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COMPILATION OF HYDROLOGIC DATA, GREEN CREEK, 
BRAZOS RIVER BASIN, TEXAS 

1966 

INTRODUCTION 

History and Development of the Small Watershed Project in Texas 

In 1950 the U. S. Soil Conservation Service began construction of 
floodwater-retarding structures in Texas under authorities granted by 
the Congress. These authorities provide, where economically feasible, 
that the program be applied to tributary watersheds of 240,000 acres or 
less. The usual practice has been to control flood runoff from approxi-
mately 50 percent of the watershed by a system of floodwater-retarding 
structures located on headwater subwatersheds of generally less than 10 
square miles. 

Reports by the U. S. Study Commission-Texas in 1962 and the Soil 
Conservation Service in 1963 show a total of 3,438 structures to be 
economically feasible for installation in Texas. As of September 30, 
1966, 1,081 structures had been completed. 

Because of the need to determine the effect of these systems of 
floodwater-retarding structures on downstream runoff, the concerned 
cities, river authorities, and other water-management agencies requested 
cooperative data collection programs with the Geological Survey. The 
Geological Survey acknowledged the need for these programs and also 
recognized the opportunity for collecting much needed basic hydrologic 
data for small watersheds. 

The floodwater-retarding pools probably afford the most accurate 
and economical methods available for gaging the rate, distribution, and 
volume of runoff from a small watershed. Therefore, during the period 
1951-56, the Geological Survey began hydrologic investigations of eleven 
small-watershed areas that had been developed, were being developed, or 
would be developed with floodwater-retarding structures. 

Detailed information on each of the eleven study areas within the 
statewide small-watershed project is given in table 1. The locations 
are shown on figure 1. The areas were chosen to collect data on water-
sheds having different climate, topography, geology, and soils. 

On four of the watersheds (Little Elm, Mukewater, North, and Pin 
Oak Creeks) collection of rainfall and downstream runoff records was 
started with the anticipation of getting at least six years of record 
before construction of the floodwater-retarding structures. With 
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Figure I.—Map of Texas showing the location of Green Creek study area. 
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records of rainfall and runoff under drought, flood, and average condi-
tions after construction, hydrologic investigations on these four study 
areas are expected to define the downstream effects of the system of 
structures more accurately than investigations in those areas that were 
developed throughout the data collection periods. Structures have now 
been built on three of these four study areas--Little Elm, Mukewater, 
and Pin Oak Creeks. A summary of the progress of construction in each 
area, to September 30, 1966, is given in table 1. 

Objectives of the Project 

The broad purpose of these investigations is to collect sufficient 
data to make the needed interpretations, as presently recognized, and 
to record the data that will be necessary for future analyses. 

In 1961, a committee of engineers and hydrologists representing 
the Geological Survey, the Texas Water Commission (now the Texas Water 
Development Board), the city of Dallas, the San Antonio River Authority, 
and the Soil Conservation Service, reviewed the District small-watersheds 
project and determined the desirable specific objectives to be as 
follows: 

1. To obtain basic data which will aid in determining the net 
effect of systems of floodwater-retarding structures on the 
regimen of streamflow at downstream points, and to publish 
annually a compilation of the data collected at each of the 
eleven study areas within the data collection network. 

2. To determine, where possible, the effect of the structures 
on the underlying ground-water reservoir. 

3. To determine the effect of the structures on the sediment 
yield of the basin and to determine the trap efficiency of 
the structures. 

4. To develop computation techniques that will give more accu-
rate estimates of runoff resulting from a given amount of 
rainfall on small watersheds. 

5. To develop relationships between maximum rates of runoff 
and rainfall in small watersheds that will enable more 
accurate design of small storm-drainage structures. 

6. To check the applicability of flood-routing procedures 
and techniques for small watersheds. 

7. To determine the mimimum instrumentation necessary for 
making reliable estimates of total storm inflow to the 
structures. 



8. To determine the chemical quality of the water as to its 
suitability for possible uses and its flocculating charac-
teristics as they affect the sediment-trap efficiency of 
the pools. 

