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QUANTITY AND CHEMICAL QUALITY OF LOW FLOW

IN THE PRAIRIE DOG TOWN FORK

RED RIVER NEAR WAYSIDE, TEXAS,

FEBRUARY 6-9, 1966

ABSTRACT

During the period February 6-9, 1968, water
discharge in the Prairie Dog Town Fork Red River
increased. in a downstream direction, from 0.19 cfs
(cubic feet per second) at a point 1 mile below lake
Tanglewood (site 1) to 2.11 cfs near Wayside, Texas (site
691. a river distance of 40.2 miles. The discharge
measurements show live reaches had significant gains,

four had significant losses, three reaches had no flow,
and numerous reaches had smaller gains and losses
between individual sites. There were no releases from
Lake Tanglewood during this period. The quality of
water deteriorated progressively downstream. Dissolved
solids increased from 468 mg/I (milligrams per liter) at
site 1 to 8,330 mg/l at site 69. The chloride concen·
tration increased from 28 mg/I to 3,300 mg/l.



QUANTITY AND CHEMICAL QUALITY OF LOW FLOW

IN THE PRAIRIE DOG TOWN FORK

RED RIVER NEAR WAYSIDE. TEXAS

FEBRUARY 6·9. 1968

PURPOSE AND SCOPE
OF THE STUDY

This investigation was made under a cooperative
agreement with the Texas Water Development Board to
determine the changes in quantity and chemical quality
of low flow in a 40.2-mile reach of the Prairie Dog Town
Fork Red River from one mile below Lake Tanglewood
to the U.S. Geological Survey stream-gaging and
chemical-quality station, Prairie Dog Town Fork Red
River near Wayside.

Discharge measurements were made at 27 sites on
the Prairie Dog Town Fork Red River and at eight sites
on tributaries. Water samples were collected at 21 sites
on the Prairie Dog Town Fork Red River and at four
sites on tributaries. In addition, six observations of no
flow were made on the river and 28 observations of no
flow were made on tributaries. During the period of this
investigation there were no releases or outflow from
Lake Tanglewood. Field specific conductance and
temperature of the water were obtained at all measuring
sites; changes in the field specific conductance were used
to determine the best locations to collect samples for
chemical analyses.

DESCRIPTION OF THE BASIN

The reach of the Prairie Dog Town Fork Red River
investigated during this study is in the High Plains
physiographic section of north Texas (Figure 2). Alti·
tudes range from about 3,400 feet above mean sea level
at Lake Tanglewood to about 2,465 feet above mean sea
level at the stream·gaging and chemical·quality station
near Wayside, Texas. As a result of erosion of a fluviatile
plain, a steep narrow canyon (Palo Duro Canyon) has
been formed by the river in the study reach.

·2-

GEOLOGIC UNITS AND
THEIR WATER-BEARING

CHARACTERISTICS

The geologic units that crop out within the study
reach are the Whitehorse Group of Permian age, the
Dockum Group of Triassic age, the Ogallala Formation
of Tertiary age, and alluvium of Quaternary age (Figure
21.

Whitehorse Group

The Whitehorse Group of Permian age is the oldest
geologic unit in the area. The group is romposed mostly
of brick-red shale and beds of sandstone, gypsum, and
dolomite. In general, the upper part of the Whitehorse
contains mostly sandy shale and beds of sandstone,
while the lower part of the unit contains mostly shale
and fairly thick beds of gypsum. The thickness of the
Whitehorse is estimated to be about 500 feet.

No springs were observed in rocks of the
Whitehorse Group; however, along the main stem and
along a few tributaries, moist areas with salt crusts were
observed near the base of sandstone and gypsum beds.
Along some parts of the study reach, the sandstone and
gypsum beds are probably in hydraulic continuity with
the overlying alluvium. After prolonged periods of
rainfal!, water is probably discharged from the gypsum
and sandstone beds to the main and tributary channels.

