THK CLEAR FORK OF THE BRAZOS RIVER1

Maxiraim
Annual Discharge {1>ud±c i*eet Discharge

(Acre-feet) per Second)

1924 54,,700 5,100 Jfcsy 28
1925 67,300 5,800 : V;:

1326 85,400 9,520 June 19
1927 79,000 7,520 April 14
1928 211,000 11,500 flfey 20
1929 82,800 5,420 September 13,

1950 100,000 5,980 !fey IS
19S1 7S,900 6,220 December 6
1932 518,000 (Uaxe ) 47,000 September 8
1953 84,600 4,100 Hay 15
1954 23,400 (Kin.) 1, S \ November 21
1955 256,400 16,100 June 2
1956 105,800 17^600 September 28

1 United States Geological Survey Water Supply Papers a Records
available for period February 1924 to September 1936« The drainage
area covers 2,220 square miles* The average annual discharge at
Nugent is 125,700 acre-feet* The maximum measured discharge wis
47,000 cubic feet per second on September 8, 1952 « Ho flow vma
recorded during seme periods*

Remarks: Records good* Small municipal diversion above station <>

Unrecorded returns to stream*

Average annual run-off per square mile — 57 acre-feet*
Weighted mean annual precipitation of drainage area —- 25.1 inches*
Run-off factor —• 4»6 per cent of precipitation®





Table 8»—STREAMFMW RECORDS AT FOOT GRIFFIN^ SimCICTXFORD COUNT!"

ON TIE CIEAR FORK OF THE BRAZOS RIVER

Amxual Discbarge
(Acre-feet)

Maximum
(Cubic Feet
mr Second)

Discharge
Sate

1924 114,000 5,800 1%" 26
1925 138

j,
000 6,820 Hay 11

1926 187,000 12,500 June 21
1927 105,000 5,040 April 15
1928 283,000 12,100 my 21
1929 149^000 5,710 September IS
19S0 235*000 Not determined June 15
1951 327,000 Not determined December 7
1932 711,000 (Mastm) 58,600 September 10
1985 159,000 7,140 Ifey 26
1934 35,500 (fax1.) 3,410 October 15
1955 421,000 18,600 May 20
1936 165,500 14,400 September 29

1 Ehited States Geological Survey Water Supply Papers, Records
available for 13*8-yeflr period* The drainage area covers 3,970
square miles* The average annual discharge at Fort Griffin is
205,000 acre-feet. The msximum measured discharge was 35,600
cubic feet per second occurring on September 10, 1952a $fo flow
was recorded during some periods »

Remarks j Records excellent « Small diversions above station for
municipal and irrigation uses©

Sbn-off per square mile — 52 acre-feet*
Weighted mean annual precipitation of drainage area — 25©7 inches

»

Run-off factor — 4*1 per cent of precipitation©





PA

Since the characteristics of the watersheds drained by the

Clear Fork of the Hraaos River gaged at Nugent, Jones County, and
at Fort Griffin, Shackelford County are similar to the Noodle,

Bitter, Mulberry, Elm, md Deadman Creek watersheds, these data are
used as a basis for estimate discharge from the streams embraced

in this report* Watershed slopes, stream gradients, geology, soils,

vegetation, storm frequency, and precipitation are sioiilar through-

out the compared basins*

Ifean annual precipitation estimates for the areas included

above the two gaging stations and for the area discussed in this

report are based on isohyetals of annual precipitation.

