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, INTRODUCTION 

The greatest single water quality problem in the northwest Texas 
area is the pollution of waters of the Brazos, Red, and Canadian Rivers 

by runoff and base flows containing high concentrations of dissolved 
minerals. This is a naturally occur~ing phenomenon that has been little 

affected by man's alteration of the environment. In the Upper Brazos 
Basin, which is the subject of this study, the quantity of streamflow 

that carries dissolved minerals into the river isfafrlyinsignificant 
compared to the total discharge of the river into the Gulf of Mexico. 

Nevertheless, the quantity of dissolved minerals transported by this 
relatively insignificant quantity of water is sufficiently large to , 

make the waters in the river generally unsuitable for domestic use all 
the way to Lake Whitney, many hundreds of miles downstream. The nature 
of the problem has been recognized for many years, and many different 
ideas have been put forward for its solution. 

Without regard to cost or the physical problems involved, the ideal . 
solution might be a system of grouting or other means to stop the flow 

of salin~ springs in the area. The advantage of such a system would be 
that it would solve the downstream problem without any noticeable adve~se 
effect on the area where the work was done. While this , might be an 
ideal solution, no responsible person presently believes such a system 
is feasible from either a technological or an economical viewpoint. 

The proposal currently under consideratiort for solution of the pro

blem by the Fort Worth District, U.S. Army Corps of Engineers, involves 
sacrificing less than three percent of t~e total ' flow of the river by 
the construction ~f a system of "total impoundm~~t reservoirs in the 

Upper Basin for the purpose of enhancing the' quality of the remaining 
97 percent of the water in the river. Obviousli, this p~oposal will not 
enhance the water qu'ci'-ity in the area of origin of the pollutants. 
Indeed, the project is designed to degrade further the quality" of water 

in the area of origin by keeping it near its source and concentrating 
the dissolved minerals by evaporating the water from them. ' Looking at 
the problem from a basin":wide viewpoint, it would appear that the 

sacrifice of a sm~ll fr~ction of the ~ater and" a much smaller fraction 
(,,-,0 ~ 'T%) Of" the 1 "and' in the bas i n "for the benefi t of the res t of the 



basin would be a reasonable tradeoff, unless there are serious intangible 

adverse effects associated with the tradeoff. 
It is a fact that the value of water for any specific use is a 

function of its quality. It is also a fact that the mathematical rela
tionship between the quality of water and its value has yet to be derived 

for most water uses. Hence, while the tangible costs and tangible 
benefits of any particular water resources development proposal can be 

estimated with reasonable degrees of accuracy, the intangible costs and 
benefits, which may be of far greater significance, must be evaluated 
on the basis of the judgement of professional people. 

This report presents the collective judgement of a team of profes
sional people regarding the impact of the proposed water resources 
development on the environment on which it is to be imposed. The report 
makes no effort to put dollar values on any of the tangible or intangible 

benefits or detriments associated with the development. Rather, it 
simply attempts to call attention to the various environment effects in 

order that adequate consideration may be given them in the decision 
making process. 

Purpose of the Study - The purpose of this study was to determine and 
evaluate the environmental impact of the construction of proposed salt 

retention structures in the Upper Brazos River Basin. 

Statement of Objectives - The objectives of this study were as follows: 

1. To determine any probable adverse or beneficial environmental 

effects associated with the proposed plan. 
2. To disclose potentials and liabilities for recreation, fish, 

wildlife, and aesthetic enhancement associated with the project. 
3. To identify any geological or archaeological sites, scientific, 

historical or other uniquely important areas within or adjacent 
to the proposed project area that warrant further investigation, 

protection, interpretation, or other considerations prior to 
commencement of construction activities. 

4. To suggest alternative proposals for engineering feasibility 
studies if severe environmental degradation is imminent. 

5. To pose a series of questions germane to environmental impact 

investigations which may be used by the Corps as a framework 
for future investigations. 
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Nature and Scope - The proposed study has been coordinated through the 
Water Resources Center at Texas Tech University. An interdisciplinary 

team representing Civil Engineering, Water Resources, Geosciences, 
Range and Wildlife Management, History, Agronomy, and Park Administration 
was assembled to participate in the study. Collectively, the team con
ducted ground and aerial surveys, gathered, analyzed, and interpreted 

data, held discussion sessions and prepared this final report of all 
findings. 

Some of the specific areas and questions considered by the study 
team are listed below: 

1. Inventory of existing vegetation and wildlife. 
2. Ecological changes that might result from implementation of the 

project. Included would be habitat shifts and losses, forage 
losses, fisheries and wildlife potentials and other environmental 
hazards, imbalances, or enhancements pertaining to indigenous 

or exogenous flora and fauna. 
3. Inventory of existing public and private recreation areas and 

facilities within the project area. 
4. Recreational potential and liabilities resulting from the 

proposed developments. 
5. Visual and scenic impact analysis. 
6. Historical and archeological significance of project area. 
7. Land forms, rock and mineral features, and geological changes 

anticipated due to impoundments. 
8. Soil evaluation and suitability studies to determine the capa

bility, carrying capacity and vegetative potential of the project 

area. 
9. Water quality effects on the project area and groundwater 

recharge. 
10. Other pertinent short and long term changes that may result. 

THE PROBLEM 

Full development and utilization of Brazos River waters has been 
limited because of poor chemical quality. High concentrations of dissolved 
salts, minerals, and silt account for the marginal utility of the water 
for most consumptive and non-consumptive uses. This problem is by no 
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means one of recent orlgln. Over one hundred years ago ranchers and 

teamsters east of the Caprock on the South Plains were forced to reckon 
with the salty odorous waters of the Brazos and its tributaries . . The 
problem persisted, and with the changes in agriculture and grazing 

practices, enlarged with the added burden of excessive silt eroding from 

the heavily used land. Nearly twenty-five years ago farmers and ranchers 

in the region recognized that eventually some kind of development or 

process to reduce impurities in the water would be necessary if maximum 
utilization were to be achieved. 

Water quality in the main stem of the river is largely influenced 
by the quality of water entering from the numerous upstream tributaries. 

Although the watershed above the first major impoundment at Possum 
Kingdom accounts for only about 18 percent of the total basin runoff, 
it accounts for nearly 55 percent of the dissolved solids, 85 percent 
of the chloride and 75 percent of the sulfate found in the water near 

the mouth of the river. 
Major impurities in the Brazos water originate from four sources: 

(a) inflow of natural sodium chloride primarily from the Salt Fork of 

the Brazos and from Salt Croton Creek; (b) solution of calcium sulfate 
from gypsiferous rock deposits throughout the region, (c) siltation from 
surface runoff, and (d) pollution from oil field brines. 

Water Quality Measurements - The measurement of water quality represents 
a quantitative expression of the volume and/or weight of various impuri

ties in the water. Mineral constituents are usually expressed in parts 

per million (ppm) or milligrams per liter (mg/l). Water has the capability 
of absorbing or dissolving large quantities of minerals. In the case 
of sodium chloride, the saturation concentration is about 193,000 mg/l 

at normal temperatures. 
Water quality has been monitored throughout the Brazos Basin for 

nearly thirty years. The following data, compiled by the Fort Worth 
District of the U.S. Army Corps of Engineers illustrate the various 

elements and units of mineral concentrations found in Brazos water. 
These elements include: 

1. Chlorides - Chemical quality data have been collected at some 
emission areas was conducted at more than 300 sites during the period 
from October 1964 to June 1967. Many of the streams have no base flows. 
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For these streams, concentrations of dissolved salts found in stagnant 

pools provided a basis for estimating total contributions. After po

tentially significant salt sources were identified, efforts were made 
to estimate the salt load carried by each stream through sampling over 

a range of discharges. From such sampling and chemical analyses, 
the U.S. Geological Survey determined the average daily load of chloride 

flowing out of Possum Kingdom Reservoir to be approximately 1,250 tons. 
Of this amount, 830 tons are contributed by the Salt Fork, 100 tons by 

the Double Mountain Fork, and 50 tons by North Croton Creek. The re
maining 270 tons are derived from other widely dispersed sources. 

2. Manmade Brines - Brines entering the Brazos as a result of man's 

activites are primarily the by-products of oil and natural gas production. 
Effects of oil-field brines on water quality are most evident in the 

Clear Fork, an area which was formerly low in chloride loads. Studies 
have related an "increase in the concentration of chlorides in the Clear 

Fork to an increase in oil-field activites. Although control of this type 
of pollution will be the responsibility and task of the state and federal 

water pollution control agencies, the assumed results of such control 
have been incorporated, along with the effects of the proposed salt 

control measures, in evaluating the environmental impact of this project. 
3. Sulfates - Most of the surface water of the upper Brazos River 

Basin contains lower concentrations of sulfates than of chlorides. 

Since calcium sulfate (or gypsum), the source of much of the sulfate in 

solution, is only slightly soluble, sulfate concentrations r arely exceed 
5,000 ppm. The average sulfate load from Possum Kingdom Reservoir has 
been estimated by the Geological Survey to be 760 tons per day. Because 
of the widespread nature of sulfate pollution and the difficulty in 

controlling it, no specific measures have been recommended for that 
purpose. However, some worthwhile reduction in sulfates will result 
from the proposed chloride control measures. 

Chloride Concentration from Major Brazos Tributaries - The Brazos River 
transports large quantities of dissolved minerals to the Gulf of Mexico. 
Through the use of chemical analyses and water discharge records, the 
amount of dissolved solids that have passed a point during some time 

interval can be computed. Salt loads are additive in that the sum of 
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the salt loads of individual tributaries is equal to the total load 

carried by the river. The three major tributaries of the Brazos River 
are the Salt Fork, the Double Mountain Fork, and the Clear Fork. Chloride 
contributions from each of these tributaries are as follows: 

1. Salt Fork - The Salt Fork of the Brazos River has long been 
known to contribute more natural salt than any other Brazos tributary. 
Daily streamflow and chemical quality records are available for two USGS 
gage stations, site 8-820 near Aspermont and site 8-810 near Peacock. 
Records from gage 8-820 during the 1957-66 period indicate an average 
daily chloride load of 830 tons. Records at gage 8-810 available only 
for the latter two years of this 10-year period, have been extended to 
show an estimated daily chloride load of 215 tons during the 1957-66 
period. 

Much of the salinity of the Salt Fork of the Brazos River upstream 
from Peacock is contributed in small increments from many sources. 
Among these are the following: 

(1) McDonald Creek - Flows from McDonald Creek are saline at 
all observed discharges. Low flows containing 18,800 ppm chloride were 
recorded during the 1966 water year but the quality of water improves 
greatly at higher flows. Using the discharge-weighted average concentra
tions of dissolved solids for the 1966 water year, the daily chloride 
load from McDonald Creek is estimated to be 20 tons. 

(2) Verbena Canyon - Streamflow and chemical quality data for 
this small tributary were estimated from twelve samples collected during 
low flows. Chloride concentrations at base flow averaged 28,000 ppm, a 
concentration representing an average daily load of 2 tons. 

(3) Red Mud Creek - Red Mud Creek is dry most of the time but it 
has been found to contribute small increments of salt during low flows. 
Although the source of salt is unknown, sampling indicates that the 
salt originates in the lower reach of the stream. Extension of 1966 
sampling data indicates an average daily chloride load of 13 tons. 

(4) Salt Creek - The discharge-weighted average concentration of 
chloride during 1966 was found to be about 70,000 ppm. Based on this 
concentration and a base flow of about 0.1 cfs, the average daily 

chloride load, which is known to be derived from a small spring, was 
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estimated to be 20 tons. Although the chemical quality of high flows is 

greatly improved, it is estimated that the daily chloride contribution 
is about 30 tons. 

(5) Croton Creek - Chemical analyses were made periodically 
between 1959 and 1961, at which time a daily chemical quality station was 
placed in operation. During low flows, the water in Croton Creek is a 
sodium chloride brine ranging up to 20,000 ppm chloride. Extension of 
available chemical-quality data indicates that during the 1957-1966 
period, the average daily chloride load was about 75 tons, or about 6 
percent of the load reaching Possum Kingdom Reservoir. 

The chloride concentration in flowing water in Croton Creek usually 
exceeded 10,000 ppm and gradually increased in the downstream reaches. 
This indicates that the salt load is being derived from sources throughout 
the length of the stream. 

(6) Salt Croton Creek - An extensive investigation to collect 
data on the quantity and quality of water in the Salt Croton-Dove Creek 
area was initiated in October, 1956. Average streamflow during the 1957-
1966 period was determined to be over 7 cfs with a base flow of about 
1 cfs of concentrated brine. The chloride load contributed by this base 
flow was computed to be 330 tons daily. For the total flow, the chloride 
load from Salt Croton Creek during the ten year period amounted to 530 
tons per day, or about 42 percent of the load contributed to Possum 

Kingdom Reservoir. 
Samples were collected at numerous sites along Salt Croton-Dove 

Creek, Salt Flat Creek, and Haystack Creek. Data from 2-1/2 years of 
sampling indicated that the base flow from Salt Flat Creek was an almost 
saturated brine having a chloride concentration of 145,000 ppm. The 
daily chloride load for this flow was computed to be 190 tons. Sampling 
on Haystack Creek showed the base flow to contain an average concentra
tion of about 60,000 ppm chloride. The daily chloride load of the base 
flow in Haystack Creek amounts to about 30 tons. 

(7) Stinking Creek - Stinking Creek is intermittent, especially 
during the summer, but based on discharge and quality data obtained 
during the 1966 water year, it was estimated that the average discharge 
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for the 1957-1966 period was about 5 cfs with a corresponding daily 

chloride load of 5 tons. 
(8) North Croton Creek - A daily streamflow and chemical quality 

station was established on North Croton Creek in the 1966 water year. 
Adjustment of available data to reflect 1957-1966 conditions indicated 

an average discharge of about 25 cfs and a daily chloride load of 50 

tons. A portion of this amount is contributed by seeps and springs along 
Salt Creek, a small tributary southeast of Guthrie. This small but con

centrated load is estimated to be about 13 tons per day. 
2. Double Mountain Fork - Discharge measurements have been made at 

USGS gage 8-805 near Aspermont since 1940. Daily chemical quality 

records are also available for this site for the 1957-1966 period. 

These data show the average discharge during the ten years to be 189 cfs 
with a discharge-weighted average concentration of chloride equal to 
200 ppm. The equivalent chloride load of 100 tons per day represents 
about 8 percent of that entering Possum Kingdom Reservoir. 

The upper reaches of the Double Mountain Fork and most of its 

tributaries are intermittent streams having brief flows following infre
quent rains. Chemical analyses of flowing water with supplemental 

samples from pools indicate that most of the upstream resources contain 
objectionable quantities of dissolved solids. Chloride concentrations 
even during low flows seldom exceed 35,000 ppm, however. 

Tributary streams observed to carry significant chloride loads 

include Red Creek, White Canyon, and Salt Creek. Chloride concentrations 
ranged up to 34,300 ppm, 18,600 ppm, and 14,800 ppm, respectively, in 

these streams. Available data indicate that a large part of the total 

load from each of these streams is contributed by high flows. The largest 
chloride load, 10 tons per day, is contributed by Salt Creek, while Red 
Creek and White Canyon contribute 5 tons and 4 tons of chloride per day, 
respectively. Judging from these scattered, small salt sources, it can 

be deduced that the total salt load in the Double Mountain Fork is 
derived from numerous such sources. 

3. Clear Fork -Chemical-quality records for the Clear Fork and its 
tributaries indicate that surface water from this drainage area is fresh 

except where oil field pollution is occurring. Average discharge for 
the 1957-1966 period is estimated to be 450 cfs, with a corresponding 
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chloride load of 165 tons per day, about 13 percent of the contribu

tion to Possum Kingdom Reservoir. Records for the Hubbard Creek area 
reflect a daily chloride load of about 29 tons in addition to that 

estimated for the Clear Fork during the ten-year period. Since the 
construction of Hubbard Creek Reservoir, however, little of this 29 

tons is currently contributed to the load at Possum Kingdom Reservoir. 

AREA UNDER STUDY 

The Brazos River Watershed occupies an area of central Texas bounded 
on the north by the Red River Basin, on the east by the Trinity River 
Basin, and on the south and west by the Colorado River Basin. With an 

area of over 44,000 square miles or approximately 15 percent of the land 
area of Texas, the Brazos Basin comprises the largest intrastate water
shed. From its origin about 35 miles northeast of Farwell, Texas, and 
including its major tributaries, the river extends some 1250 river miles 
to the Gulf of Mexico. This makes the Brazos the longest river in Texas. 
Figure 1 shows the entire Brazos Watershed. 

The area under study consists of a four county region in the upper 

reaches of the watershed. Major tributaries include the Salt Fork and 
Double Mountain Fork. Figure 2 shows the area under study. Minor 

tributaries include Stinking Creek, North Croton Creek, Salt Creek, Duck 
Creek, Salt Croton Creek and Croton Creek. The study area encompasses 

a total area of about 1500 square miles. 

Geographically, the study area is located in that region of the 

Great Plains sometimes known as the gypsum province, because of the 
predominance of that compound. Surface features of the area are charac
terized by rolling plains, small canyons and abrupt uprisings. A portion 
of the area within the four county study region is known as the Croton 
Breaks. This name was derived from the steep rugged canyons characteris

tic of the area. 
Native vegetation within the study area consists of numerous species 

of trees, shrubs and grasses. These species include mesquite, juniper, 
cottonwood, sandsage, salt cedar, shinnery oak, buffalo grass, bermuda 
grass, and gramma grass. The region is classified as semi-arid. Agri-
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Figure 1 I 
Brazos River Watershed 
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culture includes both dryland and irrigated farming. The entire area is 

an ecological remnant of the southern extension of the short grass 
prairie region. 

PROPOSED SOLUTIONS 

Locating the sources of pollution is much easier than arriving at a 
workable solution which is both economically and environmentally feasible. 
Investigations of engineering, economic and environmental alternatives 
by logic and in accord with federal law much precede any eventual de
cision to embark on a particular development plan. 

The U.S. Army Corps of Engineers, Fort Worth District, has investi
gated several engineering means to reduce the inflow of minerals into 
the Brazos River. Although several alternatives were recognized, the 
most logical remedy seemed to be the construction of control structures 
at strategic locations selected to exclude the mineralized flows from 
the river. A variety of structures including low flow dams, total 
impoundment reservoirs, diversion tunnels, and pipelines were combined 
into a series of alternative plans as shown in Figures 3 through 7. 
Technical aspects of each plan as determined by the Corps of Engineers 
are discussed as follows: 

1. Plan No.1 - Plan No. 1 is a combination of total impoundment 
reservoirs and low flow dams designed to control all significant salt 
inputs to tributaries of the Salt Fork and Double Mountain Fork of the 

Brazos River. Plan No.1 entails the following elements: 

Dam Si te Location T~Qe of Reservoir PumQage 
1 McDonald Creek Low Flow 10 cfs to D.S. 
2 Verbena Canyon Total Impoundment 
4 Salt Creek Low Flow 20 cfs to D.S. 

10 Croton Creek Total Impoundment *11 cfs to D.S. 
14 Salt Croton Creek Total Impoundment 
16 Stinking Creek Low Flow 40 cfs to D.S. 
19 North Croton Creek Total Impoundment 
22 Salt Creek (trib. 

#23 

#23 
#14 

#19 

of D.M.F.) Low Flow 20 cfs to D.S. #16 
23 Red Mud Creek Total Impoundment 

*Required because storage is not adequate at D.S. #10. 
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2. Plan No. lA - Duck Creek and the upper two-thirds of the Croton 

Creek drainage areas contain reasonably good water. Plan No. 1 was 
modified into Plan No. lA to investigate the desirability of impoundments 
on Duck Creek for water supply and on Croton Creek for diversion purposes. 
If local support for water supply fails to materialize, D.S. No. 24 on 
Duck Creek will not be necessary. D.S. No. 25 on Croton Creek in conjunc
tion with a diversion tunnel would collect and bypass this stream's 
resources into North Croton Creek. Chloride control structures therefore, 
have been deleted on North Croton Creek. The following tabulation 
presents elements of Plan No. lA: 

Dam Site Location T~~e of Reservoir Pum~age 

1 McDonald Creek Low Flow 10 cfs to D.S. #23 
2 Verbena Canyon Total Impoundment 
4 Salt Creek Low Flor 20 cfs to D.S. #23 

10 Croton Creek Total Impoundment 
14 Salt Croton Creek Total Impoundment 
16 Stinking Creek Low Flow 40 cfs to D.S. #14 
22 Salt Creek (trib. to 

D.M.F.) Low Flow 20 cfs to D.S. #16 
23 Red Mud Creek Total Impoundment 
24 Dick Creek Water Supply 
25 Croton Creek Diversion 

Croton Creek to 
North Croton Cr. Diversion tunnel 

27 Salt Creek (trib. to 
N. Croton Creek) Total Impoundment 

3. Plan No. 2A - Chloride control on tributary streams approaches 

the maximum for Plans No. 1 and lAo However, there are approximately 
150 tons/day of chlorides being emitted in the stream bed of the Salt 
Fork of the Brazos River upstream from Croton Creek. Plan No. 2A 
incorporates D.S. No. 20 on the Salt Fork as a means of controlling the 
150 tons while not relinquishing the control provided by D.S. Nos. 1, 2, 
4, and 23 contained in Plans No. 1 and lAo Elements of Plan No. 2A are 

as follows: 

Dam Site Location 
10 Croton Creek 
14 Salt Croton Creek 
16 Stinking Creek 

Ty~e of Reservoir 
Total Impoundment 
Total Impoundment 
Low Flow 

18 

Pum~age 

40 cfs to D.S. #14 



Plan No. 2A - continued 

Dam Si te 

20 
22 

24 
25 
27 

Location 

Salt Fork Brazos R. 
Salt Creek, tribe to 
D.M. F. 
Duck Creek 
Cr'oton Creek 
Salt Creek, tribe 
to N. Croton Cr. 

Type of Reservoir 

Total Impoundment 

Low Flow 
Diversion w/tunnel 
Diversion w/tunnel 

Total Impoundment 

Pumpage 

20 cfs to D.S. #16 

4. Plan No.4 - Chloride control afforded by Plan No.4 is the 

maximum of the five feasible alternatives. The plan encompasses all 
features of Plan No. 2A except the diversion of fresh water from D.S. No. 25 

into North Croton Creek. Chloride control on North Croton Creek is not 

possible under diversion conditions if resources of that stream are 

impounded at D.S. No. 19 in Plan No.4. Elements of this plan are as 

follows: 

Dam Site Location Tipe of Reservoir Pumpage 

10 Croton Creek Total Impoundment 11 cfs to D.S. #14 
14 Salt Croton Creek Total Impoundment 
16 Stinking Creek Low Flow 40 cfs to D.S. #19 
19 North Croton Creek Total Impoundment 
20 Salt Fork Brazos R. Total Impoundment 
22 Salt Creek (trib. 

to D. M. F. ) Low Flow 20 cfs to D.S. #16 
24 Duck Creek Total Impoundment 

D.S. No. 24 offers no chloride control. The reservoir will provide 

a dependable water supply but if local support for the reservoir is not 

indicated, it can be deleted from the plan with no adverse effects upon 

chloride control. 
5. Plan No.6 - Earlier investigations of the salt problem have 

presented findings indicating that the problem is most acute in three 

areas--Croton Creek, Salt Croton Creek, and North Croton Creek. Recommen

dations for control measures at these locations have resulted from such 

investigations and were used to form the conceptual framework of Plan 

No.6. The plan consists of the following: 
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Dam Site Location 

10 Croton Creek 
14 Salt Croton Creek 
19 North Croton Creek 

Type of Reservoir 
Total Impoundment 
Total Impoundment 
Total Impoundment 

Pumpage 
11 cfs to D.S. #14 

In formulating their alternatives for controlling the concentrations 

of undesirable material in the Brazos water system, the Corps of Engineers 
systematically examined several related factors. These facotrs include: 

1. Planning Considerations - In developing a plan, the following 
factors have been considered: 

(1) Water Quality Objectives - The minimum objective of any 
quality control procedures should be to maintain the quality of the 

resource pool at such a level that utilization for any beneficial use is 
assured. Since domestic use demands first priority among beneficial 
uses, the quality parameters applicable to this usage are often imposed 
upon supplies for both higher and lower quality uses. Raw water supplies 
for domestic purposes should be of such quality that recognized Public 

Health Service standards are achievable by normal water treatment proce
dures. Assuming that domestic use will receive first priority in the 

Brazos Basin, the quality standards to be achieved through any recommended 
quality improvement program are those suggesting maximum allowable chloride 
concentrations of 250 mg/l, sulfate concentrations of 250 mg/l, and total 

dissolved solids concentrations of 500 mg/l. 
(2) Planning Guidelines - The following guidelines were used in 

the development of natural pollution control measures: 
a. Control all known chloride pollution at its source 

wherever possible. 

b. Reduce the level of chloride pollution at three check
points--Possum Kingdom, Whitney, and Richmond--to the extent that the 
chloride concentration does not exceed 250 mg/l more than two percent 

of the time. 
c. Prevent existing acceptable quality water from being 

degraded by chloride control measures. 
d. Maintain the largest practical flow at the three check

points. 
2. Chloride Control Methods - Salt water contamination of the upper 

Brazos River has been an innate characteristic of the stream. Elimination 
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of salt water contamination of the Upper Brazos River will cause signifi

cant changes in the normal regime of runoff and streamflow originating in 
this region. Alternative methods that may be used for chloride control 

are discussed below. 

(1) Interception and Disposal - Two methods that have been 
proposed for brine control are as follows: 

a. Total Impoundment - Impoundment and concentration by 

evaporation of brine within its area of discharge may be the simplest 

and most effective control method. Although this method is best adapted 
to small tributary streams, the method may also be feasible on large 
drainage areas if the geologic, geographic, and hydrologic conditions at 
each local site are favorable. Total impoundment as applied to this 

study implies that all surface flows containing high concentrations of 
chlorides will be retained permanently, and that evaporation will be 

at least equal to inflow. Total impoundment reservoirs operate most 
effectively to reduce the volume of accumulated inflow when located in 

areas of high evaporation and when the reservoir surface area is large. 
Relatively impermeable foundation conditions are essential if the accumu

lated brine is to be contained with minimum seepage losses. 

b. Low Flow Dams - In areas having infrequent or small 
flows, the interception of a major portion of the chloride load can often 
be accomplished by using low flow dams. Flexibility in operation of these 

structures can be increased by installing collapsible weirs across the 

spillway sections to allow passage of large flows of highly diluted 

brines. As the concentrated low flow brines are collected they must be 

pumped to other locations for permanent storage and disposal. It has 
been estimated that about 80 percent of the known chloride load of small, 

intermittent streams can be detained in such low flow dams. 
(2) Other Control Methods - Several additional methods for 

chloride control have been examined. These include: 
a. Desalination - Although desalination may ultimately 

become an economically feasible means of producing good-quality water, 
costs associated with this remain too high for it to be considered 
seriously as an alternative solution to the natural salt pollution problem. 
Desalination has not been developed to such an extent that the capacity of 
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facilities would accommodate the flow rates of the Brazos River. Large 

flow-detention reservoirs would be required because of the difference in 
desalination output and natural flow. Desalination of the average flow 

of North Croton Creek would require an output of 17 million gallons per 
day. Disposal of residue would be another significant problem. Based 

on these facts, desalination was eliminated from consideration. 
b. Dilution - The reduction of brine concentrations by 

random inflows of freshwater, or dilution, occurs naturally downstream 
from the salt pollution area. Augmentation of natural dilution through 

engineering means is a widely used method of pollution abatement made 
possible partly because of large scale comprehensive water resources 
development. Requirements for effective dilution include an abundant, 
non-allocated freshwater supply and a system for collecting and controlling 
the utilization of this supply toward some quality goal. The upper 
Brazos Basin has no such surplus water. Dilution to achieve chloride 

standards set by the Public Health Service would necessitate a fresh-
water inflow of about 5,000 cfs. Importation of out-of-basin water 

through the Trans-Texas Canal proposed in the Texas Water Plan might 
ultimately be a source of dilution water, but such supplies are not a 
reality at this time. 

c. Fresh Water Diversion - Although diversion of fresh 
water around chloride sources is not a control measure, the effect down
stream would be to lower the chloride concentrations. Diversion can be 

accomplished by a collection dam upstream of the brine control dam and 
a diversion conduit to convey the freshwater downstream of the brine 

source. Diversion is desirable when the upstream freshwater resource is 
large enough to increase downstream beneficial uses. 

d. Flow Suppression - The use of hydrostatic head to 

reduce or eliminate the flow from brine springs and seeps is a small
scale method of chloride control. In this method an encircling structure 
is built around the spring so that the hydrostatic head created by flow 
from the spring will equalize the artesian pressure, causing the spring to 
cease its flow. The method is adaptable to flat areas located offstream 
which are free from intermittent flood flows. Flow suppression might be 

a secondary result in any total impoundment reservoir which inundates 
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springs. Suppression of the flow at one spring normally results in 

the appearance of a new spring at another location or increased flow at 

an existing spring unless the source of supply to the spring is inter
rupted. 

