
TEXAS WATER DEVELOPMENT BOARD

REPORT 99

HYDROLOGIC STUDIES OF SMALL WATERSHEDS,

COW BAYOU, BRAZOS RIVER BASIN,

TEXAS, 1955-64

By

Willard B. Mills
United States Geological Survey

Prepared by the U.S. Geological Survey

in cooperation with the
Texas Water Development Board and the

U.S. Soil Conservation Service

October 1969



Mills Cox, Chairman
Robert B. Gilmore
Milton T. Potts

TEXAS WATER DEVELOPMENT BOARD

Marvin Shurbet, Vice Chairman
Groner A. Pitts
W. E. Tinsley

Howard B. Boswell, Executive Director

Authorization for use or reproduction of any material contained in this publication,
i.e., not obtained from other sources, is freely granted without the necessity of securing
permission therefor. The Board would appreciate acknowledgement of the source of
original material so utilized.

Published and distributed
by the

Texas Water Development Board
Post Office Box 12386
Austin, Texas 78711

ii



TABLE OF CONTENTS

ABSTRACT ...

INTRODUCTION

HistOfY and Development of the Small Watershed Project in Texas

Purpose and Scope of This Repon

Acknowledgments . . . . . . . .

DESCRIPTION OF THE WATERSHED

Location. Topography. and Climate

Geology _ ••••.

Strattgraphy and Structure

Soils .

Relation to Runoff

WATER CONSERVATION TREATMENT MEASURES

Farm Ponds

Floodwater-Retarding Structures

DATA·COLLECTION PROGRAM

Periods of Records .....

Type and Amount of Data Collected

Hydrologic Instrumentation

Rain Gages ...

Pool-Stage Gages

Streamflow Gages

QUALITY OF WATER

Relation of Water Quality to Use

Domestic and Municipal Supply

Irrigation

iii

p...

3

3

6

6

6

6

9

9

9

9

9

9

12

12

12

13

'5
15

15

15

15

15

15

15



TABLE OF CONTENTS (Conl'd.)

Industrial Use .

Relation of Water Quality to Trap Efficiency of Pools

Sedimentation . . . . . .

WATER BUDGET FOR POOLS

Outflow From Structures

Change in Pool Content

Consumptioo

Inflow ...

Total Inflow

Runoff From Area Above Pools

Rainfall

Area Runoff

OTHER ANALYSES AND COMPARISONS

Rain-Gage Density

Flood Frequency

Unit Hydrograph

Multiple Correlation

SUMMARY AND CONCLUSIONS

EVALUATIONS AND RECOMMENDATIONS CONCERNING THE
SMALl·WATERSHED STUDIES IN TeXAS

GLOSSARY OF TERMS

REFERENCES CITED .

TABLES

1. Small Watershed Study Areas in Texas as of September 30,1964

2. Physical Factors for Cow Bayou Study Area ....

J. Description of Soils in the Cow Bayou Study Area

4. Farm Ponds in the Cow Bayou Study Area

5. Floodwater-Retarding Structure Data, Cow Bayou Study Area

Page

15

19

19

19

19

20

20

21

21

21

21

21

24

24

25

29

31

31

32

35

37

5

8

12

13

14



TABLE OF CONTENTS (Conrd.)

Page

6. O1emical Analyses of Surface Water in the Cow Bayou Study Area, Water Years
October 1962 to September 1964 .

7. Water-Quality Tolerances for Industrial Applications .

8. Water-Budget Summary for Gaged Pools. Cow Bayou Watershed, Water Years 1959-1964

9. Summary of Water BUdget for Pools for the Period 1959-64

10. Summary of Water Budget of Separate Areas for the Period 1959-64

11. Results of Rain-Gage Density Study for Five Small W.tenhed Study Areas in Texas

12. Flood Data for Cow Bayou at Mooreville .

13. Parameters for Seven Storms Selected for Unit-Hydrogntph Study

14. Average '·Hour Unit Hydrograph. Cow Bayou Drainage Area .. _

15. Par8meters That Affect Rainfall-Runoff Relation for Storms in the
Cow Bayou Area, Water Years 1957-64 .

16. Summ.-y of Rainfall. in Inches. for Cow Bayou Study Area, October 1954 to September 1964

17. Monthlv Water-Budget Summary lor Cow Bayou Study Area. Water Years 1957-64

18. Annual Water-Budget Summary for Cow Bayou Study Area, Water Years 1957-64

FIGURES

16

'8

20

22

23

26

27

29

31

38

40

61

64

1. Diagram Showing Section of a Typical Floodwater-Retarding Structure With Oullet Works 3

2_ Map of Texas Showing Locations of Cow Bayou and Other Small Watershed Study Areas 4

3. Map of Cow Bayou Study Area Showing Locations of Present and Proposed Floodwater-Retarding
Structures and Hydrologic Instrument Installations 7

4. Geologic Map 10

5. Soils Map 11

6. Graph Showing Comparison of 3-Year Moving Average Rainfall At Cow Bayou Study
Area With the Long-Term and 3·Year Moving Average Rainfall at Waco and McGregor 22

7. Mass Diagram of Runoff From Drainage Area Above All Sites and Above the Stream-Gaging
Station, Cow Bayou at Mooreville, October 1958 to september 1964 .... _.... 23

8. Graph Showing ColTclatiOfl of Concurrent Storm RainfaU, Two Gages (lS, 7S) and Nine Gages 24

9. Flood-Frequency Curve for Cow Bayou at Mooreville, Based on Annual Floods for Period 1958-64 25

10. Flood·Frequency Curve for Cow Bayou at Mooreville, Based on Partial-Duration
Series for Period 1958-64 . 28



TABLE OF CONTENTS (Cont'd.)

11. Flood·Frequency Curve for Cow Bayou at Mooreville and Hog Creek Near Crawford,
Based on Partial-Duration Series for Period 1960-64 .

12. Selected Unit Hydrographs for Cow Bayou at Mooreville

vi

Page·

28

30



HYDROLOGIC STUDIES OF SMALL WATERSHEDS,

COW BAY 0 U, BRA Z 0 SRI V E R BAS IN, T E X AS, 1 955·64

ABSTRACT

A study was made of the rainfall, inflow, con·
sumption, and outflow for a group of nine floodwater­
detention structures on a 79.6-square-mile watershed
near Bruceville for the six water years 1959-64. During
this period annual rainfall varied from 19.18 inches in
1963 to 46.73 inchE's in 1961 as compared to the
32.25-inch long-term average at McGregor.

Total rainfall for the period 1959-64 ranged from
181.8 inches to 200.8 inches on the drainage areas of the
nine floodwater-detention structures. Runoff from these
areas. total for the G'year period. ranged from 22.2
inches to 42.7 inches. Average total rainfall on the
watershed was 192.8 inches for the ~year period while
average total runoff wa~ 33.2 inches. At the beginning of
the study period the pools contained 968 acre-feet. A
total of 49,730 acre-fLoet entered the pools of which
3.010 acre-feet was rainfall on the pools surfaces and
46,710 acre-feet was runoff. Outflow from the pools was
41,020 acre-feet; evapo(ation was 4,960 acre-feet, and

3,970 acre·feet was seepage and other consumption. Net
reduction in pool content during the period was 220
acre-feet, leaving 748 acre-feet in pool storage.

Every floodwater·retarding structure except one
effectively contained all floodflows originating above it
during the period of record. The emergency spillway at
one site washed out because there had not been
sufficient time after completion of the structure to
establ ish a protective grass cover.

A rain.gage density study for the period 1955-64
indicated that two rain gages installed at certain points
on the watershed would provide data within 8 percent of
the weighted mean rainfall of the nine existing rain gages
using a 67 percent confidence limit. An average 1-hour
unit hydrograph with a 5-hour time of rise and 10,400
cf~ (cubic feet per second) peak was developed for the
",atershed.



HYDROLOGIC STUDIES OF SMALL WATERSHEDS,

COW BAYOU, BRAZOS RIVER BASIN, TEXAS, 1955·64

INTRODUCTION

History and Development of the
Small Watershed Project in Texas

The Flood Control Act of 1936, as amended and
supplemented, authorized the construction of
floodwater-retarding structures by the Soil Conservation
Service of the U.S. Department of Agriculture. This act
provided that"...federal investigations of watersheds and
measures for run-otf and water-flow retardation and
soil-erosion prevention on watersheds shall be under the
jurisdiction of and shall be prosecuted by the Depart­
ment of Agriculture..." The Department submined
survey reports to Congress under the authority of this
act, and in 1944, pilot studies of 11 watersheds in the
Nation were authorized. Subsequent legislation under
Public Law 566 has further expanded the scope of this
program.

Pursuant to the Flood Control Act of 1936 and
subsequent legislation, the U.S. Soil Conservation
Service is investigating a large part of Texas to determine
the need and economic feasibility of flood control
measures in accordance with the legislation. Each area
investigated is subdivided into small watersheds usually
consisting of one stream and its tributaries that are large

enough to cause damaging floods. Many of the water·
sheds investigated require the building of floodwater·
retarding structures (Figure 1) to help control flood·
flows from parts of the watersheds.

As of September 3D, 1966, 1,081 floodwater·
retarding structures had been built in Texas. These
partly control flow from an area of 4,349 square miles.
According to reports of the U.S. Study Commission·
Texas (1962) and the U.S. Soil Conservation Service
(1963). a total of 3,438 structures have been found
physically and economically feasible for installation in
Texas. Thus, only about 31 percent of the feasible
structures had been built at the end of the water year
1966.

This watershed-development program will have
varying but important effects on the natural surface and
ground·water resources of river basins, especially where a
large number of the floodwater-retarding structures are
built. Therefore, a need has developed for basic hydro­
logic data on small watersheds that may be used to
compare the hydrology under natural conditions with
the hydrology under developed conditions after the
floodwater-retarding structures have been built. Specif­
ically. it is essential that hydrologic studies determine
the extent to which floodwater-retarding structures
affect the yield and mode of occurrence of natural water
supplies.

Figure 1.-Seetion of a Typiclll Floodwater-Retarding Struet1Jre With Outlet Works

- 3-



Hydrologic data collection on small watersheds
was started in Texas in 1951 and is now active in 11
areas in the State that have been found feasible for
installation of floodwater-retarding structures (Figure 2).
The Soil Conservation Service, Texas Water Develop­
ment Board, San Antonio River Authority, City of
Dallas, and the Tarrant County Water Control and
Improvement District No. 1 are cooperating with the
Geological Survey in these investigations. The 11 study
areas were chosen on a statewide basis to sample
watersheds having different conditions of rainfall, topo­
graphy, geology, and soils. Hydrologic data will be
available for "before and after" analyses of streamflow
and rainfall records on four of the study areas (North,

Little Elm, Pin Oak, and Mukewater Creeks). A sum­
mary of the development of floodwater-retarding struc­
tures on each study area as of September 30, 1964, is
shown in Table 1.

The purpose of the investigations in Texas is to
collect sufficient data to meet the following objectives:

1. To determine the net effect of f1oodwater­
retarding structures on the regimen of streamflow at
downstream points.

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

R.

EXPLANATION

Scole
o 50 100 Miles

----

Cow Bayou study area

Brazos River basin

Other study areas
umbers correspond to
those in Tobie I

Figure 2.-Locations of Cow Bayou and Other Small Watershed Study Areas
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Table 1.-Small Watershed Study Areas In Texas.s of September 30,1964

NUM8ER
lseE FIGURE 2)

WATERSHED
DRAINAGE AREA
ABOVE STREAM.