lath a mean annual precipitation of 23,1 inches estimated

for the watershed of the Clear Fork of the Erases River above the

gaging station at Kugent in Jones County, Table 7 shows an average

discharge rate of 57 acre-feet per square mile for the 2,220 square

mile area. This quantity of discharge, compared to the estimated

mean annual precipitation of 23.1 inches for the watershed, gives

an average percentage runoff of 4*6 per cent* Small municipal

diversions above the gaging stations take some water, but return

flows partially offset the diversion,,

At Abilene, Texas, the SS-year precipitation record averages

24.66 inches annually and is considered applicable to the bastes

concerned. Hence the precipitation record at Abilene is used for





purposes of estimating discharge quantities. On this basis the

annual unit run-off is estimated at 61 acre-feet per square rails

for the basins considered*

Considering the discharge records of the area above the gaging

station at Fort Griffin in Shackelford County on the Clear Fork of

the Brazos River -with a total area of 5,970 square miles, and a

mean annual precipitation of 25,7 inches for the drainage area, the

average annual discharge per square mite is 52 acre-feet This is

equivalent to a run-off factor of 4»1 per cent of the annual pre-

cipitation. Table 8 is a summary of the discharge record at Fort

Griffin*

Since, however, the physical characteristics of the drainage

basin above Kugent is comparable in more respects to the areas con-

cerned, it appears logical to use the corrected Nugent record as

a basis for estimating the yields of the other basins. Therefore,

as shown above, the annual yield per square mile of drainage area

is estimated to be approximately 61 acre-feet or 4.6 per cent of

mean annual precipitation*

The drainage area in the -mtershed under consideration totals

1,185 square miles. Using the estimated run-off rate, 61 acre-feet

per square mile, the average annual yield of surface water for the

drainage basin is 72,285 acre-feet*





The following tabulation shows the various creeks -within the

area5 their drainage areas,, and the probable average annual yields

from these streams, using the run-off rate of 61 acre-feet per square

mile*

Estimated Average
Draiaage Area terns! Yield

Creek (Square Sales)

Deadmen £92 11,732

little E2m 64 5,904
Buck Creek 19 1,159

T':-"--:- 67 4,087

Big Sla E29 476*^ ^-.vf^ r*?,,;^

228
Bitter Greek 103 6#285
Hoodie Creek 60 3,660
Clear Fork of Brasos Biver 326 7f686

TOTAL 1,185 72,285

The soils and their general agricultural use of the Big Elm,

Hblberry, Hoodie, Bitter, Beadman, and Cedar Creek Watersheds are

described very completely in Bulletin Wb« 431, "The Soils of Texas, n

published by the Texas igrieultural Experiment Station* The most

1 Total drainage area bjr Big KUa and tributaries*
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common soil series found in this area are J Valera—Rough stony land

group| Abilene—Roscoe—Foard group| Miles—Vernon groupj and JFrio—

Spur—Leona group*

The Valera-Rough stony land group covers approximately 65 per

cent of this area*

The series is characterised by brora or dark brown surface

soils
j,
locally nearly black* The surface is moderately rolling to

very rolling and some slopes are steep* The steep slopes in many

places are eroded* The native vegetation is largely short grasses,

mesquite, buffalo, and various bunch grasses. However, in places,

especially on the stony clay, there are many small trees, largely

small cedar (Juniper), shin oak, live oak and western red oak, red~

bud, and many shrubs, including cat *s claw, lote bush, agrite, sumac,

and others* The deeper soils, clay and clay loam, which are inter-

mixed with the large areas of stony clay, are fairly productive when

moisture conditions are favorable and they are well suited to the

general farm crops A small amount of the deeper soils is famed

and produces cotton, com, small grains, sorghums, and some other

crops o Most of these soils are in cattle, sheep, and .;oat ranches*

The Abilene~Hoscoe«Foard group covers approximately 28 per

cent of the area and the series included within this group may be

described as follows

s





The topsolls of the Abilene soils are brown or dark chocolates-

brown in color. The soils are granular and the subsoils, though quite

heavy, are of fairly open and permeable character* A moderately

large amount of organic matter is present* For the most part the

soils are deep* The surface is undulating to nearly flat, though

on some slopes the soils have been thinned by erosion. The natural

vegetation is mainly short grasses, buffalo grass (locally called

mesquite grass) with some other grasses such as grama, needle, and

on the sandy soils, some coarse bunch grasses* A scattering growth

of small mesquite trees occurs with some lote bush and a few of the

other shrubs* The soils and subsoils readily absorb -water and the

deep, heavy clay subsoils and substrata act as a reservoir to hoM

a large amount of water for growing crops These soils are among

the most highly esteemed soils of the region for farming and are

extensively utilised for the general farm crops* These consist .