(3) Brine Disposal - Four methods for disposal of accumulated 
brines have been reviewed. These include: 

a. Subsurface Injection - Brines produced with oil have 
been injected into underground formations for several years by the oil 

industry. Although some surface and groundwater pollution has resulted 
from improperly designed injection systems, the method can produce 
satisfactory results insofar as can be determined from piecemeal moni
toring and observational data. The underground formation for injection 
must be permeable and must have an impermeable overlying strata to prevent 
leakage of the brine. Chloride control by injection would involve~ in 
addition to facilities needed for the injection operation, an impoundment 

system similar in scale to that used in a brine collection system. The 
Tulsa District, U.S. Army Corps of Engineers, in its Water Quality Control 
Study for the Arkansas and Red River Basins adjacent to the Brazos River 
Basin found surface impoundment a more attractive alternative than sub

surface injection in areas where geologic conditions were favorable for 
such impoundments. 

b. Pipeline to the Gulf of Mexico - Disposal of wastes 
into an environment which by nature assimilates the discarded material 

offers advantages other methods cannot claim. Brine disposal into the 
Gulf of Mexico would serve to move unwanted materials into a compatible 
environment. The Tulsa District also conducted a study to determine the 

cost of a pipeline for transporting the salt water collected in the 
Arkansas-Red River Basins . . Included in this study was an estimated 
base flow from the Brazos River salt-producing area. This study showed 
the pipeline to be one of the most costly disposal methods. This alter

native would warrant more consideration if the salt source were nearer 
the Gulf of Mexico. 

c. Solar Evaporation - Solar evaporation is an effective 
method for reducing large amounts of salt water into concentrated salts 
in arid regions. This concentration occurs naturally in the upper Brazos 

23 



River Basin and it will be accelerated by any type of impoundment. 

However, off-stream sites specifically chosen for evaporative basins 
have not been located in the study area. Evaporation is an important 

parameter affecting the storage requirements for a total impoundment 
reservoir. 

d. Brine Disposal in Nuclear Cavities - Nuclear detonation 

offers tangible benefits in water-resource management. Creating under

ground cavities for water storage by nuclear detonation is the simplest 
application of this power. Such storage, to be effective, must be 
isolated and effectively sealed from waters that man might use. This 
can be accomplished most easily in a thick zone of impermeable rock. 
Much of the knowledge regarding nuclear detonation has been deduced from 
limited research, not full-scale tests. More must be learned about the 

phenomenon and its specific application before it can become a common 
tool of water-resource management. 

Parameters for Formulating Standards - Water quality standards 

are dependent upon the intended water use. The formulation of quality 
standards were based on the following: 

(1) To the extent possible, the recommended water quality 

improvements have been formulated with regard to all quantitative bene

fits and costs to assure that: 
a. Tangible benefits exceed economic costs. 
b. The scope of development provides the maximum net benefits. 

c. There is no more economical means evaluated on a compar

able basis of accomplishing the same result which would be precluded 

from development if the plan were undertaken. 
(2) Water quality, as opposed to quantity, has no precise 

attributes or entities that can be added or subtracted to arrive at a 
particular level. Consequently, alternate plans were formulated not 

for the purpose of incremental benefit-cost analysis of elements in any 
one plan but for the analysis of tradeoffs between plans. 

At this point the project plans were turned over to the Water 
Resources Center at Texas Tech University for an environmental impact 
analysis following the directives set forth in the Environmental Quality 
Act of 1970. Shortly after the study was initiated, Corps personnel 
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indicated that Plan No.4 appeared to be the most attractive and desirable 

of the alternative plans under consideration from an engineering viewpoint. 

For this reason, the study team concentrated on the environmental impacts 
associated with the implementation of Plan No.4. 

METHODOLOGY 

Prior to execution of the study contract several preliminary 

planning sessions were held with staff personnel from the Fort Worth 
District. These meetings served to: a) outline and clarify the purpose 
and objectives of the study, b) determine the disciplines needed to 
complete the study team, c) establish a framework for the study, and 
d) develop workable channels of communication between project personnel 
and Corps staff. It was determined at the initiation of the project 
that close coordination between the Fort Worth District and the Water 
Resources Center would be maintained throughout the study. 

Upon ratification of the study contract the team assembled for pre
liminary briefings on the scope and objectives of the study. Maps, 

reports, aerial photographs and other data furnished by the Corps were 

distributed to project personnel. A PERT chart was drawn up and deadlines 
were established for completion of the various phases of the project. 
Throughout this initial period several meetings were held with the 

entire team to work out problems of internal coordination, field investi

gations, equipment, travel requisitions and disbursement of funds. 

Additional data were requested and received from the Fort Worth District. 

Due to schedule conflicts individual investigators established their 
own work plans within each phase of the study. These were tied to the 
critical target data through close coordination and communication with 

the Center Director. 
Prior to commencement of field work all landowners in the study 

area were contacted by letter, telephone or visit. Area offices of the 
Soil Con?ervation Service, County Judges and other public agencies 

assisted in the location and contact of landowners. Lands for which 
requests for access were denied were not knowingly entered by the study 

teams. Overall, most of the landowners cooperated with the study team. 
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In many instances, information and guidance provided by local citizens 

proved to extremely valuable to the investigators. 

Field research by the specialists varied considerably. In general, 

field trips included studies of water quality, fish and wildlife popu

lations, soil erosion patterns, land forms, land use, access, shoreline 

profiles, vegetation, scenic vistas, historical sites, archaeological 

sites and deposits, buildings and other structures, and additional 

features directly within the environs of the proposed structures. 
In addition to the field investigations, library research, special 

documents such as soil survey reports, and interviews with knowledgeable 
local citizens were used by the investigators. Personnel from the 

Southwest Collection of Texas Tech University, Soil Conservation Service, 
Agricultural Stabilization and Conservation Service, and Cooperative 

Extension Service cooperated with the study team when called upon to 

provide assistance. 

Concurrent with the initial work, arrangements were made through 
the Corps to secure the services of military aircraft for reconnaissance 

surveys of the project area. Through the cooperation of the Corps of 
Engineers and the United States Air Force, aircraft and support services 
from nearby Reese Air Force Base were made available to the Tech study 

team. Flights over the study area were made in a type HHB-43 helicopter, 

shown in Figure 8. 

Figure No.8. Type HHB-43 Helicopter, U.S. Air Force. Used for 
aerial survey of the Brazos Salt Study Area. 
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Aerial survey by helicopter proved to be a most valuable tool 

in terms of providing the investigators with a broad overview of the 

numerous aspects of the study area relief. Flight details were worked 
out after several discussions with Air Force personnel and members of 

the study team. Wherever possible all requests were worked into the 

flight plan. To allow considerable extension of flying time the Air 

Force sent a refueling team into the study area. Prior to the flight, 

safety and orientation sessions were held in the crew ready room. A 

total of four hours were spent flying over the project area. 

Selection of the helicopter as the flight aircraft was made for 
several reasons. First, the flexibility of speed control, altitude 

control, maneuverability and landing capabilities; second, the ease of 

photographing various aspects of a particular area; and third, the 

capacity to carry a larger number of personnel. Aerial surveillance 
proved to be most valuable to the soils and recreation and aesthetics 

specialists. 
After completing field investigations, each team of specialists 

prepared a study report. These reports were presented to the entire 

team and to representatives of the Corps in an informal review session. 
Each team member had an opportunity to raise questions and comment on 

individual findings. Corps personnel critiqued the work, raising 
questions and pointing out areas in need of additional study. The 

entire session was recorded on tape for future reference. Immediately 

following the first review seminar, members of the team set up plans for 

several work sessions to draft the final report. 

27 



FINDINGS 

The following findings are summarized from the in-depth reports of 
the investigating teams, which are included as Appendices A through E. 

1. No endangered species are believed to reside within the study 
area. 

2. No serious adverse aesthetic effects will result from the con
struction of any of the proposed reservoirs except No. 16. 

3. There are no major historical or archaeological sites to be 
inundated by the proposed impoundments. 

4. Limited opportunities will exist for the husbandry of game birds 
and some game animals to be used for public and private recreational 
hunting. 

5. In addition to water quality, variables such as terrain, access, 
competing fresh water facilities, and climatic variations will 
limit the recreational potential of the proposed impoundments. 

6. Limited potential will exist for second home developments. 
7. To the extent that shoreline housing, campgrounds, and other 

habitations may be developed, it is important that the potential 
for enrichment of the waters by seepage from septic tanks or 
other forms of poorly treated waste discharges into the impound
ments be controlled. Waste discharges from industries, munici
palities, or individual residences into the impoundments or their 
tributaries will probably be minimal. Land use restrictions 
should be iniatiated before any recreational development occurs. 

8. The red silty soils of the region are extremely susceptible to all 
forms of erosion. Many shorelines are likely to be eroded by 
wave action into steep sided, unstable banks. 

9. Large fluctuations in water level will occur on a long term basis, 
and excessive accumulations of salt left behind by receding waters 
will result in large areas of barren shoreline. With the intense 
rainstorms that characterize this region, water levels can be 
expected to rise rapidly from time to time to inundate the barren 
flats above the water level. This condition appears to be condu
cive to outbreaks of botulism (a disease caused by toxin produced 
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by the bacteria Clostridium botulinum Type C). 
10. Although potentially dangerous, pesticides are not expected to 

present major pollution problems in the impoundments. 
11. Although a potential oil pollution problem exists from oil fields 

existing and under development in the area, oil pollution problems 
can be avoided through sound production practices in compliance 

with state and federal regulations. 
12. Impoundment No. 10 will experience rapid silting and eventual 

leakage. This leakage is expected to result mainly from lateral 
flow of present brines due to sealing of fractures by the accu
mulated silt. Intensive solutional effects, such as settling and 

humping are likely to result. Woodwar'd and Quinlan soils developed 
in silty and sandy (mostly very fine sand) redbeds comprise almost 
all the deeply dissected uplands surrounding the site. The silt 
producing potential of these soils is high. Recreational develop
ment in the vicinity of the reservoir will be highly limited to 
selected soils. 

13. Impoundment No. 14 is expected to experience unusually rapid leakage 
which may cause the appearance of new saline springs, probably 
downstream from the proposed dam site, and it will be subjected to 
very rapid silting. If the Dove Creek salt flat is flooded with 
about 50 feet of water, new pipes, springs, and hydrated zones 
which would disturb, struc~rally, the site area are likely to be 
formed. The probability for success of a program to seal the 

fractures in and around th~ flat by grouting are negligible. Silt 
producing potential of the surrounding soils is very high, and 
recreational development in the vicinity of the reservoir will be 
limited on selective soils. The moderately steep and steep 
Woodward and Quinlan soils are subject to gully formation and 
they revegetate very slowly once the cover is destroyed. 

14. No severe leakage or silting problems are expected to occur as a 
result of construction of impoundment No. 16. Slumping in the 
interbedded dolomitic limestone, gypsite, and thin clay stata 
which form the cliffs along Stinking Creek, will probably accele
rate once water is impounded. 
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The site of impoundment 16 on Stinking Creek is considered to have 
great aesthetic value. This area also harbors large populations 
of mourning doves. It is therefore suspected that the canyon 
may have significant value as wintering habitat for these and other 
game birds. While it is impossible to assign a tangible value 
to an aesthetically pleasing vista, it is suggested that alterna
tives to the construction of Dam No. 16 be investigated. If the 
site is built, it appears that the water quality may be suffi
ciently good to make it suitable for livestock and wildlife 
watering and for recreational purposes, at least during the 
first several years of the impoundment's existence. 

15. Impoundment No. 19 is not expected to experience severe problems 

,of silting or leakage. Soils in the vicinity will not present 
major problems for reservoir construction, but most of the soils, 
while colorful, are unsuited for many types of development because 
of the plastic clay that comprises both the surface and subsoil. 
The potential exists for pollution from existing and developing 
oil production in the area, but this is not thought to be a 
significant problem. Water quality in the impoundment may be 
sufficiently good to make it usable for livestock and wildlife 
watering and for recreation during a significant portion of the 
life of the project. 

16. No significant geological problems are expected to occur at 

reservoir No. 20. Silting and bank erosion may be fairly serious 
and some leakage is likely to occur. No serious soil problems 
were found to exist in the area, but soil will limit recreational 
development. Existing and potential oil fields in the drainage 
area are potential sources of pollution, but this source should 
be relatively easy to control. Water quality in the impoundment 
is likely to be good enough for livestock and wildlife watering 
for many years, and to some extent, for recreational purposes 
throughout the life of the project. 

17. No severe leakage or silting problems are expected to occur as a 
result of the construction of Dam No. 22. Soil problems asso
ciated with the impoundment will be moderate, but many areas will 
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be unsuitable for recreational development because of soil types 
existing in the area. 

18. A cursory examination of impoundment site 24 by a few members 
of the team indicated that recreational development will be 
limited by soil types existing in part of the area, but that 
the quality of impounded water is likely to be sufficiently good 
to permi tits use for 1 i ves tock and wi 1 dl i fe water; ng, for 
agricultural purposes, and for recreational purposes throughout 
the life of the project. 
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CONCLUSIONS AND RECOMMENDATIONS 

The conclusions and recommendations listed below have been summarized 
from the detailed reports written by the individual teams. The reader is 
advised to read the Appendices in detail to acquaint himself with the 
information on which they are based. 

1. Serious problems are expected to result from the construction of 
Dam No. 10 at the location proposed and to the height proposed. The 
possibility of relocating Dam No. 10 further downstream should be investi

gated. 
2. Serious problems are expected to result from the construction of 

Dam No. 14 at the proposed location and to the proposed height. The 
possibility of replacing Dam No. 14 with several low level impoundments 
should be investigated further. 

3. No serious problems are expected to result from the construction 

of Dam No. 20. The size of this impoundment could be increased somewhat 
without serious adverse effect. Consideration should therefore be given 

to the conversion of Dams 10 and 14 into low level impoundments with 
transportation of excess water from these impoundments to Reservoir No. 

20, and increasing the size of Reservoir No. 20 accordingly. Such a 
system would increase the salt concentration in Reservoir No. 20, which 
would decrease the value of the water for other purposes. 

4. More detailed geologic studies need to be made in the area before 

planning advances much further. It is recognized that such studies would 
normally be made before detailed planning is completed. Beca~se of the 
conditions existing in the area, particular emphasis should be given to 
geologic studies in the project planning stage. 

5. Aesthetic values that would be lost by the construction of Dam 
No. 16 outweigh the advantages of constructing it at the selected 
location. Relocation of the impoundment up Stinking Creek to the west 

and southwest of the upper reaches of the proposed pool would bypass this 
most scenic portion of the lower creek bed. Location of the dam due west 
of Highway 1263 would provide protection for the scenic canyon to the 
northeast. 
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6. Provisions should be made for frequent monitoring of the 

impounded waters for botulism, pesticides, and other agricultural 

chemicals which could possibly reach dangerous levels. 
7. Prior to the introduction of any nonnative game fish a full 

range of environmental considerations such as food chain, available 

oxygen, and other habitat demands must be thoroughly studied. 

8. Regulati ns requiring that adequate sewerage be incorporated 

into any developments of any nature near the impoundments or their 
tributaries should be adopted. 

9. Construction of facilities such as boat docks, boat ramps, and 

other structures along the shorelines of the proposed impoundments 

should be developed on the most stable sites. This is in light of the 
fact that the soils are extremely susceptible to erosion from wind, 

water, and wave action. 
10. Opportunities for development of public hunting on private land 

adjacent to the reservoirs should be fully explored. 
11. Interpretive devices should be erected at the dam sites and 

other public use areas. 

12. Primary and secondary contact recreation activities such as 

swimming and water skiing, should be discouraged on impoundments 10 

and 14. 
13. Riding and hiking trails around each impoundment should be 

considered. 

14. Construction materials used for any recreation facilities should 

be native materials. Native stone and other local materials, such as 

used in early South Plains structures, would be most desirable and 
would blend with the native landscape. Destruction of the vegetative 

cover should be kept to an absolute minimum during construction of the 
reservoirs. Strong provisions for protection of environmental values 
should be written into plan specifications, contracts, and supervisory 

guidelines for construction operations which will compliment the natural 

environment should this project be developed. 
15. Habitat losses because of the Plan 4 impoundments do not demand 

mitigation elsewhere in the region, but neither will implementation of 

Plan No.4 enhance wildlife populations now endemic to the region. Hence, 

no significant economic impact via the lease hunting system is expected 
or predicted. 
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ENVIRONMENTAL IMPACT ANALYSIS 

Project Description 

The proposed project is designed to control natural dissolved 

mineral pollution originating from the watersheds of the Salt Fork and 

the Double Mountain Fork of the Brazos River, thereby improving the 

downstream water quality of the main stem of the Brazos River. This 

objective is to be met by the construction of a series of total and low 

flow impoundments which will collectively retain approximately 75 per

cent of the dissolved minerals now reaching Possum Kingdom Reservoir, 

and eventually the Gulf of Mexico. 

Environmental Setting Without the Project 

The study area encompasses portions of Dickens, Fisher, Garza, 

Kent, King, and Stonewall Counties. Primary economic activity is 

agrarian and consists principally of cattle raising and either irrigated 

or dryland farming. Crops of major importance in the area include 

cotton, sorghum, and cereal grains. Cattle raising constitutes grazing 

on the sparse short grass prairies and floodplains which are spotted 

with phreatophytes including mesquite and salt cedar; mesophytes, mostly 

oak; and riparian plants such as willows and aspen. These ranges, due 

to poor soil, low rainfall, and past over grazing will not support high 

cattle densities and the most heavily abused lands are now covered with 

undesirable herbs and shrubs and are not amenable to grazing. In gener

al, neither the cultivated lands nor the pastures are highly productive. 

Surface water in the study area is present only in the form of 

intermittent streams and farm tanks or ponds. The waters contained in 

the streams are highly concentrated with dissolved mineral and are 

therefore of little value to the inhabitants of the area. Groundwater 

of higher quality, mostly confined to small aquifers sparsely scattered 

throughout the area, serves the needs of the inhabitants. 

In general, the study area is a semi-arid, short grass prairie 

region, sparsely populated with either human or wildlife inhabitants, 

dependent upon agricul ture and often referred to simply as "rough" 

country. 
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The Environmental Impact of the Proposed Action 

Any project of such magnitude as this is bound to perturbate the 
surrounding environment. However, because of the sparse population and 
because such perturbation is referenced relative to man's affection, it 
can be said that the environmental impact of this project on the study 
area will not be great. However, much of the impact on the study area 
will be adverse while the principal benefits derived from this project 

will result downstream, below the study area. 
The proposed project will generate few economic benefits within 

the immediate area. Because the economic benefits of higher quality 
water, with reduced mineral content, will be primarily dispersed 

throughout the lower portion of the basin, there exists within this 

project considerable separation between project costs and project bene
fits; a classic example of the traditional distance between bearers of 
project costs and recipients of project benefits so often associated 
with watershed and river basin development projects. Certainly, in

creased economic utility associated with multiple water uses will signi
ficantly increase the economic benefits and considerably enhance the 

economic base of the lower basin. 
Focusing upon the immediate project area, geologic complications 

represent the most formidable environmental objections. The geologic 
properties of certain indigenous rock formations are expected to create 

leakage and silting problems. Although these matters may better be 

categorized as "engineering" rather than "environmental", environmental 

deterioration will certainly result from such problems if they receive 
no compensation. 

No significant wildlife, estaurine or ecological areas such as 
swamps, marshes, bogs, or woodlands, will be lost as a result of the 
implementation of this project. The bottom land habitat which will be 

inundated is relatively minute with respect to the total habitat found 
throughout the entire drainage system of the upper Brazos Basin and, 

therefore, the habitat eliminated through the development of this pro
ject will not represent a significant environmental loss. It should be 

pointed out, however, that the impounded waters do possess the potential 

to inflict detrimental impacts on resident and migratory populations of 
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wildlife, particularly waterfowl. This damage could be evidenced as 

pesticide poisoning, botulism outbreaks and toxic concentrations of oil 

field brine and other pollutants which may occur in the reservoirs. 
Mitigation within the immediate project area is not deemed feasible 

or practical, however, mitigation should be directed towards the aquisi

tion of more desirable wildlife habitat lands within the South Plains 
region or in . critical areas throughout the Brazos Basin. 

Inundation of the land presently proposed as the location for 
reservoir No. 16 would be a severe aesthetic impairment to the surround

ing environment. Aesthetic losses in excess of any derived benefits 
suggest relocation of this impoundment site. 

While implementation of the proposed project will, in the opinion 
of the authors, not greatly enhance the recreational potential of the 

area, it is believed if planned attempts to create pleasurable activi
ties or facilities (hunting, boating, etc.) are made, that the attempts 

may well be successful. 

Any Adverse Environmental Effects Which Cannot Be Avoided Should the 

Project Be Implemented 

There are few, if any, adverse environmental effects which cannot 
be avoided should the proposal be implemented. Those farm and range 

lands taken out of production as a result of the impoundments pose no 
serious threat to the economic base of the immediate region, the South 

Plains, or for that matter, the entire Brazos Basin. There are no 

unique wildlife and/or fish habitats, archaeological, historical, or 
other areas that will be lost as a result of implementation of the pro

posed project. In fact, any such unique areas are located a considerable 
distance from any of the proposed impoundments with the exception of 

No. 16 for which relocation has been recommended. 

There are, - however, adverse environmental effects which will occur 

if the proposal is implemented in strict compliance with Plan No.4. 
Although unavoidable from the standpoint of exact implementation of 
Plan No.4, they are thought to be avoidable through slight modification 

of this plan. The most serious of these effects are those associated 
with the leakage problems imposed by the unstable geologic conditions 
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in the areas near Dam Sites Nos. 10 and 14. Attention should be given 

to relocating these two dam sites further downstream, or to making them 
low flow impoundments and transporting any water which may encroach on 
the existing salt flats into impoundment No. 20. 

Adverse environmental effects will likewise occur with the construc
tion of Dam No. 16 at its presently selected location. Relocation of 

this impoundment further up Stinking Creek to the west and southwest 
would eliminate the aesthetic damage which will result under the present 
scheme. 

Alternatives to the Proposed Action 

Other methods of controlling the natural mineral pollution in the 
Upper Brazos River Basin have been discussed previously in some detail 

in another section of this report. Included were desalination, dilution, 
freshwater diversion, flow suppression, grouting, and some brine disposal 

techniques. While each of these has certain advantages, and while cer
tain ones may possess greater future potential, the authors, from an 

environmental impact standpoint, feel that given the suggested modifi
cations, the proposed action of combining low flow and total impoundment 

reservoirs is more suitable than any of the mentioned alternatives. 

The Relationship Between Local Short-Term Uses of Manis Environment and 

the Maintenance and Enhancement of Long-Term Productivity 

It is the opinion of the investigators that, because of the minor 

adverse environmental impacts ascribable to the modified Plan No.4 

coupled with the relatively short-lived project, 100 years, any long
terms impacts of the proposed action will be minimal. 

There are, however, some possibilities existing which could at 

some future time narrow the range of beneficial environmental aspects 
of the proposed project. These consist of seepage into the groundwater 

aquifer of highly mineralized water, damages to migrating waterfowl from 

pesticides, and other chemical poisons and the constant threat of Type 
C Botulism. The study team sees no grave potential damage to manls 
life support system or any significant adverse environmental impact on 

the overall Brazos Basin. No large acreages of land will be taken out 

of production. No large expanses of critical wildlife habitat will be 
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lost. No extremely sensitive or critical biological or ecological 

communities will be lost. It is, therefore, the opinion of the investi
gators that overall, long range impacts appear to be minimal. However, 
it is emphasized again that certain environmental safeguards must be 
instituted at the time project development commences so as to negate 
those harmful impacts which have been identified, and which could 
occur several times throughout the life of the project. 

Any Irreversible and Irretreivable Commitments of Resources Which ,Would 
Be Involved in the Proposed Action Should It Be Implemented 

No unique ecological, wildlife habitat, historical, archaeological, 
or cultural sites will be inundated and thus lost if the proposed pro
ject is developed. Therefore, the decision to allocate resources for 
the development of this project represents no irreversible or irretreiv
able commitments. 

Coordination With Other Agencies 

The Corps of Engineers, in accord with its water resource planning 
policies, as well as those directives set forth in the Environmental 
Quality Act of 1970 will coordinate this study and environmental review 
with the appropriate government agencies and interested private organi-

/ -
zations. The study team cannot effectuate this coordination and review. 
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ADVISORY STATEMENT 

This report was prepared, at the invitation of the Water Resources 
Center, Texas Tech University, for the U.S. Army Corps of Engineers. 
Thus, the opinions are to be considered those of an independent, unbiased 
investigator, and are based solely on cited references and on-site field 
studies. Nothing has influenced the application of precise professional 
techniques or of the conclusions drawn thereof. 

As stated in the U.S. Army Corps of Engineers Contract For Services, 
specific geological and hydrological elements, ranging from land-forms, 
reservoirs, to " ... valley storage and springs," were studied. Unfor
tunately time was not available for more than a precursory examination 
of the geological factors related to the impoundments, and no budget 
was provided for drilling, coring, or seismic-type studies, thus con
clusions are based on surface geology. The most intensive study was 
devoted to those areas which the writer felt would be most adversely 
affected by the specific impoundments. 



ABSTRACT 

Field study to determine the possible results of saline impound
ments along tributaries of the Salt Fork and Double Mountain Fork of the 
Brazos River indicates that the small impoundments (Sites 16 and 22) will 
not create any unusual problems. However, a somewhat larger impoundment 
on North Croton Creek (Site 19) will experience rapid silting in its 
westernmost parts and perhaps some leakage. 

The larger impoundments associated with the salt flats, the most 
important to the success of this project, will be beset with geologic 
complications. Flooding of the salt flat along Dove Creek, Salt Croton 
Creek and Haystack Creek, and impoundments near the "flats" along Short 
Croton Creek, should be avoided. 

Geology reveals that there is no possible method for eliminating 
the flow of saline water from the Permian section because of widespread 
regional recharge; thus, selection of alternate impoundment sites down
stream from those proposed around the salt flats is suggested. 
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INTRODUCTION AND LOCATION 

The Brazos River Basin, trending northwest to southeast across 600 
miles of Texas (Figure A-l), occupies about 42,000 square miles (Cronin 

and Follett, 1963), or about 15 percent of the state's total area (Corps 
of Engineers memorandum). This reconnaissance was limited to a section 
of the northwestern part of the drainage basin located east of the "cap
rock" caliche escarpment of the southern High Plains and north and west 

of the Clear Fork of the Brazos River. 
The locations for the four total impoundment reservoirs and ' the two 

low flow impoundments selected by the U.S. Army Engineer District, Fort 

Worth, Corps of Engineers, for control of runoff of the Brazos River 
watershed, are shown by Figure A-2. Thus, most intensive ground study 
was centered in Stonewall County and the eastern half of Kent County; 
however, regional geologic study by high altitude aerial photo indexes 
and field investigation in specific localities occurred throughout the 
entire area. 