GAGING STATION
(SO Mil

DATE HYOROLOGIC
OATA COLLECTION

8EGAN

FLOODWATER·RETARDI NG
STRUCTURES ABOVE

STREAM·GAGING
STATION

PEAIOD THE
STRUCTUAES
WERE BUILT

~

,,,
••

•,

8
8

..
"

Trinity Aiv., baOn:

No,th C...k n'" J.eksbo.o 21.e Aug. ,... Non.
Elm Fo,k T,lnh., River nu. Muenster 46.0 Jul., 1956 .. 1i54·67.63
Lillie Elm C...k nu. Aub••., 711.5 June 1056 8 1905·80
Hone., C...k nn. McKlnne., 39.0 Jut., 1951 " 1951.67
Pin O.k Cre.k n••r Hubbllrd 17.6 Sepl. 1i56 , 19f\2·63

8,.zOI Ai.,.. be5ln:

Or..n C,eek n••, Ale~.nd.. 45.11 0 .. 191$4 8 li54 116
Cow ge.,ou n'" Moo.wlIl. 71i1.8 Sepl ,... 0' 1illll-&8

Colo.lIdo Aive. bain:

MukewJlI" C'Nk nNr T,k:kh,m 70.0 AUll. 1lillil , Ill6182
O."P C..... nu, Mereu•., l' 43.9 June 1951 • HIIiI 53
0 •., Prong O..p C,Hk !IN' M••cury .II 8.31 June 1951 , Ilil5 I

!HIn Antonio Riv.. buin:

ClOl........ C,..k ..... Elmendorl 77.2 AUII. 1954 • 1954 58
ElICondldo C...k .1 Kened., T72.4 Jul., 1954 ,. 1954·158

)J Con.ld.rod u e lingle 11ud., .....
TI" ...t,uclur.. (nDi. 17. 18. "Id 1lil) _.compl.led In Au\lUu 11J64. WI We" nOl uslld In Ihl. 'eporl.

t 8.43 ",u..e mil.. lIbove Escondido C...k wlle,1he<;l no. 11 (0..... ElICondldo C,..kl ...... Kened., II below It'lli .1...m'1l'Qlng ltatlon ....d II nol Included In Ih_l0t,ll.



observation wells are available or can be installed.

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 accurate 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 a small storm-drainage
structures.

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

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

8. To determine the 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.

The degree of attainment of each of the enumer­
ated objectives is discussed in the concluding section of
this report entitled "Evaluations and Recommendations
Concerning the Statewide Small-Watershed Studies."

Periodic evaluation reports on each study area are
essential to insure that the basic hydrologic data­
-collection program is sufficient to meet the purposes of
the statewide investigation. The Cow Bayou report is
one of these periodic evaluations.

This is the eighth in the series of reports on
hydrologic studies of small watersheds in Texas. Previous
reports are as follows:

1. Elm Fork Trinity River (Gilbert and others,
1962).

2. Honey Creek (Gilbert and others, 1964).

3. Deep Creek (Mills and others, 1965).

4. Mukewater Creek (Sauer, 1965).

5. Little Elm Creek (Schroeder, 1966).

6. Escondido Creek (Kennon and others. 1967).

7. Pin Oak Creek (Smith and Wellborn, 1967).

·6-

Purpose and Scope of This Report

The primary purpose of this report is to present
data on and analyses of the hydrologic characteristics of
the Cow Bayou study area. A secondary purpose is to
appraise the existing data·collection and processing
program. In keeping with these purposes, this report:

1. Presents a compilation of data through Sep­
tember 1964, grouped in such a manner as to define
factors included in the hydrologic cycle;

2. examines the quantity and quality of the data
being collected; and

3. recommends the type and amount of data to be
oollected on the small watersheds not yet instrumented.

Acknowledgments

The Soil Conservation Service provided infor·
mation on pool capacity, physical and geologic descrip­
tion of the watershed, climatic environment of the area,
and weekly records of rainfall and pool gage heights. The
results of one sedimentation survey were also provided.
The Agency's assistance is gratefully acknowledged.

The Soil Conservation Service and Texas Water
Development Board cooperated with the Geological
Survey in providing financial assistance to collect the
basic data used in this report.

This report was initiated through a cooperative
agreement between the Geological Survey and the Texas
Water Development Board. It was prepared under the
direction of Trigg Twichell, District Chief, Water
Resources Division, U.S. Geological Survey, Austin,
Texas.

DESCRIPTION OF THE WATERSHED

Location, Topography, and Climate

Cow Bayou rises north of the town of Moody and
flows in an easterly direction of 31 miles, where it flows
into the Brazos River near the town of Satin. North Cow
Bayou and South Cow Bayou are the principal tribu·
taries. The total drainage area of the watershed is 111
square miles, of which 79.6 square miles upstream from
the streami)aging station Cow Bayou at Mooreville is the
study area (Figure 3).

The topography of the study area ranges from
gently to steeply rolling. Elevations range from 875 feet
above mean sea level at the headwaters to 405 feet at the
stream-gaging station at the downstream end of the
study area. Table 2 shows the elevations of different
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Table 2.-Physal FactOR for Cow Bayou Study Arn

DISTANCE SLOPE TO ELEVATION SLOPE FROM
SITE ELEVATION,IN FEET FROM HEAD· SITE,IN DISTANCE FROM AT MOUTH, HEADWATER MAIN-sTEM
NO. ABOVE MEAN SEA LEVEL WATER TO FEET PER HEADWATER TO IN FEET TO MOUTH,IN RIVER MILE

HEADWATeR NEAR sitE SITE,IN MILE MOUTH, IN MILES ABOVE MEAN FEET PER AT MOUTH
MILES SEA LEVEL MILE

SOUTH cow BAYOU

... BOB BOO '.B 71.9 ,.., ... 111.8 0

, >lB BBO '.0 36.2 '.3 ...3 315.3 17.1

3 'BB BOO '.0 67.15 3.B .3B 62.8 16.6

• '" B70 ••• 62.2 B.' m 158.3 11.3

• ,BB '" 3.' .... 3.' B03 67.2 B.'

• BBO 000 ',B "',3 3.' 'BB 66.2 '.0

0> NORTH COW BAYOU

, .OO '" ',0 32.1 B.O ." 30.6 0.'

• '" 000 '.3 BO.O 3.' ." 152.4 B.'

",0 '" "'0 ... 315.2 18.0 ... ,... 0

.. 511. 1 h on n..ctw.,..... ot SOUlh CO¥!' 8~ou; II,. 10 " on r.-dW.,.... of Non'" Cow ••yO\l. Alii... mil. "0" I, .1 I .... conllu.nc. ot 111_
torh.nd h m_rfil upnrwm from Ihh ,...0 point. T.... 11r~lno ".llon h.l mU. "0".



points within the area. Distances and slopes in Table 2
were determined by using the maximum river distances.

long-term mean annual rainfall is 32.25 inches at
McGregor (about 6 miles northwest of site 1). This
rainfall is well distributed throughout the year with the
higher monthly totals usually occurring in April, May,
and June. Most of the storms are thunderstorms which
mayor may not cover the entire study area. However,
some storms, which occur mostly in the fall, are evclonic
storms that cover the area with nearly equal amounts of
rainfall. See "Aain·Gage Density" section of this report
for distribution of storm rainfall for the period of this
report. Mean daily temperatures range from 3rfC (B6°F)
in the summer to gOC (4SoF) in the winter.

Geology

Two reports were used as references for this
section: The Lower Cretaceous Trinity Aquifers,
McLennan County, TexBS (Holloway, 1961, p. 11·20),
alld Revised Work Plan for Watershed Protection and
Flood Prevention, Cow Bayou Watershed, McLennan
and Falls Counties, Texas (U.S. Soil Conservation
Service, 1963a, p. 3).

Stratigraphy and Structure

Three geological formations crop out in the study
area. From oldest to youngest, these are the Eagle Ford
Shale, Austin Chalk, and Taylor Marl (Figure 4). All of
the formations are of Late Cretaceous age. The Balcones
Fault Zone crosses the area.

The Eagle Ford Shale crops out in the upper part
of the study area. This area is characterized by steep
land·surface stapes and relatively steep stream gradients.
Holloway (1961, p. 11) subdivided the Eagle Ford Shale
into the lake Waco and South Bosque Formnions.JlThe
South Bosque Formation is a blue-black calcareous shale
having a few thin buH limestone flags in the lower part.
The lake Waco Formation, which underlies the South
Bosque Formation, is a sequence of interbedded brown
to black shale and dark gray limestone flags having
interbedded bentonite seams. Some carbonaceous mate·
rial and vertebrate remains occur in the lake Waco. The
Eagle Ford Shale yields very little water to wells and
streams.

The Austin Chalk, which crops out in the moder·
ately rolling middle part of the study area (Figure 4), is
composed of alternating layers of massive, resistant,
blue·gray, marly limestone and blue·gray limy shale
having a few seams of bentonite and bentonitic shale.
The Austin Chalk yields no water to wells or streams.

The Taylor Marl crops out in the gently rolling
lower part of the study area (Figure 4). The Taylor Marl

Y Names not adopted by U.S. Geological Survay.

- 9 -

is composed of four members-an upper marl member,
Pecan Gap Chalk Member, Wolfe City Sand Member, and
a lower marl member-but only the lower marl member
is present in the study area. The lower member of the
Taylor Marl yields no water to wells or streams.

Alluvium of Quaternary age occurs as flood·plain
and higher·level terrace deposits along many of the
streams in the study area. The alluvium, which was
derived from the bedrock material within the watershed,
consists predominantly of sandy clay and interbedded
fragments of limestone. In the lower reaches of the
study area, the alluvium is more widespread and more
hydrologically significant than in the upper reaches.

The Balcones Fault Zone crosses the eastern half
of the study area. Holloway (1961, p. 20) stated,
"Similar faults have been traced from five miles south of
Lorena to midway between lorena and Waco. In
addition to these faults, other small displacements
constitute a zone several miles east and west of the
major faults." Partly because of this fault zone, the nine
pools throughout the study area experienced varying
high rates of seepage.

Soils

The watershed lies entirely within the Blackland
Prairies land·resource area. The soils are mostly dark
day, developed from shale, limestone, marl, and chalk,
which support a tall grass·prairie vegetation. The pre­
dominating soil types include the Houston Black,
Houston, Austin, and Eddy. The highly fertile alluvial
soils in the flood plain are of the Trinity·Catalpa type.
Figure 5 shows the general areas delineated by soil types.
Small areas of the lewisville soil type, not shown on
Figure 5, have developed on terrace deposits along the
streams. Detailed descriptions of soil types are given in
Table 3.

Aelation to Runoff

Because the relatively impermeable Eagle Ford
Shale, Austin Chalk, and lower member of the Taylor
Marl are overlain by more permeable alluvium along the
streams, springs and seeps occur throughout much of the
study area following substantial rainfall. During the wet
seasons every small stream has interftow.

WATER CONSERVATION
TREATMENT MEASURES

Farm Ponds

Farm ponds have been built throughout the study
area. They are of various sizes and will have some effect
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Table 3.-Deteription of Soils in the Cow Bayou Study Area

(From U.s. Soil Conevation Service 1957. 19618, and 1961b)

SOIL TYPE

A",nln

HOlinon

Hounon Bleck

Trinity

HYDROLOGIC
GROUPJ,I

8

c

c

o

o

o

DESCRIPTION

Oark gravhh-brown to Iluvlth-brown. frlabl•• ".lc.r.O\>s sUty cl.V to clay .....rf..,•.
10.14 Inches thick, OYM brown to ~I. brown, frl.bl•• nrangly lIf...... I.r. highly
calcareous tll1\' cl.V to clay. CM/ky marl or ch.lk .t d.pths 01 about 15-30 Inchal.
G.nUv sloping to moderately railing 11-8 parcenl slop&S).

a.rk gr.yilh-brown to ~rk brawn, frlebM, calcan.o",s cl.y or cl.V I~m .....rf..,.,
10.30 Inch. thick, OYer gr.ylsh·brawn, 1mbl., gr...... lar, c.lc.reo",s silly cl.y or cllt'f
I~m. Wetl dr.lrwd; ....-IV I_I flood pl.fns.

Light brawnllh-grey to lIf.y, very frlabl •• calc.raooo.u sll1\' cl.y or cl.y CantMnlng
many.mall fragments of chalky llmanan•• 3-15 Inch" thlc... aver 10ft ch.lky "IMI
Int.rbaddad with whit. ch.lk or chalk tragm.n", G.nlly IIoplng to ",ndul.tlnll 14-8
pareant slopes).

a.rk alive lIflt'f to dark gr.ylah-brawn. crumbly c.lcareo",s cl.y ..rf..,., 6-15 Inch...
thick, OYer d..-k V.llawlah-brown...ba.....r, blocky. hlllhly c.lc.raous cl.y wllh
y.llow mottling In Io-r pan; highly calcareoul, mottled yellow.nd IIBY cl.y (marll
.t 20.36 Inch.... G.ntly IIoplng to "'ndul.tlngI4-8 ~rcam lIop... l.