9. To prepare, as data becomes sufficient for the purpose, 
interpretive reports on individual areas that will fulfill 
as many of the stated objectives as possible. 

These are the objectives of the statewide project. They do not 
apply, as a whole, to each particular site within the study. 

Purpose of the Basic-Data Reports 

The purpose of the annual basic-data reports is to present a 
compilation of the basic hydrologic data collected and analyzed 
during the preceding water year. Annual compilation and reporting not 
only provides the needed data for small watersheds, but affords oppor-
tunity for appraisal of the adequacy of the data-collection program 
for attainment of the project objectives. 

Purpose of this Report 

The U. S. Geological Survey, in cooperation with the Texas Water 
Development Board, and the Soil Conservation Service, began the inves-
tigation of the Green Creek area in October 1954. The study involves 
the collection of rainfall, runoff, and storage data in the 45.5 
square-mile area above the stream-gaging station, Green Creek near 
Alexander, Texas. 

This report contains the basic data collected by the Geological 
Survey during the water year ending September 30, 1966. Figure 2 
shows the location of floodwater-retarding structures and hydrologic 
instruments in the study area as of September 30, 1966. 

DESCRIPTION OF WATERSHED 

Location and General Features 

The headwaters of Green Creek are near the west-central part of 
Erath County. The creek flows southeasterly for about 26 miles, where 
it empties into the Bosque River. The major tributaries of Green Creek 
above the stream-gaging station are Buck Branch, Cat Branch, and Bell 
Branch. Green Creek drains a triangular shaped basin of 105 square 
miles. This report is concerned only with 45.5 square miles of the 
watershed above the Geological Survey stream-gaging station at the 
bridge on State Highway 6, 1.7 miles northwest of Alexander. 

-5-
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• Nonrecording rain gage 

Drainage divide 
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FIGURE 2.—Green Creek study area showing locations of floodwater—retarding structures and hydrologic in-
strument installations 
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Elevations in the study area range from 1,500 feet above mean 
sea level, at the headwater divide, to 1,180 feet above mean sea level, 
at the stream-gaging station. The total length of Green Creek from 
the headwater to the stream-gaging station is about 13.5 miles, with 
an average gradient of about 23.7 feet per mile. An escarpment rises 
to a gently rolling plain about 100 feet above the flood plain in the 
reach near the stream-gaging station. The main valley of Green Creek 
ranges in width from 1,300 feet in the lower reaches to 300 feet near 
the headwaters. 

According to the U. S. Department of Agriculture, land in the 
watershed consists of about 51 percent Cross Timbers, and about 49 
percent in Grand Prairie. The soils of the Cross Timbers area are 
mostly deep and medium textured, with some coarse textured surface 
soils overlying crumbly sub-soils. These soils were developed from 
unconsolidated gray or brown sands. In the Grand Prairie portion of 
the watershed the soils are dark colored, fine textured and were 
developed from limestone and shale formations. Most of these soils 
are shallow to very shallow. Approximately 54 percent of the soils 
in the watershed are deep, 34 percent are shallow, and 12 percent are 
very shallow. 

Land use for the watershed is as follows: 

Land use Percent 

Cultivation 32 

Pasture 61 

Formerly cultivated 5 

Miscellaneous 2 

Climate 

Climate of the study area is temperate and subhumid with a 
prevailing south wind. Rainfall over the watershed is produced from 
different types of storms. Low intensity, low-duration storms are 
common in the fall and winter from continental polar fronts which 
become stationary. The same type of general storm occurs when the 
remnants of hurricanes, which are large, low-pressure, maritime 
tropical air masses, move inland. However, the most common type of 
storm is the squall-line thunderstorm, during the spring and summer. 

-7 -



The normal annual rainfall at the U. S. Weather Bureau station 
at Dublin is 31.67 inches, based on the period 1930-61. During the 
period 1956-65, the weighted-mean water year rainfall on the study area 
ranged from 21.03 inches in 1956, to 34.26 inches in 1958, with an 11-
year weighted average of 28.56 inches. 