Black and white aerial photographs of the impoundment sites, black 
and white infrared aerial photos, and Apollo 9 multispectral orbital 
photos, including color infrared, were also examined for this study. 
Aerial mosaics of the impoundment sites and geologic sections of the 
dam sites were also provided. However, no written reports concerning 
the project by either the Corps of Engineers, the U.S. Geological Survey, 

the Brazos River Authori~, or any independent contractors, were provided 

by the Corps. 
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REGIONAL GEOLOGY 

The Kent-Stonewall County area is located on the Eastern Shelf of 
the Permian Midland Basin~ thus the Permian rocks strike north-south and 
dip to the west. Bedrock over all of Stonewall and King counties~ and 
over all but the westernmost parts of Kent and Dickens counties~ is of 
Permian age although outcrops in many areas are covered by Quaternary 
sands~ silts~ and gravels. Most of the remaining area is soil covered~ 

thus bedrock outcrops occur mainly along the drainage channels. 
The Permian section~ consisting of the Clear Fork Group~ (Choza 

Formation)~ the El Reno Group (San Angelo~ Flower Pot~ Blaine and Dog 
Creek formations)~ and the Whitehorse Group (formations not definable 
in area) measures about 6~500 feet in thickness in the Stonewall County 
area (McMillion~ 1958). Lithology consists mainly of reddish sands~ 
sandstone and conglomerate lenses~ red to gray dolomites~ and beds of 
halite~ gypsum and anhydrite~ all of which have regional north-south 
strikes and gentle westward dips. Blank (1955) states that the Clear 
Fork (Choza Formation) is mainly clay and sand~ the San Angelo mainly 
sandstone~ and the Blaine and Peacock (Whitehorse-Cloud Chief) charac
terized by II ... hard, massive~ fine grained gypsum ... 11 

Topographically the area consists of broad flat stream divides, 
narrow~ youthful stream valleys, and regional escarpments which occur 
at formational contacts. These regional escarpments as typically found 
west of Aspermont along the contact of the Whitehorse Group with the un
derlying El Reno Group~ give a series of ever-increasing rises westward, 
the steps between the rises (as northeast of Aspermont) being exception
ally flat. Patton (1930) termed these areas IIstair-stepll plateaus. 

Both the Double Mountain Fork and the Salt Fork valleys of the 
Brazos River are choked with alluvial deposits of sand, silt, and gravel, 
the streams when flowing, meandering to and fro on the channel deposits. 
However, bedrock is seldom buried by the fluvial debris more than a few 
tens of feet. 
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LOCAL GEOLOGY 

Figure A-3 is a geologic map of the Stonewall County area illustra
ting the locations (generalized) of the impoundments to local geologic 
formations. A resume of the geology at each of the considered impound
ment sites follows. 

Impoundment Site 10 - Impoundment 10, along Croton Creek in northwestern 
Stonewall County and northeastern Kent County (Figure A-2), will be on 
the Whitehorse Group. The Eskota Gypsum outcrops along both sides of the 
creek and tributaries in the eastern half of the impoundment site, but 
plunges beneath the surface in northeastern Kent County. Small patches 
of fluviatile terrace deposits occur along the present drainage. 

This impoundment will have 3 major extensions. The main branch will 
trend east-west along Croton Creek and up Short Croton Creek. There will 
also be a southwest trending branch along Salt Creek and a north-northwest 
trending branch along Croton Creek after it bends to the northwest. The 
Eskota Gypsum occurs along the impoundment extensions down Salt Creek and 
to the west along Croton and Short Croton Creeks, but dips beneath the 
surface shortly after Croton Creek turns north northwest. 

Two salt flats with associated saline seeps and springs exist in 
the western part of the impoundment site, one along Hot Springs Canyon 
about 3 miles south of the Dickens County line and another near the 
head of Short Croton Creek. At the proposed 1793 foot lOO-year water 
level only the lower part of Hot Springs Canyon salt flat would be flooded, 
but all of the Short Croton flat would be inundated. 

No regional fault or joint systems were found in the immediate 
area. 

Impoundment Site 14 - This site, along Dove Creek and Haystack Canyon 
(Figure A-2), covers parts of the El Reno and Whitehorse groups. The El 
Reno-Whitehorse contact is marked by the Childress Dolomite which out
crops along both sides of Dove Creek and which more or less defines the 
impoundment. The salt flat that exists in the western part of the 
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FIG. A 3 - GENERALISED GEOLOGIC MAP OF THE STLDY AREA . 
(MODIFIED FRQv1 McMILLION , 1958) 
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impoundment along Salt Croton Creek, and the incipient salt flats along · 
Haystack Creek, would be inundated at the proposed lOO-year water level 

of 1750.5 feet by about 50 feet of water. 
No regional fault or joint systems were found in the immediate 

area. 

Impoundment Site 16 - This impoundment, picked as a low flow site, will 

be on the El Reno Group, the outcrops of several dolomites (Acme, Mangum, 

and unnamed units) occurring along both sides of the drainage. Stinking 
Creek, the drainage to be blocked, trends northeast into the Salt Fork 

of the Brazos, entering 2 miles east of FM 1262 northeast of Aspermont. 
Stinking Creek is a flat-floored tributary with steep walls (Figure 

A-4) in part caused by the dolomites. The valley, which is very narrow 
and flanked by escarpments capped by a prominent dolomite lens, contains 

little alluvial fill. No faults or joint systems were found in the imme
diate area. 

Figure A-4~ View of impoundment site 16 (Stinking Creek) at 
approximately the dam site. 
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Impoundment Site 19 - Impoundment Site 19 is along North Croton Creek in 
northeastern Stonewall and southeastern King counties (Figure A-2). This 
impoundment will cover parts of the Clear Fork and El Reno groups, the 
major part of the impoundment being on the sandstone, shale and conglom-· 
erate of the San Angelo Formation (lowest part of El Reno Group) and the 
interbedded shale and sandstone of the underlying Choza Formation. The 
proposed 100-year 1 530-foot water level marks approximately the base of 
the Blaine Formation. 

The basin area, covered by Quaternary fluviatile terrace deposits 
of sand, silt and gravel, is very flat, North Croton Creek presently 
being decidedly underfit. However, the Choza-San Angelo contact is rep
resented by a ± 50 foot escarpment paralleling the creek as far west as 
the Buzzard Peak road. A second ~ 50 foot escarpment formed by the Blaine 
Formation along the contact with the San Angelo Formation, occurs at a 
higher elevation (~ 1550 to 1600 feet). 

The San Angelo Formation, which represents the greater part of the 
basin area, consists of alternating beds of conglomerate, shale, sand
stone and shale. The cross-bedded "sands" are often ancient gypsum dunes, 
the conglomerates and some of the sandstones frequently containing large 
nodules of gypsum. Such layers are more resistant to erosion than the 
silts, thus form the ledges along the tributaries and creek (Figure A-5). 
No regional fault or joint systems were found in the immediate area. 

Impoundment Site 20 - This impoundment will extend along the Salt Fork 
of the Brazos River south of Jayton in eastern Kent County (Figure A-2). 
Geologically the impoundment will be on the Whitehorse Group, but most 
of the impoundment area is covered by Quaternary alluvium and terrace 
deposits. Stratigraphically the impoundment will be above the Eskota 
Gypsum and below the Claytonville Dolomite. Outcrops occur mainly along 
the western and southern sides of the Brazos channel. 

No regional fault or joint systems were found in the immediate area. 

Impoundment Site 22 - This low level impoundment will be along Salt 
Creek of the Double Mountain Fork of the Brazos southwest of Aspermont 
in Stonewall County. The site covers mainly the El Reno Group, the 
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Figure A-5. Resistant sandstone ledges in the upper part of 
the San Angelo Formation at impoundment site 19. 

contact with the overlying Whitehorse Group marked by the Childress 
Dolomite on both sides of Salt Creek. The basin of the impoundment 
site has little relief, most of the near-creek area being covered by 
the sands, gravels, and silts of Quaternary age. 

No regional fault or joint systems were found in the immediate 

area. 
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GEOLOGICAL ELEMENTS 

Land Forms - The Osage Plains, which slope eastward throughout the Kent
Stonewall county area, exhibit about 1000 feet of total relief. Western 
Stonewall County has a mean elevation of about 2000 feet and western Has
kell County has elevations approximating 1500 feet, thus the surface grad
ient is about 17 feet/mile to the east; however, the Salt Fork of the 
Brazos exhibits a gradient of about 13 feet/mile. 

Stream channels, and particularly the channel of the Salt Fork of 
the Brazos River, is filled with widespread but thin deposits of Quater
nary fluviatile terrace deposits of sand and gravel and typical flood
plain deposits, all of which dampen the topography. The channel itself 
is decidedly underfit. 

Interstream divides are gently undulating to nearly level, particu
larly where covered by eolian sand and silt derived from the nearby 
Brazos floodplain (Figure A-6). Small though regionally persistent 

Figure A-6. View to the northeast of Blain Formation bluffs 
(capped by Childress Dolomite) along the Double Mt. Fork of 
the Brazos River. Impoundment site 22 is immediately over 
the bluff in the background. Notice the floodplain and chan
nel deposits of the Brazos. 
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cliffs exist where resistant beds ~f sandstone, conglomerate or, in many 
cases, gypsum outcrop, and micro-"stepped topography" is often produced 
by very thin gypsum, dolomite and/or sandstone beds, cemented cross
bedding, slumping, and sporadic vegetative trends. Stratigraphically 
the roughest topography exists in the lower part of the El Reno Group 
above the basal San Angelo Formation and on the upper part of the White
horse Group, particularly above the Eskota Gypsum. 

Rocks and Minerals - The most ubiquitous mineral in the area, other than 
the sand content of the arenaceous silts, clays and sandstones, is gyp
sum. Gypsum occurs throughout the Permi an secti on in the Kent-Stonewall 
County area, with thicknesses ranging from thin stringers to massive beds 
tens of feet thick. 

Baker, Hughes and Yost (1964) were able to successfully correlate 
13 marker beds of gypsum in the Salt Croton-Croton Creek area by the use 
of measured sections and electric logs. In places many of the thicker 
gypsum beds grade laterally into massive dolomite lenses. 

Lentricular deposits of Pearlette Volcanic Ash (Kansan age) also 
occur throughout the area, outcrops occurring ,mainly along Duck Creek 
northeast of Clairemont and on the surrounding plains in excavations 'for 
tank construction. 

The amount of halite in the saline waters issuing at Dove Creek, 
Short Croton and Hot Springs salt flats indicates halite of considerable 
extent i n eastern Kent county, but no ou tcropsa re known. 

Paleontological Items - The Permian sediments in the studied area were 
not deposited under environmental conditions amenable to greatconcen
trations of either terrestrial or marine flora or fauna. Examination 
of the section indicates that the environment~ of deposition fluctuated 
between the isolated evaporating marine to ,a tidal flood flat or terres
trial fluvial and eolian. Gravels in the Stonewall County section 
along the Brazos River contain remnants of Equus, Bison alleni" Camelops, 
Tanupolama, and Mammuthus (Lundelius, 1971). This indicates a Sangamon
ian (upper Pleistocene age) for the terraces. In the Permian section 
proper Pl europhorus, s p, Perron i tes Hi 11, and Eumedl i cotta s p have bee,n 
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found in dolomite in the Blaine Formation in the Croton Creek-Salt Cro
ton Creek area. Large amounts of petrified wood occur in the section, 
several intervals as the gravel lens immediately above the Childress 
Dolomite being particularly rich. However, replacement prevents iden
tification of the flora. 

Geologic Structure - Regional structure of the Kent-Stonewall County 
area is dominated by a westward-dipping monocline, the result of Permian 
deposition on the eastern flank of the Midland Basin. 

Local, near-surface structures in the form of short noses and domes, 
exist in a few cases. McMillion (1958) mapped the outcrops and the sub
surface extent of the Childress Dolomite and Eskota Gypsum in northwestern 
Stonewall and northeastern Kent counties. Figure A-7 (McMillion's, 1958) 
illustrates the locations of local structure, the largest being in the 
area of the southwest part of impoundment 10 along Short Croton Creek. 
Such structure, which undoubtedly exists in other localities of Kent and 
Stonewall counties on a smaller scale, apparently has been caused by 
groundwater solution of salt horizons: the deeper Merkel Dolomite is 
undisturbed (McMillion, 1958). 

No faults or even regional joint systems were found anywhere in the 
investigated area except local joints in gypsum layers around some salt 
flats. However, the extreme angularity and linearity of drainage in the 
area strongly indicates ,structural control. On widespread outcrops of 
homogenous sediments the most common uncontrolled steam pattern to de
velop is always the dendritic, but only the smallest tributaries confined 
to the very immediate surface zones exhibit the ' dendritic pattern in the 
studied area. Figures A-8, A-9, and A-10 show the channel patterns of 
3 small tributary streams which are obviously controlled by either joint 
ing or faulting. 

Regionally both the Salt Fork and the Double Mountain Fork of the 
Brazos River exhibit controlled channels (Figure A-ll). The respective 
trends of the controlling lineaments (northeast-southwest, northwest
southeast, north-south) and the absence of local evidence of channel 
control suggests the influence of earth's regmatic fracture pattern 
(Reeves, 1970; Finch and Wright, 1970)~ This seems particularly feasi
ble because of the strong control the regmatic fractures have exercised 
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Figure A-8. . Trace of a sma 1 1 tributary (see air photo DMT· 
2EE·14) illustrating lineament control of drainage in stud
ied area. 

on the younger southern High Plains surface to the west. Field evidence, 
in the form of observable fractures is precluded by the fine-grained , 
nature of the near-surface section. 

Mining - Mineral production in the Stonewall County area is dominated by 
oil, but all of this production is from the subsurface at depths of sev
eral thousand feet. 

Sand and gravel is produced by R. E. Janes Gravel Co., Inc., Stone
wall County and by Senn Gravel Company in Kent County. Producing 
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localities vary, the gravels being available in most places along the 
Salt Fork of the Brazos and Duck Creek. 

Attempts to mine dissemi.nated copper in the San Angelo Fonnation 
(at the base of the Blaine Formation and in the upper San Angelo section) 
around Old Glory have failed several times, the nearest 10Gality (no
ticed) being about 6 miles east of impoundment site 16. Any copper 
content of the San Angelo Formation in the locality of impoundment site 
19 must be even less than that in the now inactive site northwest of the 
Old Glory oil field. Alluvial fills along Duck Creek contain enough 
fresh water for local crop irrigation, but the amounts of fresh water 
in alluvial debris or the upper Permian strata surrounding the impound
ments is relatively minor. 

Other mineral deposits which could be mined in the future are the 
volcanic ash deposits and the caliche, the volcanic ash for an oil ab
sorptive and the caliche for road metal. However, the widespread 
character of the caliche and the ash makes it unlikely that any of the 
impoundments would seriously interfere with such mining. 

Caves - Wherever soluble bedrock occurs,the possibility of cave develop
ment exists, thus the probability for cave formation is particularly 
good in the Whitehorse Group (western Stonewall and eastern Kent counties) 
and in the El Reno Group (Blaine Formation) in eastern Stonewall County. 
Baker, Hughes and Yost (1964) report a cave 8 feet high and 12 feet wide, 
north of the Dove Creek salt flat in marker bed Dc, which is the honey
combed gypsum layer which crops out in the bluffs surrounding Dove Creek 
north of the "flat". Also, a sink is reported (Baker, Hughes and Yost, 
1964) II • • • 500 feet wes t of the mouth of the cave. II Dri 11 i ng in the 
Dove Creek salt flat (Johnson, 1955) also indicates numerous cavities 
and fractures in the gypsum and shale zones beneath the "flat." The 
many sinks on the plateau west of the Croton Breaks in the Gilpin area 
are also indicative of possible caves; however, vertical size would be 
rather limited by the general thickness of the gypsum-salt (1) lenses. 
Other small caves s poradi ca lly occur along the steep stream va 11 eys, but 
such caves are formed by a combination of solution and attendant col-
1 apse. 
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Miscellaneous - The presence of interbedded gypsum and fine-grained silts 
and shales with low regional dip sets the stage for development of karst 

topography, but no regional development was observed either by field 

studies or examination of aerial photographs over the area. However, 
several isolated local developments indicate that incipient karst topo

graphy has formed. 
Baker, Hughes and Yost (1964) mention a report of Little Duck Creek 

northwest of Jayton having II ... numerous sinkholes in its bed" and 

also state that a stream 4-1/2 miles north of Gilpin IIdrains into sink

holes ... " Field study along Little Duck Creek show that many local 

impoundments are highly ephemeral and the area between Little Duck Creek 

and Duck Creek contains numerous closed depressions, the topography of 
which resembles sinks. Sage Creek and Dry Duck Creek, both north of 

Gilpin, also have sinks and swallow holes along their channels (Figure 

A-12), Dry Duck Creek's channel having been breached by a linear sink 

(Figure A-13). 

Figure A-12. Swallow hole along Dry Duck Creek north of Gil
pin, Kent County, Texas. 
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The karst topography is so youthful that it is impossible to deter

mine whether the sinks are due to solution or solution and collapse. The 
former is suspected because of the youthful age; however, the sink into 

which the upper part of Dry Duck Creek disappears (when flowing) has a 

uvala shape (Figure A-13). Shallow depth, as well as shape and known 
structure, is indicative of an incipient solution-subsidence trough 

(Olive, 1957). 

Figure A-13. View to the north of an elongate sink along Dry 
Duck Creek north of Gilpin, Kent County, Texas. 

The so-called "salt flats", which occur in northwestern Stonewall 
County and northeastern Kent County, are along the Croton, Short Croton 

(Figure A-14), Dove and Haystack creeks, the locations, some of which will 

be inundated by impoundments 10 and 14 (Figure A-2). No salt flats occur 

along the Salt Fork of the Brazos in the immediate area of impoundment 
20 (Figure A-2). Specifically the "salt flats" along Hot Springs Canyon 
are at approximately 330 221 N, 1000 34 1 W, on Short Croton Creek at 

approximately 330/9 1, 1000 35 1 W, along Salt and Dove Creeks at approxi

mately 33023 1N, 100027 1W, and three incipient "flats" along Haystack 
Creek near the confluence of Haystack with Salt Croton Creek. 
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former is suspected because of the youthful age; however, the sink into 

which the upper part of Dry Duck Creek disappears (when flowing) has a 

uvala shape (Figure A-13). Shallow depth, as well as shape and known 
structure, is indicative of an incipient solution-subsidence trough 

(Olive, 1957). 

Figure A-13. View to the north of an elongate sink along Dry 
Duck Creek north of Gilpin, Kent County, Texas. 

The so-called "salt flats", which occur in northwestern Stonewall 

County and northeastern Kent County, are along the Croton, Short Croton 

(Figure A-14), Dove and Haystack creeks, the locations, some of which will 

be inundated by impoundments 10 and 14 (Figure A-2). No salt flats occur 

along the Salt Fork of the Brazos in the immediate area of impoundment . 

20 (Figure A-2). Specifically the "salt flats" along Hot Springs Canyon 

are at approximately 330 22' N, 1000 34' W, on Short Croton Creek at 

approximately 330/9', 1000 35' W, along Salt and Dove Creeks at approxi

mately 33023'N, 100027'W, and three incipient "flats" along Haystack 

Creek near the confluence of Haystack with Salt Croton Creek. 
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Figure A-14. View to the north of the Short Croton salt flat. 

Geologically all of the "sa1t f1ats" are on the lower part of the 
Whitehorse Group or at the contact of the Whitehorse and E1 Reno Groups. 
The If1ats" are surrounded by bluffs of interbedded reddish silt, gypsif

erous clay and shale, and gypsum, each "f1at" also being somewhat fringed 
by a thick gypsum bed(s) at the base of the bluffs (Figure A-15). Saline 
water seeps from the lower gypsum fringe, from the shales, and from the 

"f1ats" themselves due to artesian pressure. The saline water then flows 

downstream over the "flat" or as underflow beneath the salt crust. 

Blank (1956) believes the salt flats formed by spring sapping due to 

II • 1 ateral movement of the ground water," but several areas do exist 

where salt seeps have no associated "flats". Blank (1956) suggests that 
the canyon in which the seep occurs must erode to the level of the bed 
along which the saline water is moving before the "flat" will develop. 

Baker, Hughes and Yost (1964) suggest that the silty debris of the bluffs 
surrounding the "flats " is "fractured due to volumetric expansion," thus 

increasing the b1uff ' s erosional susceptibility. 
On site studies of the salt flats show several differences between 

the "flats" themselves and the immediately surrounding countryside (Table 
A-l), several of which are genetically revealing. 
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Figure A-15. View to the east of the salt flat at Hot Springs 
Canyon. Notice the outcrop of westward-dipping gypsum beds, 
the flat playa-like surface, and the steep bluffs. 

TABLE A-l. DIFFERENCES BETWEEN THE "SALT FLATS" AND THE SURROUNDING AREA 

Characteristic 

Topography/position 
Gradient streams* 
Vegeta ti on 
Tributaries* 
Alluvial fill* 
Saline springs 
Litho logy 
Fo 1 ds 
Geni sus · 
Gypsum beds 
Stream associated 
Jointing 

Salt Flats 

fl a t/l ow 
5 ft/mi 1 e 
absent 
U-shaped valleys 
once present 
present 
hard cl ay, shal e 
present 
lateral erosion 
essentially absent 
yes 
present 

*From Baker, Hughes and Yost, 1964 

Surrounding Area 

rough/high 
10 ft/mi 1 e 
present 
V-shaped 
absent 
absent 
all uvi al si 1 t, sand 
absent 
vertical erosion 
present 
no 
not observed 

Examination of black and white infrared aerial photos and multispec

tral orbital imagery revealed the presence of several additional salt 
flats in the surrounding area. These "flats", located about 6 miles west 

of Guthrie south of the South Wichita River at Salt Creek, about 7-1/2 
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Figure A-14. View to the north of the Short Croton salt flat. 

Geologically all of the "salt flats" are on the lower part of the 
Whitehorse Group or at the contact of the Whitehorse and El Reno Groups. 
The "flats" are surrounded by bluffs of interbedded reddish silt, gypsif

erous clay and shale, and gypsum, each "flat" also being somewhat fringed 
by a thick gypsum bed(s) at the base of the bluffs (Figure A-15). Saline 
water seeps from the lower gypsum fringe, from the shales, and from the 

"flats" themselves due to artesian pressure. The saline water then flows 

downstream over the "flat" or as underflow beneath the salt crust. 

Blank (1956) believes the salt flats formed by spring sapping due to 

II • lateral movement of the ground water," but several areas do exist 

where salt seeps have no associated "flats". Blank (1956) suggests that 
the canyon in which the seep occurs must erode to the level of the bed 
along which the saline water is moving before the "flat" will develop. 

Baker, Hughes and Yost (1964) suggest that the silty debris of the bluffs 
surrounding the "flats" is "fractured due to volumetric expansion," thus 

increasing the bluff's erosional susceptibility. 
On site studies of the salt flats show several differences between 

the "flats" themselves and the immediately surrounding countryside (Table 
A-l), several of which are genetically revealing. 
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Figure A-15. View to the east of the salt flat at Hot Springs 
Canyon. Notice the outcrop of westward-dipping gypsum beds, 
the flat playa-like surface, and the steep bluffs. 

TABLE A-l. DIFFERENCES BETWEEN THE "SALT FLATS" AND THE SURROUNDING AREA 

Characteristic 

Topography/position 
Gradient streams* 
Vegeta ti on 
Tributaries* 
Alluvial fill* 
Saline springs 
L i thol ogy 
Fo 1 ds 
Genisus 
Gypsum beds 
Stream associated 
Jointing 

Salt Flats 

fl a til ow 
5 ft/mi 1 e 
absent 
U-shaped valleys 
once present 
present 
hard cl ay, shal e 
present 
lateral erosion 
essentially absent 
yes 
present 

*From Baker, Hughes and Yost, 1964 

Surrounding Area 

rough/high 
10 ft/mi 1 e 
present 
V-shaped 
absent 
absent 
all uvi al si 1 t, sand 
absent 
vertical erosion 
present 
no 
not observed 

Examination of black and white infrared aerial photos and mUltispec

tral orbital imagery revealed the presence of several additional salt 

flats in the surrounding area. These "flats", located about 6 miles west 

of Guthrie south of the South Wichita River at Salt Creek, about 7-1/2 
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miles southwest of Guthrie on Wall Canyon and 12 miles southeast of Guthrie 

on Salt Creek off of North Croton Creek (an even 15 miles norhteast of Post 

on McDonald Creek), and about 6 miles east of Guthrie on South Wichita 

River, were examined in an effort to further understand the geology of the 

IIflats ll at impoundment sites 10 and 14. Surficial examination emphasized 

that the IIflatll at site 14 was actively enlarging, yet was geomorphologi

cally more mature than those elsewhere. The fact that the flats were an 

erosive feature peculiarly associated with interbedded resistant and very 

incompetent rock lenses with a base level established by laterally flowing 

ground water was also emphasized. 

The salt flats are an erosional feature, the presence of shales and 

the erosional surface preventing the laterally moving ground water from 
flowing at deeper depths. The presence of gypsum zones around the IIflatsll, 

absence of gypsum zones beneath the Dove Creek Flat in local areas (Ambur

sen Engineering Corporation, 1956) yet presence of gypsum and anhydrite 

at shallow depth at Short Croton Creek Salt Flat, and bands of gypsum 

beneath Dove Creek (Orendorff, 1971), and deformation and fracturing of 

the gypsum (Figure A-16) and the shales, show that the IIflats ll first 

started to form when ground water and probably stream flows, caused hydra

tion of anhydrite layers. This produced expansion and fracturing in the 

near-surface zones which further accelerated erosion by the local stream 
channel. As this occurred the ground water, under significantly greater 

artesian pressure during Pleistocene ti 'Tle, issued in tremendous quanti

ties causing rapid lateral ' extension of the "flats" by washout of the 

silty zones and collapse of the gypsum layers. Essentially these con
clusions regarding the origin of the IIflats ll were reached earlier by 

Blank (1955), McMillion (1958) and Baker, Hughes and Yost (1964). 

The salt flat areas which are essentially incipient erosional flood 

plains established by a local base level established by the seeping 

ground water, can be expected to enlarge themselves as long as the ground

water flows continue. Enlargement of those "flatsll along Haystack Canyon 

and Dove Creek will be much faster than in the IIflat" along Short Croton 

Creek; however, the north and south extensions of the Hot Springs Canyon 

IIflat ll may also be rapid. The westward extension of the Hot Springs 

Canyon and Short Croton Creek "flatsll is now being balanced by extreme 

silting. 
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Figure A-16. Deformation and fracturing of gypsum lens bordering 
the north edge of the Dove Creek salt flat due to hydration of 
anhydrite. 

Some thirty-odd core and drill holes were drilled by the U.S. Geo

logical Survey in the Short Croton Creek (Site 10) and Salt Croton Creek 

(Site 14) areas in conjunction with their study of brines in the Permian 

Basin and on the upper Brazos River area (personal communication, Peter 

Stevens, U.S.G.S., Austin, Texas, May 24, 1971). Unfortunately the 

results of this study, which includes core, drill, and geophysical logs, 

were not available for inspection. 
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I .. 
I 

GEOLOGIC EFFECTS OF THE IMPOUNDMENTS 

The Brazos River carries about 1,000 tons of chloride daily to 

the Possum Kingdom reservoir, 850 tons of which comes down the Salt 

Fork of the Brazos from Croton, Dove Salt Croton and Haystack Creeks 
(Baker, Hughes, and Yost, 1964). Thus, the impoundment sites studied 

were proposed by the Corps of Engineers to restrict the main saline 

flows of the Salt Fork. 

The three easternmost impoundments (Sites 16, 19, and 22) are all 

associated mainly with the El Reno Group, thus geologic effects of the 

impoundments can be collectively considered. Impoundments 22 and 16 

are low level, small, narrow, and confined mainly to the present stream 

channels, thus turbidity, evaporation, and lateral erosion should be 

minimal. 

The impoundment at Site 19 actually spans three different strati

graphic contacts, the Choza-San Angelo, the Quaternary terrace deposits-_ 

San Angelo. The Choza-San Angelo contact is probably the most susceptible 

to permeation. Because the San Angelo Formation consists of thin beds 

of sandstone, conglomerate, and shale, leakage may occur; however, 

whether such water would move downdip (to the west) or eastward around 

the dam site and into the Brazos channel is problematical. I suspect 

that initially any infiltrating water would move downdip but, in a short 

time, would soon reverse and appear east of the dam site. Whether the 
amount would be detrimental is not known. 

Impoundments 10, 14, and 20 are all on outcrops of the Whitehorse 

Group. The Whitehorse Group, consisting almost exclusively of inter

becded gypsum, gypsiferous shales, salts and clays, is probably the 

major stratigraphic source of saline water to the Salt Fork, for as 

Blank (1955) points out: 

Everywhere that the deeper stream canyons and gullies 
have cut through the thick gypsum into these shale 
beds, water from the plateau seeping through the 
gully walls causes more or less salt. . . . All the 
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salt flats, all the salt springs, and most of the 
salty creeks observed lie within this belt. 

I think the impounding of Salt Croton Creek (Site 14) and Croton Creek 

(Site 10) will have, if the impoundment water floods the "flats ll proper, 

several detrimental geologic effects, the foremost being: 1) excessive 

silting, 2) excessive leakage, 3) creation of new saline springs, and 

4) structural adjustments. 