of cotton, com, so^humSj small grains, and other crops, to all of

which the soils are well suited*

The Roscoe soils have black or very dark brown surface soils,

The chief soils of the series are of clay and clay loam textures

«

The soils are moderately granular but the subsoils are rather heavy

and slowly penetrated by water* The soils occupy very flat and some

slightly depressed areas having very slow natural drainage* The

natural vegetation is chiefly short grasses with scattered mesquite

trees* The soils are limited in extent and are usually associated
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with the Abilene soils* They are well suited to cotton, com, grain

sorghums, and other general farm crops, and as the soils are nearly

flat they collect and retain a very large proportion of the rain

water and are fairly drought-resistant, provided a supply of mois-

ture is beneath the soil before dry seasons begin* The soils are

also well suited to small grains©

The Foard soils have light brown to dark brown surface soils

«

A characteristic fe&tur© is the presence in laany places of small

bare spots with a light-colored, smooth surface practically devoid

of vegetation* These are locally called "alkali spots" and the soil

material contains a considerable percentage of sodium chloride and

less amounts of other salts* There is a tendency for the soils to

dry out to a very hard mass* The subsoils are extremely tough and

dense* Water penetrates them slowly* The Foard soils do not con-

tain a large amount of organic matter* The surface is generally

quite flat, and though there is a relatively light run-off of rain

water, soils are often too tight to allow easy penetration* There-

fore, the soils are not highly drought-resistant* A considerable

amount of the land is in cultivation and fairly good yields are

secured when moisture conditions are favorable* The principal

crops grown are cotton, sorghums, and small grains, to all of which

the soils seem well suited* The principal types are a very fine

sandy loam, clay loam and clay* "Where uncultivated they support a

heavy growth of short grasses which provide valuable forage for
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grasirsga Small mesquite trees also grow rather abundantly,,

The Miles-Vernon group covers approximately 5 per cent of

the area and may be described as follows?