Vwy d.rlr. g..y to Week crumblV. frl.bl•• c.lcareoul cl.y ""rfee., , 0·25 Inc..... thk:k,
OYM dark gr.y Or oflv. gr.V. firm. w...., ....b.ngul.r, bloc"y c.lcareous cl.y; strongly
C.IC...OlII mottled yellow and gr.y cl.y ., 30-60 Inch.... N••rly I....et to lI'efItly
IIoplng (,-4 parc.nt II<>paII.

Very d.rk IIrev, cNmbly. calca.-us cl.y .. rfee., 20-40 Inc..... Ihlck. OYM d.r" IIr.y,
fIrm, calc.lreaul cl.y. Mooerel.ly wall dr.lrwd. nMrly 1.11.1 flood pl.IOI.

JIB Moderat. Inflltr.tlon r.l. wh.n mOfoullhly w.tted; moder.t•••t. 01 w.,er tr.nsrnl..lon.
C Slow Inflltr.tlon r.t. wh.n thoroullhlv wetted;"ow rll. of water tr.nsmllSlon.
o Very slow Inflltr.tlon r.t. when thoroullhly _ned; II&ry "ow rat. of w.t.r t ........ I..lon.

upon the rainfall·runoff relationship of Cow Bayou ,
watershed.

The Soil Conservation Service (written commun.,
March 5, 1962) provided a list of farm ponds in the Cow
Bayou watershed together with information as to their
location, size, capacity, and area. These are small pondl
built for livestock water by the farmer. usually with
technical assistance from the Soil Conservation service.
Table 4 contains pertinent data concerning these ponds.
These ponds undoubtedly affect the rainfall·runoff
relationship to some extent; however, because most of
them were built prior to the start of the flood-retarding
program, their effects are not considered significant for
the purposes of this report.

FLOOOWATER·RETARDING STRUCTURES

Nine floodwater-retarding structures had been
built in the study area by 1958. Three additional
structUres were completed in Au!J.lst 1964, but no
adjustment was made to runoff compilation. Of those
structures completed by 1958, six are in the South Cow
8ayou drainage area and three are in the North Cow
Bayou drainage area. They have a total combined
capacity of 9,770 acre-feet below the emergency spill·
way level, of which 1,480 acre-feet is sediment-pool
capacity (Figure 11. Flow from 28.0 square miles is
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partly controlled by these nine structures. Figure 3
shows the location of the structures in the study area
and Table 5 contains a summary of the physical data for
each of the nine floodwater.retarding structures. Seven­
teen additional floodwater-retarding structures are to be
built on the North and South Cow Bayous during the
1964-65 water years.

DATA-eOLLECTION PROGRAM

Periods of Records

Nine rain gages (one recording and ei!tlt nonre­
cording) were installed during October 1954. One
recording rain gage was installed at site 4 on Au!J.lst 12,
1958. Rainfall records include water years 1955-64.

A crest-stage gage and a wire-wei!tlt gage were
installed at the streamflow-gaging station, Cow Bayou
near Mooreville. on September 22, 1954. Peak stages
were collected along with periodic discharge measure­
ments until June 10, 1958, when a continuous water­
stage recorder was installed. Records at this site include
water yearl 1955-64.

The floodwater-retarding structure at site 4 was
completed in July 1956, and a continuous water·stage
recorder was installed september 12. 1956. First



Table 4.-Fann Ponds In the Cow Bayou St\ldy AreaV

POND DATA
NUMBER SURFACE CAPACITY DRAINAGE PERCENT OF

AREA OF AREA (ACRE·FEET) AREA ABOVE DRAINAGE
PONDS (ACRES) PONDS AREA ABOVE

(ACRES) STATION

Above site 1 3 '.8 10.7 95 '0,
" 10,1 52.4 ,...

"3 7 3.7 18.7 '" "• 28 23.4 131.7 1,039 "
5 3 ,.. 7.' ," ,
• • ,.. 10.8 '" '0

7 " 12,6 59.3 <9, "
8 3 '.7 24.0 »0 '0

'0 , 3. , 15,8 '" 8

Uncontrolled On
South Cow
Seyou "0 139.3 626.8 5.398

Uncon'tolltod On
Nonh Co....
8.you " 128.3 664.3 6,074

A~strNm.

flow Itatlon 3o, 331.0 1,621.9 14,048 28

You. fO' IIbl. f,om U.S. Soli Consenr.tlon Service (wrin,n commun.• Merch 5, 1962).

appreciable runoff occurred March 20, 1957. Records at
this site ioctude water years 1957·64.

Floodwater·retarding structures 1·3, 5-8, and 10
were completed during the period 1954·58; however,
staff gages were not installed until August 1958. Records
at these sites include water years 1959-64,

A recording hygrothermograph was installed
within one-quarter mite of site 4 on March 2, 1964.
Recording thermogrllphs for air and water temperature,
and a recording anemometer for wind speed were
installed on the pool at site 4 on March 2, 1964. These
recorders are to be operated for 2 years; therefore, no
records will be published in this report.

Water samples for chemical·quality analyses were
obtained beginning October 22, 1962, Records for
quality of water include water years 1963·64.

Type and Amount of Data Collected

Records collected during the period of this report
retate to the water quality, the sedimentation, the
quantity of water available, and the disposition of the
water. The data concerning the availability and dlsposi·
tion of water have been assembled in Table 8 and

. 13 .

identified as the water budget of the area. Thirty·five
water samples were collected during the water years
1963·64 for water.quality information.

The Soil Conservation Service made an original
capacity survey at site 4 on July 24, 1956. On June 1,
1963, a survey was made to determine the area and
extent of sedimentation, The Soil Conservation Service
has set a schedule to make a sedimentation survey at site
4 every 5 years and after major stonns. This is done so
that the design criteria for sedimentation rates used by
the Soil Con5efVation Service can be verified as often as
feasible.

Data for the water budgets of each area were
determined from: rainfall records at 10 points; can·
tinuous pool·stage and contents records at one
floodwater.retarding structure (site 4), and weekly pool·
stage and contents records at eight pools; and con­
tinuous records of flow on Cow Bayou below all
f100dwater.retarding structures.
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Hydrologic Instrumentation

Rain Gages

Nine rain gages were installed in accordance with
U.S. Weather Bureau procedure. These gages were
located to provide the best geometric coverage of the
study area (Figure 3). Rain gage 3-R is a U.S. Weather
Bureau a·inch recording rain gage and the others are U.S.
Weather Bureau a·inch nonrecording rain gages. Data
from the rain gage at site 4 (10·R) was rarely used
because of the uncertainty of reliable records. This gage
has since been modified from a tipping-bucket type to a
float-operated type. All rain gages were selViced and
rainfall measured weekly by employees of the Soil
Conservation Service. These data were used to define the
rainfall over the area.

Pool·Stage Gages

A continuous water-stage recorder is operated at
site 4. This recorder was adjusted so that gage heights
could be determined from the chart to the nearest 0.01
foot. On March 2. 1964, the recorder was adjusted so
that gage heights can be iead to the nearest 0.001 foot.
Time can be determined to the nearest 5 minutes.
Weekly readings of staff gages and peak marks were
obtained by Soil ConselVation SelVice personnel at each
of the remaining eight floodwater·retarding structures.
These data were used to compute contents. surface area.
consumption, outflow. and inflow for each site.

Streamflow Gages

A continuous water·stage recorder is operated at
the stream-gaging station. Cow Bayou at Mooreville. The
recorder was adjusted so that gage heights could be read
to the nearest 0.01 foot. and time determined to the
nearest 15 minutes. These data were used to determine
the integrated runoff from the nine floodwater-retarding
pools and the uncontrolled area downstream from the
structures.

QUALITY OF WATER

The chemical quality of water determines its
suitability for possible uses and its flocculating charac­
teristics as they affect the sediment-trap efficiency of
the pools.

Relation of Water Quality to Use

Water quality is an important factor in selecting
municipal water sources. in successful irrigation, and in
the locatiOfl of industrial plants. In order to evaluate the

water quality in terms of principal types of uses. the
major chemical constituents in the water in the Cow
Bayou study area were determined. Table 6 shows the
time that samples were taken and the results from
analyses of these samples at each site during the water
years 1962-64. The following discussion relates the
quality of the various samples to domestic and municipal
supply, to irrigation. and to industrial use.

Domestic and Municipal Supply

The standards generally quoted in evaluating the
quality and safety of water supplies for domestic and
municipal use are those of the U.S. Public Health Setvice
(1962. p. 71. According to these standards. the recom­
mended maximum limits for dissolved solids and sulfate
are 500 mg/l (milligrams per liter) and 250 mg/l,
respectively. Concentrations of dissolved solids are
below this limit except at sites 1. 3, 4, and 10. The areas
above these sites are in the upper part of the study area
and are underlain by the Eagle Ford Shale. Site 2, which
is in the same area, is also hig, in dissolved solids.
Concentration of sulfate is above the maximum limit for
sites 1. 3, and 4. Chloride concentration varies between
4.0 mg/I and 30 mg/I and is well below the maximum
limit of 250 mg/I. Fluoride concentration is below the
maximum recommended by the Public Health SelVice,
and nitrate concentrations are well below the maximum
of 45 mg/!.

IrTigation

The U.S. Salinity laboratory Staff (1954. p. 69)
e~tablished standards for determining the suitability of
water for irrigation. In these standards the three follow·
ing characteristics appear to be most important in
determining the quality of irrigation water: total concen·
tration of soluble salts (salinity hazard): relative propor­
tion of sodium to other cations (sodium hazard); and
concentration of boron or other elements that may be
toxic. Waters in the Cow Bayou study area can be
classified as high salinity hazard for sites 1,3.4, and 10
and medium salinity hazard for the other sites and the
streamflow station. All waters can be classified as low
sodium hazard. No analysis was made to determine
boron concentration.

Industrial Use

The quality requirements of water for industrial
purposes vary widely. For some purposes, such as
cooling, water of almost any quality can be used; but in
some manufacturing processes and in high pressure
steam boilers, water approaching the quality of distilled
water may be necessary. The water-quality requirements
for many types of industry and processes (listed in Table
7) can be met by waters from the Cow Bayou study
area.

- 15 -
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T.bLe 6. Che-lul A,,~I)'.... of Surbc. Water In the Cow BII)'ou Stud)' Ar.~> Wner run Ck:tober 1962 to SepU_ber 1964. ·-eontlnulNl

[Rl.'lulu In MlIlilIum. Per 1.i1.r Except " Indicated.]

DUSOLvm SOLmS IIARDMlSS
""G- ",- BlCAR. (CAI.CULATm) AS C-:R SPEClYIC

DATE DISCHARGE Stl.ICA CAL- "'- '"""'" T"_ ...- SULfATE CKLORmE F1.tIO. ,,- Alllr· TbA!i CAt· . ,a"", CO_OCT.
OF (CPS) (Sl~) GI'" "'" ,"', 'I'" m (504) (CI) , m, ,."T' GRAHS '" Cll... , GAR- ADSORPTION """ p'

COl..l.ECTION (C~) ..., ", (llCO) ", (NO]> "" Atlll· ""'- ...- UTiO O!IClOUIOS
LITeR rOOT "'- m AT 25° C)

"'"
Site 8. Cow aa)'ou Subw.ter,hed No. 8 Nur BNClvilie

fkt. 22, L962 -- ,-, J> I., 10 10. " '.0 0.' 0.' 12' 0.18 " • 0.' '" •••M.r. 5, 1964 -- ,.. " 0_0 ,.. 0.' '" 3l II ., 17 '" .3l '" " ., "7 7.J
K~r. , -- ,., 80 1.0 ,.. I., 1>. " ,.. .J " ", .l8 '" " ., 'J7 ,.,

Site 10. Cow a.)'ou Suw.t'llr.hed No, 10 Nelr 10 N.~r Brucevili.