Excessive Silting - Impoundment sites 10 and 14 are bordered, on the 

west, by the roughest topography in the Kent-Stonewall County area, the 
so-called IICroton Breaks. II Lithology of the Whitehorse Group in the 

"Croton Breaks" area is mainly fine sand, silt and clay, at least 75 

percent of the soils probably (like others of the area) ranging from 

sandy loam to silt (McMillion, 1958). Stream gradient, which averages 

about 10 feet/mile in the Kent-Stonewall County area, averages about 

70 feet/mile in the "Croton Breaks ," thus excessive stream loads, when 
runoff does occur, will cause unnaturally fast silting. The Iistepped 

topography" in the area is a sure clue to the massive surface movements 

that are presently occurring. 

Excessive Leakage - The dam sites for impoundments 10 and 14 are located 

in sections of thin interbedded gypsum, shale and sandstone. Each bedding 

plane is a possible candidate for piping. However, most leakage will 
take place in localized areas which have been fractured by either slumping 

due to removal of subsurface salt zones or upward expansion due to expan

sion resulting from hydration of anhydrite. 

Althou gh the drill holes logged by the Corps of En gineers on 

Damsite Profiles at impoundment 14 show no water loss, Johnson (1955) 

repeatedly lost circulation when drilling beneath and near the Dove 

Creek "salt f lat" proper. All lost circulation zones were in broken 

(frac~ured or jointed) gypsum and shale or alluvial fill. The Dove Creek 
flat itself bleeds saline water through Ilholes and joints .... " 

(Blank, 1956), the Short Croton IIflatll flows "through holes and joints 

in the floor . . . . II (Bl ank, 1955), and those on Haystack Creek bleed 

saline water Iithrough the floor ... as seeps and springs ... 11 (Blank, 

1955). Such fractures or spring conduits remain open due to the artesian 
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pressure and the salinity, thus any flooding of the IIflats ll by impound

ments 10 and 14 would overcome the slight artesian pressure (Johnson, 
1955; McMillion, 1958; Baker, Hughes and Yost, 1964) and force water 

downward into the permeable zones. 
Indicated 100-year water levels (and topography) show that impoundment 

10 will flood the salt flats along Short Croton Creek and Hot Springs 
Canyon and impoundment 14 will eventually flood the Dove Creek and 

Haystack Canyon salt flats with about 50 feet of water. Baker, Hughes 
and Yost (1964) state that the salt flat along Dove Creek could not be 
used as an evaporation basin because of the cavernous bed of gypsum 
(marker bed Dc) which crops out around and on the flat. This statement 
was also emphasized by landowner reports of ponds and tanks which fail 
to hold water when located on or even near bed Dc. Field studies of 

impoundment sites 10 and 14, and study of Johnson's (1955) report of 

subsurface conditions, support Baker, Hughes, and Yost's (1964) state
ments. Thus, if a 100-year flood occurred shortly after construction 
of the impoundments, the salt flats would be inundated. After-effects, 
in the Dove Creek IIflat ll area due to the infiltrating water, would con

sist of structural adjustments, formation of new springs, and undoubtedly 
creation of pipes into stratigraphically lower zones. 

A good example of the silting problem occurs at Coker Tank (33°19'3 I1 n, 

100°33' W). The dam is ~41.25 feet high (measured on lower side by hand 
level), but the tank has filled to within 11 feet of the top of the dam; 
30 feet of fill which has for all practical purposes, destroyed the 

impoundment. Unfortunately no date could be determined on the building 

of the tank other than its being over 40 years old (personal communication, 
Wm. Jones, Jayton). 

Silting, due to removal of near-surface debris, will become a pro
blem of increasing magnitude due to present ranching practices through

out the studied area. Vast areas are being cleared of natural vegetation 
for seeding of mainly winter rye for cattle forage; however, this will 
greatly increase runoff and result in much greater removal of the silty
clayey soil. 

New Springs - Hydrologically the saline water in the Hot Springs Canyon 
and Short Croton Creek salt flats is flowing, under artesian pressure, 
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up dip from sediments receiving recharge in the Duck Creek-Little Duck 

Creek sinkhole area and Quaternary sand cover northwest of Jayton and 

extending into southeastern Dickens County. Obviously this water flow, 

with the known regional volumes and pressures, cannot be stopped by local 

impoundments. As shown by drilling (Johnson, 1955), several zones 

beneath the Dove Creek salt flat will eagerly act as conduits if flowa ge 

were reversed along present fractures. Whether the inflowing water would 

then issue east of the proposed dam site is conjectural, but westward 
movement would quickly stop due to the regional hydrostatic head which 

extends westward into the Pecos River Valley of New Mexico as well as 

locally into the Duck Creek area. Personally, I would expect the forma

tion of new springs in nearby canyons from both stratigraphically lower 

and hi gher levels if any downward permeation is allowed to occur in or 

around any of the salt flat areas. 

If a 100-year fiood does not occur for sever al tens of years the 

extreme silting expected at sites 10 and 14 may block the present springs 

and seeps. This would then force the water laterally, escape probably 

occurring in nearby canyons or into lower permeable zones. Whether 

uplift pressures would cause formation of new springs depends on the 

magnitude of runoff at anyone time. I would expect, from a 100-year 

flood , considerable spring develo pment due to leakage caused by uplift 

pressures. 

Another consideration of impoundment 10 is the possibility of in

creasing the spring flow at impoundment 14. The Childress (anhydrite), 

which is the principal aquifer at the Dove Creek salt flat (McMillion, 

1958) , probably occurs about 200 feet beneath Short Croton and Hot Springs 

Canyon salt flats , and even shallower at the dam site for impoundment 10. 

Any downward percolation, once it reached the Childress, would initiate 

a complex series of hydrological problems, the least of which would be 

an increased flow at site 14. 

Structural adj ustments - Water percolating downdip alon g heretofore dry 

zones or into strati graphically lower sediments will sooner or later 

cause hydration of nearby anhydrites. This will cause expansion, frac

turing and arching of the sediments, all of which will lead to even more 

leakage and more hydration. 
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A secondary consideration of such leakage is the attendant result of 

additional solution and subsidence or settlement. Solution of soluble beds 
in the immediate impoundment site areas can be expected to proceed at 

accelerated rates due to the higher CO 2 content of the infiltrating 

water. Historically solution has been carried on by waters which have 

percolated through several miles of stratigraphic sections, thus the 

major solutional effects are in the section west of the Croton Breaks 

(the Duck Creek-Little Duck Creek area). Additional solution of dolo

mites and attendant expansion due to hydration of the anhydrites in the 

impoundment sites will naturally cause settlement warping problems of 

present undetermined magnitude. 

Although well developed in the Kent~Stonewall County area, the 

regmatic fracture pattern should not have any adverse effect on the 

impoundments unless recurrent movement would take place during the 

history of the reservoirs. 
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CONCLUSIONS AND RECOMMENDATIONS 

Review of geological data supplied by the Corps of Engineers, sup

plemented by on-site field studies of the impoundment sites, in Kent and 

Stonewall Counties, Texas, and review of Brazos River Authority studies, 
leads to the following conclusions: 

(1) Impoundments 16 and 22, because of size, width, geographic 

location, head and local geology, should not experience very 

rapid silting nor have unusual leakage problems. 

(2) Impoundment 19 should not experience rapid silting except in 

the westernmost parts. Leakage, if serious, would more than 

likely initially be downdip but would, in time probably reverse 

and flow eastward into the Brazos River. 

(3) Impoundment 14, because of geographi~ location and local geology, 

will experience unusually rapid leakage, will cause the appearance 

of new saline springs probably downstream from the proposed dam 

site, and will be subjected to unnaturally fast silting. Silting 

during filling of the site , providing a lOO-year flood does not 
occur early in the site1s existence , may seal the fractures in 

the salt flat , but this will cause the water to escape elsewh2Y'e, 

laterally 0 1' str~ tigrarhically (lower). Intensive solutional 

effects, such as settling and humping, would quickly result. If 

a 100-year flood occurs early in the site1s existence, Dove Creek 

salt flat will be flooded with :50 feet of water. This would be 

disastrous, resulting in the formation of new pipes, springs, 

and hydrated zones which would disturb, structurally, the site 

area. The possibilities for a successful grouting program to 

seal the fractures in and around the flat are infinitesimal. 

(4) Impoundment 10 will also experience unnaturally rapid silting 

and eventual leakage; however, this leakage is expected to result 

from mainly lateral flow of present brines due to sealing of 
fractures by the accumulated silt. Historically, this site will 

more or less follow site 14, although should not present as many 

difficulties because of the lower maximum water level (lOO-year). 

However, silting will be at a much faster rate. Again, possibi

lities for successful grouting seem minimal. 
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(5) Impoundment 20, the largest of those proposed, covers no salt 

flat areas nor other areas where unusual geological conditions 
exist. Problems which may arise at Site 20 include rapid 

silting, severe bank erosion due to the extreme fetch, and 
leakage into the section along bed contacts. The silting will 

be caused by the large volume of debris moving down the Salt 

Fork due to the large drainage basin, but this may be relatively 
immaterial due to the large size of the reservoir. Bank ero

sion, due in places to 12,000 feet of fetch and the characteris

tically strong winds, will cause unnaturally fast undercutting 

of the gypsum zones (Figure A-17) which will contribute a great 
volume of fine-grained material to the reservoir. This will 

render much of the shoreline unusable. 

Figure A-17. Undercutting of massive gypsum bed in western 
part of impoundment site 20 north of Clairemont. 
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The time available for this study did not allow detailed geologic 

investigation of each dam site. To generalize, all of the dam sites are 

located on interbedded sandstone, shale 9 siltstone, gypsum, anhydrite, 

and gypsiferous combinations of the above: all of the dam sites, except 

perhaps 19, are underlain by anhydrite beds of varying thickness and the 

wetted perimeter of most of the impoundments covers sporadically vugular, 

fractured, permeable gypsum beds. Thus, the investigator feels that the 

impoundments, other than perhaps sites 16 and 19, will experience sub

stantial seepage, and perhaps even noticeable leakage. That many of 

the test holes in the dam site localities show tight stratigranhic 

sections is discounted by the presence of soluble beds and localized 

areas of water movement. Leakage problems will arise due not to 

regionally spread slow infiltration throughout the wetted perimeter but 

due to local, rapid water loss along "pipes" (solution channels), joints ~ 
or "gl ory holes." 

Baker, Hughes, and Yost (1964) point out that the salt inflow to 

the Brazos (from the Croton Creek-Salt Croton Creek area) can be reduced 

by terminating the saline system or disposing of the saline water after 

origin but before flowage into the Brazos. There is no possible way of 

eliminating the saline water because of widespread regional recharge of 

the stratigraphic section in the Pecos River Valley of New Mexico and 

local recharge in the Duck Creek-Little Duck Creek watershed. Thus, 

the only possible solution must focus on dispersal of the brine after 

emergence and before entrance into the Brazos. 

Concentration of the brines somewhere along the Salt Fork of the 

Brazos, Croton Creek, and Salt Croton Creek will eliminate about 78 

percent of the chloride reaching Possum Kingdom (Baker 3 Hughes, and 

Yost, 1964), but geologic studies indicate such impoundments should not 

be on the salt flat areas nor on the upper El Reno and Whitehorse Group 

outcrops. In fact, in the investigated area, about the only strati

graphic section even remotely presenting a good outcrop for such detain

ment reservoir(s) is the San Angelo Formation. 
The stratigraphic section east of dam site 14 does not seem suitable 

for a single large impoundment, but the possibility of several small low

level impoundments should be investigated. However, the section downstream 
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from dam site 10 to the confluence of Salt Croton Creek and the Salt 

Fork of the Brazos appears to have possibilities for an impoundment site. 

This aspect should be investigated. Time was not available for an ade

quate review of these areas. Discussion is based on available geologic 

maps and brief field reconnaissance. 
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INTRODUCTION 

The study area is part of the Osage Plains section of the Central 
Lowlands physiographic province. Geologic materials are mostly of Permian 
age. Quanternary terrace deposits, rather limited in extent, together 

with more extensive Holocene eolian materials also occur. Narrow bands 
of Holocene alluvium are present along many of the streams. 

Permian materials, present in the area, are composed of four forma
tions: Quartermaster, Undiffentiated Whitehorse and Cloud Chief, Blaine, 
and San Angelo. The soils developed -in these materials are exceedingly 
variable and directly reflect the nature of the parent materials. The 
lighter-textured soils developed on the terraces and in the eolian materials 
are more uniform. 

SITE CHARACTERISTICS 

Site 24 
The impoundment area will cover mostly recent floodplain alluvium, 

old alluvium (terraces) · and eolian sandy debris. Smaller areas of weakly
consolidated redbeds (Quartermaster Formation) may be affected. 

The impoundment will be mostly on Spur and Miles soils.* Smaller 
areas of Lincoln and Yahola soils occur on the floodplains. Woodward and 
Quinlan soils are exposed along the south side of Duck Creek. Some 
Woodward (mostly on 3-5% slopes) soils are exposed in the northeast part 
of the reservoir area. Soil associations in the proposed impoundment and 

surrounding area are shown in Figure B-1. 
The Quinlan-Woodward soils, along with the small areas of "Rough 

Breaks" that lie immediately to the south of Duck Creek are potential 
heavy silt contributors. These soils are susceptible to natural downcutting 
and arroyo formation. This tendency is accelerated through improper land 
use, especially on the steeper slopes. The Woodward-Quinlan soils, ex-
cept on steep and very steep slopes, tend to have a fair vegetative cover 
of short grass, mesquite, and shrubs such as lote bush. They produce 
moderate amounts of forage. Once disturbed, these soils are highly sus
ceptible to gully formation and are slow to revegetate. They are of 

*The soils are described in more detail in another section entitled "Soil 
Descriptions." 
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LEGEND 

AT - Abilene clay loam and Tillman 
clay loam 

CW - Carey loam and Woodward loam 
(some very fine sandy loams) 

LY - Lincoln fine sand (some loamy 
fine sands) and Yahola fine 
sandy loam 

M - Miles fine sandy loam and loamy 
fine sand 

QRB- Quinlan very sandy loam (some 
loams) and Rough Breaks (vari
able texture but mostly very 
sandy loams and silt loams) 

QW - Quinlan very fine sandy loam 
and Woodward loam (some very 
fine sandy loams) 

S Spur clay loam, loam, and fine 
sandy loam 
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moderate permeability and small ponds located on them are often unsuccess
ful because of seepage losses. The presence of massive layers of gypsite 
in the redbeds often creates other problems around shorelines of small 
reservoirs. Because of the greater competence of the gypsite, relative 
to the silty weakly consolidated strata, weak ledges tend to form. Under
cutting and slumping may then result. 

Although the extensive Miles soils are sandy and susceptible to wind 
erosion when disturbed, they are not heavy silt producers. They are of 
moderate permeability. The Abilene-Tillman association would produce 
relatively low amounts of silt. 

The agricultural soils that would be inundated are of moderate pro
ductivity and value. The grassland soils are of intermediate value for 
the region~ 

If the area immediately surrounding the reservoir has recreational 
potential, soil problems should be minimal except on the Woodward-Quinlan 
soils. These soils offer severe restrictions to septic tank operation 
because moderately impermeable sandstone layers at relatively shallow 
depths may cause lateral seepage. Further removed from the reservoir, 
the Abilene-Tillman soils have rather severe restrictions for homesite 
construction. The slow permeability severely restricts their use for 
septic tank construction. Their clayey texture restricts their use for 
certain types of recreational activity. 

Site 20 
The impoundment area will mostly cover recent floodplain alluvium 

and old alluvium on low terraces. The lake will probably extend up small 
narrow drainageways, primarily on the west and south, onto redbeds of 
the Whitehorse Group. 

Soils of the impoundment area are mostly Lincoln and Yahola on the 
floodplains and Miles on the low terraces. Woodward, Quinlan, and Carey 
soils are the main redbed soils. Soil associations are shown in Figure B-2. 

The highly dissected redbeds in the uplands to the south and west of 
the reservoir area are potential producers of large amounts of sediments. 
Quinlan soils, and to a lesser degree, Woodward soils that are on the 
moderate to steep slopes are present and potential heavy contributors of 
silt. The Woodward-Quinlan soils, except on very steep areas have a 
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fairly good vegetative cover. The cover is easily destroyed, however, 
and reestablishment is difficult. Gully formation along roadways, cattle 
trails, and paths on steep slopes can be spectacular. Some areas of 
"Rough Breaks" also occur in the redbeds area to the south and west 

(Figure B-3). Carey soils on the gentle upland redbed slopes are productive 

Figure B-3. Quinlan-Rough Breaks association in the background; 
Lincoln-Yahola alluvial soil association in the fore
ground: Site 20. Note caprock-forming gypiite and 
interbedded gypsite along scarp. 

soils under both cultivation and native range; they are on stable land
scapes and have a good vegetative cover. Gypsite layers of variable 
thickness is common through most of the redbeds. 

The sandy terraces (Miles soils) and eolian uplands (Brownfield
Nobscot soils), although highly susceptible to wind erosion when dis
turbed, are not heavy silt producers. 

Some gravel deposits in the Miles soil substrata are now being ex
ploited. Other areas along the terrace may have potential as gravel 
sources. ' 

A moderate amount of agricultural land, mostly Miles soils, lies 
below the high water mark. 

All soils within the impoundment area, as well as those in the 
immediate vicinity, have moderate to moderately high permeability. 
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The highly erodable nature of the Woodward-Quinlan steep slopes 
when disturbed should be considered in recreational area development. 
The Quinlan-Woodward soils have severe limitations for septic tanks be
cause the occurrence of consolidated sandstone at relatively shallow 
depths causes lateral seepage. Also the fine sand surface texture of 
the Brownfield-Nobscot areas would present problems for certain types 
of recreational area development because of susceptibility to wind 
erosion when disturbed. 

Site s lOa nd 1 4 
Because of essentially similar setting and kind of geologic sediments 

and soils, these two sites will be discussed together. Soil associations 

are shown in Figure B-4 (Site 10) and Figure B-6 (Site 14). 
The impoundment areas will cover (1) mostly young alluvium along the 

narrow valley and floodplains,together with somewhat smaller areas of old 
alluvium on low terrace remnants,and (2) gypsiferous redbeds of the White
horse Group and Blaine Formations. Somewhat more of the Blaine, which 
is considerably more shaly and clayey, is exposed in the Site 14 area. 

Soils of the reservoir areas consist mostly of Clairmont and Yahola 
on the alluvium. The upland redbed soils are mostly Carey, Woodward, 
Quinlan, Weymouth, and Vernon. 

The uplands surrounding the sites are deeply dissected and produce 
a great amount of sediment. This is especially true for the steep Quinlan 
soils and the "Rough Breaks." Downcutting on Quinlan soils is shown in 

Figure B-5. Woodward soils, on gentler slopes, are not so deeply dissected. 

The moderate to thin vegetative cover on the Woodward-Quinlan has a tenuous 

hold and is easily destroyed. Carey and Weymouth soils occur on more 
stable landscapes; vegetative cover is more firmly established and the 
erodibility hazard is not as high. Probably some fine-textured Vernon 
soils occur on a wide range of slopes in the Quinlan-Woodward associations. 
Since the Vernon parent sediments are more clayey, they are not as sus
ceptible to gully formation as the Woodward-Quinlan soils. Yet, because 
of weakly developed profiles and low productivity, vegetative cover is 
sparse and many areas are subject to sheet erosion. The silt-producing 

potential is somewhat lower than comparable Woodward-Quinlan slopes. 
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FIGURE B 4 

SOIL ASSOCI ATIONS: 
SITE 10 
LEGEND 

CW - Carey loam and Woodward loam (some very 
fine sandy loam) 

CY - Clairmont loam and Yahola fine sandy 
loam 

M - Miles fine sandy loam and loamy fine 
sand 

QW - Quinlan very fine sandy loam and Wood
ward loam (some very fine sandy loam) 

RB - Rough Breaks (variable texture but 
mostly very fine sandy loams and silt 
loams) 

ma 

M 

RB 

QW 

scale 1" = 48,000 
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Figure B-5. Gully formed 
by downcutting in Quinlan 

soils. 

Permeability in all 
redbed soils and substrata, 

except the Vernon, is moder
ate; consequently, seepage 
problems could arise. 

If potential recreational 
areas around the reservoirs 

are planned, the erodibility 
of the steeply sloping Wood
ward-Quinlan soils must be 
considered. The limitations 
for recreational development 
of such areas as campsites and 
picnic grounds on the Vernon soils are severe because of the very 
clayey, plastic nature of both the surface and subsoil. 

Very little agricultural land would be inundated by the reservoirs. 
Grazing land that would be covered ranges from moderately high value on 

the alluvium to low on the steep uplands. 

Site 16 
The impoundment will inundate mostly recent alluvial soils. Some 

colluvium would be covered. The vertical canyon walls are composed of 
interbedded gypsite, dolomitic limestone, and shale lenses of the Blaine 
formation. Because of the difference in competence and solubility of 
the gypsite and limestone, slumping of the canyon walls is pronounced. 

Clairmont and Yahola soils are present in the young alluvium. Pos

sibly a few areas of the very thin Talpa soils will be in the reservoir 
area. Soil associations are shown in Figure B-7. 
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FIGURE B 6 

SOIL ASSOCIATIONS: 

SITE 14 
LEGEND 

CW - Carey loam and Woodward 
loam (some very fine sandy 
loams 

CY - Clairmont loam and Yahola 
fine sandy loam 

QW - Quinlan very fine sandy 
loam and Woodward loam 

R - Rough Broken Land (vari
able texture) 

QW 

QW 

QW 
map area limit ..-----

scale 1": 48,000 
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FIGURE 87 

LEGEND 

CY - Clairmont silt loam and Yahola fine sandy loam 
M - Miles, fine sandy loam and loamy fine sand 

MW - Miles fine sandy loam and Weymouth loam 
T - Tillman clay loam 

VB - Vernon soils (mostly clay loam and clays) and 
Badlands (mostly clays) 

FIGURE 89 

SITE 16 SITE 22 
SOIL ASSOCIATIONS: 
SITES 16 & 22 

LEGEND 

C - Cottonwood soils (mostly loam) 
CY - Clairmont silt loam and Yahola 

fine sandy loam 
QW - Quinlan loam (some very fine 

sandy loams and silt loams) 
a~d Woodward loam (some very 
flne sandy loams and silt 
loams) 

R - Rough Broken Land (variable 
texture) 

VB - Vernon soils (mostly clay 
loams and clay) and Badlands 
(mostly clay texture) 

scale 1
11

.: 24,000 
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The uplands surrounding the site are occupied by Tillman, Miles, 
Weymouth, Talpa, and Vernon soils. "Rough Broken" land occurs on the 
steep slopes up Stinking Creek but off the map from the site. The first 
three soils named are gently sloping, occupy stable landscapes, and are 
cultivated to a considerable extent. The thin rocky Talpa soil is non
arable but supports a moderate cover of nutritious grasses when managed 
properly. It does not erode readily. The Vernon soil characteristics 

and use hazards have already been discussed. The steep "Rough Broken" 
and Badlands areas in the reservoir vicinity produce moderate amounts of 
sediment. 

Evidence of pronounced slumping along the canyon walls suggests that 
additional problems of a similar nature could arise when the reservoir 
is completed. The Talpa and Vernon would present serious hazards to 
recreational development. 

Site 22 
The impoundment area will cover mostly young alluvium and redbeds 

of the Blaine formation. Somewhat smaller areas of old alluvium are in 

the area, but are out of the inundated area (Figure B-8). 

Figure a-B. Vernon-Badlands association in the foreground; Rough 
Broken Land in the background: 'Site 22. Many such . 
similar areas also occur in the Site 19 vicinity. 
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Clairmont and Yahola soils are on the alluvial floodplains. The 

very highly gypsiferous Cottonwood soil has developed in the old allu

vium that is somewhat above the high water mark. (Some volcanic ash 
occurs in the soil substrata.) Small areas of Vernon soils and bare 

"Badlands" occur within the reservoir site. 

The uplands surrounding the site are occupied by Woodward-Quinlan 

soils and a "Rough Broken" scarp on the west. Vernon and Wichita soils, 
along with "Badlands" and "Rough Broken" land types, occur on the north 

and east. The Wichita soils and "Rough Broken" land are off the map. 

A Vernon-Badlands landscape is shown in Figure 8-9. 

The characteristics and use hazards of the Woodward-Quinlan soil 

have already been discussed. The weakly developed and very clayey 

Vernon soil occurs mixed with "Badlands." The Vernon soil has sparse 
vegetation and the "Badlands" are often completely devoid of vegetation. 

Consequently, sheet erosion is severe and some gully formation is pre

sent. "Rough Broken" land occurs on steep slopes below sandstone-capped 
scarps. 

It is doubtful, because of the type of reservoir and location, that 
the area offers much recreation potential. However, if such development 

is planned, the clayey plastic nature, together with meager vegetative 

growth on the Vernon soil and the "Badlands," must be taken into con

sideration. 

Because of the slow permeability of most of the upland soils in the 

impoundment area,seepage would be unlikely to present a problem. 

Si te 19 
The reservoir will cover (1) clayey, dolomitic redbeds of the San 

Angelo and Blaine formation, (2) old alluvium on old terrance remnants 
and in valley "flats", and (3) small areas of recent alluvium along the 

intermittent streams. 
A variety of soils are in the reservoir area. They range from the 

Vernon and "Badlands" developed on the clayey redbeds to the thin, highly 

gypsiferous Cottonwood which appears to have developed in old local 
alluvium. Tillman and Abilene soils occur on almost level areas that are 
probably anci.ent alluvium remnants. Yahola and Clairmont soils have 

developed in recent stream alluvium. Small areas of Weymouth soils occur 
in some associations. 
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FIGURE 

SITE 19 
LEGEND 

10 

CIATIONS: 

CY - Clairmon loam and Yahola fine sandy loam 
R - Rough B ken Land (variable texture) 
T - Talpa so ls (mostly clay loams, often stony) 

TA - Tillman lay loam and Abilene clay loam 
VB - Vernon c ay loam (some clays) and Badlands 

(mostly lay texture) 
VC - Vernon c ay loam (some clays) and Cottonwood 

loam 

scale 1": 48,000 
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The uplands surround the site have mostly Vernon, Cottonwood, 
"Badlands", and "Rough Broken" areas. Thin Talpa soils occur on some 
of the undissected mesas. Soil associations in the area are shown in 
Figure B-10. 

Characteristics and hazards of most of the soils have been discussed. 
Cottonwood soils are somewhat unstable because of the gypsite substratum, 
which may contain some volcanic ash. Vegetative cover is sparse over 
most of the area except for the Tillman and Abilene soils. The silt
producing potential in most of the area is moderately high. 

Most of the soils have low or moderately low permeability. Seepage 
problems from the reservoir would probably not be great. 

The area to be inundated consists almost entirely of range land of 
moderate to low value. A small acreage of farm land, which is mostly 
composed of rather productive Tillman and Abilene soils, is present on 
the low terraces. 

The Vernon soil and "Badlands" are limited, because of their clayey 
plastic nature, for some types of recreational area development. Cotton
wood soils would also have severe limitations. Both have severe limi
tations for septic tanks. 

SOIL DESCRIPTIONS* 

Abilene 
Dark grayish brown clay loam over grayish brown blocky light clay 

subsoils. The soil is generally non-calcareous above soft caliche 
which generally occurs at about three feet. Mostly developed in clayey 
local alluvium. Topography and Slope: Flat, 0-1%. Range Site: Deep 
Hardlands. 
Brownfield 

Thick loose light reddish brown fine sand over red or yellowish 
red sandy clay loam subsoils. The subsoil may be several feet thick. 
Caliche substrata are generally absent. Developed in sandy eolian 
materials. Topography and Slope: Gently rolling (dunal), 0-5%. Range 
Site: Deep ·Sands. 