FLOODWATER-RZ1ARDING STRUCTURES 

There are eight floodwater-retarding structures in the Green 
Creek watershed above the stream-gaging station (fig. 2). These 
eight structures have a total combined capacity of 7,840 acre-feet 
below flood-spillway crests, and control 22.8 square miles, or 
approximately 50 percent of the drainage area. Table 2 is a summary 
of physical data at each of the eight floodwater-retarding sites. 

HYDROLOGIC INSTRUMENTS 

Instruments to collect rainfall, runoff, and storage data in 
the study area consist of a network of rain gages, staff gages, or 
water-stage recorder at each of the eight floodwater-retarding struc-
tures, and a stream-gaging station on Green Creek downstream from the 
eight structures. Location of instruments is shown on figure 2. 

Rainfall 

Two recording and eight nonrecording rain gages are located at 
points throughout the study area to define the total rainfall and rain-
fall intensities. Measurements of rainfall at all rain gages are made 
at weekly intervals by Soil Conservation Service personnel. A summary 
of rainfall from data collected at these gages is included in the 
appendix. All rain gages were discontinued September 30, 1966, except 
sites 1-R, 4-s, 2-R, and 11-R. 

Runoff and Pool Contents 

A continuous water-stage recording gage is operated on one 
representative floodwater-retarding pool (site 1), at which data are 
collected to measure the contents, and compute the surface area, inflow, 
and outflow. Records at site 1 began May 12, 1955. Monthly and annual 
summary of the water budget for the 1966 water year at site 1 is shown 
in the appendix. 

Weekly readings of staff gages are obtained on each of the 
other seven floodwater-retarding pools by Soil Conservation Service 
personnel. These readings will provide data to determine the quantity 
of water retained or released from the structures in the study area. 
The weekly reading of staff gages on the seven floodwater-retarding 
structures were discontinued on September 30, 1966. 

-8-
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A continuous, water-stage recorder at the stream-gaging station 
on Green Creek near Alexander records the stage, which is used with 
measurements of streamflow in the computation of the total runoff from 
the study area. Streamflow records at this gage began May 27, 1958. 

SUMMARY OF DATA FOR 1966 WATER YEAR 

Annual 

The weighted-mean rainfall over the study area during the 1966 
water year was 30.35 inches, which is 96 percent of the 1931-60 long-
term mean annual rainfall of 31.67 inches at Dublin, Texas. Rainfall 
was scattered throughout the year with every month receiving some 
rainfall. The months of August and September had the greatest rainfall 
with 4.82 and 4.33 inches respectively. The month of March had the 
smallest rainfall with only 0.26 inch. Mean daily discharge for the 
water year at the stream-gaging station was 2.23 cfs (cubic feet per 
second). Total runoff for the year at the stream-gaging station was 
1,620 acre-feet or 0.67 inch. 

The weighted-mean rainfall at subwatershed No. 1 was 30.04 
inches or 95 percent of average for the area. Inflow was 264 acre-
feet, outflow totaled 50.4 acre-feet and the net change in pool content 
for the year was +76 acre-feet, 

Individual Storms 

A storm event is defined as a period of rainfall, separated by at 
least 6 hours from other rainfall. Storms are generally selected for 
detailed rainfall-runoff computations on the basis of rainfall totals 
and distribution, the peak discharge produced from the rainfall at the 
stream-gaging station, and the assurance of good rainfall and runoff 
record for the storm periods selected. 

For the 1966 water year two storm periods were selected for detailed 
computations. These computations include detailed time-breakdown of 
rainfall and discharge. Hydrograph and mass curves are drawn for 
illustration. The storms selected occurred on April 29 and June 13, 1966. 
A summary of rainfall-runoff data for each storm is shown in table 3. 
Computations and curves for each storm are shown in the appendix. 
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Water Quality and Use 

During the 1966 water year, one water sample was collected at 
each of the floodwater-retarding structures (table 4). Dissolved-
solids concentration ranged from 155 ppm (parts per million) at site 
5, to 320 ppm at site 7. 