Ck:t. 22, 1962 -- Il 1>6 '.0 " -- 4" '49 JO 1.0 0.' ~614 0.84 410 80 I., 9)' •••"", . 5, 1964 -- ,.. " I., J9 -- I4J " 18 •• ,.. 267 .l8 '42 " I.' '" '.J
June L8 25.] ,.. J! •• I> -- 110 14 '.0 .l 1.2 "0 .18 80 0 ., '" ..,

80910. Cow B.you.1 Moonvili.

Ck:t. 22, 1962 YO.I~ '_0 59 '.J " -- '" " 11 0.' 0.0 2J9 0.]) ". J 0.' '14 7.'- ..,- 6, 1%4 2.19 4.' "' ,.. 27 '76 '76 " •• ,.. '" .59 JOO 1>• .7 680 7.'~ --K., , ,0> 12 82 '" " -- '" " ••• .J ... 27' . J7 ". 41 .J 447 •••.., , 61.1 .-, 68 '" 10 -- m " >.J .l 2.2 '" .1I 180 J> .l '" •••K., I> 3.53 '-' " J_' Il -- 16> "' I> •• •• m .44 m " .7 m 7.'.., " .S> ,., " J.' " -- '82 " I' •• •• m ." m " .7 '" 7.0

AI Field •• lwte.
})' Ruldu. It lao·c.



Table 7.-Wator·Qudity Tolerances Cor lrulustrial Applicotlon,..J!

[Allowable Ltmlto In foIllligume Per Liter gxcept II Indicated]

INOUSTRY
TUR­
810·
I1Y

COLOR

COLOR
+ O2
CON·
SUi'lEO

DIS­
SOLVE!)
OXYGEN
(ML/L)

lL\RO­
CIOOR NeSS

ALKA·
LINl'IY

(AS
CoC03)

pll
TO'1'AL
SOL lOS C. Fe Mn

re +
i'ln AI203 5102 Cu C03 IICO) Oil CoS04

N·ot~04

Na2S03
HAT 10

GENEKAlfi'

Air conditioning
Boklng 10

Bol10r Ceed:
0·150 p.i 20
150-250 pel 10
250 p.1 ond up 5

10

80
40

5

100
50
10

2
.2

o

(4)

75
40

8

8.0+
8.5+
9.0+

3,000.1,000
2,500-500
1,500·100

0.5 0.5 0.5
.2 .2 .2

5 1,0
.5 20
.05 5

200 50 50
100 )0 40
40 5 30

to
to
to

A, n
C

Poper ond pulp: l(j'
Groundwood SO
Krafl pulp 25
Sodo ond .ul fll' 15
Light poper,

IlL·Grade

.5 I. 0

.1 .2

.05 .1

.OS .1

-00

Brewtng:
LIght
Dark

CanniP8:
Ll!g,\Wes
G~ner.l

Carbona t.t~ bev ..
erages9'

Confoctlonary
Cooling§l
Food, generlll

lee (row water).
Laundering
Pl.et.icl, clear I

und crco lorcd

10
10

10
10

50
10

1-5

10

20
IS
10

10

'.ow
Low

Low 25 -75
Low

o 250
Low

50
Low

so

180
100
100

50

75
ISO

so

30·50

6.5-7.0
7. Q-.

(7)

500
l,OOO

850
100

300

200

300
200

200

100-200 .1
200-500 .1

.2

.2

.2

.2

.5

.2

.2

.2

.02

l.0
.2
.1

.1

.1

.1

.2

.2

.2

.2

.5

.2

.2

.2

.02

.1

.1

.2

.2

.l

.2
.5
.2

.2

.2

.02

10

.2

100·200
200·500

C, 0
C, D

C
C

A, B
C

C

A

Rayon (v loco•• )
pulp:

Production
Kanufll~.Lure

Tanntnalll

5
.3

20 10·100

8 50
S5 --

50-135 135
7.8·8.3
8.0

100 .05 .03
.0 .0
.2 .2

.05 <8.0 <2S <S

.0

.2

Textile.:
Cener.l
])yolP811/
Wool scouringl}'
Co t ton bandagel~

20
5·20

10
5 Low

20
20
20
20

.25

.25
1.0
.2

.25

.25
1.0
.2

.25
1.0
.2

11 American Water Works Association, 1950.
it A - No cor-rol iveness; B-No sllm~ [onnnt ion; C-ConforrDsnc" La Federal drinking water standards n4!'ce.ear)'; 0 - NaCl, 275 mg/i.
~ W.ten with algae and hydrogen sulfide odors are: mosl unauitable lor air condltionlns.
'JI Some hsrdoels de. trable.
H' Waler for d18lilling must meet the same general requll"ementa a. for brewing (g1n and spitits mashing ~41ter of ligbl.b(!t!r quality; whllkey mashIng W'aler of dark.beer quality).
fV Claar} odorle.l, stertle waler ror .yrup and c.rbonla.tion. Waler oon.l..slcnt tn ClhlilTlicter. Most high quality liltered municipal waler not &8lhC.ctory {or bever'Bc",
11 Hard candy requires pU of 7.0 or 8re.t@r, II low value ravor. tovar.lon of aucroae, tluling slicky product.
Gt Control of corrosivena.a is nece••• r'y as II Qlloc:ontrol of orgDnhm., 8ue:h •••ulfur Qnd iron bacteria, which t.end to fOnG .limo•.
~ Ca(IICOJ)2 partlcularly troubleoome. Mg(llC03)2 tendo to gre.nl.h color. C~ e.. llt. to prevont crocking. Sulfate••od chlorld.. of Co, Ms. No should each bo t... than lOO mg/!

(whl te buue).
lW l,Jntrormlly of compo,iLion nnd l~p0r'tllUre de.lrablo. Iron obJaCl.1.oMbh bll cellulo.a lId.orbl iron from diluLe solut.ion•. tung_nelll vury objectton,Qbh, cloij,' plp.llnl. and 1.

oxid1&t'd La ponn.nglJNll". by chlorino, c_u.fng reddhh color.
UI RICcaul.iva iron, nu.. n~lIn••• or lurbldH)' ereau. IPOLI emu dllcoilnaL1on in tlnnlo8 at: hldQ& nnd leat.her Rood •.
UI Conllont cOlllpo.ltloo~ rOoldu.l .Iurnlna 0.5 .../1.
lJI Cttlclum, mOlncltvmJ iron, mal\RDne•• , '\I'PClnd~d Ift.QLtClt, ,04 .olubl. orp."nfc mlUor mllY b. obJeCol.loneblo.



Relation of Water Quality to
Trap Efficiency of Pools

Low sodium concentration in proportion to
calcium concentration aids flocculation of clay particles.
Flocculation results in the formation of larger particles
which fall to the bottom of the pool. Thus, a pool is a
more effective sediment trap if the water is low in
sodium. Calcium-sodium ratio is approximatley 7:2 for
the study area; therefore, a high sediment·trap efficiency
should be effective in the pools.

Sedimentation

Sedimentation rate is one of the factors in the
design of floodwater.retarding structures that must be
estimated using existing design criteria. These design
criteria, in turn, are assembled from field data of
geologically, topographically, and hydrologically similar
watersheds. The sediment survey of June 1, 1963 (Soil
Conservation Service, written commun.l, was made to
compare the actual sedimentation rate at site 4 with the
estimated sedimentation rate.

The original survey at site 4 on July 24, 1956,
showed 324.4 acre-feet of sediment-storage capacity
available. The 1963 survey showed that 98.4 acre-feet of
sediment had been deposited during the 6.85 years. This
is equivalent to an annual sedimentation rate of 2.76
acre·feet per square mile per year from the drainage area
of 5.25 square miles. At this rate, in about 16 years from
1963 there would be a sufficient amount of sediment
deposited in the pool to equal the sediment·pool
capacity. If the 324.4 acre·feet of sediment·storage space
is to be entirely filled at the end of 50 years (the design
life of the sediment·storage capacity) it must gain only
an average of 1.24 acre-feet per square mile per year.
Sediment·pool capacity is that capacity below the top of
the drop-inlet structure.

WATER BUDGET FOR POOLS

In a water·budget analysis, gains are equated to
losses and to changes in storage within the study area.
Two budgets are made: one accounting for the inflow,
outflow, consumption, and changes in storage at each of
the nine pools; and the other accounting for the rainfall
and runoff from each of the areas above the 10 stations
(inclUding the stream'"93ging station).

Water gains consist of all rainfall on the area, and a
complete water budget accounts for its subsequent
disposition. The Cow Bayou study area is inadequately
controlled and insufficiently instrumented to measure
f!\Iery factor aHecting runoff into the streams, but most
factors affecting surface-water consumption at the pools
can be isolated and evaluated.

. 19 -

The water·budget equation for determining the
runoff into the pools is discussed in this section. To
evaluate the water budget of an area. each factor that
influences the budget must be isolated and the
magnitude of that factor determined. The basic equation
;,

Qj - 0 0 + C ± /), s.

where Oi is total inflow, including rainfall on the pool
surface (gain),

00 is outflow through outlet works (loss),

C is consumption (loss), and

6 S is the indicated change in pool contents (gain
or loss).

Oi is solved for by measurement or estimate of the
right·hand terms in the equation.

The summary of the factors of the water budget
(except rainfall) for the nine pools for water years
1959·64 is contained in Table 8. The monthly and the
annual water·budget summaries for each pool are con·
tained in Tables 17 and 18, respectively.

The following sections are devoted to the measure­
ments, computations, and analyses of the factors of the
water budget for the pools. Because total inflow (Oi) is
computed from the other factors, those factors will be
discussed first.

Outflow From Structures

Stage-discharge rating CUNes were derived for the
uncontrolled drop·inlet type principal spillways at all
sites. (See Figure 1.) These ratings were drawn on the
basis of current·meter measurements of the outflow
made at various heads on the outlet structure. The
hydraulic characteristK:s of this type of outlet afford a
relatively reliable rating as long as it remains free of drift
and debris. Only minor trouble was experienced from
drift and debris during the period of study.

Flow over the emergency spillway occurred at sites
1, 3, 4, 6, and Bon May 11·12, 1957. There was no flow
over site 5 spillway. The spillway at site 4 washed out
during this period and there was some spillway damage
at site 1. This damage occurred because there had not
been sufficient time to establish a protective grass cover.
Discharge at site 4 for this period was computed using
the stage hydrograph, rainfall records. change-in­
contents of pool, a theoretical rating of the emergency
spillway, and an indirect measurement of maximum
discharge. The other sites had not been instrumented for
the May 1957 storms, and spillway discharge was not
computed at them. Flow has not occurred over the
emergency spillways since additional sites were built.



Teble 8.-Water·Budget Summ8l)' for Gaged POGIs. Cow Bayou Wetershed, Water Yean 1959-64

WATER CONSUMPTION OUTFLOW CHANGE IN TOTAL NATURALY RUNOFF AT
YEAR IACflJ IAe-FTI POOL CON- INFLOW RUNOFF STREAM GAGE

TENT (AC.f"T) (Ae-m IAC-FT) llNCHESI (INCHES)

'.5O 1.362_9 2 •.el.2 +361.0 ",185.1 3,11e.1 2.49 2.23

'NO 1.683.4 13,201.0 - 405.0 14,4'9.4 13.8211.5 ..,. 11.11

,.., 1,879.11 21,3&5.2 + 390.3 23.825." 22.103.6 18.111 .....
,.., '...... 2.3'73.1 - 386.2 3.810." 3,400.1 2.21 '0',... ....• 81.4 • 484_3 571.15 305.' O~. .'0,... 1,189.8 1,553.15 ... 305.6 3.048.11 2,6458.0 1.18 1.01

, ...b 8,1133.3 .1,012.0 - 218.8 .9,128.1 <16.113.3 31.24 30.02

Y AdJunecl few the .«.ct. of f.lnf ..1dl,.ctly On the~..