*Only the more important soils of the region have been described. 
Several other soils of limited extent are present. 
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Carey 

Reddish brown loam or light clay loam over clay loam or silty clay 
loam subsoil. Profiles usually become calcareous between three or four 
feet. Developed on stable landscapes from silty redbeds. Topography 
and Slope: Gently rolling, 0-5%. Range Site: Mixed Land. 
Clairmont 

Reddish brown silt loams or silty clay loams over stratified reddish 
brown or yellowish red loamy stratified structureless materials. Formed 
in loamy recent stream alluvium. Very weakly developed profiles. Locally 
the soil is saline. Topography and Slope: Flat, 0-1%. Range Site: 
Loamy Bottomland. 
Cottonwood 

Thin dark grayish brown loams over substrata of white weakly calcareous 
gypsite. Because the surface soils abruptly overlie the substrata there 
is no subsoil. Only occasionally are the soils deeper than ten inches. 
Mostly developed on gypsiferous local alluvium. Locally, the substrata 
may contain significant amounts of volcanic ash, often thinly vegetated. 
Topography and Slope: Mostly flat, 0-3%. Range Site: Gypland. 
Tal pa 

Thin light brown loams over fractured dolomitic limestone substrata. 
There is no subsoil. Numerous rock fragments are usually present on the 
surface. Developed in bedrock residuum. Probably contains considerable 
locally-derived eolion sediment. Topography and Slope: Gently rolling 

to rough, 1.-5%. 
Lincoln 

Light brown fine sand or loamy fine sand over stratified structure
less materials ranging from fine sand to loamy fine sand. Very weakly 
developed profiles. Formed in sandy recent stream alluvium, of ten wind 
reworked. Topography and Slope: ·Flat (may be slightly hummocky), 0-1%. 
Range Site: Sandy Bottomland. 
Miles 

Light reddish brown fine sandy loams or loamy fine sands over reddish 
brown or red sandy clay loam subsoils. A soft caliche accumulation 
usually occurs below six feet. Developed on old terrace deposits and 
sandy eolian materials. Topography and Slope: Gently rolling, 1-8% slopes. 
Range Site: Sandy Loam. (The Miles loamy fine sands are placed in the 
Sandyland range site.) 
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Nobscot 
Thick pale brown loose fine sand over moderately thick red light fine 

sandy loam. No caliche zone is present. Developed in sandy eolian ma
terials. Topography and Slope: Undulating, wind-modified; 1-8%. Range 
Site: Deep Sand. 
Quinlan 

Reddish brown friable loam or very fine sandy loam over red friable 
loam subsoils that contain unweathered fragments of sandstone. Seams and 
thin strata of gypsite are often present in the subsoil. Profiles are 
calcareous, weakly developed and are moderately shallow; they overlie 
weakly consolidated red sandstone interbedded with gypsite strata. The 
sand is mostly very fine sand. The parent redbeds also contain high 
amounts of silt. Topography and Slope: Gently rolling to rough, 1-25%. 
Range Site: Mixed Land. 
Spur 

Dark grayish brown calcareous loams or clay loams over heavy loam or 
clay loam subsoils. Caliche does not occur in the weakly developed pro
files. Substrata are stratified medium-textured materials. Developed 
from infrequently-flooded old alluvium. Topography and Slope: Flat, 
0-1%. Range Site: Loamy Bottomlands. 
Tillman 

Dark reddish brown clay loams over firm blocky clay subsoils. Pro
files are well developed and contain soft caliche at about three feet. 
They have formed mostly in stratified clayey redbeds, but may have been 
formed locally in ancient clayey alluvium. Topography and Slope: Gently 
rolling, 0-3%. Range Site: Deep Hardlands. 
Vernon 

Reddish brown clay over dark red weakly-structured plastic clay. ' 
Profiles are calcareous and weakly developed. Substrata are red clays 
or shales that contain thin layers of bluish-gray material~; thinly 
bedded sandstone is also often present. Formed in clayey redbeds. 
Topography and Slope: Rolling, 3-15%. Range Site: Shallow Redlands. 
Weymouth 

Reddish brown calcareous clay loams over red clay loam subsoils. 
Profiles are of moderate development and have a soft caliche at approxi
mately 18 inches. They have developed from loamy redbeds. Topography 
and Slope: Moderately rolling, 1-5%. Range Site: Shallow Redlands. 

B-16 



Wichita 
Dark reddish brown loams to light clay loam over reddish brown clay 

loam subsoils. The profiles are moderately well developed and are non
calcareous into the lower subsoils. They have developed from loamy 
redbeds, or in some cases, from ancient alluvium. Topography and Slope: 
Gently rolling, 1-3%. Range Site: Deep Hardlands. 
Woodward 

Reddish brown friable loam or very fine sandy loam over reddish 
brown or red similar-textured subsoils. The calcareous profiles are 
moderately developed and overlie weakly consolidated red sandstone in 
which the very fine sand is a dominant component. The silt content is 
also high. Developed in sandy (sometimes silty), often gypsiferous, 
redbeds. Topography and Slope: Gently rolling to rough, 1-20%. Range 

Site: Mixed Land. 
Yahola 

Reddish brown fine sandy loam over yellowish red stratified fine 
sandy loams or loams. The profiles are calcareous and very weakly deve
loped. Formed in light loamy recent stream alluvium. Local areas of 
highly saline soils are included. Topography and Slope: Flat, 0-1%. 
Range Site: Loamy Bo~tomlands. 
Badlands (Miscellaneous Land Type) 

Red clay (occasionally clay loam) redbeds. Significant soil deve
lopment is absent. Often gypsiferous. Thin sandstone and gypsite frag-

I 

ments are often present in the surface. Very thinly vegetated. Highly 
erodable. Topography and Slope: Strongly rolling to rough, 5-25%. 
Range Site: Shallow Redlands (usually in association with Vernon soils). 
Rough Broken Land (Miscellaneous Land Type) 

Variable-textured materials with little soil development. Buttes 
and steep slopes surrounding sandstone-and dolomite-capped mesas. Boul
ders often cover significant amounts of the surface. Thinly vegetated. 
Topography and Slope: Very rough, 15-60%. Range Site: Rough Breaks. 
Breaks (Miscellaneous Land Type) 

Loamy red, mostly unconsolidated, redbeds that lack significant soil 
development. Generally contains many exposed gypsite strata. Areas are 
composed of steep areas that border high-gradient intermittent drainage
ways. Thinly vegetated. Topography and Slope: Very rough, 20-60%. 
Range Site: Rough Breaks. 
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CONCLUSIONS 

(1) The soil materials in the proposed reservoir sites are quite 

variable. They range from fine sand alluvium (Lincoln soil) at 
site 20 to plastic clays (Vernon soil) at several sites. In the 
immediate areas surrounding the impoundment areas, soils vary 
from eolian fine sands to raw redbed "Badlands". 

(2) Sites 10 and 14 would appear to offer the most serious soil prob
lems. Woodward and Quinlan soils developed in silty and sandy 
(mostly very fine sand) redbeds comprise almost all of the deeply 
dissected uplands surrounding. The si1t-producing -potential of 
these soils is high. Further, because much of the impoundment 
areas cover many of the same moderately permeable redbed soils, 
seepage of the highly saline water could be a problem. 

(3) Site 20 -may present less serious problems. The high silt-producing 
Quinlan and Woodward soils lie only to the south and northeast. 
The sandy Miles soils on the terrace and the very sandy Brownfield 
and Nobscot soils developed from eolian materials to the north and 
east do ,not appear to offer serious prob1 ems. 

(4) Extensive bare areas of sparsely vegetated "Badlands" and clayey, 
plastic Vernon soils surround Site 22. Still, the silt-producing 
potential does not appear to be high as in some other areas. Over
all, problems appear -to be moderate. 

(5) Slumping in the interbedded dolomitic limestone, gypsite, and thin 
clay strata, which form the cliffs along Stinking Creek, may accele
rate once water is impounded, provided that the water contacts the 
cliffs. 

(6) Potential problems woul~ appear to be ~oderate at Site 19. Soils 
are highly varia.ble, ranging from loamy alluvium to bare clay "Bad
lands" in the impoundment area. The "Badlands" and Vernon soils 
(Cottonwood series) are extensive in the immediate watershed. 

(7) Recreational development in the vicinity of the reservoirs will be 
limited on selected soils. The moderately steep and steep Woodward 
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and Quinlan soils, primarily around Sites 24, 20, 10 and 14 are 
subject to gully formation and revegetate very slowly once the 
cover is destroyed. The fine sands to the north and east of Site 
20 limit development of certain types of recreational areas. The 
redbed "Badlands" and Vernon soils in the vicinity of Sites 22 and 
19, although colorful, are unsuited for many types of development 
because of the plastic clay that comprises both the surface and 
subsoil. Additional problems on these soils are caused by the 
sparse vegetative cover and difficulties in reestablishment of 
the cover. Sheet erosion may be serious. 
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RECOMMENDATIONS 

(1) Inherent nature of the soils and the underlying substrata should 
be given ample consideration in the location of reservoirs, 
engineering design, estimation of reservoir life, and location of 
recreational facilities. Land use restrictions should be initiated 
before recreational development occurs. 

(2) Destruction of the vegetative cover should be kept to the absolute 
minimum during construction of the dams. 

(3) Special considerations should be given to sites 10 and 14 because of 
potentially serious problems of siltation, bank erosion, and possible 
lateral seepage. If reservoir location at these sites still appears 
to be most effective in controlling salt contamination downstream, 
then the necessary precautions should be taken. 
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WILDLIFE AND VEGETATION 

Our focus on the potential impact of Plan 4 on the regional (and sea

sonal) biota concerns several topics. Each of these is discussed below, 
but as might be well known, the interactions taking place within an eco
system are both complex and many. To simply dismiss one facet for the sake 
of another is to chance biological adversity in the future. 

Rare and Endangered Species: Manipulation of hydrological systems has 
too often brought ecological disaster to species narrowly confined to func
tional and/or physical niches. A notable example is the Devil IS Hole pup
fish (Cyprinodon diabolis) found in a single, spring-fed pool in southern 
Nevada. Still another is the grapsoid crab (Hemigrapsus estellinensis) 
described from a saline spring in Hall County in the Texas Panhandle. This 
unique species, probably already extinct, was part of the biota which dis
appeared at a time when the Army Corps of Engineers was attempting to ebb 
the springls flow (Creel 1964). Special attention in the current survey 

was thus given to the potential dangers that Plan 4 impoundments might 
render to rare and endangered species. 

Texas harbors several species of wildlife well recognized as endangered. 
The most famous of these, of course, are the whooping cranes (Grus americana) 
wintering at Aransas National Wildlife Refuge on the Texas Gulf Coast. 

Others include: 
Black-footed ferret (Mustela nigripes) 

Ivory-billed woodpecker (Campephilus principal is) 
Peregrine falcon (Falcon peregrinus anatum) 
Brown pelican (Pelecanus occidental is) 
Southern bald eagle (Haliaeetus leucocephalus) 
Attwaterls greater prairie chicken (Tympanuchus cupido attwateri) 
Red wolf (Canus rufus) 
American alligator (Alligator mississippiensis) 
Texas blind salamander (Typhlomolge rathbuni) 
Houston toad (Bufo houstonensis) 
We consulted standard texts and references works (i.e. Peterson 1960) 

for range maps of these species. It is important to note, however, that 
range maps (a) often reflect the distribution of biologists as well as the 
range of the fauna and (b) they do not necessarily denote the ecological 
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distribution of the species within the boundaries of "range". Using the 

information now available, however, all of the foregoing species except 
the following can be assumed as spatially separated from the Plan 4 area. 

Black-footed ferret: The range of this mustelid (cf. Burt and 
Grossenheider 1964:64) indicates that it might be found in the study 

area. Black-footed ferrets, however, are ecologically related to 
prairie dog communities (in Texas the blacktail prairie dog, Cynomys 

ludovicianus) although dispersal undoubtedly finds the ferrets in other 
habitats enroute to newer prairie dog towns. The most recent -- and 
perhaps questionable -- record of a black-footed ferret in Texas stems 

from the Muleshoe National Wildlife Refuge in Bailey County. This area 
is of the High Plains resource type rather than of the Rolling Plains 

type; a short grass prairie community in this region is coincident 
with extensive prairie dog towns both on and off the refuge. No such 

prairie dog towns are known to us in the Plan 4 area, however, and the 
chances that black-footed ferrets might be further threatened by man 

seem rather remote. Hillman (1968) should be consulted for a recent 
report of ferret ecology and for a discussion of the man-caused factors 
which affect ferret populations. 

Southern bald eagle: Our national bird is an American threatened 
with extinction. Immature birds of this species are often mistaken for 

golden eagles (Aguila chrysaetos); both species are too often 
persecuted. In Texas, as elsewhere, the bald eagle is usually asso

ciated with water (rivers, lakes, etc.). Texas harbors both resident 
and wintering birds, and breeding pairs may still occasionally nest 

along rivers in the central part of the state (Peterson 1960). 
The impoundments posed by Plan 4 may, under exceptional circum

stances, attract either wintering or nesting eagles. If these areas 
are also developed for human recreation, it will be important to 

provide safeguards for any eagles then in residence. The impoundment 
areas could be easily declared a no hunting zone (while still permit

ting other uses); in any event, the larger impoundments (No. 20, for 
example) should be checked by qualified personnel for the presence 

of eagles. Mathisen (1968) and Grier (1969) have each shown that 
human activities (i .e., proximity of roads, timber harvest, landscape 

modifications, etc.) do not measurably affect bald eagle nesting 
activities. 

C-2 



Saline Environments (Vegetation): Rapid and likely severe changes in 

the vegetation now rimming the impoundment sites can be expected as the 
soil and water salts accumulate. 

A zone quite likely devoid of any vascular vegetation will develop 
at least through the high water mark. Halophytic annuals can be expected 
to invade this zone early in the impoundments' history, but as the salinity 

increases, these too will fail. With further accumulations of salt, those 
sites adjacent to the impoundment area that lie just above the water table 

can also be expected to be vegetatively sterile. 
It is difficult to attach specific ecological importance to a soil 

depth where salinity becomes critical to plant life as plants differ in 
the penetration abilities of their roots (Bolen 1964). It is quite appar

ent, however, that salt concentrations at the soil surface are those which 
may largely inhibit seed germination. Nelson (1954) observed that even 
the strongly halophytic Salicornia requires reduced salinity for adequate 
germination. Plants which might reproduce vegetatively, while relatively 

free of inhibitory effects of salt at the soil surface, may still be limited 
by saline conditions occurring in their root zones. Hence, with continuing 

salt accumulations, an ever-increasing area of salt-encrusted soil, barren 

of any but ephemeral vegetation, will develop. Plant life in such circum
stances is precluded not only by the toxicity of salt concentrations, but 
by the osmotic gradient present in the soil-water solution. 

Some areas will bear an additional scar resulting from either inunda

tion or increased salinities. This is the unsightly spectre of dead and 
dying trees. 

We believe that relatively large areas in and near the impoundments 
will undergo transformation similar to that outlined above. The land sur

face thus affected is not only sterile, but it can certainly be considered 
as something less than aesthetically pleasing to the eye. Most wildlife 

can be expected to avoid these sites. 
Vegetation surviving beyond the periphery of the salt flats will develop 

in concentric bands or zones. This vegetation will most likely survive 

in accordance with its tolerance to salinity and/or water-logged soils. 
Extensive communities of salt grass (Distichlis stricta) and saltcedar 

(Tamarix spp.) will be common. Saltcedar, a well-known phreatophyte, will 
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be particularly instrumental in removing water from the impoundment areas. 
This and other species of phreatophytes use about 15.7 million acre-feet 
of water per year which, according to Robinson (1952), represents the 
largest source of reclaimable water in the arid United States. Babcock 
(1968) enlarged this estimate -- to 25 million acre-feet -- and considered 
as favorable the prospect for salvaging a large portion of this loss. 

Those stands of saltcedar which do not ultimately die as the salinity 
increases will possibly provide some nesting cover for mourning doves 
(Zenaidura macroura). We did not locate any remnants of dove nests in 
the groves of saltcedar currently rimming the site of Impoundment 20, 
however, which possibly suggests that other species of trees may be used 
for nesting sites when a choice is available. Our search was of necessity 
a cursory one, and it relied on finding nests of the preceding season 
rather than locating currently active nests. 

There will be predictable effect downstream from the impoundments. 

Van Hylckama (1963) observed that impoundments on streams lower the water 
table, particularly in flood plain areas. The result is a decrease in 

shallow-rooted plants no longer able to obtain moisture, and an increase 
in deeply-rooted species. Unfortunately, the latter are usually 
phreatophytes~ Phreatophyte invaders (including Prosopis, Baccharis, 

Populus, Salix, as well as Tamarix) are thus an ecological by-product of 
altering lotic environments; from a distribution estimated at 10,000 
acres in 1920, Robinson (1965) reported that saltcedar infested 900,000 

acres in 1961 and would, by 1970, invade an additional 400,000 acres. 
Rechenthin and Smith (1967) estimated that Texas alone has about 600,000 
acres of saltcedar. A regional estimate of the saltcedar infestations 
from 1940 to 1969 is shown in Table C-l for several Texas counties 
bordering the Brazos River downstream from the confluence of the Salt and 

Double Mountain Forks. An ecological analysis of saltcedar, including 
the species' remarkable propensities for invasion, can be found in Tomanek 

and Ziegler (1960). 
Saline Environments (Disease): Plan 4 is designed to entrap and 

thus concentrate salts. These accumulations may thus present local and 
transient wildlife with extraordinary environments not normally encountered. 

With the presumption that the waters entrapped behind the total 
impoundments (5 of the 7 impoundments totally restrict further water 
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TABLE C-l. SALTCEDAR INFESTATIONS (ACRES) ALONG THE UPPER BRAZOS RIVER 
BASIN, TEXAS, 1940-1969. (Ado~ted from Busb~ 1970:41). 

Year Count~ 
Stonewall Knox Ba~lor Throckmorton Young Average 

1940 641 1886 1741 1074 1145 1297 
1950 756 2933 2328 1683 1520 1844 

1969 746 3165 2325 1718 1608 1919 

movement) will fluctuate greatly in the course of a year's time, a broad 
"tidal zone" will likely develop in the wake of the receding waters. 
Salt encrustations will blanket much of the soil surface in this zone 
during the drying phase. However, with the sudden and often torrential 
rain storms that characterize this region, the impoundments can also be 
expected to rapidly rise and again inundate the mudflat zones rimming 
the impoundments. A broad littoral zone is thus created with each 
period of inundation. 

The condition thus described seems admirably suitable for outbreaks 
of botulism (toxin produced by the bacteria, Clostridium botulinum Type 
C). Long experience on western marshes suggests that saline environments 
with fluctuating water levels often provide a requisite habitat for this 
disease (Sciple 1953). Much is yet to be learned about botulism (Hunter 
1970), but water-level instability in saline environments is indeed 
strongly linked with the production of Clostridium toxin. Most outbreaks 
of botulism occur in the later summer and fall which, unfortunately, 
coincides with the period when many waterfowl and shorebirds begin 
flocking. Nelson (1954:71) found the heaviest botulism losses taking 
place between August 15 and October 15. Staggering losses of ducks and 
other birds have been reported; Hunter (1970) recently noted the death 
of over 140,000 ducks in California in the fall and winter of 1969. 

An antitoxin is avai1able for botulism treatment, but this method ' 
requires individual injections, an obvious impossibility for treatment 
of an epizootic in wildlife populations. The only practical control of 
the disease now known is preventative measures. There are two alter
natives: first, provide an influx of freshwater to the diseased area 
from another source, or secondly, completely and rapidly drain the 
impoundment thus temporarily destroying the attractiveness of the area 
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for wildfowl. These are alternatives which we doubt will exist at any 

of the impoundments in Plan 4. 
Pesticide Accumulations: Particular attention must be given to the 

potential for impoundment and concentration of not only water and salt, 
but of insecticides and other agricultural chemicals. The furor that 
today marks the nation's environmental awareness can only be intensified 
if projects like Plan 4 by chance promote harmful side effects such as 
this. 

A growing body of evidence suggests that many of the organophosphate 
insecticides are not as rapid to degrade as previously believed. The 
degradation process is complex and not always subject to an acknowledged 
set of rules. Peaches sprayed with the highly toxic Parathion, for exam

ple, may be safely handled by fruit-pickers about three weeks after the 
spray is applied, yet the leaves of the peach trees remain coated with a 

film of this insecticide still harmful to human contact (James O. Keith, 
personal comm.). Hence, there is little chance to predict the actual 

threat that insecticides of this type might present to Plan 4. But 
there is also ample reason to acknowledge the potential of this problem 
now rather than after ecological misfortune has occurred. 

A good deal more is known about the chlorinated hydrocarbons (DDT, 
Mirex, Toxaphene, Endrin, Dieldrin, etc.) and their environmental impact. 

This group of pesticides is particularly persistent, and in aquatic en
vironments, this persistence is even more pronounced (Hickey 1969:466). 

Many years may pass before these products can be considered harmless. 
It is important to emphasize that these materials are readily transported 

in runoff water. Thus incorporated into an aquatic ecosystem, they 
are carried through the food chain in ever-increasing concentrations 
(biomagnification). Keith (1966) reported Toxaphene concentrations in 
marsh sediments and invertebrate life at 0.0-0.2 ppm, up to 8.0 ppm in 
fish, and from 9 to 459.5 ppm in the carcasses of 1,100 birds of ten 
species found dead at Tule Lake National Wildlife Refuge. 

In another instance (Hickey, Keith, and Coon 1966), bottom sedi
ments in Lake Michigan contained but 0.014 ppm of DDT and its by
~roducts, while invertebrates living in these muds contained 0.4-0.5 ppm. 
Farther along this food chain, fish contained 3.4 to 5.6 ppm and finally, 
gulls feeding on these fish contracted lethal doses of 99 ppm in breast 
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muscles and no less than 2441 ppm in their body fat. These stories, 
quite sadly, are frequent enough to warrant an expression of concern 
regarding the pooling of chemical residues by the impoundments proposed 
by Plan 4. Early in the impoundments· development it is conceivable that 
invertebrate and fish life might easily incorporate a typical pesticide 
loads; aquatic and semi-aquatic birds attracted to this area could thus 
be victims of pesticide accumulations fostered by the impoundments. 

The latent threat posed by the potential accumulations of pesticides 
cannot be entirely dismissed when salinities and/or impoundment filling 

reach levels precluding aquatic life. Flash floods are frequent enough 
in this region to suggest that a frightening load of pesticides might 

be at once released on a biota far downstream. Such a happenstance 
would not be unlike a bomb in its environmental impact. 

Fisheries: Fish currently in the Salt Fork impoundment sites in
clude the Red River pupfish (Cyprinodon rubrofluviatilis), a small salt 

tolerant species, and the Rio Grande killifish (Fundulus zebrinus). 
These species have some value as bait fish or as forage- for larger species 
(when present) but they are not valuable as either food or game (Lagler 
1956:45). Both species, but especially the pupfish, are adapted to with
stand the high salinities characterizing the Salt Fork environment. This 
trait permits survival even when drought has eliminated all trace of 
surface flow so that only pools are left behind as the sole environment 
for fish. Salinities in such pools of course increase as evaporational 
losses further reduce the water·s volume. 

The only stenohaline (i.e. limited salt tolerance) fish discovered 
in the impoundments surveys were green sunfish (Lepomis cyanellus) and 
shiners of undetermined species (Notropis spp.). These fish were found 
solely in Stinking Creek canyon, the site of Impoundment 16. Green 

sunfish are a desirable panfish for both food and recreation whereas 
the shiners are valuable as forage and for live bait (Eddy 1969:68,208). 

Carlander (1965:565) reports that the desert pupfish (Cyprinodon 
diabolis), an endangered relative of the Red River pupfish, survives in 
water salinities reaching 7 percent. Projecting this tolerance, tenta
tively, to the Salt Fork species, there is reason to believe that the 
Rio Grande killifish and the Red River pupfish might initially survive 
for several years following impoundment of the river. However, there is 
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little chance that the stenohaline fish in Stinking Creek canyon will 

not succumb rapidly once the waterflow in this area is altered. 
The impoundments and water manipulations posed by Plan 4 raise some 

additional points of relevance to aquatic life. 
A popular alternative to the losses of native wildlife is the intro

duction of species which can presumably cope with man-made situations. 
As we expect that the fish native to the Plan 4 sites will ultimately 
be extirpated, we anticipate that some impetus for the introduction of 
species exotic to this area of Texas will be forthcoming. Marine species 
would, at first glance, seem particularly suitable for this purpose. It 
will be necessary, however, to make close comparisons of the types of 
salts and their chemical proportions between the waters of the impound
ments and the seas, respectively, before such introductions can be con
sidered as feasible experiments. We suspect marked limitations will 

surface because of important limnological differences. Moreover, a 
full range of other ecological considerations, especially requirements 
for food chains and oxygen, must be included in any program attempting 
to introduce game fish. 

Curtailment of salts in the upper reaches of the Brazos River system 
may permit stenohaline game fish to travel farther upstream. This assumes 
that the water in this area is currently too saline for such desirable 
species as the largemouth bass (Micropterus salmoides). In general, 
however, these and other fish are as likely limited by the intermittent 
nature of the river as they are by the salts they might encounter. Quite 
obviously, it is during the times when the river's flow is abundant that 
the salt concentration is also the most dilute. The upstream movement 
of fish under pre impoundment conditions is seemingly governed by these 
two factors acting in concert. However, while the impoundments will 
reduce the influx of salt, they will also completely terminate the water 
supplies needed by fish as a medium of travel. Meaningful immigration 
of freshwater species into the Salt Fork would thus seem an unlikely 

result of Plan 4. 
Oil fields, some still under development, border at least two of 

the impoundment sites (19 and 20). Any influx of brine or crude oil, 
whether by runoff or by seepage, will act to the detriment of the im
poundments' aesthetic or wildlife values. We found that one of the 
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creeks ultimately flowing into the site of Impoundment 19 indeed con
tained a heavy surface film of oil. Such conditions can of course 
render any total impoundment little more than a lifeless sump of sludge 
and decadent matter. 

The recreational potential for the Plan 4 impoundments seems limited, 
but to the extent that shoreline housing, campgrounds, and other habi
tations may develop, it is necessary to also acknowledge the potential 
for eutrophication. Wastes such as organic solids or phosphates which 
enter the impoundment systems are instrumental to the eutrophication 
process. Even so, the continued accumulations of salts in the impound
ments will most likely preclude few, if any algal blooms, and eutro
phication should not necessarily be anticipated in the years following 
water entrapment. 

Littoral Zone Development and Water Turbidity: The red soils (i.e. 
Vernon group) of the region are fully described elsewhere in this report. 
For the present there is need to mention that these soils are unstable and 
quickly erode; the result is a "bad lands effectll of extreme dissection 

and the initiation of siltation. 
These conditions strongly suggest that wave action or other dis

turbances (motor boats, for example) will severely erode shorelines into 
steep-sided, unstable banks. The vertical face of such banks will slump 
off in this regime until a new face is developed and the process begins 
anew. These are habitat conditions unfavorable for most wildlife. As 
noted elsewhere, we anticipate that a sterile, salt-encrusted zone will 
develop along the shorelines as the waters periodically recede. Hence, 
the prospect for an extensive and biologically productive littoral zone 
seems rather dim for the Plan 4 impoundments. Inasmuch as littoral zones 
house the base of most aquatic food chains, it would seem doubtful that 
much of the bas i c producti. vi ty requi red for a dynami c ecosystem wi 11 be 

forthcoming. 
The red soils, while otherwise potentially able to foster heavy loads 

of suspended matter in aquatic systems, should not cloud the impoundment 
waters of Plan 4; the association of this particulate matter with gypsum 
salts precludes the formation of soil suspensions of a lasting nature. 
Hence, the impoundments should not suffer reductions in light penetration 
as required for the photosynthetic activity of aquatic plants. However, 
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heavy silt loads can, with equal damage, physically inhibit rooted plant 
life. Smothering develops as the sediments accumulate in the silting 
process. Robbed of the essentials provided by aquatic plant communities, 
the impoundments seemingly face a limited future as habitats for higher 
1 i fe forms. 

Regional Wildlife Populations and Conditions: The study area provides 
good habitat for dove and quail populations, and to a much lesser extent, 
for deer and turkey. Data pertaining to these populations for five counties 
embracing the upper Salt Fork drainage appear in the accompanying tables 
(Tables C-2 to C-5). 

TABLE C-2. WHITE-TAILED DEER POPULATIONS FOR SELECTED COUNTIES OF THE 
UPPER SALT FORK DRAINAGE AREA. DATA COURTESY OF THE TEXAS 
PARKS AND WILDLIFE DEPARTMENT. 

County 

Dickens 
King 
Stonewall 
Garza 
Kent 

1970 

290 
700 
360 
475 
850 

1969 

260 
675 
325 
450 
600 

1968 1967 1966 

260 155 250 
675 475 500 
325 325 297 
450 615 578 
750 390 400 

TABLE C-3. TURKEY POPULATIONS FOR SELECTED COUNTIES OF THE UPPER SALT 
FORK DRAINAGE AREA. DATA COURTESY OF THE TEXAS PARKS AND 
WILDLIFE DEPARTMENT. 