On the basis of the samples collected during the 1966 water year 
and samples collected in previous years, the water in the Green Creek 
study area should be satisfactory for municipal, domestic, and most 
industrial uses, and would range from excellent to satisfactory for 
irrigation. 

Calcium and bicarbonate ions in water aid in the flocculation 
of clay particles, whereas sodium ions aid in the dispersion of clay 
particles. In the waters of the Green Creek study area, the con-
centration of the calcium ions is about equal to the concentration of 
the sodium ions. Therefore, the effect of the dissolved materials on 
the deposition of fine sediments in the pools should be small. 
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BRAZOS RIVER BASIN 

8-0940. Green Creek subwatershed No. 1 near Dublin, Tex. 

Location.--Lat 32° 10'00", long 98°20'30", near center of dam on main headwater channel of Green Creek, three-
fourths of a mile downstream from county road, 1.0 mile east of Farm Real 219, and 4.0 miles north of Dublin, 
Era'. h County. 

Dealnage aeea.--3.1e sl mi. 

Records available.--May 1955 to September 1966. 

Gage.--Waeer-stage recorder. Datum of gage is 1,408.00 ft above mean sea level, datum cf 1929 (levels by Soil 
Conservation Service). 

AYerag. ,,etflow.--11 years, 376 acre-ft pee year. 

cu' flow during year, 13.5 cfs June 13 (gage height, 11.94 ft); no outflow for most ef rear. 
Maxtor. 645 cfs (average for 5-minute interval) Apr. 50, cempu'ed from change in pool cent, nts, 
adios' i for rainfall on pool surface during time of peak Inflow; no inflow for many daes. 

Maximum outflow, 709 cfs May 1, 1955 (gage height, 23ee1 ft); no outflow for many days. Maxi-
mum 11,50C cfs (averaged for 5-minute interval) May 1, 195E, revised, comput-d from outflow and 
change In pool eont , nts, unadjusted for rainfall on pool surface luring time of peak inflow (no rainfall 
r,cori a"im.,of peak Inflow); no inflow for many Aa::s each y.al.. 

aood. Fool Is formed by earth-f111 dam, complettl Apr. 25, 195. s!,ructur,. is 30-
In,h squar,' - n,rete drop init connected to 14-Inch concrete outlet pipe. Top or drop Inlet is at gage 
height. IL( et, emera-ncy spillway at gage height 21.8 ft. There is a clean-out gage valve at end of 8-inch 
pipe wh! h conn-e's '0 lower .•ni of drop inlet. box at gag, height 3.76 ft. Pool capacity at emergency spill-
wa:, 1. v-1, 1,131 a e, -ft; at 'op of drop inlet, 240 acre-ft; and a' con' :•ol l 1 . 1, e pipe, 57.4 a •r,,-ft. 
Dam buil' le 7.'11 Conservation Service for flood control. Rainfall record iiy a recording eain gage 
located In lair. abeee station. No known diversions this year'. Fermit call: f. r 181 acre-ft per' ::ear, for 
lerigatien. Capacity and surface area based on Soil Conservation Service e. Jimentation survey Ape. 9, 1962. 

Fool water budget In acre-feet, water year. October. 196e to September 1966 
0(.! Nov. Dec. Jan. Feb. Mar. Apr. Ma:. tune July 1 Aug. 51 

Inflow 1/ 10.S ".I 1.2 -1.7 -A7.3 7-5.7 79.17 4 .A.7 
Outflow 0 0 0 C 0 0 49.- 0 
(tt) ,".Cl 1.96 1.74 0.96 C.e4 6.24 C.-2 3.62 0.85 4.CC 
'!alendae year 19.': : Inflow 367 Outflow 297 tt 
Water :,ear 1965-6.': Inflow 264 Outflow 50.4 tt 30.04 

P-ak inflow (base. 100 cfs 1/ Inflow ad.iust.d f,r rainfall on pool 
Da'. Time - Die har e an!ool losses. 
i-70. 1415- :s 4- 5-mil tt W ',Thted mean rainfall, in inches. 
- 1 e.40 He -min 
-l'. C300 . -min 

-le-

https://1,408.00
https://aeea.--3.1e
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BRAZOS RIVER PASIN 

8-0945. Green Creek near Al.xand,•r, 

Location. --Lat 32°04'20", long 98°14'00", at downstream side of trii,t,e on S!ate 111thway 5, mil. 4'stream 
from Missouri, Kansas, Texas Railroad Co. bridge, 1.0 mile 'ream from ?n"onwood ' mile: 
northwest of Alexander, Erath County. 