Dockum Group

The Dockum Group of Triassic age unconformably
overlies the Whitehorse Group. The upper part of the
Dockum is composed of alternating sandstone and shale
beds; the lower part is romposed of varirolored shales.
The sandstone beds in the upper part of the unit are
usually massive, sometimes as much as 30 feet thick, and
may grade locally into conglomerate beds. The sandstone
or conglomerate beds are separated by gray or reddish
shale which erodes to form the steep ledge walls along



the canyon. The 10lNer part of the Dockum is composed
of varicolored shates that are maroon or purple near the
top and gray or white near the base. In general, the
Dockum Group can be distinguished easily from the
underlying brick-red Permian rocks. The maximum
thickness of the Dockum is estimated to be about 400
feet.

Springs were observed at the base of most of the
massive sandstone beds, particularly at the base of the
sandstone and conglomerate beds that are present near
the contact with the 10lNer varicolored shale unit. Some
of the water being discharged from the Dockum is
probably derived from leakage from the overlying
Ogallala Formation.

Ogallala Formation

The Ogallala Formation of Tertiary age uncon
formably overlies the Dockum Group. The Ogallala is
composed of partly consolidated beds of sand, silt, clay,
gravel, and caliche. Massive caliche beds form a caprock
along the canyon walls, The thickness of the Ogallala is
estimated to be about 250 feet,

In the High Plains, ground water is obtained in
large quantities from sand and gravel beds in the Ogallala
Formation. Most of the base flow of Prairie Dog Town
Fork Red River above Lake Tanglewood is derived from
springs in the Ogallala Formation. No springs were
observed in the Ogallala along the main channel in the
study reach, but numerous springs are present near the
headwaters of some of the larger tributaries.

Quaternary Alluvium

The alluvium of Quaternary age consists of channel
fill and floodplain deposits that overlie rocks of the
Dockum and Whitehorse Groups. This alluvium consists
of well to poorly sorted deposits of sand, silt, clay,
gravel, and boulders. These deposits are composed of
coarse material in the upper part of the study reach
and finer material in the lower part. The thickness of the
alluvium varies from zero in the uppermost part of the
reach at site 1 to approximately 35 feet in the extreme
lower part of the study reach at the stream-gaging
station.

Seepage was evident along some of the banks,
indicating that water was probably moving through the
alluvial deposits toward the stream channel. However.
only a few springs INere observed in the alluvium.

CONDITIONS OF FLOW

Climatic conditions for determining gains or losses
of streamflow were favorable during the period February
6-9, 1968. The study was preceded by about 13 days
without rainfall. Water temperatures varied from 3°C
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138°FI to 17°C (62°Fj, and streamflow at the stream
gaging station near Wayside remained at a constant
discharge of 2.11 cfs (cubic feet per second).

CHEMICAL QUALITY
OF THE WATER

The water of Prairie Dog Town Fork Red River
1 mile below Lake Tanglewood (site 1) contained 468
mg!1 (milligrams per liter! dissolved solids and 28 mg/I
chloride. The quality of the river water deteriorated
progressively downstream, with dissolved solids in
creasing to 2,600 mg!l and chloride to 50 mg!1 at mile
19.0 (site 43). At mile 0 (site 69), the dissolved solids
increased to 8,330 mg/l and chloride to 3,300 mg/1.

The water in the tributary streams in the upper
reaches was of good quality, but the amount of flow was
not enough to significantly influence the quality in the
main stem. The tributaries in the lower reaches contri
buted water of about the same quality as the main stem.
Chemical-quality and discharge data are !hown on Figure
1, Chemical analyses are given in Table 2.

Flow derived from rocks of the Dockum Group
contained mostly magnesium and bicarbonate as the
major ions. Flow derived from rocks of the Whitehorse
Group contained calcium and sulfate as the major ions.

GAINS AND LOSSES IN FLOW

During this investigation the overall gain in flow
throughout the total reach of 40.2 miles was 1.92 cfs
(Table 1). Between individual sites, the discharge mea
surements show five reaches had significant gains, four
had significant losses, three reaches had no flow, and
numerous reaches had smaller gains and losses. These
gains and losses are summarized in Table 3.

Losses in streamflow are generally attributable to
losses of water into the alluvial deposits in the river
channel. Gains in streamflow are attributed to effluent
ground water, spring flow, and tributary inflow. A
distinct change in the chemical quality without a
corresponding change in discharge indicates an inter·
change of surface water and ground water.