County 1970 

Dickens 225 
King 75 
Stonewall 150 
Garza 300 
Kent 225 

Quail (both bobwhite and blue quail) and mourning dove hunting in 
the study area is among the best in the state. The impact of the Plan 4 
impoundments, however, will be negligible on these species. The im
poundments will indeed cause the loss of some acreage perhaps otherwise 
suitable as dove or quail habitat, but this loss seems largely insignificant. 

C-10 



TABLE C-4. 

County 

Dickens 
King 
Stonewa 11 
Garza 
Kent 

TABLE C-5. 

QUAIL POPULATION ESTIMATES (QUAIL PER MILE) FOR SELECTED 
COUNTIES OF THE UPPER SALT FORK DRAINAGE AREA. DATA 
COURTESY OF THE TEXAS PARKS AND WILDLIFE DEPARTMENT. 

1970 1969 1968 1967 1966 

5.90 4.60 4.00 2.03 2.00 
5.87 4.85 3.90 2.94 2.40 
6.47 5.36 4.77 .46 1.26 
6.95 6.79 2.25 3.53 3.82 
6.33 5.20 4.25 3.15 3.00 

MOURNING DOVE POPULATIONS FOR SELECTED COUNTIES OF THE UPPER 
SALT FORK DRAINAGE AREA. DATA COURTESY OF THE TEXAS PARKS 
AND WILDLIFE DEPARTMENT. 

County* Mourning Doves Heard 

Garza 
Kent 
Stonewa 11 

Doves/Line/Count/Year 

1967 1968 1969 

10.00 29.50 14.33 
25.00 53.00 47.00 
24.67 33.50 39.75 

*No data available for other counties in the study area. 

The reproductive success of bobwhite quail in this region, for example, 
is far more limited by adequate rainfall and its effects on vegetation 

(i.e. vitamin A) than by large-scale shortages in nesting or brood cover. 
Mourning doves -- resident and transient birds alike -- are equally as 
adaptable to the environmental changes to be wrought by the impoundment 
process. None of these species will necessarily be attracted to the 
impoundments, however, because of the poor water quality. Other than 
the direct loss of acreage, there seems to be little reason for concern 
for either dove or quail populations in the study area;· no compensation 
for the loss of habitat is deemed necessary. 

Only small areas in the region support deer or turkeys. As might 
be expected, the habitats where deer and turkey populations are heaviest 
are found in the drainages associated with the fresh water of the Double 
Mountain Fork and not in the areas associated with the less desirable 
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Salt Fork. In any case, however, the census data reflect only small 

populations of these species, and even these are not located in the 
general vicinities of the impoundment sites. Again, there seems no rea

son for concern for losses of either habitat quality or quantity for deer 
or turkey in the study area, and no spatial adjustments seem necessary 

for these species. 
Lease hunting in the region is not well established. Deer are too 

few to conmand much attention; sportsmen willing to spend time and money 
hunting deer are attracted to other areas of the state where deer are more 

plentiful and the chances of a kill are thus far greater. The environmental 

alterations produced by the Plan 4 impoundments will not enhance the re

gional deer populations, so that no change in either the deer population 
or the potential for deer hunting via the lease system is predicted. 

Pronghorn antelope (Antilocapra americana) are too few to be of more than 

aesthetic value to the landowners where they are found; indeed, these 
animals are usually rigorously protected rather than harvested. 

Leases for bird hunting, while not common, do provide some economic 
value to the region. However, it is not predicted that the impoundments 

posed by any of the impoundment schemes will significantly alter the 
lease hunting for small game from its current status. 

In summary, the game animal populations in the study area will 
seemingly be little affected by Plan 4. We do not foresee any real need 

for habitat mitigation elsewhere -- guid pro guo -- in the region for 

acreages lost to the impoundments. Lease hunting and other direct 

economical considerations associated with wildlife will change little, 

if at all, because of or in spite of the environmental impact rendered 

by Plan 4. 
Special Observations: Visits to the impoundment sites left us with 

the conviction that the Stinking Creek site (Impoundment 16) was too 

valuable an area to be included in Plan 4 or in subsequent schemes. This 
judgement considered ~esthetic values in conjunction with, and inseparable 

from, the more tangible values presented by wildlife populations. 

The environmental needs of man necessarily include not merely a 

place to hunt or fish, but a sanctuary removed from human development 

where open space and a primeval view of nature as it has been and must 

continue to be can be found and enjoyed. Sensual phenomena of this sort 
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must be induced not only by sight alone, but by a deeper, intrinsic 

sense that is better expressed as contact. The Stinking Creek Canyon 
area has these qualities. 

Only as an appendix to this conviction, then, we note that this 
area also harbored large populations of mourning doves; we suspect that 
the canyon may thus have significant value as wintering habitat for these 

game birds. Other game observed in the canyon included widgeon (Anas 
americana) and scaled quail (Callipepla sguamata). 

CONCLUSIONS 

(1) No endangered species are believed to reside within the study area. 
(2) Rapid and likely severe changes in the vegetation now rimming the 

impoundment sites can be expected as the soil and water salts 

accumulate. 
(3) Some areas immediately adjacent to the impoundment will bear additional 

scars resulting from either inundation or increased salinities: the 
unsightly spectre of dead and dying trees. 

(4) Vegetation surviving beyond the periphery of the salt flats will 
develop in concentric bands or zones. This vegetation will most 

likely survive in accordance with its tolerance to salinity and/or 
water-logged soils. 

(5) There will be predictable effects downstream from the impoundments. 
The results are expected to be a decrease in the shallow-rooted 

plants no longer able to obtain moisture and an increase in deeply
rooted phreatophytes. 

(6) Excessive accumulations of salt in the reservoirs impounded by Plan 

4 may present local and transient wildlife with extraordinary environ
ments not normally encountered within their habitat. By the very 
nature of the proposed structures, that is, total impoundment reser
voirs and low flow reservoirs, water levels will fluctuate greatly 

in the course of several years, creating broad "tidal" zones which 
~ will likely develop in the wake of receding waters. This will create 

additional salt flats above the water level. However, with the 
sudden and often torrential rain storms that characterize this 

region, the impoundments can also be expected to rise rapidly and 
again inundate the mud flat zones rimming the impoundments. A broad 

C-13 



littoral zone will thus be created with each period of inundation. 

The condition thus described seems to be conducive to outbreaks of 
botulism (toxin produced by the bacteria (Clostridium botulinum Type 
C). 

(7) Particular attention must be given to the potential for concentration 

of insecticides and other agricultural chemicals in the impoundments. 
(8) Visits to the impoundment sites resulted in the conviction that the 

Stinking Creek site (Impoundment 16) is too valuable from an aesthetic 
viewpoint to be inundated. This judgment considered aesthetic values 
in conjunction with, and inseparable from, the more tangible values 
presented by wildlife populations. Only as an appendix to this con
viction, then, it is noted that this area also harbored large popu
lations of mourning doves. It is therefore suspected that the canyon 
may have significant value as wintering habitat for these game birds. 
Other game observed in the canyon include widgeon (Anas americana) 
and scaled quail (Callipepla sguamata). Most fish species currently 

found in the Salt Fork impoundments sites are adapted to withstand 
the high salinities characterizing the Salt Fork environment. 

(9) There is reason to believe that the Rio Grande killifish and the Red 
River pupfish currently found in the Salt Fork streams might survive 
for several years following impoundment of the river. However, there 
is little chance that the stenohaline fish in Stinking Creek canyon 
such as the green sunfish will not succumb rapidly once the water 
flow in this area is altered. 

(10) The feasibility of introducing marine fisheries into the proposed 
salt water impoundments seems questionable. 

(11) Oil fields, some still under development, border at least two of the 
impoundment sites (19 and 20). Any influx of brine or crude oil, 
whether by runoff or by seepage, will further reduce the impoundments' 
aesthetic or wildlife values. 

(12) The recreational potential for the Plan 4 impoundments seems limited, 

but to the extent that shoreline housing, campgrounds, and other 
habitations may be developed, it is necessary to also acknowledge the 
potential for eutrophication. 

(13) The red soils of the region are extremely susceptible to erosion. 
Uses of the water surface that will create strong wave action or 
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other disturbances such as that from motor boats, for example, will 

severely erode the shoreline into steep-sided, unstable banks. 
(14) The red soils of the study area foster heavy silt loads. These con

ditions will effectively limit rooted aquatic vegetation that might 
withstand the salinities of the impoundments. Primary productivity 
in the impoundment ecosystem will thus be curtailed. 

(15) The regional wildlife populations of game species will be little 
affected by the impoundments. No improvement or alteration in the 
hunting lease system currently practiced in the region is predicted . 

. Deer populations are not now, or will be in the future, of the nature 

to attract many sportsmen from outside the region. Habitat losses 
because of the Plan 4 impoundments do not demand mitigation elsewhere 

in the region. 

RECOMMENDATIONS 

(1) Provision should be made for dealing with possible outbreaks of avian 
botulism. 

(2) Provisions should be made for frequent monitoring of the impounded 
waters for pesticides and other agricultural chemicals which might 

reach dangerous levels. 
(3) The present location of site 16 should not be impounded. 

(4) A full range of environmental considerations such as food chains, 
oxygen sources, and other habitat necessities should be thoroughly 

studied before any nonnative game fish are introduced into the 
impoundments. 

(5) Justification for the Plan 4 program cannot be tied to any future 
enhancement of wildlife populations now endemic to the region. 
Hence, no significant economic impact via the lease hunting system 
is expected or predicted. 
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Quality is an important dimension of water which requires con~ 

sideration in every water resources project. Because the primary objec
tive of the Brazos River Project is downstream pollution control, and 
because gains at the reservoir sites from any of the other benefits 

listed in Table 0-1 will be secondary, water quality suitable for bene-
cial use in the proposed impoundments is not a critical factor for determin
ing the success of the project. 

TABLE 0-1. POSSIBLE BENEFICIAL RESULTS OF WATER RESOURCES DEVELOPMENT 
PROJECTS. 

1. Industrial and Municipal Water Supply 
2. Agricultural Water Supply 
3. Flood Control 
4. Power Generation 
5. Navigation 
6. Recreation 
7. Pollution Control 

The fact that the proposed dams will serve principally as salt 
retention structures guarantees that the quality of impounded water will 
be poor from the standpoint of excessive concentrations of mineral salts. 
Direct benefits at the impoundments derived from the implementation of 
this project will, therefore, be limited. The extent to which such bene
fits are developed will be dependent largely upon water quality. In 
addition, the degree to which environmental deterioration will occur, if 
at all, will be closely related to the quality of the impounded waters. 
For these reasons, it is essential that water quality evaluations be made. 

Because water quality is closely related to several other environmental 
features (hydrological, ecological, etc.), such interrelationships are 
mentioned in this section even though they may be discussed in more de
tail in other sections. 

Full development of the water resources of the Brazos River Basin 
has been prevented by the poor quality of the water from the upper part 

of the basin (Rawson, et ~,1968). Quantity and quality relationships 
in both ground and surface waters in the Upper Basin have been studied 
for thirty years to provide the information required for determining the 
optimum plan for development. These studies have been conducted con
tinuously since 1941 by the U.S. Geological Survey in cooperation with 
the Texas Water Development Board (and its predecessor agencies), the 
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Brazos River Authority, the Corps of Engineers, the U.S. Bureau of 
Reclamation, and several local agencies. Since the Corps of Engineers 
has already analyzed and utilized much of the quality data collected by 
the previously identified agencies, and since the major emphasis of this 
portion of this study concerns not water quality enhancement, but the 

impact of the poor quality water on the environment, a summary, rather 
than a lengthy, repetitious presentation of collected water quality data 
will be made. 

The total drainage area of the Brazos River above Possum Kingdom 
Reservoir is 22,550 square miles, of which approximately 9,000 square 
miles is non-contributing. This area contributes an average of only 18 
percent of the runoff from the entire Brazos River Basin but is the 
source of about 55 percent of the dissolved solids, 85 percent of the 
chloride, and 75 percent of the sulfate carried by the Brazos River at 
Richmond, near the mouth. The three principal tributaries that drain 
the area are the Double Mountain Fork and the Salt Fork, which join in 
Eastern Stonewall County to form the Brazos River ; and the Clear Fork 
which joins the Brazos River in Southern Young County about 100 miles 
east. The poor quality of the water in the Upper Brazos Basin is caused 
principally by: (i) inflow of natural sodium chloride brine, particularly 
in Salt Croton Creek, a tributary to the Salt Fork; (ii) solution of cal
cium sulfate from the gypsiferous rocks and soils that are at or near the 
surface throughout much of the area; and (iii) pollution of streams by 

the disposal of salt water produced with oil (Rawson, et ~,1968). A 
summary of salt yields of the Upper Brazos Basin is shown in Table 0-2, 
and water quality records for the Brazos River Basin published in U.S. 
Geological Survey Water-Supply Papers and Texas Water Development Board 
Reports are presented in Tables 0-3 and 0-4. 

To date, there are no natural lakes and no major reservoirs in the 

study area which includes portions of Dickens, King, Garza, Kent, Stone

wall, and Fisher Counties. White River Reservoir in Crosby County is the 
only major reservoir near the study area. There are several farm tanks 
or ponds situated throughout the study area. Most of these ponds are 
supplied either from small, perched, underlying aquifers pumped by wind
mills or from relatively good water contributed by small drainage areas, 
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Quality is an important dimension of water which requires con~ 
sideration in every water resources project. Because the primary objec
tive of the Brazos River Project is downstream pollution control, and 
because gains at the reservoir sites from any of the other benefits 
listed in Table 0-1 will be secondary, water quality suitable for bene-
cial use in the proposed impoundments is not a critical factor for determin
ing the success of the project. 
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The fact that the propo~ed dams will serve principally as salt 
retention structures guarantees that the quality of impounded water will 
be poor from the standpoint of excessive concentrations of mineral salts. 
Direct benefits at the impoundments derived from the implementation of 
this project will, therefore, be limited. The extent to which such bene
fits are developed will be dependent largely upon water quality. In 
addition, the degree to which environmental deterioration will occur, if 
at all, will be closely related to the quality of the impounded waters. 
For these reasons, it is essential that water quality evaluations be made. 
Because water quality is closely related to several other environmental 
features (hydrological, ecological, etc.), such interrelationships are 
mentioned in this section even though they may be discussed in more de
tail in other sections. 

Full development of the water resources of the Brazos River Basin 
has been prevented by the poor quality of the water from the upper part 
of the basin (Rawson, et ~,1968). Quantity and quality relationships 
in both grou~d and surface waters in the Upper Basin have been studied 
for thirty years to provide the information required for determining the 
optimum plan for development. These studies have been conducted con
tinuously since 1941 by the U.S. Geological Survey in cooperation with 
the Texas Water Development Board (and its predecessor agencies), the 
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Brazos River Authority, the Corps of Engineers, the U.S. Bureau of 

Reclamation, and several local agencies. Since the Corps of Engineers 
has already analyzed and utilized much of the quality data collected by 
the previously identified agencies, and since the major emphasis of this 
portion of this study concerns not water quality enhancement, but the 
impact of the poor quality water on the environment, a summary, rather 
than a lengthy, repetitious presentation of collected water quality data 
will be made. 

The total drainage area of the Brazos River above Possum Kingdom 
Reservoir is 22,550 square miles, of which approximately 9,000 square 
miles is non-contributing. This area contributes an average of only 18 
percent of the runoff from the entire Brazos River Basin but is the 
source of about 55 percent of the dissolved solids, 85 percent of the 
chloride , and 75 percent of the sulfate carried by the Brazos River at 
Richmond, near the mouth. The three principal tributaries that drain 
the area are the Double Mountain Fork and the Salt Fork, which join in 

Eastern Stonewall County to form the Brazos River ; and the Clear Fork 
which joins the Brazos River in Southern Young County about 100 miles 
east. The poor quality of the water in the Upper Brazos Basin is caused 
principally by: (i) inflow of natural sodium chloride brine, particularly 
in Salt Croton Creek, a tributary to the Salt Fork; (ii) solution of cal
cium sulfate from the gypsiferous rocks and soils that are at or near the 
surface throughout much of the area; and (iii) pollution of streams by 

the disposal of salt water produced with oil (Rawson, et ~,1968). A 
summary of salt yields of the Upper Brazos Basin is shown in Table 0-2, 
and water quality records for the Brazos River Basin published in U.S. 
Geological Survey Water-Supply Papers and Texas Water Development Board 
Reports are presented in Tables 0-3 and 0-4. 

To date, there are no natural lakes and no major reservoirs in the 

study area which includes portions of Dickens, King, Garza, Kent, Stone

wall, and Fisher Counties. White River Reservoir in Crosby County is the 
only major reservoir near the study area. There are several farm tanks 
or ponds situated throughout the study area. Most of these ponds are 
supplied either from small, perched, underlying aquifers pumped by wind
mills or from relatively good water contributed by small drainage areas, 
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TABLE 0-2. SUMMARY OF SALT YIELDS OF THE UPPER BRAZOS RIVER BASIN, 
1957-66 WATER YEARS. (Rawson, Flugrath, Hughes, 1968) 

Drainage Mean Dis- Loads {tons/da~} 
Stream and Location Area Con- charge Dis- Chlo- Sul-

tributing 1957 -66 solved ride fate 
(s9. mi.) (cfs) Solids 

Double Mountain Fork Brazos River 
Red Creek northwest of Rotan 21 .2 a3 <20 <5 <8 
White Canyon north of Rotan 17.4 a2 <16 <4 <6 
Salt Creek southwest of Aspermont 45.4 a6 <40 <10 <15 
Double Mountain Fork Brazos 
River near Aspermont 1510 189 565 100 235 

Salt Fork Brazos River 
McDonald Creek near Post 112 a5 40 20 3 
Unnamed tributary to Salt Fork 
Brazos River near Post a6.3 a3 <5 <2 <.5 

Red Mud Creek near Clairemont a75.8 a4 <30 <13 <5 
Salt Creek near Clairemont a36.9 a2 <55 <30 <5 
Salt Fork Brazos River near 

Peacock 1505 a78 520 215 85 
Croton Creek near Jayton 310 a16 240 75 80 
Salt Croton Creek near 
Aspermont 64.3 7.2 920 530 35 

Salt Fork Brazos River near 
Aspermont 2060 119 1760 830 250 

Stinking Creek near Aspermont 92.4 a5 20 5 6 

North Croton Creek 
Salt Creek southeast of Guthrie a5.6 a6 <25 <13 <3 
North Croton Creek near 
Knox City 251 a25 190 50 70 

Brazos River at Seymour 5250 379 2520 940 600 

Clear Fork Brazos River 
Hubbard Creek near Breckenridge 1111 125 86 29 5 
Clear Fork Brazos River at 
Eliasville 5721 b450 b480 b165 b60 

Brazos River at Possum Kingdom 
Dam near Graford 13260 1200 3440 1250 760 

a - Estimated 
b - Exclusive of area above Hubbard Creek Reservoir 
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TABLE D-3. WATER QUALITY RECORDS OF THE BRAZOS RIVER BASIN. 

Qua1ity-of-water records for the Brazos River Basin are published in the 
following U.S. Geological Survey Water-Supply Papers and Texas Water 
Development Board reports (including reports formerly published by the 
Texas Water Commission and Texas Board of Water Engineers): 

U.S.G.S. 
Water Water-Supply T.W.D.B. Water Water-Supply T.W.D.B. 
Year PaEer No. ReEort No. Year PaEer No. ReEort No. 
1940-45 *1938-45 1955 1402 *1955 
1946 1050 *1946 1956 1452 Bull. 5905 
1947 1102 *1947 1957 1522 Bull. 5915 
1948 1133 *1948 1958 1573 Bull. 6104 
1949 1163 *1949 1959 1644 Bull. 6205 
1950 1188 *1950 1960 Bull. 6215 
1951 1199 *1951 1961 Bull. 6304 
1952 1252 *1952 1962 1944 Bull. 6501 
1953 1292 *1953 1963 1950 Rept. 7 
*"Chemica1 Composition of Texas Surface Waters" was designated only by 

water year from 1938 through 1955. 

TABLE D-4. U.S. GEOLOGICAL SURVEY WATER-SUPPLY PAPERS CONTAINING RESULTS 
OF STREAM MEASUREMENTS ,IN THE BRAZOS ' RIVER BASIN, 1898-1960: 

Water-Supply Water-Supply Water-Supply 
Year PaQer No. Year PaQer No. Year PaQer No. 
1898 28 1931 718 1946 1058 
1899 37 1932 733 1947 1088 
1900 50 1933 748 1948 1118 
1901 75 1934 763 1949 1148 
1902 83 1935 788 1950 1178 
1903 99 1936 808 1951 1212 
1904 132 1937 828 1952 1242 
1905 174 1938 858 1953 1282 
1906 210 1939 878 1954 1342 
1924 588 1940 898 1955 1392 
1925 608 1941 928 1956 1442 
1926 628 1942 958 1957 1512 
1927 648 1943 978 1958 1562 
1928 668 1944 1008 1059 1632 
1929 688 1945 1038 1960 1712 
1930 703 

and they contain water with far less salinity than that of the Brazos and 
its tributaries. Except for the upper reaches of Duck Creek, the streams 
and tributaries in the area contain high concentrations of chloride in 
their waters. This stream, however, contains excessive amounts of sulfate, 
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making its usefulness questionable. Most, if not all, streams in the 
area including the three prominent tributaries and the Brazos River 
itself are intermittent, which accounts for the difficulty in establish
ing base level flows and pertinent average mineral concentrations. Never
theless, the Corps, by using the data that are available, has projected 
the resultant chloride concentrations of the proposed reservoirs for a 
one-hundred-year period, assuming 1941 to be the first year of reservoir 
operation. Mean maximum and minimum chloride concentrations occurring 
in the numbered reservoirs of Plan 4 (submitted as the optimal plan by 
the Corps) for 25 year periods are shown in Table D-5. 

TABLE 0-5. MEAN CHLORIDE CONCENTRATIONS {PPM}. 
Mean Values 

Dam 5i te Condition Peri od Maximum Minimum 
10 Pumpage to 14 1941-64 2,307 2,018 

1965-89 2,883 2,428 
1990-2014 2,958 2,479 
2015-2039 2,950 2,442 

14 W/Pumpage 1941-64 25,178 23,921 
From 10 1965-89 50,570 47,553 

1990-2014 76,692 72,337 
2015-2039 100,425 95,130 

19 W/Pumpage 1941-64 2,547 2,229 
From 16 and 22 1965-89 4,764 4,270 

1990-2014 7,255 6,498 
2015-2039 9,535 8,567 

20 W/24 Upstream 1941-64 2,911 2,560 
1965-89 5,468 4,953 
1990-2014 8,563 7,758 
2015-2039 1 1 ,71 3 10,634 

From examination of Table 0-4, it is apparent that high chloride 

concentra ti ons wi 11 proh i bi t wi despread employ me n t of these impounded 
waters for the three most highly beneficial uses of water: domestic, 

industrial, and agricultural. Barring a dramatic desalination innovation, 
use of these impounded waters for domestic water supplies is infeasible 
because of the 250 ppm chloride concentration limit imposed by the Public 
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Health Service Drinking Water Standards. Although these Standards are 
recommended and not obligatory, chloride concentrations in the waters of 

the Upper Brazos River Basin appear to be too great for these waters to 
ever be considered seriously as a source of domestic water. Projected 
concentrations of total solids, sulfates, and several other dissolved 
minerals are also generally far in excess of recommended criteria. Other 
domestic uses such as laundering and waste transport, although unlikely, 
might be considered under extreme conditions. 

By far the most varied spectrum of quality requirements of benefi
cial uses is found in industrial water needs. Few, if any, industries, 
however, can use water with chloride concentrations as high as those pro
jected to occur in the waters to be impounded by this project. There is 
presently very little industry in the study area, and i't is unreasonable 
to assume that implementation of the proposed project will attract any 
industry. Thus, industrial water demands will remain light. 

The waters in question may serve agricultural needs to a limited 
extent. Based on the salt tolerances of various crops shown in Figure 
0-1, it is conceivable that, in the early years of impoundment, some of 
the waters could be used for irrigation purposes. However, any irrigation 
with the impounded waters would be at the expense of the soil. According 
to Eldridge (1960), soils are not adversely affected by high concentra
tions of salts if sodium is low in comparison with calcium and magnesium. 
Sodium renders soils impermeable to air and water. When wet, soils con
taining high concentrations of sodium become plastic and sticky. The 
effect of sodium on the soil is measured by the sodium--adsorption ratio, 
(SAR) which is the ratio of sodium ion to calcium and magnesium ions. A 
value of SAR equal to 8 is considered to be satisfactory, 12 to 15 is 
marginal, and a value greater than 20 requires special management prac
tices to maintain soil productivity, e.g., applying gypsum to the soil 
or treating the soil with acid to release calcium from insoluble lime. 
SAR values for soils irrigated with the impounded waters will become 
extremely high rapidly. However, SAR must be used in combination with 
total salt content since the higher the salts the more sodium can be 
tolerated. This fact has led to a classification of irrigation waters 
by Eldridge (1960) on a scale of Cl to C4 as follows: 
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Figure 0-1. Salt Tolerance of Crops. 

FIELD CROPS* 
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( Qz5 r Corn ................. 1 L-___ ~-~~ ... 

16% J 50% YIELD REDUCTION 
25% 

_F_O_RA_G_E_C_RO_P_S* ______ -rf __ ~r--~t--+1--4r---~~0 __ 1~r __ +~4 __ ~1_6~lr~_2,~ 
Bermuda grass ....... . 

Tall wheatgrass .•.... ~ __ --_____ ~_~~--~~~~~ 
- _-- I 

Crested wheatgrass ... , .c J '-77777 7773' ) 

Tall fescue ......... . , " '" , ~ 6 
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I I I 
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*The indicated salt tolerances apply to the period of rapid plant 
growth and maturation, from the late seedling stage onward. Crops 
in each category are ranked in order of decreasing salt tolerance. 
Crosslines are placed at 10-, 25-, and 50-percent yield reductions. 
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1. Low salinity water Cl can be used on most crops and soils. 
2. Medium salinity water C2 can be used on most crops but requires 

a moderate amount of leaching. 
3. High salinity water C3 requires a good drainage, permeable soils, 

and salt resistant crops. 

4. Very high salinity water C4 is not normally good for irrigation. 
The waters in the proposed impoundments will be classified as either C3 
or C4. 

Table 0-6 shows a general crop response to salinity. From this table, 
it i·s readily apparent that only a very few crops could be grown success
fully if they were irrigated with water impounded by any of the proposed 
reservoirs. Therefore, it is concluded that the impounded waters would 

TABLE 0-6. CROP RESPONSE TO SALINITY 

Salinity 
(ECe,mmhos/cm* 

at 25°C) 
0-2 
2-4 
4-8 

8-16 
Above 16 

Crop Response 

Salinity effects mostly negligible. 
Yields of very sensitive crops may be restricted. 
Yields of many crops restricted. 
Only tolerant crops yield satisfactorily. 
Only a few very tolerant crops yield satisfactorily. 

*1 mmho/cm = 640 mg/liter salt. 

serve irrigation needs only under very dire circumstances. 
During the early stages of operation, all the reservoirs included in 

Plan 4 with the exception of No. 14 could probably be used as water supply 
for livestock and wildlife. McGauhey (1968) states that, as a rule, no 
animal will by choice drink saline water when better water is available, 
and that sudden changes from waters with low mineral concentrations to 
waters with high mineral concentrations have been known to poison and kill 
livestock. However, the tolerance of animals varies considerably and is 
thought to depend upon many factors including health, salt content of the 
diet, and nature of the salts involved (McGauhey, 1968). Indications are 
that the maximum concentrations of dissolved solids that can be tolerated 
by domestic animals without danger of injury by osmotic effect lie between 
15 ,000 and 17,000 mg/l (McGauhey, 1968). Table 0-7 lists tentative guide
lines for evaluating the quality of water used by livestock. From it one 
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TABLE D~7. TENTATIVE GUIDES FOR EVALUATING THE QUALITY OF WATER USED 
BY LIVESTOCK 

Quality Factor 
Total dissolved solids (TDS) mg/l 
Calcium, mg/l 
r~agnes i urn, mg/l 
Sodium, mg/l 
Bicarbonate, mg/l 
Chloride, mg/l 
Fluoride, mg/l 
Nitrate, mg/l 
Nitrite, mg/l 
Sulfate, mg/l 
Range of pH 

Threshold 
Concentration* 

2,500 
500 
250 

1,000 
500 

1,500 
1 

200 
None 

500 
6.0-8.5 

Limiting 
Concentration** 

5,000 
1,000 

500*** 
2,000*** 

500 
3,000 

6 
400 

None 
1 ,000*** 

5.6-9.0 

*Threshold values represent concentrations at which poultry or sensitiye 
animals might show slight effects from prolonged use of such water. Lower 
concentrations are of little or no concern. 
**Limiting concentrations based on interim criteria, South Africa. Ani
mals in lactation or production might show definite adverse reactions. 
***Total magnesium compounds plus sodium sulfate should not exceed 50 
percent of the total dissolved solids. 

can gather that some of the impounded waters would be of adequate quality 
for livestock watering. Wildlife native to the study area may, through 
adaptation, be able to consume these waters without adverse effects even 
when chloride concentrations approach their highest levels. 