Drainage area.--4t).:, sq ml. 

Records available.--C-,tober 1954 tc April 1958 (annual maximam only), May 19 1 to 3-;'ember 

Gag.--Water-stage recorder and crest-stage gage. Datum of gag., is 1,17:: 1 ,Isve r. :n 1.- 1, 1 -Jr. of 
Fort Worth supplementary ad.Hstment of 1942. Prier to Mav 27, 

Average discharge.--8 years, 5.02 cfs (6,630 acre-ft per year). 

Extremes.--Maximum discharge during year, 1,590 cfs Aug. 14 (gage height, 9.:." ft in 4age well, 9.;.i f' a.1-
:usted from drawdown curve); no flow most or year. 

1954-66: Maximum discharge, 23,900 cfs Apr. 30, 1956 (gage height, ft) ; no flow at tAr-:..* -ach y- . 
Maximum stage since at least 1910, 28.0 ft May 23, 1952 (Jis'harge, from contrac' 

measurement). 

Remarks.--Records fair. Flow from 22.C. sq ml above this station is par' 1;, 2,.ntrolled by -light flooiwat-r-
retarding structures with a total combined capacity of 7,840 acr, -r! below flood spillway ,.'res's, of whir:. 
6,864 acre-ft is floodwater-retarding capacity and 976 acre-ft is s,diment-pool 2apa;ity. C:pac!'; in 
these pools allocated to sediment storage will be used for conservation storag- until elim!!:.'-cl .--11-
mentation. Eleven rain gages (8 standard and 3 recording) are operated in 'he basin. 

Discharge, in cubic feet per second, water year October 195,, t, S.ptember 1965 

June Jul Au:. Se.c.
Day Oct. Nov. Dec. Jan. Feb. Mar. Apr. May 
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147.09 60.15 

;.74 ?.(C 
7.92 1 1i+ 
-'84 

4. 42 4.33 

.05 

.03 

.02 

.02 

.01 

28.62 1 4 5.67 111.33 322.18
'oral 0 C 0 0 0 

1.02 0 4 • '6 3.59 10.7lean 0 0 0 0 
,- 3:/57 0 1 '9 .?? 1.c-ft • o o o 

;:!C /.'4 ,37t) 479 482 479 463 4}.7 450 
4.02.89 1.85 0.26 ..72.74 2.53 1.96tt) 

T 

597 Min 0 Mean '3.39 As-ft 0 ,790 tt 25.89 
228 Min 0 Mean A..-ft 1,620 tt•

Calendar year 1965 : Max 
Water year 1965-66 : Max 

t Contents, in acre-feet, at end of month in Soil Conservation pools ups'r..am from ntatl,n. 
tt Weighted mean rainfall, in inches. 
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A-65 I L STATES DEPARTMENT OF THE INTERIOR 
(Rev. 11-66) 

GEOLOGICAL SURVEY-TEXAS DISTRICT 

RUNOFF' COMPUTATIONS 

Station Green C..- re ec. AIa xrt, et) -7E2.-
Per od of Record Aor z 9 ito A1.7y 1, 196 Lf, i Drainage Area 

Time G. Ht. 21 Dischar-e Ru off Time G. Ht. Sh. Discharge Runoff 
/ Feet c.f.s. Inc. in '-u". Inches Acc. In. Feet Adj. c.f.s. Inc. In/hr. Inches Acc. . 