Outflow for site 4 was computed by obtaining
daily QlI9lI heights from the recorder chart and applying
them to the stage-discharge ratings. At sites where only
weekly visits were made, daily gage heig,ts were
estimated hom I gnph drawn using the weekly gage
readings, peak marb, and reference to weather records
.-Kt the recorded graph at site 4. Estimated daily gage
heig,ts were then applied to the respective stage­
discharge rating to obtain outflow for each site.

Outflow obtained hom the stage-disch_ge ratings
for site 4 shoukf be wen within an accuracy range of 5 to
10 percent, while those for the other e9't sites should
be no more than 15 p«cent in error. These ratings apply
only to the uncontroUed drop outlets which discharge
floodwater and do not "Jude flow throug, controlled
drains. Flow throu!tl the controlled drains caused by the
opening of the valve was computed hom information in
the engineer's fieM notes and hom the additional loss in
storage. Table 17 shows outflow from each structure by
months; Table 18 shows outflow by years.

Some effects of the retarding structures on water
yield and flood volume at points 8 short distance betow
the retarding structures can be determined by studying
data contained in Tables 15, 16, 11, and 18. These tables
show fainfall-runoff relations, outflow from the pools,
or flow by the stream-gaging station. In a watershed
without floodwatef·retarding structures, there is a
certain amount of natural flow that does not reach
distant downstream supply points because of overbank
flooding and channel slorllge, evaporation, and transpi,..
tion. While the structures may prevent much of the loss
of water due to overbank flooding. the prolonged release
of floodwatef subjects it to more opportunity for
waporatton m tnnspimton losses.. How much these
two losses tend to balance each other is not known.
Hydrologic data obtained in this study do not permit .,
evaluation of whether the structures, by virtue of their
change in the flow pattern of floodwater past the
structures, afford more or less transmission losses down­
stream.

·20·

Change in Pool Content

The change in pool content was computed for
each site as a part of the water·budget equation. Pool
stages for site 4 were picked from the recorder charts.
For the other etght sites, pool stages were obtained from
the estimated gnph based on weekly pooI-stage readings.
and crest·st8ge gage readings as described in the preced­
ing seetton "Outflow From Structures." These stages

were then converted 10 contents in acre·feet thrOt4l use
of stage-c:ontents WHes prepared for Neh site.

Area-cap.acity data for each site were furnished by
the Soil Conservation Service (wrinen common., June
19581_ The tables represent the original poo4 contents,
and no adjustment was made for reduction in storage:
from sediment deposited during the p«iod covered by
this report. As most of the sediment was deposited
below the stage: used to compute most of the inlfow to
the pools, failure to revise the original capacity tables
will not introduce significant error in change-of-contenu
values. Table 17 shows the montly change in contents
for each site. Table 18 shows the annual change in
contents for each site.

Records were collected at each of the nine sites
within a period ranging hom 2 months to 44 months
after the dam had been completed (Table 51. The pools
contained 968 acre-feet at the beginning of the study
pertod. During the 6 water years 1959-64, there was a
net reduction in pool storage of 220 acre-feet, leaving a
total pool storage of 748 acre-feet cr" 181.

Consumption

Consumption was divided into two components,
evapor;nion If'ld other consumption. Total consumptton,
in feet, was determined by two methods: total pool
recession during period of no inflow and outflow, and
addition of evapontion and other consumption. Total



consumption in acre· feet was computed by multiplying
the monthly mean surface area by consumption in feet.

EvapOration, in feet. was determined by applying
coefficients to climatic-index evaporation computed by
the Texas Water Development Board using a method
patterned after Kohler, Nordenson, and Baker (1959).
These coefficients were determined by correlating mass·
transfer evapOration data at three sites with climatic·
index data (Gilbert, 1966, written commun.l. The
following coefficients were used:

MONTH COEFFICIENT MONTH COEffiCIENT

Jenua"'V 0.08 Julv 1.10

Februe"'V 1.07 AUI/Un '.08

March 1.13 September I. 14

April 0.04 O<:tober 0.08

M" 1.17 November U8

June '.04 December '.04

Other consumption was determined by two
methods: subtracting evaporation from total consump­
tion for the months of no inflow or outflow; and using
the mean monthly value found by the first method for
the months that had inflow or outflow.

Table 17 shows the monthly evaporation, other
consumption, and total consumption. Table 18 shows
the annual evaporation, other consumption, and total
consumption.

Inflow

Total Inflow

Total inflow into the pool (Oil was computed for
each site by substituting values in the water-budget
equation,

01 • 00 + c:tlS.

Total inflow (Oi). as computed to this point,
represents all water that enters the pool in any form
including rainfall on the pool surface.

Table 17 shows monthly total inflow for each site;
Table 18 shows annual total inflow for each site. Table 9
summarizes the water·budget factors for each site for the
period 1959-64.

Runoff From Area Above Pools

In order to show the amount of rainfall excess, or
runoff from land surface, inflow was adjusted for the
effect of rainfall on the pool. Adjustments for this effect
were made using the following relation:

where Oa is runoff from area above station,

OJ is total inflow, in acre-feet (includes rainfall on
pool), and

Rp is rainfall on the pool, in acre-feet.

Runoff from area above each station (Oa) was
computed for each site by substituting values in the
above equation.

Monthly and yearly values of rainfall on the pools
and flow from area above each station are shown in
Tables 17 and 18, respectively.

During the 6·year period, the average annual
runoff to the nine f100dwater·retarding structures was
7,790 acre-feet (5.21 inches) or 278 acre-feet per square
miles. The long-term average annual runoff for this
locality is about 4 inches. Monthly rul"lOH during the
6-year period of study ranged from 7.4 acre·feet (0.01
inch) in January 1959 to 6,170 acre·feet (4.13 inches) in
December 1960.

Rainfall

Annual rainfall for the period of record ranged
from 46.73 inches in 1961 (14.48 inches above the
32.25·inch long-term average at McGregor) to 19.18
inches in 1963 (13.07 inches below the long-term
average). Figure 6 shows that a 3-year moving average
for Cow Bayou compares fairly well with a 3·year
moving average for McGregor. There was a large varia·
tion in annual rainfall during the period of study, from a
wet period to a drought period. This range in annual
rainfall provided data for runoff conditions which will
probably be experienced in the years after the additional
floodwater-retarding structures are built.

Table 16 is a summary of the rainfall data for Cow
Bayou during the period 1954-64. Tables 17 and 18 list
by months and years the weighted·mean rainfall on the
drainage area of each station.

Area Runoff

Runoff from the area above each station was
converted from acre-feet to inches so that a comparison
of runoff could be made with rainfall. These data are
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Table g.-Summary of Water Budget for Pools for the Period 1959-64

EVAPo- OTHER CON- OUTFLOW TOTAL PERCENT RAINFALL PERCENT NATURAL
SITE RATION SUMPTION (ACRE- INFLOW ~COL. 2+3) ON POOL (COL. 7) RUNOFF

(ACRE- (ACRE- FEET) (ACRE- COL. 5 (ACRE- COL. 5 (ACRE·
FEET) FEET) FEET) FEET) FEET)

(1) (2) (3) (4) (5) (6) (7) (8) (9)

338 244 2,500 3,100 19 234 7.5 2,860

2 737 516 6,930 8,190 15 467 5.7 7,730

3 348 164 2,870 3.390 15 207 6.1 3,180

4 680 354 5,710 6,600 16 374 5.7 6,230

5 399 322 4,170 4,830 15 218 4.5 4,610

6 450 258 4,060 4,770 15 266 5.6 4,500

7 872 820 8,240 9,850 17 534 5.4 9,310

8 414 643 2,490 3,530 30 253 7.2 3,270

10 720 652 4,050 5,470 25 461 8.4 5.010

TOUlls 4,960 3,970 41,020 49,730 18 3,010 6.1 46,700
(Average) (Average)

60..-----,----...,----,----....,-----,r-----,-----r------,

50

3-Yeor movinq overoqe for Waco (1891-1910)
ond McGregor (1911-1964)

40

'"W
:I:
o
Z

,j
..J

it
z
<l:
0:

20

overage for
32.25 inches

3-Yeor moving overage
for Cow Bayou study area \ 1\ ~

~ VI
, I
I I,

I,
\
\
\

10

19701960195019101900 1920 1930 1940
PERIOD Of RECORD
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Figure 7.-Mns Diagram of Runoff From Drainage Area Above
All Sites and Above the Stream-Gaging Station, Cow Bayou at

Mooreville, October 1958 to September 1964

at the streamflow station is integrated runoff from each
part of the watershed. The sites are relatively equally
spaced throughout the watershed. When combined unit
runoff from the area upstream from all structures is
computed, the result is an integration of runoff over the
watershed.

An examination of Fi~re 7 and Tables 17 and 18
shows no apparent direct relationship between monthly
and annual rainfall and runoff. Runoff at the stream­
gaging station was 7.31 inches in 1959 calendar year
from 44.97 inches rainfall. Runoff for that year was 16
percent of rainfalL On the other hand. runoff for 1961
calendar year was 11.33 inches from 36.42 inches
rainfall. This runoff is 31 percent of rainfall.

Table 10 summarizes the rainfall, runoff, and
consumption for each drainage area studied for the
period 1959·64.

Note in Figure 7 that accumulated runoff for the
sites was only 1.15 inches more than accumulated runoff
at the stream-gaging station during the water year period
1959-64. A greater difference than this was expected
because the higher gradient upstream from the pools
should cause a higher unit runoff into the pools and
because the consumption of the pools would cause less
runoff to reach the downstream station.

Possibly the major reason the runoff at the
stream-gaging station and above all sites is about the
same in Fi~re 7 is the location of the structures. Runoff

included in Tables 17 and 18. Fi~re 7 shows the
monthly accumulation of runoff at Cow Bayou stream­
gaging station, as well as runoff from the areas above all
sites.

Antecedent rainfall appears to be a significant
factor for runoff. For instance, during the month of
August 1964 no runoff occurred at the stream-gaging
station from 3.97 inches rainfall. Rainfall for the
previous month was 0.14 inch. In contrast to this, 0.38
inch ran off in July 1961 from 3.09 inches rainfall. In
June 1961 rainfall totaled 7.98 inches.

Table 10.-Summary of Water Budget of Separate Areas for the Period 1959-64

DRAINAGE RAINFALL RUNOFF CONSUMPTION PERCENT
AREA (INCHES) (INCHES) (INCHES) (RUNOFF/RAINFALL)

194.2 35.5 Hi8.7 IS

, 193.7 32.9 1&0.8 ", 193.8 42.7 151.1 "
• 183.7 22.2 161.5 "
5 181.8 24.9 156.9 "
• 200.8 42.4 158.4 ", 192.6 31.9 160.7 "
• 183.5 36.3 147.2 "
" 193.8 33.1 160.7 "

Str...m~lng
station 192.8 33.2 159.6 "
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OTHER ANALYSES AND COMPARISONS

Rain-Gage Density

A study was made to evaluate the density of the
rain gages in operation during the period covered by this
report as compared to what would constitute a mini­
mum density required to determine total rainfall on the
watershed. Total rainfall is assumed to be that amount
measured by the nine existing rain gages. This study
involved two correlations, in each of which the
weighted-mean storm rainfall, as indicated by nine rain
gages. was plotted as the independent variable (abscissa)
and the storm rainfall. as indicated by only 1 or 2 gages,
was plotted as the dependent variable (ordinate). In one
correlation, gage 4S was used for the dependent variable.

and in the other correlation, the average of gages 1S and
75 was used. Only storms with a rainfall of 0.4 inch or
more were plotted. There were 193 and 200 storms
selected on this basis (Table 16). A typical correlation is
shown on Figure 8.

Thus. by using the nine rain gages as a standard,
reliable estimates of total rainfall for runoff-producing
storms can be obtained on this watershed from fewer
rain gages than are now in operation. However, fewer
rain gages would not have supplied the information
needed to determine precipitation on the surfaces of
individual ponds.

A comparison of the resulU of rain-gage density
studies in five small watershed study areas is given in
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Table 11. An inspection of this table shows that
two-thirds of all storms on Cow Bayou drainage area as
averaged for two rain gages (1 S, 7S) should plot within 8
percent of the regression curve as determined from the
nine rain gages. The results show that Cow Bayou has a
better correlation than any of the other four small
watersheds even though Cow Bayou contains the largest
drainage area. This indicates more general storms occur
in the Cow Bayou drainage area than occur in the other
areas.