The topsoils of the Mies soils are reddish-brown, brownish-

red or brown* The Miles topsoils are granular while the subsoils

are of open structure and are readily penetrated by air and water*

These soils are developed on smooth to fairly rolling surfaces

with soma rather steep slopes • The soils have a natural rapid

surface and subsurface drainage. Much of the surface is sufficiently

sloping to allow rapid rim-off of rain water, which is lost to crops,

while erosion injures the soils by removing valuable soil materials

end plant food constituents* Where smooth or of sandy texture, the

soils absorb much of the rain water, which is retained in the sub-

soils 8 In very dry seasons crops suffer least on the sandy soils

which are underlaid by clay subsoils© The fine sandy loams and

other sandy soils are the most extensive of the series^ The

natural vegetation on the sandy soils is mainly bunch grasses with

some shin oaks growing thickly in places* On the heavy soils the

short grasses, grama grasses, and others grew© A scattered growth

of small mesquite trees and various shrubs occurs on the heavier

soils© The Miles soils occupy many large areas, but in places are

intimately associated with small areas of the Vernon soils. They

mostly cover the smoother divides, and the associated Vernon soils





cover the more sloping end rolling areas* The fine sandy Xosma

are considered quite desirable for all of the general crops on

account of their drought~resistant qualities. They are suited to

cotton, grain sorghums , fruits, and vegetables. The heavier soils,

where sloping, do not collect much rain -water and, therefore, do not

strongly resist droughty conditions© The deeper heavy soils are

quite productive, being suited to cotton, grain sorghums, and small

grains* The soils are farmed quit© extensively! considerable areas

of the virgin soi3.s comprise valuable ranch lands

«

The Vernon soils have red, reddish-broroi, or brownish-red

calcareous surface soils * The soils and subsoils are mostly of

open, granular structure and of ready penetrability* Owing to the

iisperfect development of the Vernon soils due to excessive erosion,

the soil layers are thin in many places and the parent formations

of calcareous clay or sandy clay lie near the surface and in places

are exposed*. The beds of parent materials, Bed Beds, have in places

some strata of gypsum, Ulmestone, and sandstone, and on some greatly

eroded surfaces these materials are exposed* In the rough lands

such areas are Immm as "gyp hills *
B The surface of these soils

ranges from smoothly undulating to very rolling, with fairly steep

slopes* The soils and parent~materials are very susceptible to

erosion and in many places, even under natural conditions, where

a heavy grass cover occurs, the surface is so cut and denuded of

soil or dissected by so many gullies that the land has little or no





value for cultivated crops. The soils range In texture from fine

sandy loam to clay* Probably the very fine sandy loam is the most

extensive* The natural vegetation is mainly grasses. These grow

thickly on the deeper soils accompanied by a scattering of mesquite

trees and various shrubs. The short grasses with some grama and

other grass are abundant on the heavy soils, but coarse bunch grasses,

grama grasses, and other predominate on the sandy soils. The Vernon

soils are quite extensive and occupy exclusively some large areas,

The more deeply developed soils are quite productive and are suited

to many kinds of crops, but in many places the thin eroded soils

are not highly productive and many slopes are so steep that a great

deal of the rain water runs off and is lost for use of vegetative

growth. The smoother soils are used to a considerable extent for

cotton, com, grain sorghums, and on the heavier soils for soma

small grains. The natural vegetation of these soils provides good

grazing, and large bodies of virgin soils occur on many of the cattle

ranches of the region*

The Fslo-Spur-I'jeona group covers approximately 2 per cent of

the area and the series included may be described as follows s

The JVio soils are light brown, calcareous soils which dry

out to a pronounced grayish cast. These are deep soils and the sub™

soils, though raostly heavier, are crumbly and have the same granular,

open structure as the surface soils. On account of flat surface,

natural drainage is slow although the lighter-textured soils,





generally lying near the streams and in places underlain by beds

of gravel, are slightly higher and have fairly rapid surface

drainage and free under~drainage« Tree growth consists of mesquite,

oak, and other trees, and souse pecan trees grow in the weU~&raine&

positions « These soils are very productive and the subsoils afford

a good reservoir for soils moisture, -which gives them a good drought

resistance© They are highly productive and suited to many crops©

They are farmed to a considerable extent, cotton, sorghums, and

various other feed crops comprising the chief crops grown©

The Spur soils are light brown to dark chocolate-broMi in

color* Several types, ranging in texture from sandy to clay loam,

occur in this series. The soils occupy bottomland and are ovexv

flowed occasionally* They are deep, xrell~drained soils, friable

and permeable, 'and are quite productive though the very light sandy

types are not highly soa These soils hold large amounts of water

and have very favorable moisture conditions for crop growth© They

are suited to many crops end a large part is farmed* The principal

crops are cotton, corn, sorghums, alfalfa and various other crops©

The Leona soils have dark brown or black calcareous top soils*

These are deep, granular sells, containing considerable organic

matter, and are underlain in places by beds of rounded gravel© The

surface is flat and drainage is readily effected through the soil

and subsoil material« Overflows are infrequent© Various trees





grow on the soils and pecan trees grow where w&lerdrainage is most

rapido The soils are productive and suited to the general farm

crops » Some areas of the soils are successfully farmed.





jpgEOT USE OF AREA

Water for stock and domestic use in the; area is obtained

from three sources? ground rater in certain portions of the area^

surface water discharge^ and rain imter retained in cisterns from

roof catchments*

In portions of the 'watershed -wells furnish sufficient water

for domestic and stock purposes, while in other portions ground

water is of poor quality or insufficient in quantity for both domes-

tic and stock use. In many instances individuals augment their

domestic and stock water supply by the use of ntock ponds for sur-

face water storage*

The area lies principally within Permian strata where scar-

city of potable gp&wd water is characteristic Etay surface water-

retention structures have been built through private initiative^

county assistance, and the Agricultural Conservation Program© How-

ever, existing works are not adequate to supply water for domestic

and stock needs©

The following municipalities within the area in Taylor County,

Texas $ have public water works s Abileneg Merkel5 and Trent e





The City of Abilene has. storage reservoirs which retain

surface flow from creeks within the watershed. The following

table illustrates the lakes, their source of supply, edacity5

dtrainage areas , and present usage*

Table 9«—LAKBS H? THE AWk

Present
Consumption

Year (Million
Cost- Gallons
pleted Per Bay)