Most of the low flow of the Prairie Dog Town
Fork Red River above Lake Tanglewood is derived from
springs in the Ogallala Formation. No springs were
observed in the Ogallala along the main channel of this
study area, but numerous springs are present near the
headwaters of some of the tributaries. Springs were
observed at the base of most of the sandstone beds of
the Dockum Group, and some of the water being
discharged is probably leakage from the overlying
Ogallala Formation. Few springs were observed in the
alluvium, but seepage along some of the banks indicated
that water was moving through the alluvial deposits
toward the stream channel.
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Table 3.-~Gains and Losses in Twelve Subreaches of the Prairie Dog Town Fork Red River

SUBREACH

Site 1 to site 12

Site 12 to site 27

RIVER MILES~

40.2 to 33.1

33.1 to 27.5

CHANGE IN
DISCHARGE

1.10 ds goin

1.29 cfs loss

NUMBER OF
HILES IN SUBREACH

7.1

5.6

REMARKS

There is 8 general gain throughout this reach with
flow increasing from 0.19 cfs lit site 1 to 1.29
cfs at sitt! 12. Tributary flow contributed 0.44
cfs; the additional increase can be attributed to
seeps and springs along the main stem. Dissolved
solids increased from 468 mg!l at mile 40.2 (site
1) to 722 mg!l at mile 33.1 (site 12) as a result
of flow coming in contact with rocks of the
Whitehorse Croup.

Loss in this reach is due to sand and gravel
deposits in the channel. Dissolved solids
increased from 722 mg!l at mile 33.1 to 946 mg!l
at mile 27.6 (site 26).

o
Site 27 to site 29 27.5 to 27.0 No flow 0.5 No flow in this reach.

large deposits of sand
Channel is

and gravel.
composed of

Site 29 to site 34

Site 34 to site 40

27.0 to 24.7

24.7 to 20.6

1.11 ds gain

1.11 c fs loss

2.3

4.1

The gain probably results from water returning
to the surface from gravel and sand deposits in
the channel. Dissolved solids increased from
2,060 mg!l at mile 26.2 (site 31) to 2,370 mg!l
at mile 24.7 (site 34). This increase in
dissolved solids resulted from flow coming in
contact with gypsum beds in the channel.

This loss results from water seeping into
alluvium and into cavities in the gypsum beds
within the channel. Dissolved solids increased
from 2,370 mg!l at mile 24.7 (site 34) to
2,410 mg!l at mile 21.5 (site 38). This increase
resul ted from solution of minerals in the
alluvium and the Whitehorse Group.



Table 3.-·Gains and Losses in Twelve Subreaches of the Prairie Dog Town Fork Red River·-Continued

SUBREACH

Site 40 to site 41

Site 41 to site 43

Site 43 to site 46

Site 46 to site 48

Site 48 to site 55

Site 55 to site 57

Site 57 to site 69

RIVER MILES~

20.6 to 20.3

20.3 to 19.0

19.0 to 18.2

18.2 to 16.3

16.3 to 12.0

12.0 to 10.2

10.2 to 0

CHANGE IN
DISCHARGE

No flow

0.40 cfs gain

0.40 cfs loss

No flow

1.54 cfs gain

0.61 cfs loss

NUMBER OF
Mn.ES IN SUBREACII

0.3

1.3

0.8

1.9

4.3

1.8

REMARKS

No flow in this reach. Channel is composed of
sand and gravel.

The gain in this reach is attributed to water
returning to the surface from the alluvium and
underlying gypsum beds. The dissolved solids
increased from 2,460 mgll at mile 20.2 (site 42)
to 2,600 mg/1 at mile 19.0 (site 43). The
increase is due to flow coming in contact with
gypsum beds in the channel.

This loss results from surface flow returning to
alluvial deposits and gypsum cavities underlying
the channel.

No flow in this reach. Channel is composed of
sand and gravel.

This gain probably results from water returning
to the surface from the underlying gypsum beds
and alluvial deposits.

This loss results from water flowing underground
into the allUVial deposits and gypsum cavities.

This gain results from seeps along thick gypsum
beds which crop out along this reach. The dis
solved solids increased from 2,380 mgll at mile
10.2 (site 57) to 8,330 mgll at mile 0 (site 69).

~ River miles above gage near Wayside.