Note on Figure 8 that each storm was designated
by one of four symbols, depending upon the quarter
year in which the storm occurred. The following table
summarizes the distribution, by quarters, of the 200
SlOrms in the period 1956-64:

Figure 9 is a plot of annual flood data and the
resulting flood-frequency curve. Figure 10 is a plot of
the partial-duration series and the resulting f100d­
frequency curve.

A study by Benson (1952) showed that 12 years
of record are required to define the mean annual flood
within 25 percent if this accuracy is required 95 percent
of the time. Benson concluded that shon periods of
record (up to about 25 years) cannot reliably define
short·term flood magnitudes. Therefore, the accuracy of
the curves on Figures 9 and 10 is questionable. However,
they do indicate a definite trend, and they may be used
to indicate a change in the rainfall-runoff relation by
comparing them with flood-frequency curves subsequent
to 1964.

QUARTER NUMBER OF PERCENT
STORMS

Detobe,·Oecembel" .,
"

.larwary_Mareh " "
April-Jun<l "

,.
July-s.p1emla, " 20

Total '00 '00

A comparison was made of a 5-year partial­
duration series for Cow Bayou at Mooreville with the
same 5-year partial·duration series for Hog Creek near
Crawford. This comparison was made because Hog Creek
drainage area is almoSt equal in size (7B.2 square miles
for Hog Creek to 79.6 square miles for Cow Bayou), and
the Hog Creek station is about 24 miles northwest of the
Cow Bayou station. Both drainage areas are in the
Brazos River basin. The S-year period, 1960-64, was
used because it was the only concurrent period available.

In the correlations (Figure 8). plots for the
July-September period had the most scatter due to more
widely dispersed thunderstorms. The April-June period
ranked second in the amount of scatter.

Figure 11 shows that the Cow Bayou recurrence­
int~rval curve plots to the right of the Hog Creek curve.
This could be caused by the combination of several
factors. Different rainfall pattern or intensity could
cause different peak flows; however, the drainage areas
are so near to each other that this effect is probably low.

Flood Frequency

~
,.....,..

0

01.1 , • • ~

MWfl'IE>I(:E IlIrEllVAl., III YEAItS

Figure9.-Flood·Frequency Curve for Cow Bayou a1 Mooreville,
Based on Annual Floods for Period 1958-64
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Table 12 shows a list of all floods above 1,400 cis
(cubic feet per second) which occurred at the stream·
gaging station.

where T is rectJrrence interval, in years,

m is rank of flood, the highest being 1.

T _ n+1
m'

The U.S. Geological Survey method is outlined by
Dalrymple (1960). The formula used is

Available for flood· frequency study are 7 years
(1958-64) of continuous streamflow records which were
collected aher the nine f1ood-detention structures used
in this study had been built. Floods of historical
significance occurred in 1944 and 1957, but as some of
the nine floodwater.retarding structures were built after
the 1957 flood, these floods were not used for this
flood-frequency study.

n is number of years of record, and
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T.ble 12.-Flood O.ta for Cow Bayou at Mooreville

ANNUAL FLOODS PARTIAL DURATION SERIES
WATER OATE GAGE OISCHARGE RANK RECURRENCE RANK RECURRENCE
YEAR HEIGHT (CFS) 1M' INTERVAL 1M' INTERVAL

(FEET) (YEARS) IYEARS)

".. M" " !I >I

11155 Apr. • 5.100 l>'

".. 3.280 l>'

HI57 N.' " >I

,... 0«. " 22.55 0.""' 3 2.67 3 ,..,
111551 .>oM " 22.85 6.700 , '.00 , '.00

.>oM " 18.58 2,730 " .03

"00 0 ... • 23.86 '.'"" '.00 '.00
N~. • 16.24 '.600 " ."
000. " 21.33 4,BOO , '.60

000. " 17.&4 2.1 !lQ '0 .60

A~. " 15.110 1,470 " .36

.>oM ,. lB,M 3.000 " .0'

My 20 16,16 '.600 20 ."",.., 0«. " 151.01 '.000 .. ."
0«. ,. 151.21 3,140 " .80

000. • 21.80 5,300 • '.00 • '.00
,~. , 151.37 3,280 • '.00
,~. " 151,18 3.140 " ."
Fob. • 20'" '."'" 0 '.33
.>oM • lU18 3,070 " .07

.>oM " 18.54 1.8!lQ " ....
,.., .>oM ,. 151,83 3.600 0 '.60 7 1.1.

'OM 30 16.75 1,770 " ."
,... .~< '0 7.• '" 7 1.14

,... 'OM '0 19.30 3.210 0 1.33 • .89

1/ Ohctuo,. not d,u.mlned.
II' NOt Inc:tu.,.., In eompuut:lon of rK\l~Im-val becaJ.. "" $U'UCW'" h..:l not been built.
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The differences in geology and topography of the two
areas probably cause peak runoff to be somewhat higher
at Hog Creek. The drainage patterns are such that a
storm is likely to produce a double peak discharge at the
Cow Bayou gage and only one peak at the Hog Creek
gage. There is no fault zone in the Hog Creek area
comparable to the Balcones Fault Zone in the Cow
Bayou area. Hog Creek falls approximately 650 feet
from the headwater to the stream·gaging station (17.6
feet per mile). whereas Cow Bayou falls 399 feet (19.8
feet per mile).

Another possible reason why the flood-frequency
curve of Cow Bayou plots to the right of the Hog Creek
curve is the existence of nine floodwater·retarding
structures in the Cow Bayou drainage area. These
structures partly control 28 square miles of the drainage
area. The effect of floodwater-retarding structures can
be indicated by comparing the relative position of the
curves on Figure 11 with curves drawn using data
subsequent to 1965 and after the 17 additional struc­
tures have been built in the Cow Bayou drainage area.

Unit Hydrograph

The unit hydrograph is a hydrograph of direct
runoff resulting from 1 inch of precipitation excess
occurring during a unit time. Since the presentation of
the unit-hydrograph concept by L. K. Sherman (1932),
it has gained wide acceptance in hydrologic circles as a
valuable tool in evaluating a few of the hydrologic
characteristics of a watershed. The principles involved in
the unit hydrograph are stated in U.S. Geological Survey
Water-Supply Paper 772 (Hoyt and others, 1936).

A unit·hydrograph study was made of storms
occurring during the period 1959·64 in the Cow Bayou
drainage area. The nine floodwater·retarding structures
upstream from the stream·gaging station probably

affected the shape of the hydrograph somewhat.
However, unit hydrographs for this period can be
compared with unit hydrographs after the additional 17
structures have been built.

Only those storms with runoff of 0.25 inch or
more were investigated for the unit hydrograph of this
drainage area. Of these, some were not used because of
inability to correlate rainfall and runoff for complex
storms. Seven storms were selected which met the
criteria of reasonably uniform hydrographs and rainfall.
Each ordinate of the observed net hydrograph was
adjusted to unit·hydrograph data and plotted. Figure 12
shows the unit hydrograph for each storm and Table 13
lists several parameters for each of the storms.

Srater (1940), in a study on very small watersheds
ranging from 4.24 to 1,876.7 acres, concluded that any
storm with sufficient intensity to produce surface runoff
would produce a consistent unit hydrograph provided
that the duration of rainfall was equal to or less than the
time of rise. Subsequent discussions of Brater's paper by
Franklin F. Snyder and L. K. Sherman indicated their
disagreement with Brater's conclusion. They believed
that time of rise of the unit hydrograph was not
independent of duration of rainfall, even though the
duration did not exceed the time of rise.

"Unit·hydrograph duration" was chosen as 2
hours. Table 13 shows that the duration of storms 1,3,
4,6, and 7 ranged from 62 percent to 125 percent of 2
hours. This is within the 200 percent limit set by
Mitchell (1948). Effective duration is defined as that
portion of a runoff·producing rainfall which has an
intensity of 0.10 inch per hour or greater. Note that for
storms mentioned above, the time of rise varies from 4
to 5 hours. Time or rise is defined as the time interval on
the rising limb between the minimum and maximum
discharge. On the other hand, storms 2 and 5 had an
effective duration of 5.25 hours and 8.00 hours,

Table 13.-Parameters for Seven Storms Selected for Unit-Hydrograph Study

DURATION OF WEIGHTED·MEAN DIRECT PEAK OF UNIT TIME OF
STORM DATE OF STORM EFFECTIVE RAINFALL RUNOFF HYDROGRAPH RISE

NO. RAINFALL (INCHES) (INCHES) (CFS) (HOURS)
(HOURS)

June 23, 1959 2.50 3.81 0.81 8,240 4

2 Oct. 4,1959 5.25 6.57 1.32 5.980 7

3 De.:. 15.1959 2.50 2.53 .43 11.100 5

4 Jan. 8.1961 2.50 .43 .26 8,450 4

5 Feb. 5,1961 8.00 2.30 .53 8.050 9

6 June 8,1961 1.25 2.58 .28 10,800 5

7 June 28, 1962 2.25 2.89 .33 10,500 5
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Table 14.-Average '·Hour Unit Hydrograph,
Cow Bayou Drain.ge Area

TI E FROM TIME FROM
BEGI I GOF DISCHARGE BEGINNING OF DISCHARGE

RUNOFF (CFSI RUNOFF (CFSI
(HOURS) (HOURS)

1.100 e 3.100

2 3.900 9 2.000

3 7.400 10 1.200

4 9.400 11 600

5 10.400 12 140

6 8.200 13 60

7 4.900 14 0

respectively, and a correspondingly larger time of rise of
7 and 9 hours, respectively. These storms tend to bear
out Snyder's and Sherman's reasoning that the unit
hydrograph is not independent of duration of rainfaJI.

An average 2-hour unit hydrograph was drawn
using unit hydrographs for storms 1,3, 4, 6, and 7. This
unit hydrograph was then reduced to a l-hour unit
hydrograph (Mitchell, 1948). Table 14 shows the hourly
points of the l-hour unit hydrograph.

Multiple Correlation

The amount of surface or storm runoff resulting
from a given rainfall is dependent upon numerous
factors which include: intensity, duration, areal distri·
bution, and total amount of rainfall; antecedent soil·
moisture conditions; surface and subsurface geology;
topography; vegetal cover; land·management practices;
and seasonal effects. For a particular watershed, topo·
graphy and surface and subsurface geology remain
essentially constant. Variations in land·management
practices during the period of record did not produce
detectable variations in the runoff characteristics of the
study area. Vegetal cover varies and cannot be evaluated
for each storm with available data; however, part of the
variation will be compensated for by adjusting for the
seasonal effects. This leaves intensity, duration, and areal
distribution of rainfall; total storm rainfall; antecedent
soil moisture conditions; and seasonal effects as variables
that could be analyzed in arriving at a general rainfall­
runoff relationship. An attempt was made to construct a
coaxial rainfall·runoff relation for site 4 and the stream­
gaging station.

Duration and total storm rainfall were used as
variables, therby indirectly making rainfall intensity also
a variable. All storms with rainfall above 0.4 inch, which
were reasonably uniform over the study area, were

selected for study. Weighted-mean rainfall, duration of
rainfall, runoff, and antecedent precipitation index
(API) were computed for each of these storms. Table 15
is a Iist of the storms and the individual factors. In
addition, maximum storm rainfall for 15-minute,
30·minute, and 60-minute periods for site 4 is shown for
future studies.

Th8'e were not sufficient data available to con·
struct a reliable coaxial rainfall·runoff relation for either
site 4 or the stream-gaging station. Further analyses may
be possible, using techniques which are better worked
with a computer.

SUMMARY AND CONCLUSIONS

1. Three geological formations crop out in the
study area. These formations are relatively impervious
and yield little or no water to wells. Soils over the area
are fairly thin. The tight formations prevent most of the
soil moisture from percolating to the water table.