While the excessive mineral concentrations in the impounded waters 
will severely curtail their usefulness for domestic, industrial and agri
cultural purposes, other quality problems, many of which are directly or 
indirectly related to the excessive mineral concentrations, that may 
impede the aesthetic pleasures and recreational potential of the reser
voirs must be explored. Some of these problems will be naturally occurring 
while others will be dependent upon the presence and extent of watershed 

development. 
There is a natural and systematic succession of degradation and ag

gradation occurring in a stream. During periods of high precipitation a 
stream gathers and transports large sediment loads, but later, as the 
runoff resulting from the precipitation subsides, the soil and organic 
material comprising the sediment load are deposited along the stream banks 
and bottom. Although the new stream bed may appear to be the same as it 
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was before, there is a difference. The old degraded deposits have been 
replaced with new fertilizer elements and a crop of higher energy organic 
matter. Hence the foundation is maintained for continuance of the bio
logical food chain in the stream (McGauhey, 1968). A dam constructed on 
a stream will not completely disrupt this orderly process but will cer
tainly interrupt it and cause a shift in any dynamic equilibria previously 
established in the stream. The ultimate downstream result will probably 
be a restructuring of the stream, i.e., riffles where pools once were and 
vice versa. Immediately below the dam sites, no deposition will occur 
and pools will result. Succeeding downstream changes depending primarily 
upon the geology and streamflow can be expected. Species changes accom
panying these habitat changes can be anticipated, and eventually a stream 

may exhibit a completely different appearance. 
Any stream restructuring and biotic succession that results from 

construction of the proposed dams will be minimized by the intermittent 
nature of the streams. Many of the tributaries to be impounded frequently 
do not flow and dam construction will compound this situation. With so 
little flow, stream restructuring will be very gradual and the few aquatic 
inhabitants of the streams can probably relocate in response to any physi
cal habitat changes. Chemical changes downstream in the form of reduced 
mineral concentrations may not be tolerable to some of the current stream 
occupants, or these same chemical changes may attract other aquatic species 
and promote intolerable competition for existing species. Such changes, 
although adverse to a few species, should, in the long run, provide these 
intermittent streams with more species and a better balanced ecosystem. 

Probably the principal natural phenomenon having an impact on the 
quality of the impounded waters, exclusive of the high mineral concentra
tions, are those of stratification and vertical mixing. Most reservoirs 
having any appreciable depth are subject to a season-related cycle of 
these two conditions. Judging from the anticipated reservoir depths listed 

in Table 0-8, it appears that all the reservoirs of Plan 4 with the possible 
exceptions of Nos. 14 and 22 are very apt to stratify thermally in the 
summer months. In relation to beneficial use, this natural cycle degrades 
the quality of the water resource during the time of overturn. However, 
in the absence of pollutants arising from man's activity, the quality 
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TABLE 0-8. MAXIMUM AND MEAN DEPTHS OF RESERVOIRS IN FEET. 

Reservoir 

10 
14 
16 
19 
20 
22 

Maximum Depth 
Profile* USGS** 

68 
80 
32 
70 

115 102 
Approximately 20 ft. 

Mean Depth 

25.5 
35.2 

40.3 
41 .9 

*Using top of brine pool and bottom of channel values from profile views 
of dam sites where available. 

**Using top of brine pool and elevations from USGS topographic maps. 
***Using top of brine pool values and dividing storage volume by surface 
area. 

changes occurring naturally in impounded water are beneficial even though 
at the time of overturn the quality is lessened (McGauhey, 1968). Gases 
are released from the water, and the products of anaerobic decomposition 

are transferred to an aerobic environment where stabilization can be com
pleted. Thus, the cyclical change in quality represents a cyclical purging 
for impounded water. 

According to Reid (1961) we can expect, in these saline lakes, density 
stratification derived from cold or warm fresh water flowing over the more 
dense salt water to also contribute to vertical temperature differences. 
Although both types of stratification inhibit vertical mixing, neither is 
expected to reduce significantly the quality of the impounded waters un
less excessive quantities of nutrients or organic material find their ways 
into the reservoirs. 

Large fluctuations in water elevations in the proposed reservoirs 
will be a naturally occurring phenomenon that may cause severe quality 
problems in the reservoirs. Water levels in many reservoirs are controlled 
by allowing the release of water during periods of high flow. However, 
since the reservoirs under study will be total impoundment reservoirs, 
larger fluctuations in water levels will occur. As the water recedes during 
periods of low flow, salt deposits will remain. These deposits will prob
ably prohibit the growth of any plant cover. In the absence of such plant 
cover, the barren areas will be extremely vulnerable to erosion, and as a 
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result, large amounts of sediment may be washed into the reservoirs. 
Some of the sediment will be deposited, and while some may remain suspended 
most of the sediment will flocculate, coalesce and settle as a result of 
the coagulating effect of gypsum. 

Turbidity is not a health hazard but it can detract from the 
aesthetic value of a lake and, therefore, tend to hinder recreational 
development. In addition, turbidity obstructs light, so it can cause a 
reduction in photosynthetic activity in the water. Such a decrease in 
primary productivity could alter significantly any ecological balance pre
viously established in the reservoirs. However, no severe problems of 
such a nature are envisioned to occur because of the high gypsum concen
tration in the waters. 

Even though the quality of water from an inorganic standpoint will 
be poor, these reservoirs, especially Nos. 19 and 20, possess recreational 
potential. Hunting on and around the reservoirs, fishing and water sports 
such as boating and skiing, are feasible in the two larger lakes. However, 
with recreational development will come increased organic and nutrient 
loads. The water quality, in fact, is expected to vary inversely with the 
extent of development. 

Excessive organic loading can be extremely hazardous to saline lakes 
such as the ones that will result from this project. To begin with, as 
the concentration of dissolved salts increases, the specific heat decreases 
(Reid,1961). For sea water at 17.5° C and salinity of 35 ppt (parts per 

thousand) or 3.5 percent, the specific heat is .932. This means that less 
heat is required to warm a given volume of salt water than to warm the same 
amount of fresh water which in turn suggests that salt waters will attain 
higher temperatures and will cool faster than will fresh waters. Also, 
in salt or fresh water, the solubility of oxygen decreases as water tem
perature and salinity increase. At saturation at 15° C, a liter of sea 
water at 35 ppt salinity contains about 6.6 mg oxygen. A liter of fresh 

water at the same temperature holds about 10.2 mg (Reid,1961). The im
portance of these relationships lies in the ability of the impounded waters 
to assimilate organic materials while maintaining oxygen concentrations 
suitable for aquatic life and aesthetic enjoyment. Because these reser
voirs will become more susceptible to anaerobiosis as the chloride 
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concentration of the waters increases, care must be taken to prevent 
excessive organic loading. 

As was previously shown in Table 0-4, the projected chloride concen
tration in reservoir No. 14 is extremely high. In fact, chloride concen
trations as high as this may inhibit the presence of practically all 
bacteria. Therefore, any organic material introduced into the reservoir 

will be stabilized very slowly. If a situation such as this should 
develop, insects, vermin, etc., may be attracted to the site, presenting 
at best, an unfavorable circumstance. 

While extremely high chloride concentrations in reservoir No. 14 will 
inhibit bacterial populations, projected chloride concentrations in the 
other reservoirs will probably not significantly influence the total 

number of bacteria (Thayer, 1971). According to Stanier, Ooudoroff, and 
Adelberg (1957), most bacteria a re relatively insensitive to variations 
in osmotic pressure and can adjust to wide changes in the concentration 
of solutes in the environment. For example, Aerobacter aerogenes, can 
grow in media with salt concentrations ranging from less than one tenth 

of one percent to about twelve percent. As the chloride concentrations 
in the reservoirs increase, the less tolerant species will probably be 
succeeded by salt tolerant or halophilic species. Both types are capable 
of reducing organic matter. Thus, the dissolved oxygen concentration 

will be the critical factor just as is the case with fresh waters. 
Substantial watershed development will certainly increase the nutrient 

inflow into the impounded waters. Continuance of this nutritional pollu
tion or eutrophication will be characterized by the excessive growth and 

activity of planktonic, photosynthetic vegetation, principally algae. The 
most serious problems associated with extensive algae growth involve the 
creation of nuisance conditions. These are caused mainly by the ability 
of gentle winds to concentrate algae along the leeward shores where they 

interfere with recreational activity and often decompose to produce ob

noxious odors. Under extreme conditions, algae decomposition may decrease 
oxygen levels in localized areas sufficiently to cause fish kills. Certain 
algae also secrete toxins capable of killing livestock or other consumers. 

The projected high chloride concentrations in the impounded waters 
may limit the presence of some types of algae. It is felt, however, tflat 
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the projected chloride concentration in reservoir No. 14 is the only one 
capable of significantly inhibiting all types of algae growth. Zarnecki 
(1968) states that four major groups of algae grow in brackish water: 
Green Algae, Chlorophyceae; Diatons, Bacillariophyceae; Bluegreen Algae, 
Cyanophyceae; and various free-living phytoflagellates. However, unusual 
environmental conditions present in Onondage Lake, which included chloride 
concentrations of about 1500 mg/l, resulted in some unexpected phenomena 
(Jackson, 1968). Because of the large quantities of nutrients entering 
the lake, large stinking masses of unsightly filamentous or blue-green 
algae were expected. Instead, stinking, unsightly fecal-brown water re
sulted. Several reasons for this peculiar behavior were given. These 
were salinity, calcium inhibition, or the lack of mineralization of the 
allochthonous organic matter, or interactions of two or more of these 
factors. ~/ 

More research needs to be conducted before an accurate prediction of 
algae growth in a eutrophic, saline lake or reservoir can be made. How
ever, it is known that algae blooms frequently occur in estuarine and 
oceanic waters. In addition, some algae species are present in the waters 

of the Brazos River and its tributaries. For these reasons, it is assumed 
that if the impounded waters become eutrophic, extensive nuisance growths 
of algae will be produced. 

Severe eutrophication problems, however, are not expected to be en
countered in the proposed reservoirs. In the first place, it is felt that 

the impoundments will not receive enough organic waste or nutrients from 
their limited recreational use to impose a severe problem. Secondly, 
through personal communications with many of the rural and urban inhabi
tants of the study area and from a comprehensive water and sewer plan pre
pared by Hicks and Ragland, Consulting Engineering Company of Lubbock, 
Texas (1971), it has been established that very few, if any, towns or 
dwellings discharge wastes into the Brazos River or its tributaries. 
Aspermont is the only town in the area near one of the proposed impound
ments with some waste treatment facilities, Imhoff Tanks and lagoons. 
The Hicks and Ragland Report indicated that these lagoons are inadequate 
and that a potential water pollution problem in Stinking Creek exists. 
Likewise, Jayton, the only other town of appreciable size in proximity to 
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one of the proposed reservoirs presents a small potential pollution 

problem. Wastes from the city are disposed of in individual cesspools 
which receive little maintenance. However, after they are pumped out 
periodically, the contents are emptied at the city dump which drains into 
Cottonwood Creek which in turn empties into Croton Creek. The volume of 
waste emptied near the city dump at anyone time is small, however, and 

should produce no significant pollution problem to reservoir No. 10. In 
addition, tentative plans for the future are to provide some treatment 
facilities for Jayton, and to expand the present treatment facilities of 
Aspermont. This action coupled with the decreasing population of these 
areas, depicted in Table 0-9, sufficiently justifies the conclusion that 
severe dissolved oxygen depletion or eutrophication problems will not 
result from discharges or runoffs from the areas surrounding the proposed 
impoundments. 

TABLE 0-9. POPULATION OF STUDY AREA. 

County Town 

Kent 
King 
Stonewall 

Dickens 

Garza 

Fisher 

Aspermont 

Spur 
Dickens 

Post 

Census 
1960 1970 

1727 1369 
640 460 

3017 2359 
1286 1175 
4963 3564 
2170 1642 
302 295 

6611 5254 
4663 3825 
7865 6168 

As was previously stated, industrial activity in the study area is 
light and is not expected to increase substantially. Therefore, it is 

concluded that toxic or growth-stimulating industrial wastes will be of 
little concern to the proposed reservoirs. 

Pesticides, although potentially dangerous, are not expected to pre
sent major pollution problems to the reservoirs. The small percentage of 
cultivated land in the study area coupled with the low pesticide appli
cations necessary to achieve their intended purpose in a dry climate such 
as that of West Texas, collectively tend to minimize any pesticide 
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pollution problem. However, if the impoundments stimulate agricultural 

activity, impounded waters and sediments should be analyzed frequently for 
pesticides to prevent the development of a problem. 

Oil and brine from oil wells are two pollutants which may cause severe 
problems in reservoirs Nos. 19 and 20. The biggest potential problem will 
occur in the Kiowa Peak Field developed by the General American Oil Company 

in Eastern Stonewall County. Reservoir No. 19 will probably inundate 
several producing wells in this area. This is a pressurized field completed 
at depths of 3,000 to 3,500 feet and an average well production of about 
60 barrels per day. According to a representative of General American Oil 
Company (Reynolds, 1971), the remaining life expectancy of the field is 
about twenty years. The representative further stated that if the Brazos 
River Project was implemented while the wells were still producing, the 
productive wells would probably be raised and platformed. In addition, he 
stated that following primary recovery, secondary recovery techniques 
would probably not be employed. 

There is some danger of oil or brine pollution near reservoir No. 20. 
Several wells are located in proximity to or in the conservation pool of 
this proposed reservoir. The wells belong to one of several small companies 
including Sun Oil Company (Lobdell, 1971). The wells produce an average 
of about 10 to 20 barrels per day from a depth of 3,800 to 3,900 feet, and, 
according to a Sun Oil Company representative, should be exhausted in five 
or six years, quite sometime before implementation of this project. 

It is believed that although there exists a potential problem, a real 
problem can be avoided through sound production practices and compliance 
with federal and state pollution statutes. Brines can no longer be dis
posed of on the surface and severe fines will be levied against those re
sponsible for pollution resulting from leaks, etc. It is impossible to 
say definitely that no pollution will result from these oil wells, but it 
is reasonable to assume that the technology and the legal machinery 

necessary to prevent oil pollution will be available before this project 
is implemented. 

Another potential pollution problem with a distinct possibility of 
occurrence is the contamination of fresh groundwaters. This problem was 
not fully investigated due to the scarcity of underground hydrologic data. 
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Let it suffice to say that the possibility of groundwater contamination 
should be fully explored before any dams are constructed. 

The downstream effects resulting from this project are many and varied. 
Of course, the most important effect will be the availability of usable 
Brazos River water in and below Possum Kingdom Reservoir. Another effect 
will be that of reduced flow in the Brazos River. However, it is believed 
that the greatest reduction in flow will not result directly from damming 
the upstream Brazos River and its tributaries, but from the increased with
drawals and consumption downstream resulting from the better quality of 
Brazos River water. As was stated earlier, only 18 percent of the flow 
of the Brazos River at Richmond originates above Possum Kingdom. A 
significant portion of this 18 percent will remain even if this project 
is implemented. 

Since there is no natural bay at the mouth of the Brazos River, no 

harmful estuarine effects are anticipated. In fact, the less saline 
waters may tend to purge more fully the estuary and thereby enhance its 
productivity. As the river itself is purged, new floral and faunal 
species will certainly make their appearance, and eventually will probably 
dominate the river. This effect is not seen as a deleterious consequence, 
but rather as a beneficial outcome. If it is seen that unwanted species 
are beginning to appear, it should be a small problem to eliminate or 
control many of them. 

Additional downstream effects, such as the economic impact the pro

ject will have on certain areas, are apparent. Others, such as a small, 
gradual mean increase in dissolved oxygen in the river, may be more 
subtle. Many changes similar to the latter, based on reduced salt con
centrations, will probably occur. Since they will be somewhat gradual, 
(salts, etc., from the sediments will be redissolved in the waters as 
the upstream concentrations diminish), they will have no great environ
mental impact. Economic effects, although significant, are beyond the 
scope of this study. 
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CONCLUSIONS AND RECOMMENDATIONS 

Review of the water quality data furnished by the U. S. Army Corps 
of Engineers and the U. S. Geological Survey, personal communication and 
consultation with various experts in water quality related fields, a perti
nent literature review and supposition based on acquired knowledge by the 
authors have led to the following conclusions and recommendations. 

CONCLUSIONS 

Water Quality 

(1) High chloride concentrations will severely restrict employment 
of the impounded waters for the three highest beneficial uses 
of water; domestic, industrial, and agricultural. Shortly 
after implementation of the project, and perhaps throughout 
the life of the project, the waters with lower chloride concen
trations (Reservoirs Nos. 16, 19, 20, and 22) may be of adequate 
quality for livestock and wildlife watering. 

(2) Some stream restructuring and biotic succession below the pro
posed dam sites can be anticipated. However, any such results 
from construction of the proposed dams will be minimized by the 
intermittent nature of the streams. 

(3) Stratification will probably occur in all the proposed reser
voirs of Plan 4 with the possible exception of Nos. 16 and 22. 
Although vertical mixing will be inhibited, the quality of the 
impounded waters, unless excessive nutrients or organic material 
find their way into the reservoirs, will not be reduced signifi
cantly. 

(4) Large fluctuations in water levels will occur resulting in large 
areas of barren shoreline. These areas will be extremely vul
nerable to erosion, and excessive sediment deposits may result. 

(5) Even though the excessive chloride concentrations will ensure 
poor quality water in the impoundments, Nos. 16, 19, and 20 
possess some degree of recreational potential. The quality of 

the water in these three reservoirs is expected to vary in
versely with the extent of development around them. 
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(6) Waste discharges from industries, municipalities, or individual 
residences into the impoundments or their tributaries will be 
minimal. For this reason, eutrophication and subsequent algae 
growth, and severe oxygen depletions are not expected. 

(7) Pesticides, although potentially dangerous, are not expected to 
present major pollution problems to the reservoirs, but a pesti
cide monitoring program should be established to prevent severe 
problems. 

(8) It is believed that, although a potential oil pollution problem 
exists, such problems can be avoided through sound production 
practices and compliance with state and federal pollution 
statutes. 

(9) The major downstream effects, assuming successful implementation 
of this project, will be those of slightly reduced flow in the 
Brazos River and the availability of high quality water. However, 
it is believed that the greatest reduction in flow will not re
sult directly from damming the upstream Brazos River and its 
tributaries, but from increased downstream withdrawals and con

sumption. 

RECOMMENDATIONS 

(1) Regulations requiring that adequate sewerage be incorporated into 
any structure of any nature near the impoundments or their tribu
taries should be adopted. 

(2) Septic tanks and cesspools should be prohibited whenever they 
present a potential pollution problem. 

(3) A waste discharge surveillance program should be established. 
(4) The possibility of converting Dam Sites 10 and 14 into low-level 

impoundments, the transportation of excess water from these 
impoundments to reservoir No. 20, and increasing the size of Dam 

Site 20 accordingly, should be investigated. 
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RECREATION AND AESTHETICS 

Introduction 

This report addresses itself to the task of evaluating the histori

cal, cultural, archaeological, recreational and aesthetic features asso
ciated with the proposed project area and the various impacts on these 

resources associated with implementation of the proposed mineral pollu
tion control plan No.4. The area study includes the four counties of 
Dickens, Kent, King, and Stonewall, as shown in Figure E-l. Although 
the scope of the investigation assumes a regional perspective in terms of 
the overall environmental impact, the major thrust of the probe was 

directed towards the sites of the proposed impoundments, pipeline routes 

and their immediate environs. 

General Observations 
Five of the proposed reservoirs are designed to be total impoundment 

structures, that is, these are intended to prevent any downstream flow, 

with the exception of the 100 year anticipated floods. Thus, all water 

collected from the watershed drained by these tributary channels, along 
with the dissolved minerals and suspended solids, will be deposited 

within the confines of each structure. Two structures will be low flow 
dams, full only during periods of excessive precipitation. 

Two periods of time should be considered when attempting to estimate 
the environmental impact and recreational potential of the reservoir 

sites: one for a short range period of approximately 10-15 years and a 
longer range period exceeding 15 years. The quantity of water flowing 
to each reservoir will increase the concentration of dissolved minerals 

and sedimentary deposits. Limited recreational use will be passible in 
the early years of the project; however, recreational potential will de
crease with increased salinity and sedimentation. 

Early History and Culture of the Region 

The history of the region recapitulates the history of the four 
counties which comprise the study area. Indian tribes of several nations 
wandered through the region prior to Coronado's time. The four counties 
lie within the center of a region known as the Comanche Culture Area 

(Webb, 1963). By 1876 the age of the plains Indians and wild buffalo 
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had all but come to an end, however Indian raids on white settlements 

are reported to have occurred within the study area less than one hun
dred years ago. 

The study area is located on land acquired and controlled by English 

and Scottish interests around the year 1885. The eastern portion of the 
Espuela Land and Cattle Cattle Company of London acquired the south

western portion of Dickens and the northwestern portion of Kent counties. 

To the northeast of this property lay the Matadors with approximately 

forty miles of common boundary between the two. Across the Croton 
Breaks east lay the 10 Range and the southeast lay the Circle Bar Range 

(Holden, 1934). 

The source of settlers for the region according to Holden is from 
the older states. 

It was a very common thing for a family to come to Texas, 
settle in East Texas or Central Texas for a while, and then 
move on to the frontier where cheap land on long time payments 
at a low rate of interest could be had. It appears that more 
immigrants came from Arkansas than elsewhere; after Arkansas, 
in the order named, they came from Louisiana, Tennessee, Missi
ssippi, Alabama, Georgia, Missouri, Kentucky, Kansas, Illinois, 
Indiana, Ohio, Pennsylvania, Iowa, Wisconsin, and the Carolinas 
(Holden, 1931). 

Settlements throughout the High Plains grew and prospered with the 
introduction of windmills and barbed wire. Early settlers faced strenu
ous times in the face of harsh summer and winter climates. The first 
structures built by the pioneers were semi-dugouts, similar to the 

dwelling shown in Figure E-2. These were replaced by field stone 
dwellings, such as shown in Figure E-3, since structural timber was non
existent. Many accounts refer to the undesirable IIGypll and salt water 

in the creeks. Legend has it that Stinking Creek, site of proposed 

impoundment No. 16 received its name from teamsters and wagon masters 

who stopped to water their stock on a major trail passing through the 

region. Horses and mules would sniff the foul-smelling water and then 

refuse to drink (Griffith, 1971). 
Other than individual incidents of local historical significance, 

many of these based on legend, the most notable historical event to take 

place in the region was the passage of the Indian scout and explorer 
Colonel MacKenzie and his troops through the region north of the Double 
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Figure E-2. Dugout - typical of early South Plains dwellings. 

Figure E-3. Stone house typical of early structures on the 
South Plains. 
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Mountain Fork of the Brazos in July and August of 1872 (Wallace, 1964). 

It is reported that MacKenzie 'camped on the top of Haystack Mountain 
during his travels through the region. Historical markers have been 
erected to indicate the route of this expedition through the area. 
An approximate location of the MacKenzie trail is shown on Figure E-4. 

Specific archaeological, historical, and cultural data, relevant 
to the sites of the proposed impoundments was difficult to pinpoint for 
several reasons. First, the area was not considered to be significant 
with respect to persons, places, formations, events or the deposit of 
valuable artifacts. Personal interviews with knowledgeable persons 
residing within the four counties provided the major portion of the 
information gathered. 

Additional sources of historical data can be obtained from the 
publications and direct communication with individuals who have had a 
significant role in the development of West Texas, in particular the 
four-county study region. Clifford B. Jones, President Emeritus of Texas 
Tech University, is a former manager of the Spur Ranch. W. L. Stangel, 
Dean Emeritus of the College of Agricultural Sciences of Texas Tech 
University, is widely known for his leadership in the development of 
agricultural industry of the region. William Curry Holden, Professor 
Emeritus, Department of History, Texas Tech University, through his 
writings has recorded an impressive record of the development of the 
region. These man have, through their leadership and culture, added to 

the tone of life of the region. 
The pertinent historical data for each county · are presented as 

follows: 

Dickens County 

No significant historic or archaeological sites are known to exist 
in the vicinity of proposed developments in Dickens County. Arrington 
reported that residents of Dickens County have in the past gathered 
salt for domestic and stock use from various sites in the vicinity of 
impoundment 14. Indians are thought to have used the area for similar 
purpose-s; however, no sign i fi cant arti facts have been recovered and 

recorded (Arrington, 1971). 
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King County 

Portions of impoundments No. 14 and No. 19 are found in King County. 
As reported by Young, remnants of an early buffalo camp are located on 

upper Dove Creek. No important events transpired at this site, Haystack 

Mountain, which is located approximately five miles above the salt flats 
on Salt Croton Creek at the site of impoundment No. 14, served as a look
out for scouts from the MacKenzie expedition. It is believed that a 

portion of the famed MacKenzie trail heading northeast from Fort Griffin 

in Haskell County passed neqr the site of impoundment No. 14. Young also 
reported the finding of arrowheads and other Indian artifacts in the 

region; however, no specific concentrations could be identified (Young, 

1971). A family cemetery located near the King County line north of the 

impoundment No. 14 dam site will not be affected by the project. 

Stonewall County 

Recorded history, relative to the study areas in Stonewall County, 

is inadequate. The County Judge of Stonewall County made no reference to 

knowledgeable persons in the county who could provide information regard
ing the history of lands in the vicinity of impoundment No. 22 U1itchelle, 

1971). Field investigations led to the discovery of a small cave within 
the area to be inundated by impoundment No. 16. Legend and local lore 

make reference to Indian treasure believed to be buried in the cave, and 

the subsequent expeditions by various notorious characters in search of 

the bounty. The area has been flooded several times by the overflow of 

Stinking Creek, thus flushing the site of any evidence of treasure 

hunting and dastardly deeds. A human skull displayed in the Aspermont 

School is believed to be that of a Negro, slain by his white master after 

a futile search for the supposed treasure buried in the cave (Griffith, 
1971). No documented record of this event has been located. 

Willard Dent, in his thesis The History of Stonewall County, pro

vides some interesting information related to this sector of the study 
region (Dent, 1947). 

The Double Mountain, west of site No. 22 in the southwestern portion of 
the county is a regional and historical landmark. Dent noted two histo

rical events concerning the Mountain. Robert E. Lee, in July 1856~ 
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searched the area for a hostile band of warriors that had left a reser
vation. He spent several days in the region but found no Indians. Lee 
noted the region as interesting, the water was salty, the grass was poor, 
and the country was intersected by innumerable ravines. 

Another event concerned officials of the Texas Government who 
wanted to arrange a peace treaty with an influential Comanche chief. A 
council site near the Double Mountains was arranged for the summer of 
1843. Government officials did not contact the Indians at the planned 
council site because the Indians had traveled north with the buffalo. 

Dent cited information concerning a land promotion scheme which 
occurred in 1910 in the vicinity of site No. 14. The land area which 
was being sold as lots in a townsite is located north and west of where 
Salt Croton Creek flows into the Salt Fork of the Brazos River. People 
who bought lots in this townsite did not know the area was rough and 
traversed by many ravines. 

Kent County 

Data pertaining to impoundment No. 20 were gathered from knowledge
able residents and landowners in the county. No recorded source is 
available. Moreland led the investigators to the site of buried masto
don remains located on the Kenady Ranch (Moreland, 1971). The approxi
mate location of this deposit is shown on Figure E-5. Professor Francis 
Rose of the Department of Biology described the characteristics of these 

kinds of deposits: 

The area is primarily river rubble showing signs of intense 
mi,xing and tumbling. Most fossil deposits have poor strati
graphic control because of the shifting river patterns over 
the past 10,000 years. Larger fossils have little scientific 
significance and are abundant throughout the area. There is 
little interest in the larger fossils as they are difficult 
to transport and store (Rose, 1971). 