1
19S8 2,809

1958

The underflow in the alluvium of Big Elm Greek near Lake

Abilene is an additional source of water* The amount of water

available from this source is controversial* Abilene has developed

its water supply for considerable expansion in the future both

industrially and for future increase in population*

lferkel
fl
Texas 9 in Taylor County, with a population of 8,200^

uses ground water recovered from 6 wells , no one of which will yield

over 80 gallons per minute • There are approximately 200 private

wells used within the village » Water in Iferkel is only partially

Capacity Brainag©
(Acre-

Stream

Lake ibilene Big Elm Cr» 10,000 110

Lake Kirby Cedar Creek 9,200 44

Lytls Lake Xptile Creek 1,580

Fort Phantom Big Kba Cr. 75,700 480

1 Based on 10~yeer average, 1928-1937*





inetered, but the city clerk estimates that the 160 connected users

average a monthly use of 640,000 gallons of -water. Dae to the hard-

ness of the ground water at Merkel, the Santa Fe railroad discon-

tinued its water station there and now obtains water at Abilene,

Texas , where the water is treated for hardness by the city*

The town of Trent, Texas, in Taylor County, with a popula-

tion of 412 recovers ground water for its samicipal water supply©

The total eonsusption of flat rate users is not metered and sows

private wells are also used* Consequently the total withdrawal for

Minicipai use is unknown*

Irrigation from surface water sources involves only a small

portion of the watershed* Surface irrigation is limited because

topography precludes economically feasible construction of storage

or diversion works* ^urtbernsore, much of the physically irrigable

land is subject to overflow during flood stage*

There are no active irrigation districts in the area*

The Brasses River Conservation and Reclamation District is active in

the Brazos River Watershed* However, proposed development of domes-

tic water supplies does not interfere with the program of the Brazos

River Authority*

Table 10 shows a list of the appropriations of public waters

from streams in the watershed discussed in this report* This table

shows the purpose of the appropriation, in sose cases the rate of
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diversion, means of diversion, acres to be irrigated and quantity

of water granted by the State Board of Water Resources* For the

most part other than municipalities, the appropriated -water is

not being fully used because of physical limitations previously

pointed out*

Ground water is not recoverable in sufficient quantities for

irrigation purposes* The city of Abilene lias constructed a gallery

in the alluvium fin above Buffalo Gap on .Big Elm •where the under-*

flow may be recovered at rapid rates* Windmills are in use in

portions of the area, and where there is a surplus of water above

the needs for domestic and stock consumption irrigation of gardens

and lawns is done*

Industries have for the most part depended on municipal

water works to supply them with water because ground-water supplies

are limited throughout the watershed* Another factor limiting the

use of ground water is the hardness of the supply in portions of

the area. % using municipal Tjater the various industries receive

water that has been treated *

land Use and 2&Q§§ of £]gnai|)g;

There are approximately 575,000 acres of the area in native

pasture. The range is spotted and evidences of over-grazing rather

pronounced* In sons pastures the damage has been slight while in
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others sons native grasses have been alroost annihilated* Broom

wood, "which is non-palatahle, is on the increase

•

In Taylor County the County Agent estimates that an average

of 16 acres is required to carry an animal unit. In the best pastures

the carrying capacity is somewhat greater, 10 to 12 acres being re-

quired per animal unit* It is estinaated that acreage necessary to

carry an aniraal unit has increased considerably© .

Approximtely 50 per cent of the area is in cultivation* Cer-

tain sections of the area are practically all in pasture, while others

ere nearly all under cultivation* The northern part of Taylor and

the southern part of Jones counties have a high percentage of land

in cultivation^

Cotton, oats, grain sorghums^, wheat, corn, and Sudan are

the principal crops* About 40 per cent of the cultivated land is

in cotton, 22 per cent grain sorghums, 18 per cent oats, and 8 per

cent wheat • These proportions vary from year to year, depending

upon ntoisture and other seasonal influences*

From 1929 to 1954, inclusive, sverage yields per acre were

as follows % corn 12 bushels, cotton 128 pounds, grain sorghums

11*7 bushels, cats 25.a5 bushels, and wheat 10 bushels a

Since little attention had been given to erosion by water,

considerable erosion has taken place both in the cultivated and

pasture areas of higher land slopes* Few erosion gullies are fbund^





but sheet erosion in some areas has been severe„ Some wind erosion

has occurred in the sandy areas of Jones County»