2. Runoff from 28 percent of the Cow Bayou
area drains into 301 farm ponds which have a combined
capacity of 1,622 acre·feet. These ponds were, for the
most part, in the area before the period of record;
therefore, they should not be used as a variable when
evaluating the data collected.

3. Water in the pools, when compared to the
current quality standards, was found to be as follows:

Domestic and municipal uses-The water con­
tained more than the recommended maximum limit of
500 mg/l for dissolved solids in the upper part of the
area (sites 1, 3, 4, and 10), more than the maximum
limit of 250 mg/l for sulfate in upper South Cow Bayou
(sites 1, 3, and 4), and less than the maximum limit of
250 mg/I for chloride (all sites).

Irrigation-The water had a high salinity hazard in
the upper portion of the area (sites 1, 3, 4, and 10), a
medium salinity hazard for all other sites, and a low
sodium hazard for all sites.

Industrial use-The water was of suitable quality
for many types of industry and processes.

Trap efficiency of pools-The pools should have a
fairly high sediment-trap efficiency because the calcium­
sodium ratio is approximately 7:2.

4. An annual sedimentation rate of 2.76
acre-feet per square mile per year has occurred at site 4.

5. The data show that since 1958 when all nine
structures were completed, the floodwater-retarding
structures contained all fJoodflows into the pools,
thereby causing outflow to pass through the principal

- 31 -



spillways designed for this purpose. In May 1957, flow
over the emergency spillway occurred at sites 1, 3, 4, 6,
and 8. The soillway at site 4 washed out during this
flood because there had not been sufficient time to
establish a protective grass cover. No other flow over the
emergency spillway has occurred.

6. For the period 1959-64, 49,730 acre-feet of
water entered the pools. Of this amount, 3,010 acre-feet
was rainfall on the pool surfaces. Outflow was 41,000
acre-feet; 4,960 acre-feet evaporated; and 3,970 acre-feet
was taken up by seepage and other losses.

7. The water budget factors for each drainage
area include rainfall, runoff, and consumption. Runoff
for the period 1959-64 varied from 12 percent of the
rainfall on site 4 drainage area to 22 percent of the
rainfall on site 3 drainage area. Seventeen percent of the
rainfall on the entire watershed flowed past the stream­
flow-gaging station.

8. The runoff that would have flowed past the
floodwater-retarding structures, had they not been built,
was determined by adjusting for the effect of rainfall
directly on the pools. Discharge at the stream-gaging
stations cannot be completely adjusted for the effect of
the floodwater-retarding structures because the final
disposition of the channel losses between the sites and
the stream-gaging station cannot be determined with the
present instrumentation.

9. Total rainfall for the Cow Bayou drainage area
computed from as few as two gages was approximately
the same as total rainfall computed from nine rain gages.

10. An average 1-hour unit hydrograph was devel­
oped from five storms. Time of runoff was 14 hours, and
time from beginning of rise to peak was 5 hours. Unit
peak discharge was 10,400 cfs.

11. There was not sufficient data to develop a
coaxial relationship.

EVALUATIONS AND RECOMMENDATIONS
CONCERNING THE SMALL·WATERSHED

STUDIES IN TEXAS

This section appraises the adequacy of the
methodology and instrumentation now in use, and
suggests other methods and additional instrumentation
where these seem to be needed, for attaining the eight
objectives of the investigations in Texas as given in the
Introduction of this report.

Basic hydrologic data are being obtained that can
be used to evaluate some surface-water and quality of
water relationships. No ground-water data are being
obtained. Cow Bayou is in an area that experiences base
flow for a long period after a wet season. It is

recommended for future studies in this type of area that
ground-water observation wells be located upstream and
downstream from one site so that any change in the
ground·water table can be observed. In addition, inflow
gages should be located at all inflow points and a tight
control be exercised on any outflow. These data can be
used to help identify some of the smaller items in the
water budget such as seepage and transpiration.

Sufficient hydrologic data are being obtained at
the stream-gaging stations to show discharge from the
study area. However, more data are needed to ascertain
channel losses.

1. Data obtained thus far on Cow Bayou water­
shed limit the extent to which the net effect of the
floodwater-retarding structures on volume and rate of
streamflow at downstream points can be determined.
However, because more structures are to be built, the
existing data-eollection program may be sufficient to
show the effect. For future studies at other watersheds it
is recommended that the watershed be instrumented
before floodwater-retarding structures are built so that
"before" and "after" data are available for evaluation.

It is further recommended that a control-study
area (a contiguous area if possible) be equipped for a
better determination of the effects of
floodwater-retarding structures. This control study area
should be located near the watershed and contain as few
man-made structures as possible. Runoff from both areas
could be compared to see if the effects of the structures
could be determined.

2. The geology of the area is such that there is
little possibility of percolation of water to the water
table. Even though the Austin Chalk yields no water to
wells, it does contain fractures that carry water. See
introductory remarks above for recommendations for
ground-water observation wells.

3. Sufficient data are being collected to show the
sediment yield of the area and to determine sediment­
trap efficiency of the structures.

4. Sufficient data are being collected to provide
methods for making reliable estimates of runoff resulting
from rainfall on a small watershed.

5. When one study area is being analyzed for
rainfall-runoff relationships, there are certain factors
that remain relatively unchanged. Topography, geology,
slope, shape, size, and ground cover (seasonally at least)
are some of the factors. Assuming these factors to be
constants, a study of the effect of other factors affecting
the rainfall-runoff relationship could be initiated. Ante­
cedent rainfall, intensity, overall length of the storm,
and time of year are some of the factors to be
considered. A combination of these factors could be
programmed for a computer. By establishing coefficients
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for these factors, different study areas could then be
used for the size. shape, etc., factors.

6. Adequate data are not available from this
investigation to check the applicability of flood-routing
procedures and techniques for small streams.

7. Studies indicate that practically the same
amount of total rainfall over the area could have been
computed with fewer rain gages. It is recommended that

for future study areas, where only total rainfall over the
area is needed, fewer rain gages be installed. It is further
recommended that if fewer rain gages are installed, they
be standard U.S. Weather Bureau recording rain gages.
The timing of a storm is as important as the quantity
insofar as unit hydrographs and other rainfall·runoff
relations are concerned.

8. Sufficient data are being collected to determine
the Quality of water as 10 its suitability of use and its
flocculating characteristics.
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GLOSSARY OF TERMS

Acre-feet (ac-ftl. -A term used in measuring the
volume of water, equal to the quantity of water required
to cover 1 acre 1 foot in depth, or 43,560 cubic feet.

Base runoff.-Sustained or fair weather runoff.

Consumption.-That part of the total identified
water that does not appear as outflow or runoff. For the
pools it includes evaporation, transpiration, seepage, and
other depletions; for each subarea it is rainfall minus
direct runoff.

Contents. -The volume of water in a pool. Volume
is computed on the basis of a level pool and does not
include bank storage.

Cubic feet per second (efs). -A rate of discharge of
a stream whose channel is 1 square foot in cross­
sectional area and whose average veolcity is 1 foot per
second.

efs-day. - The volume of water represented by a
flow of 1 cubic foot per second for 24 hours. It equals
86,400 cubic feet, 1.983471 acre-feet, or 646,317
gallons.

Drainage area.-Area drained by a stream at a
specific location, measured in a horizontal plane, which
is so enclosed by a topographic divide that direct surface
runoff from rainfall normally would drain by gravity
into the stream above the specified point.

Runoff. -Where expressed in acre-feet, this is the
total volume of water from an area discharged through
surface streams during the designated period. Where
expressed in inches, it is the depth to which the drainage
area would be covered if all the runoff for a given time
period were uniformly distributed on it.

Sediment.-Fragmental material that ortglnates
mostly from rocks and is transported by, suspended in,
or deposited from water or air, or is accumulated in beds
by other natural agencies.

Water budget. -An accounting of water gains and
losses in a subarea.

Water year. -The 12-month period, October 1
through September 30. The water year is designated by
the calendar year in which it ends. Thus, the year ending
September 30, 1961, is called the "1961 water year."
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June , .)7 .)8 ... .26 .22 .1) .16 .12 .16, .)8 ." .26 ." ." .1> .17 .1) .17
6 .10 T .)0 .20 .22 .20 ... .66 ."6 ·9' .73 .71 .6) -9l .7' .60 1.06 .82
9-10 .06 .12 .1> .en .0' ,10 .10 .LZ .12

" .53 .61 .56 .)0 .6) .26 ."" .56 .6,

" .01 0 0 ." .02 0 .17 .01 T
18 ." ... .39 .27 .)0 ." .'0 .1> .LZ
20 .17 .16 ." .11 .il .06 .16 ." .0'<
22 0 0 .en 0 0 .LZ 0 0 T

Month!.y Tote1, ).02 3.01 2." 2.02 2.71 1.02 2.eo 2.6' 2.60

Jul> , .20 0 .5O .0) 0 0 0 0 0
I> ... .02 .", .il .2' T T .0) ."•• .12 .02 T T T .61 .20 .01 0
17 .73 .66 .39 .OJ .61 ... .J8 .1> .0',. .6) .22 .0) .., .51 01.00 .J) 0 0

" ·09 ... .11 .08 ." .06 .19 .62 .2)
20 0 0 0 0 0 0 .02 0 .0)

MQrlt.hJy ToLala 2.19 1.J8 1." 0.", 1. 4) 3.33 1.12 0.80 0,46

II Cctol,tr 19'}/< r,lnfdl tot._\ utUlated by averaging ra.1.ntllll "t. Hewltt lBE. ""COnsor, and Troy.



T,bl, 16. __S_ry of R,l!nbll, In In<:hu, tor Cow hyou Study Aru, O<:tobor 195/0 lO Sltplember 1964 __Contlnuitd

•

Dtt.e of Stonn " , ,.,
1.5 2.' J-R 4.' ',_5 b_S '1-5 ·S )_8 10-R

195'.i 0.58 0.'" 0.67Aug. J Lll 0.)2 1.30 0.44 0.47 I.U
4 .0' .02 .OJ .06 .OJ .02 .02 .0' .0'

10 .rr .56 .@. .92 .\6 .55 .58 .85 .59
il 1.33 ." l.09 1.58 ." ." .99 1. 4; 1.00
12 T .26 1.18 T T .50 .89 .27 T
,8 1.26 .64 L15 2.39 2.68 2.03 2.21 1.81 1.70

" .24 .26 .22 .21 .31 .16 .18 .34 .32
20 .4, ." .4, .4 .6, .33 .35 .68 .63
28 .09 .02 ·09 .06 .38 .oJ .02 .03 .01

30 .06 T 0 T T T 0 0 0
31 .05 T T .15 .20 .<rr .01 0 0

Monthly Tot.ol. 5.45 3.77 4.1<3 7.15 6.44 ,.08 5.72 6.59 '+.95

Sept. lQ..U .68 ." -92 .64 ." .W .57 .71 .58
il .18 .12 .16 .28 .26 .31 .18 .10 T
12 .14 .10 .13 ." .22 .26 .15 .08 T

23 ." .71 .W .rr .,, .11 .88 .62 .6~

" .CR .m .06 .08 ·09 .m .CR .06 .m
26 T T .04 .10 .12 .70 .70 ." .08

Monthly Total. 2.04 I." 1.91 2.10 2.55 2.65 2.57 1.86 1.38

1955 WATER
YEAR TOTALS 33.7J 33.09 )2.46 36." 35.35 34.59 3

'
+.1;5 32.93 31."