• . 29 • , Apr. 30 c_o -i '4: 

• ow • -JO .14 - . o Ooo .0 0e0 0-0.000 1530 5.81 0 .340 2. , 01/8 .0059 .0/62 
t. 04, 

0 •0 ill •Oood . 0 oco - 00 o c /600 5.6‘ o 3/4 3 .0/07 .0o80 .0242 
4 03 

• - (-0 .04 • -0000 .0000 / 700 5.31 o 238 4 .00ei .0o8/.03 23 
, ./e, 

o 00 .<54 0 /.S. WI .cool .000 .000c, A500 7 38 0 802 6 0073 _04/0 _0733 
.. 09 ---1 

30 3 0/ .e/002 _Dool -Orr; ?000 6 00 o 395 a .0/35 .0270 ./003 
-4.01 

• 0 • .0 6.2. .000z .coo •coo 7 2200 ,5-,a..5 o /90 6 .006s- .0/3o .1/33 

/ e0o 287 /. 9 .000/ .0004 . oo/ / 21400 i 4* o /05 49- .00.56, .0036 ./ /69 

/ G .soo/ .acso3 40o/4 4/.1ro/o.6, 96 
/73o e,8./L -000/ .000 doe/6 /36 

. 0_0 ...3 0 a .0602 .cool ..06/7 /V."( / 
.00 /81/830 3./7 -9 •.0cv3 .coo l Ooc 1.44 0 /05 (:, -6V3& -00554 .1223 

/ 9oo ..3,51 26, "560• -ooei7 .00251 Q300 3.919 60 Jo .0020 ..0o50 ./213 

00 • 3. • 2 4,007 .°co-7 .e>052-1 48 AVG, .0024 . /2972 0_5-0C 3.83 

MINIIIIIII 24? ri..,,, .60/0 46C) 3.93 ...56 S .00I9 ..6v21- ./321..004-2 

0 zoo 23 008 ..6 00 6 .004,41 0730 _,,i 87 5/ 6 .a2/7 -0026 .1347 . 

0 21 2 _000 .0,104 ,. "052 0,00 1 32 93 5 -C1 /94 32 .00 . /387 

e300 348 24 wee .000k4 ,00.s.gi /000 1.2-5 8, 4- ..0029 .00291./4M, 

• • 2 1 Z ,oce7 •00o , .00(oz 1/00 44,6 /33 3 .6V1/445 .0a.354 .1450 

96 30 4 , 7/ /39 e .06V7 .006- .1474-

/200 116-51- /30 1 .0044 .0077 .155/ _. 

/500, 1. /9 80 12. .0007 .008/ . /6.3 2 

... 2600 3 89 6-3 y2. .06/8 .6054 .1486 

• .0 21 2 .0007 .0004 ,0066 2400 3.70 38 1 2 .c0/..3 .0039 , 17 es-

,i74.10100 IS .coo5- -0a9 .607 / 240a 352 0 _:3/ 6 .00// .Ge;v6 

0 00 /2 -0,0 .000/ .0072 473g 9 6 

• /2 as _owl . oo 4 = .0o80 2_0 

• ,A0 7 6 /8 .0003 .0e7/ • .0094 

.000/ .coo ' .0098/ 000 2,98 4•/ 

00 2.96 3.6 . .0oo/ .000z .0/00 

0 3 .6004 .0003 .0/03/.6- 0 3.26 
007ft by Thihi 'H& "0 rim 0 RHO 2'4'0 Thin' ci rhem RHO RH° RHO 

PHo BcAg RH0 8o1 8c-,4i .236/11 ,pfroc7 PH0 13c Af/ gcm kWO ,8c.41 sCtil 66.4-/by kw(' 
Computed ty D • Checked by Dat-

Ga9e - /-7e/52471 irori7 /r7side 909e. 
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A-65 UNITED STATES DEPARTMENT OF THE INTERIOR 
(Re'.. 11-66) 

GEOLOGICAL SURVEY-TEXAS DISTRICT 

RUNOFF COMPUTATIONS 

star Ion Gra ed., C.. r e ek ,41,/e.)< ri der X• 
Period of Record \ )(9:;.‘,. Drainage Area . •-5 6-
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