Erosion has been the big factor in reducing the soil fertility*

Most of the area is still fertile enough to produce good crops wlien

ample moisture is available but present droughts appear to have a

more widespread effect than those of the past* Most of the land has

been in cultivation long enough to have most of the organic matter

"burned out 51 and consequently it does not have sufficient moisture

holding capacity* However9
little land has been abandoned©

The sections •which have a high percentage of land in cult±<=

vation are cash crop areas producing cotton as a primary crop« The

farms in these areas are small and have little or no pasture* Th©

cash crop farms seldom exceed 160 acres in sisse* libre than 50 per

cent of the farms are operated by tenants©

General farming is ratter well distributed throughout the

area. This type of farming .is carried' on in the shallow soil

areas where the topograph is rather rolling to rough with fairly

frequent level valleys of good land*, Feed crops are produced to

supplement the livestock enterprise which is the main source of

income* A small percentage of the cultivated acreage is used to

produce cotton* The siae of these general farms range from 240 to

several thousand acres©





IjaM-Values .and Public Facilities and BoCTilation

According to the 1955 Census the average value of land in the

area is approximately $25»00 per acre* The value of cultivated acre-

age will probably range from £<£5»Q0 to 140*00 per acre* The grazing

land is valued from $5*00 to $1S«,00 per acre* Land that takes 16

acres for each animal unit is not -worth more than $6 tt0Q per acre»

Institutional facilities are quite satisfactorye Some school

districts were originally too small* Most of these have been con-

solidated to make districts large enough for adequate support of

the educational needs # The area is unusually well supplied with

hard-surfaced roads * lost of the land owners have telephones and

the Rural Electrification Administration has recently built power

lines in various sections of the area*

The total population in this area decreased slightly from

1910 to 1920 a There was a substantial increase, however, from 19S0

to 1930• The farm population decreased in several precincts between

1950 and 1955a It is believed that the more intensely cultivated

areas have a larger population than they can permanently support*

The principal city in the are© is Abilene with a population of

£9 j000, Uferkel and Trent are small towns in the area with popular

tions of £,£00 and 412 respectively*





IV

RECQ!f,!EIir5iD AREA UTILIZATION

Reviewing the physical inventory of the water resources, of

the area and the present use of these resources, there remains a

balance of both surface water and ground water that may well be devel«

oped to fulfil the stock and domestic needs of the area.

Surface retention structures are recommended where ground

water is not available or is insufficient to supply domestic and

stock needs. These will usually be comparatively small earth fills

with suitable spillway facilities*.

In some portions of the area where ground water is available

more wells and windmills may be constructed* It is advisable in

portions of the area to make borings or test holes for the location

of ground-water supplies «, The ground water in the Permian strata

is usually recovered from shallow depths and drilling tests will

consequently be inexpensive. Where ground water has been located

wells may be developed and windmills installed for the recovery of

water.

Many existing wells and windmills require repairs and some

stock tanks ere in need of repair and rebuilding. This may bo con-

sidered as an essential part of the Water Facilities Program in the

area.

48





Irrigation is not contemplated in this area except on small

areas for home gardens Experience of Farm Security &2m±nistration

officials in this area hao iodicffibod that irrigated gardens have

helped considerably in enabling some families to attain a higher

standard of livings This practice should be encouraged vjherever

adequate surface or ground-water suppliss are available. When

equipping domestic and livestock mils or repairing such wells,

special attention should be given to providing storage facilities

sufficient for the irrigation of a family-sized garden*

Irrigation in the area is desirable but physical factors

preclude justifiable irrigation projects* Stream diversion is pos-

sible in certain portions of the area* However, since the physical-

ly irrigable areas are usually adjacent to such streams and are sub-

ject to overflow several tines a srear, development of such facilities

is not recoEB3ended«

The necessity for making adjustments in land use and types

of farming has not been considered in this report* However, yields

of cash crops are not high in the area under the present dry land

farming practices and the area is adapted to livestock production*

The water facilities recommended are. for domestic, livestock, and

family garden irrigation purposes} and it is not contemplated,

therefore, that they will be installed where by doing so the pro-

duction of cash crops will be encouraged*









L E q END
^ oround water generally recoverable in sufficient quantities for

/ // / X stock and domestic needs.

Ground water resources uncertain as to distribution and quantity

Surface runoff available in quantities sufficient for stock and

domestic purposes by retention methods.
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