An example of exposed fossil remains is shown in Figure E-6. 
A half dugout fortification is thought to be located on the 

Harrison land within the immediate vicinity of impoundment No. 20 
(Moreland, 1971). The site has not been located and other sources of 
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Figure E-6. Exposed section of the buried mastodon remains, 
Kent County, Texas. 

substantiation appear sketchy. No other areas of significance as related 

to the immediate project areas have been identified. 

Scattered throughout the area are several settler burial grounds, 

remnants of stone and frame homes, the site of a once-thriving cotton 
gin, and other artifacts typical of a ranching and agricultural heritage. 
Culturally, this is a region of men as rugged and hearty as the country 

itself. 
The rugged land of West Texas no doubt tempered the individuals who 

resided upon it. Holden reported of neighborly deeds between the Spur 

Ranch, the Matadors, the Kentucky Land and Cattle Company, and the Llano 

Land and Cattle Company. 

The early managers of the four ranches had a community of 
interest. They had in common a broad culture, business 
training and liberal outlook--true gentlemen, all of them. 
They were not so compatible with the typical, self-made 
western cowman who got his start as a cowboy (Holden, 1934). 

People of many ethnic stocks settled the area, however few vestiges 
of individual flavors have evolved into a life style whose roots are 

found deep in the unique character of the region. What remains serves 
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to remind the visitor of the successes and failures of those who settled, 
developed and changed the course of the land and history of the south 
plains region. 

Recreation and Aesthetic Values 
Factors which should be considered in evaluating the potential 

recreational value of the proposed reservoirs include: (1) climate, 
(2) population distribution and major economic base, (3) chara~ter of 
land ownership and use, (4) scenic value, (5) access, (6) wildlife, and 
(7) suitability for development of site in relation to soils, vegetation, 
water, etc. 

1. Climate - For the Four County Area 
A. Percent of annual sunshine - 80% 
B. Temperatures 

(1) First killing frost - November 1 - November 16 
(2) last killing frost - March 31 - April 15 

C. Monthly temperatures - mean temperature 
J - 44.9 A - 63.2 J - 87.5 
F - 44.8 M - 69.4 A - 84.8 
M - 43.2 J - 79.2 S - 72.5 

D. Precipitation distribution 
(1) Annual 23.19 inches 
May - 4.73 September - 4.08 

E. Wind 
Season Prevailing 
Spring Southeast 
Summer Southeast 
Autumn South 
Winter Southwest 

o - 58.7 
N - 50.4 
D - 45.8 

October - 4.28 

Average Velocities 
15 m.p.h. 
11 II 

10 II 

11 II 

For outdoor recreational purposes the most pleasant season for re
creation would be during late spring and early fall. Summer days are 
extremely hot, winter days are extremely cold for outdoor activity. High 
winds accompanied by blowing dust in early spring would restrict outdoor 
activities. Cool days and cool nights enhanced by the 1800 feet plus 
elevation of late spring and early fall would be the most favorable period 
for extensive outdoor recreation. 

2. Population Distribution and Major Economic Base - Typical of 
other rural areas in Texas, population in the study area has declined 
steadily since 1950. This trend is shown in Table E-l. 
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TABLE E-l. POPULATION OF STUDY AREA 1950-1970. 

Counti 1950 1960 1970 

King 870 640 464 
Kent 2249 1727 1434 
Dickens 2793 4963 3737 
Stonewall 3679 3017 2397 
Source: U.S. Department of Commerce, Bureau of the Census. Texas 1950, 
1960, 1970. 

The evolution of farm programs, concomitant with changing price 

supports for cotton and grain sorghum has resulted in smaller uneconomic 
farm units, phasing out of operation. Small farm units have decreased in 
number, larger farm units have increased in size and diversification of 

operation. Table E-2 points out the decrease in farm units since 1950. 

TABLE E-2. FARM UNITS IN STUDY AREA 1950-1964. 

County 1950 1954 -- 1959 1964 
King 83 79 65 58 
Kent 337 291 253 227 
Dickens 784 646 505 432 
Stonewall 535 453 423 390 
Source: U.S. Department of Agriculture - Agri cul tura 1 Census. 1950-65 
Texas. 

Shifts in crop emphases, as shown in Table E-3 have changed the land 

use complexion throughout the study region. 

TABLE E-3. CULTIVATED CROP ACREAGES - STUDY AREA 1950-1964. 

County 1949 1954 1959 1964 

King 
Cotton 15,039 8,493 6,979 7,255 
Grain Sorghum 2,627 3,410 3,573 1 ,563 
Improved Pasture N/A 1 ,025 10 1 ,957 
Peanuts 0 0 2 16 
Wheat 4,271 2,573 1 ,299 5,695 

Kent 
--Cotton 35,029 21 , 180 17,743 16,606 

Grain Sorghum 11 ,021 18,474 13,730 6,432 
Improved Pasture 0 0 3,825 4,003 
Peanuts 262 120 23 76 
Wheat 7,047 2,806 424 2,188 
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Table E-3. Cultivated Crop Acreages - continued. 

County 1949 1954 1959 1964 
Di ckens 

Cotton 
Grain Sorghum 
Improved Pasture 
Peanuts 
Wheat 

Stonewa 11 
Cotton 
Grain Sorghum 
Improved Pasture 
Peanuts 
Wheat 

81 ,825 
26,238 

o 
o 

32,739 

36,983 
16,740 

N/A 
2,799 

23,664 

56,367 
40,140 
2,585 

1 
19,942 

31 ,015 
23,542 

260 
1 ,618 

14,996 

44,176 
33,076 
10,082 
1 , 176 

10,493 

23,034 
18,339 
21 ,203 
1,884 
8,142 

42,254 
18,722 
18,986 
1 , 130 

17,423 

17,775 
8,885 
2,580 
1,839 

13, 196 

Source: U.S. Department of Agriculture, Agricultural Census 1950 and 
1965 Texas. 

Note the increase in irrigated acreage as shown in Table E-4. 

TABLE E-4. IRRIGATED ACREAGE - STUDY AREA 1950-1964. 

County 1949 1954 1959 
King 

Land in Irrigated Farms 747 6,940 
Irrigated Crop Land 

Harvested 360 2,825 
Irrigated Pasture 

Kent 
--rand in Irrigated Farms 331 1,809 104,444 

Irrigated Crop Land 
Harvested 65 110 1,404 

Irrigated Pasture 0 0 237 

Di ckens 
Land in Irrigated Farms 14,498 38,522 111,351 
Irrigated Crop Land 

Harvested 148 2,990 9,658 
Irrigated Pasture 5 53 228 

Stonewa 11 
Land in Irrigated Farms 0 0 17,120 
Irrigated Crop Land 

Harvested 0 0 562 
Irrigated Pasture 0 0 2 

Source: U.S. Department of Agriculture, Agricultural Census 1950, 
Texas. 
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1964 

6,732 

2,212 
174 

208,254 

1 ,703 
516 

314,665 

12,055 
1 ,054 

9,339 

88 
68 

1965. 
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TABLE E-5. CHARACTERISTICS OF THE POPULATION-STUDY AREA 1950-1960. 

King Kent Dickens Stonewa 11 
1950 1960 195-0-1960 1950 1960 1950 1960 

Profess i ona 1, Techni ca 1 
& Kindred 12 35 39 94 180 139 81 90 

Farmers & Farm Managers 83 73 304 220 661 420 497 285 

Managers 16 12 43 63 184 154 68 70 
Clerical & Kindred 7 4 30 61 127 160 40 57 

Sales Workers 6 4 27 3 162 94 40 41 

Craftsmen & Foremen 16 13 49 49 253 151 70 132 
Operatives 25 16 49 9 209 210 103 133 

Private Household Workers 4 0 10 16 53 38 13 7 

Service Workers, Ex. Pri. 
Household 7 23 26 8 147 120 52 79 

Farm Laborers 106 75 134 22 286 178 154 71 
Laborers, Except Farm 

& Mine 12 7 29 0 107 50 24 4 
Occupations Not 

Reported 5 4 13 4 59 24 13 7 
All Families 260 78 780 455 2430 1392 1230 854 

Median Family Income N/A N/A $2,833 4,208 $2,708 3,225 $2,696 $3,898 

Median Income - Unre-
lated Indir. N/A $2,558 $2,408 3,425 $2,464 2,689 $2,400 $3,527 

Source: U.S. Department of Commerce. Bureau of the Census, 1950, Vol. II, Pt. 43, Texas, and 
1960, Vol. I, Pt. 45, Texas. 

' I" 



Mechanization and improved efficiency of operation have decreased the need 

for a large number of farm workers. Table E-5 points out the drastic 
shifts in the economic base which have taken place throughout the region 
during the previous two decades. 

In addition to the basic shifts in farm unit size and the emphasis on 

agribusiness rather than family farm operation, another significant shift 
in the rural economic base is taking place. The South Plains region has 
traditionally been a range cattle area supporting sizable herds of beef 
stock. In recent years, due to advances in technology, husbandry prac
tices and demands for table meat products, the region has witnessed a 
rapid shift to feeder cattle operations. This, coupled with areas of 
heavily overgrazed and depleted range, has meant a considerable decline in 
the number of cattle sustained from calf to processing market on the open 

range. As a result of these variables, ranchers have shifted to primarily 
cow-calf operations, which require less extensive grazing areas. Table 
E-6 shows the relative decline of range grazing stock in the last ten 
years. 

TABLE E-6. NON-RANGE FED CATTLE - STUDY AREA* 

1964 1970 
County Cattle Calves Cattle Calves 
King 337 389 
Kent 125 403 

Dickens 120 8 

Stonewall 79 4,370 

*1970 data not yet available. No data in this category available prior 
to 1964. 

Cattle production, however, has increased throughout the region, as shown 
in Table E-7. 

The interpretation of these shifts in agricultural land use are sig
nificant to the development of programs aimed at sustaining and increasing 
the regional economic base. In areas where use of the range for domestic 
animal production has decreased, some potential exists for conversion to 

the husbandry of game birds and animals for recreational hunting. It is 
possible that this type of resource development activity can be one of 
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many factors which could bolster the sagging rural economy, while increasing 

the economic utilities derived from these land resources. 

TABLE E-7. LIVESTOCK AND POULTRY STUDY AREA 1950-1964. 

County 
King 

Cattle & Calves 
Hogs & Pigs 
Sheep & Lambs 
Poultry 

Kent 
--Cattle & Calves 

Hogs & Pigs 
Sheep & Lambs 
Poultry 

Dickens 
Cattle & Calves 
Hogs & Pigs 
Sheep & La'mbs 
Poultry 

Stonewa 11 
Cattle & Calves 
Hogs & Pigs 
Sheep & Lambs 
Poultry 

1950 

16,605 
482 

13 
6,334 

18,952 
1 ,763 

57 
17,118 

26, 143 
3,607 

708 
42,044 

13,741 
1 ,670 

647 
69,236 

1954 

12,212 
191 

18 
4,853 

15,653 
930 

72 
13,997 

25,715 
2,338 
2,004 

37,574 

22,599 
889 
205 

31 ,098 

1959 

14, 157 
344 

65 
2,440 

14,565 
1 ,187 

80 
7,319 

18,864 
3,755 
1 ,126 

18,058 

21 ,720 
1 ,142 
1,233 

13,631 

1964 

16,965 
310 

6 
1 ,411 

20,245 
375 

12 
1 ,957 

27,968 
1,898 
1 ,053 

121,778 

28,856 
871 
198 

6,841 

Source: U.S. Department of Agriculture, Agricultural Census 1950, 1965 
Texas. 

3. Land Ownership Patterns - Land ownership is primarily in large 
private holdings, most generally measured by section rather than acre. 

There are few small holdings within the study area. Figure E-7 shows a 
general configuration of ownership patterns near the proposed impoundments. 

This type of ownership pattern increases the prospects for homogenous 
private-public recreational use compacts by decreasing considerably the 
number of owners and the complexity of administrative units. There are no 

public lands within the study area. 
4. Character of Land Resources - Areas to be covered by the proposed 

impoundments are typically sandy stream beds with characteristic vegeta
tion of cottonwood, salt-cedar, juniper, mesquite, wild plum and sand-and
salt-tolerant grasses. Some producing oil wells in creek bottoms will be 
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covered by the reservoir. Streams and creeks flood with the occurrence 

of heavy rains in the watershed. Some of the areas to be flooded would 
be unsuitable for continuous production of agricultural crops. However, 
areas subject to flooding would be suitable for grazing of livestock. 

Major agricultural products grown within the project area include 
cotton, peanuts, sorghum, maize, and winter wheat. Changes in federal 
crop support programs could have significant impact on the types and 
extent of crops grown within the area in future years. 

5. Scenic Value - A visitor to this area returning from Yellowstone 
National Park or mountainous regions of Colorado and New Mexico would 
consider the area to be less than adequate i~ scenic value. However, to 
persons who are accustomed to viewing mile upon mile of cultivated fields 
of cotton or grain sorghum, this region offers enough variation in topo
graphy to consider it to have some scenic value. 

East of the city of Dickens there is an area which is known as the 
Croton Breaks. The variation in the topography, plant materials and color 
of soils within the Croton Breaks provide an area of unique beauty. 
Several of the proposed reservoir sites have these same characteristics 
of scenic beauty. Colorful cliffs arising from stream banks to 200 feet 
or more reveal the geological past of the area. 

Variation in topography, meandering streams, colorful plant materials 
in stream beds provide a relief from the flat level plain. The series 
of photos which follow are examples of the variation in scenic vistas to 
be found throughout the upper Brazos Basin and its numerous tributaries. 

Figures E-8 through E-12 show examples typical of the scenery throughout 
the study area. 

6. Access - Major federal and state highways transverse the region. 
In addition,. there are numerous paved farm-to-market roads which provide 
access to remote farm and ranch areas. More remote regions are served 
with all-weather gravel roads. The construction of the proposed reservoirs 
would inundate roads of all classifications. Access to reservoirs would 
not necessarily pose limitations to their potential ·use. Approximate 
travel time from Lubbock, the nearest metropolitan center to the most 
easterly impoundment is two hours. Figure E-13 shows the existing access 

grid for the proposed project area. 
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Figure E-8. Croton Breaks, three miles east of 
Dickens, Texas. 

Figure E-9. Salt Flat at confluence of Dove Creek 
and Salt Croton Creek in northwest Stonewall County, 
Texas, near the vicinity of damsite No. 14. 
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Figure E-10. Cattle in southwest King County, Texas, 
near the vicinity of damsite No. 14. 

Figure E-ll. Wedington Creek in northeast King County, as 
viewed from west of the Katz Oil Field, near the vicinity 
of damsite No. 19. 
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Figure E-12. Salt Fork of the Brazos River north of 
Aspermont near Farm Road 1263. 

7. Wildlife - The area is currently popular with Lubbock and 
area residents for dove and quail hunting. Several private hunting ranches 
are in operation throughout the four counties. Rabbit, fox, wild turkey, 
a variety of birds, coyotes, deer and numerous species of varmints can 
be found throughout the region. 

Regional Recreation Market 
Development of the proposed reservoirs would serve to meet the 

recreational needs of the area residents and to some extent the needs 
of regional residents. Depending upon the type of development adjacent 
to the reservoir, transient tourists may be attracted for the purpose 

of overnight camping. 

Probably the largest potential source of users would be from the 
Lubbock metropolitan area. A secondary source of users would be tran
sient tourist traffic passing through this region on an east-west route. 
Although Abilene is relatively close, competing fresh water lakes in 
proximity to Abilene would offer a greater variety of activities. 
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The nearest competing facility would be White River Reservoir, 

approximately 18 miles south of Crosbyton, on the White River. This 

fresh water impoundment has been developed as water supply reservoir for 

participating towns of Crosbyton, Ralls, Post, and Spur. White River 
Reservoir has approximately 1,808 surface acres. Recreation developments 

include vacation cottages, picnic areas, fee fishing, boat launching 
ramps and marina facilities. It is fairly popular with area residents. 

Visitation during the year 1970 was 409,000. White River Reservoir would 
probably serve more Lubbock area residents since it is closer to Lubbock 

than proposed reservoirs on the Brazos River. Approximately 90 percent 
of the 1970 visitation came from the City of Lubbock (White River Munici
pal Water District, 1971). 

Impacts and Potentials 

Landscape or Visual Impact - The study area is characterized by 
predominantly flat land, broken by steep drainage basins and major 

tributaries of the Brazos system. Throughout the region, steep drainages, 

high peaks and rolling hills contribute to a rugged landscape appearing 
canyon-like in many places. Color is added by the presence of gypsum, 

slat, iron and other soil minerals which contrast with juniper, salt 
cedar, and other native plant materials. Figures E-14 through E-17 show 

aerial views of several examples of the regional landscape. 
Major efforts to eradicate the undesirable mesquite from flat lands 

with cultivation or range potential contribute to noticeable changes in 

the surface appearance. Considerable natural erosion, increased by the 

activities of man has created numerous fissures throughout the region. 

These are best exemplified by the area to the southeast of the dam site 

for proposed impoundment No. 20. Figure E-18 shows the type of soil 

erosion activity typical throughout the region. 
Based on the appearance of existing landscape features, the character

istics of the areas to be inundated and the present and projected visual 

features of the salt water, there is no evidence to suggest that the 

proposed impoundments will inflict any grave visual intrusions upon the 
native landscape. As viewed obliquely from detailed aerial surveillance, 

from the ground at various high points and pool level there appear to be 

no apparent visual conflicts resulting from the presence of the impounded 
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Figure E-14. Typical terrain in the vicinity of 
damsite No. 19. 

Figure E-15. View north toward the salt flat above 
the confluence of Dove Creek and Salt Croton Creek 
west of damsite No. 14. 
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Figure E-16. View west at the Salt Fork of the Brazos 
River valley. Picture was taken from the air above 
damsite No. 20. 

Figure E-17. View west into Hot Springs Canyon on Croton 
Creek northwest of damsite No. 10. 
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Figure E-18. Soil erosion activity near vicinity of 
dams i te r~o. 20. 
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salt water. Examination of existing sites of running and captured waters 
both within the study area and at regional reservoirs such as White River 
Reservoir revealed no signs of environmental intrusion. 

Although the qualitative appraisal of scenic attributes is both 

relative and subjective it is the opinion of the investigators that the 
area to be impounded constitutes a rather small portion of the total 
South Plains region and that considerable area, typical of the regional 
landscape configuration will be unaffected by the development of the 

proposed structures. While some scenery, wildlife habitat, cultivated 
acreage open range and river reach will be lost, these areas are not of 

such size and scale as to cause drastic repercussions or result in 

unreplaceable losses. 
Review of the Federal Wild and Scenic River and Waterway criteria 

indicates that none of the creeks or tributaries affected by the proposed 

project qualify for consideration under the provisions set forth for 

inclusion in these systems (Wild and Scenic Rivers Act, 1968). Scenic 

areas of regional significance adjacent to the proposed projects should 

be identified and made accessible to the public. Federal, state, regional 
and local efforts in partnership with the private sector can be executed 
toward this end. With respect to specific areas, there are several 
considerations which merit special attention when reviewing the overall 

impact of two of the proposed impoundments. O~ all the proposed loca
tions that of site No. 16 is the most scenic and unique. This area 

contains the cave of legendary Indian treasure, has numerous scenic rock 
formations and has abundant forms of wildlife living within the impound

ment area. Figures E-19 through E-23 show several views of this site. 
It is the opinion of the investigators that this site has excellent po
tential for park development and should not be inundated as part of this 
project. 

A second area, the upper third of proposed impoundment No. 20 also 

merits special consideration. This area contains interesting geological 
formations along the river bluffs, as well as wildlife habitat for various 

species of birds. This area however, is not as unique as the area around 

site No. 16, and does not, in our opinion, deserve special consideration 
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Figure E-19. View east down Stinking Creek toward 
damsite No. 16. 

Figure E-20. Northeast bluff over Stinking Creek west of 
damsite No. 16. 
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Figure E-21. View south up Stinking Creek west of damsite No. 16. 

Figure E-22. View southeast down Stinking Creek west of 
dams i te No. 16. 
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Figure E-23. Cave in the west bank of Stinking Creek near 
the upper reaches of impoundment No. 16. 
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with respect to project development. It is pointed out only as an area 
of interest but one which has many close similarities throughout the upper 
Brazos Basin. 

Recreation Potentials 

Salt concentration, mineralization, and siltation will be the 
three primary water quality factors limiting and eventually prohibiting 
primary and secondary contact recreation use of the proposed impoundments. 
These same factors now and in the future will generally exclude fish and 
wildlife opportunities afforded by the impounded waters. As these 
mineral and silt concentrations increase, the utility of the water for 
any such uses will decrease at an even faster rate than at present. 
Boating on reservoirs No. 10 and No. 14 and fishing will be possible 

but severely limited beyond the first ten years of the project and 
infeasible beyond that point. Reservoir No. 20 will have the greatest 
potential for water oriented activities. Recreation potential of the 
proposed impoundments will be primarily land based, extensive in nature, 
and reliant to a large degree on the non-water attributes of the region. 
View of the water as it enhances camping, picnicking, second home develop

ments, and other similar activities will definitely enhance the recreation 
experience, however the projects will not make a significant contribu

tion to water recreation supply base of the South Plains region. 
Vehicle access is available to each proposed impoundment. At site 

No. 20 a major highway, Texas 380, will be elevated allowing passing 
motorists an excellent view of the reservoir. Numerous ridges and high 

points around each site offer strategic areas for viewing the extensive 
reach of the impoundment. Through one of several methods, public access 
could be secured to allow the development of scenic overlooks, picnic or 
camping areas and to afford visitors a broad perspective of the regional 
landscape. 

Because of the function of these projects as part of the entire 
Brazos Water Development System, interpretive displays should be placed 

at key public access areas. These displays should concentrate on the 
features of the project, regional history and landscape, and other 

pertinent information of interest to visitors. Interpretation should be 
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a primary consideration in the location and development of any public 

facilities around these projects. 
The project area lies within a relatively scenic region of the 

Texas High Plains. The canyons, valleys, ridges and natural rock 
formations are not comparable to areas such as Grand Canyon, Big Bend, 

Bad Lands, or the mountains of Colorado or New Mexico. This eastern 

extension of the Caprock escarpment, the Croton Breaks, the colorful 
expanses of rock and soil with intermittent patches of vegetation, offer 
a welcome relief to the flat farm and range land which encompass the region. 

In the development of the dams and other structures, strong controls 

aimed at minimizing the impact of construction vehicles, location of 

construction buildings, concrete batching plants and any other equipment 

should be strictly regulated and vigorously supervised by qualified 

personnel. Park and interpretative facilities should be constructed of 

local stone to blend with the natural environment of the region. Stan-
dard U.S. Army Corps of Engineers facilities would not be desirable for 

use in this area. Strong provisions for protection of environmental 
values should be written into plans, specifications, contracts and 

supervisory guidelines for construction of facilities which will compli

ment the natural environment should this project be developed. 

Recreation potential within this region will be extensively land

based, and will materialize only as a result of the degree of cooperation 
generated between public and private sectors. Opportunities for hunting, 

riding, and hiking abound. Because of the nature and extent of land 

ownership in the project area, and the relative importance of this region 
with respect to the total public outdoor recreation estate in Texas, 
cooperative agreements with private landowners appear to be the only 

feasible method for capitalizing on the recreation potential of the 
region. Easements, leases and some fee simple acquisition represent the 

most readily available methods for public-private cooperation to realize 
the outdoor recreation potential of the area. Management of wildlife 
habitat and populations traditionally has been a function of state and 

private cooperation. Development and maintenance of trails and other 
facilities can be similarly administered. Except for basic facilities 
on a relatively small public estate, developments to accommodate hunters, 
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horseback riders and others should be directed to private resources. 

Some of these types of developments on a relative small scale are now in 
operation on ranches surrounding the project area. The economics of 

size and scale for the types of private development expected to be attracted 

to this area will depend almost exclusively on the carrying capacity of 
the land to sustain adequate numbers of game birds and animals. Coopera

tive agreements for soil and water conservation, range rehabilitation, 
wildlife habitat improvement, as well as workable plans for law enforce

ment and user regulation can enhance the potential of this recreation 

resource. With the rapidly increasing shift from open range grazing to 

feedlot operations, ranchers are in a position to explore new methods of 
realizing economic return from their land resources. In an area that 

does not command high priority for the expenditure of public funds for 

recreational land acquisition and development relative to the number of 
citizens served, an excellent opportunity for the investment of private 

capital in cooperation with public guidance and technical assistance 
exists and should be pursued. 

Although the area is not desirable for high intensity water-based 

recreation, a limited opportunity exists for the development of second 

homes adjacent to several of the larger impoundments. Peace, solitude 
and view will be the most alluring features for prospective home develo

pers. Shallow rocky soils, expensive road construction and lack of shore

line access will serve as limiting factors with respect to second home 

developments. Trends and tastes are subject to change; however, at 

present a large number of second home developments adjacent to the pro
posed impoundments would not be expected. 

Water-oriented outdoor recreation opportunities are dependent upon 

a whole host of factors which include water quality, lake bottom, shore

line profile, visual and olefactory considerations, access, and availa
bility of water during the primary recreation season. In the case of the 

proposed projects most of the recreation potential offered by the water 
will be visual in nature. Thus, visual impact of the proposed impound

ments on the adjacent and regional landscape becomes the environmental 

value most visible and most demanding of attention in the overall planning, 
design, construction, and management of the proposed projects. 
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The responsibility for selecting specific sites for development 

of public facilities such as interpretative displays, campgrounds, picnic 

sites, scenic overlooks and boat launching ramps lies with the planning 
staff of the u.s. Army Corps of Engineers. Field studies, aerial surveys 

and examination of topographical data suggest several sites at each 
impoundment. Suggested sites for public recreation areas are delineated 

on Figure E-24. 
Beyond the point of initial identification of potential public 

development sites, a host of ecological determinants must be considered 
in the planning process which should precede the final decision making. 

Factors to be evaluated should include soils, topography, aspect, access, 

shoreline profile, scenic vista composition, sources of fresh water, 
potential hazards such as rattlesnakes, poisonous plants, steep drops, etc. 

Maintenance costs, security and protection and relationship to adjacent 
land uses are additional considerations. Development and interpretation 
of archaeological and historical sites, dam sites, and the entire salt 

retention system should be a local, state, and federal cooperative effort. 
In summary, the construction of the proposed reservoirs could sub

sequently improve the quality of water down stream in the Brazos River. 

In doing so, 33,570 acres of West Texas would be inundated. The historical 
significance of the areas is not outstanding. No outstanding recreation 

facility will be created. A competing facility of higher quality closer 
to a metropolitan area already exists. It is anticipated that few people 
will derive recreation benefits from the proposed developments. With the 

passage of time, saltation and sedimentation probably will fill the 
reservoirs. 
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SUMMARY AND CONCLUSIONS 

1. No serious environmental or aesthetic impacts will result from the 
construction of the proposed projects, with the exception of site 

No. 16. 
2. Opportunities for husbandry of game birds and animals on private 

land appear possible; however, a significant change in attitudes 

towards wildlife management and public use of private lands must 
take place concurrently. 

3. Recreational use of the reservoirs will be limited by water quality, 

terrain and climatic variation. 
4. Some potential for second home development may be possible. 

5. There are no major historical or archaeological sites to be covered 

by the proposed impoundments. 

RECOMMENDATIONS 

1. Opportunities for development of hunting on private land adjacent to 

the reservoirs should be fully explored. 
2. Interpretative devices should be erected at damsites and other public 

use areas. 
3. Primary and secondary contact recreation should be discouraged, parti

cularly in impoundments Nos. 10 and 14. 

4. Public use sites should be located so as to provide scenic vistas of 
the impoundments. Activity considerations should be limited to day 

use development. 
5. Riding and hiking trails around each impoundment should be considered. 

6. The present location of site No. 16 should not be inundated. This is 
the most scenic, historical, and ecological site within the system. 

Relocation of the impoundment up Stinking Creek to the west and south

west of the upper reaches of the proposed pool would by-pass this most 

scenic portion of the lower creek bed. Location of the dam due west 
of Highway 1263 would provide protection for the scenic canyon to the 

northeast. 
7. Construction materials used for any recreation facilities should be 

local materials, such as native stone and other indigenous materials 

used in early South Plains structures. These would be most desirable 
and would blend with the native landscape. 
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8. Strong provisions for protection of environmental values should be 
written into plans, specifications, contracts and supervisory guide

lines for construction of facilities which will compliment the natural 
environment should this project be developed. 
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