0'''. 1 T T 0 .12 0 ." .04 0 .02
6 .15 .26 .<rr .33 ••7 .25 .38 .37 .25

Monthly Tota.l$ 0.1; 0.26 0.0'( 0.4; 0.67 0.40 0.42 0.37 o:n

~ov. 8 .17 .22 .24 .18 .ll .14 .25 .24 ."16 .02 T T .02 .01 .02 .01 T .01
23 0 .m .08 0 0 .08 0 0 0
30 .80 .81 .82 .81 ." .82 .89 ." 1.01

MOlltllly Totals 0-99 1.10 1.14 1.01 0.91 1.06 1.15 1.19 1.25

"', . 1 .4, .50 .50 .4, .4, .50 .55 .58 .61
22 T T 0 T T 7 T 0 T

Mont.hly Tot.'l. 0.49 0.50 0.50 0.49 0.49 0.50 0.55 0.58 0.61

1955 CALENDAR
I'IWl TOTALS 30.'.12 29·73 29.32 ]2.70 32.33 31.)1. 31.93 30.42 29.16

,,56
Jw. n_le 1.67 1.'18 1.67 1.88 1.86 1.55 1.41 1.26 1.24

21 .05 .03 .04 .05 .04 .04 .0' .m .~I

21 1.J7 .7. .,., LOll .,. 1.00 1.16 1.;1 1.;;0
22 .04 .03 .03 .03 .03 .03 •04 .05 .0'
29 .20 .68 .37 .30 ·3!+ .20 .30 .31 ."

Monthly TotlllB 3.13 3.48 3.01 3.30 3.25 2.82 2." 3.22 J.CR

06t.e of Slol'lll • rjwnb r,., 2-8 J.R ·5 '·5 b_B 7-S -s J-6 10-'

J.~r,6

feb. 1 0.21 0.25 0.28 0.311 0.26 0.27 0.40 0.35 0."
2 .2' .33 .38 .4, ." .37 .,4 .1'7 .49
8 .90 ." .95 ." .." 1.00 1.18 l.O' L06

10 .02 .01 T .02 .02 .02 .02 .01 T
16 .01 T T .01 T .01 .01 7 .01

" .06 T T .01 .03 T T T T
23 .01 .02 0 .01 .01 .01 .02 T .01
25 .35 .20 .25 ." .12 ." .31 .28 .17

Monthly Totllls 1.85 1.73 1.86 2.06 1.rr 1.97 2.118 2.20 2.10

Mar. 7 T T T T T T .01 .02 .04
12 .06 .06 .06 ·CR .04 .06 .06 .10 .03
13 .02 .02 .02 .03 .01 .02 .02 .03 .01
21 .06 .05 .0' .0' .oJ .06 .06 .04 .06

Monthl,y Tota.l& 0.14 0.13 0.1] 0.11 0.08 0.14 0.15 0.19 0.14

Apr. 2 T 0 0 T T 0 0 7 7, .46 .,. .27 .33 .32 .42 .47 .4' .J4, T .01 .01 .03 .01 .m .08 .1' .0'

" .01 T T T .03 .01 .01 .01 .03
19 .01 .0' ." .01 .01 .01 .03 .02 .Ol!
21 .20 ." .17 .27 .20 .20 .24 .2", .18
30 .02 .03 ." .01 .02 T .05 .0' .0'

Monthly Totals 0.70 0.56 0." 0.65 0-5, 0.71 0.88 0.95 0.67

"'"' 1 1.30 .1, .30 .67 1.43 .41+ .1+0 .58 .12
1.2 3. ()() 3.06 ].211 3.19 3.18 2.55 2.60 2.19 2.J4
3 .01 .01 0 .01 .01 .01 .01 .03 .0'

15 .86 ." .28 .64 ." .72 .12 .23 .23
26 .02 .06 ." .70 .39 .il .02 0 0
28 0 .02 .il 0 T T T .01 .02

" 0 0 .03 0 0 0 0 0 0
30 ." .72 .46 .4, .58 .52 .81 .87 .82

Monthly Totalt 6.15 11.35 4.67 ,.66 6.10 11.35 3." 3·91 3."

June , .04 .03 .03 .0' .04 .04 .03 .03 .03
15 0 0 0 0 0 0 .20 0 0
28-29 T .18 .03 0 T .il T .02 .02

Mont.hly Totals 0.04 0.21 0.06 O.O~ 0.04 0.15 0.23 0.05 0.05

JUly , 0 0 .0' 0 0 0 0 0 0
9 0 0 0 0 0 .03 .04 0 0

20 .18 .15 .15 .22 .18 .4, ." .37 .37
26 0 0 0 .06 .02 .03 .23 .02 .08

Month1v Tot.d• 0.18 0.15 0.20 o.~8 0.20 0.:;'1 0.59 0.]9 0.45



T,bLe 16. __S..-..ry of Il<IIlnbll, In Int-hu, lor Cow 8'yo" Study Are" October 1954 to S~pt...ber 1964··Continued

•N

Dolt. or Storm
Ga II NUlTlbllr

- - - - - _s _s 0-'

1956"'g. 20 0.25 0.10 0.Q9 0.12 0.01< 0.06 0.03 0.25 0.43
]0 .27 .22 ." .l4 .18 .20 .16 .06 .<n
Jl .OJ 0 0 .06 0 .02 .0' .l4 .02

~onthly Totlll' 0.55 0.32 0.44 0.32 0.22 0.26 0.21 0.47 0."

Sept. 0 0 0 , 0 0 0 0 0

Monthlv Totala 0 0 0 , 0 0 0 0 0

1956 WATER
YEAR rorALS 14.37 12.79 12.59 .14.43 14.32 12.89 13.58 13.52 .12.73

0"'. 9 0 .1J , , 0 0 .OJ 0 0
15 .", .98 .50 .41 .]6 .41 .50 .47 .'"16 .09 .56 .18 .OJ .OJ .7l .44 .l4 .il

17 .01< .24 .06 .Ol .01 .]0 .1' .06 .01<
30 .OJ .OJ .OJ .01< .02 .03 .OJ .02 .OJ

Month.1y Tota1a 1.06 1.'" 0.79 0. 119 0.44 1.45 1.19 0.69 .1.10

Kov. , ." .52 ." .71 .73 .4J .46 .67 .57
J-" .1.87 1.62 1·31 1.60 1.69 1.76 '.il '.<n .1.95

20 0 0 0 0 0 .12 .OS 0 0

Monthly Total. '." 2.14 1.86 , .ll. 2.42 2.33 '.62 2.74 '."
0". 18 .17 .16 .17 .1' .17 .20 .22 .17 .24

18 .73 .69 .72 .8' .70 .8, ." .7J 1.02
19 .... .79 .8J .". .81 .99 1.05 .... 1.17
22 .06 .06 .OS .09 m .<n .09 .06 ·09

Honthly TotaJ., 1.8> 1.72 1.77 '.01< 1.75 '.il '.28 1.Bo '.52

1956 CALENDAR
YEAR rorALS 1.8.03 16.73 15.30 17.32 16.86 16.8> 7.55 16.61 .16.74

1957
JM. 4 .72 .118 .]6 .42 .47 .37 .48 .48 .4,

22 .08 .06 .06 .12 .06 .12 .16 .28 .16
24 .17 .16 .Q9 .16 .15 .1J .09 .OS m
26-27 .il .l4 .il .17 .15 .24 .14 .1J .10
27 .., .50 .., .6J .,4 .88 .50 .117 .36
28 .OJ .01< .03 .05 .01< .<n .01< .01< .OJ
31 .05 .05 .OS .06 .01< .01< .OJ .OJ .OJ

Monthly Totll.14 1.56 1,113 1.12 1.61 1.47 1.85 1." 1.48 1.20

,,~

Dllt. of 3tona • _ .R _5 8 .3 .8 _s -5 1Q...R

1957
Fob..1 1.06 1.01 1.16 1.! 0.96 O.~ 0.66 0.79 0.83

13 .06.~ 0 .u.09.02 0 0 0
16 .69 .~, .44 .~_ .51 :855 ,11 11 .6'1 .53
17-18 .48 .~. .40 ."!' .51. .58 .55 .54
19 .10.~.06 .. " .10 .~: .il .11 .11
22-23 1.03.Y1 1.03 1.u .98 1.1~ .1.09 .98 1.05

Monthly Totals 3.44 2.86 3.ll 3.4 3.15 3.26 2.86 3.101 '.06

Mar. 2 .32 .84 .68 .. 31 .12 .35 .69 .25 .58
6 .OJ. 0 0 0 0 .01 .01 .01 .01

II 1.17 1.01 1.19 1.46 1.46 1..)6 .84 .82 .76
12 .~ .04 .~ .~ .06 .~ .03 .~ .01
U .~ .47 .~ .~ .61 .~ .~ .26 .il
20 .~ .25 .25 .~ .30 .23 .ro .~ .ro
20 2.14 1.63 1.60 1.65 1.92 1.47 1.26 1.25 1.25
21 .U.~ .05 .il .09 .W .05 .06 .~
27 1.61.56.68 1.56 1.22 1.43 .77 .76 .8.2
~ .51.&.68 .72 .~ .55 .n .~ .~

Monthl,y Total. 6.72 5.65 5.59 6.51 6.45 5.87 4.Q3 4.44 4.72

Apr. 3 .23.13.09 .17 .U .12 .08 .05 .06
II .01 0 0 .05.02 .OJ .02 .04 .r:t7
7 0 0 .04 0 0 0 0 0 0
8 0 0 .04 0 0 0 0 0 0

15 .35 .31 .28 .26 .30 .21 .33 .15 .n
~ .22.~.W .23 .21 .13 .06 .14 .08
19 6.81 6.09 5.63 7.34 6.59 4.03 2.37 4.25 2.611
22 .59 .42 .51 .64 .60 .61 .59 .60 .45
23 1,.06 3.56 3.~ 3.34 3.41 4.74 3.78 2.76 2.48
24 3.14 3.02 2.72 2.75 2.81 2.26 3.04 2.71 2.111
26-27 1.95 2.17 2.24 1.94 1.76 Z.27 1.95 2.27 2.1>8
~ .00.W.W.09.~.1O.~.W.ll
~ 1.01 1.12 1.16 1.00 .91 1.17 1.01 1..18 1.29

Montk1- Totals 16.4617.11 16.':11' 17.8116.8011~.6 11l.l4 111.2 .12.l1

HQ 1 ..18.~.12.~ .16 .~ .12 .~ .n
3 .60.12 .05 .30 .U .05 .34 .05 .21
4 .~.~ .03 .16 .~ .0] .21 .03 .12
9 .22 .44 .~ .~ .5 .n .~ ,25 .42
9 .~ .1,3 .41 .53 .5 .~ .~ .25 .42

J.l 5.58 6.86 7.20 6.17 5.20 5.63 7.21 8.]4 6.41
13 1.88 1.20 1.~ 1.28 1.39 1.93 1.58 1.55 J..36
J.8 .26.~ .23 .20 .16 .20 .24 .19 .16
23 .19 .51 .25 .]0 .19 .42 .65 .69 .23
26 .07 ..17 .08 .10 .r:£> .14 .23 .24 .06

Monthly Totals 9.56 10.22 10.13 9.80 8.ul 0.29 11.17 U.87 1Q.78



Table 16 .••S..,,,,,,,ary of Rainfall, In Inches, for Cow a.you Study Area, OCtober 19.54 ~o Sej)te.,bcr 1964--Con~lnoed

t:;

D<'lte of StOnD
Ga e Number-

- - -, - - - - -0 -
1957

'"~
1 0.13 0.56 0.23 0.11 0.10 0.37 0.36 0.6" 0.61
2 .10 .41 .17 .08 .08 .27 .27 .48 .4,
J .15 .6' .27 .12 .l2 .4J .4J .76 .71

"
.19 .B2 •.J4 .16 .15 .55 .54 ." ./J<)

12 .20 .46 .45 .J> .J.8 .39 .81 .,.. .91
18 .91 .17 .01 .il ." .1J .30 .21 .02
21 .17 ." .il .30 .06 ." .06 0 ."

Monthly Totals 1.85 J. ,.. 1. '" 1.23 0.72 2.39 2.77 J.62 3.74

Jolly 22 .B2 .39 .09 .27 .66 .28 .OJ 0 .78
31 0 0 0 0 0 .1' 0 .04 0

Monthl,y Tota.la 0.82 0.39 0.09 0.27 0.66 0.43 0.03 0.04 0.78

Aug. , .65 .B2 ... .8. .,. ·09 .OJ .OJ 0
16 ." 0 0 .02 0 0 0 0 0

Monthly 'Tota.la 0.70 0.82 o. ,. 0·91 0.28 0.09 0.03 0.03 0

Sept. J .1' .19 .27 .61 .2J .49 .87 .69 1.06

"
.10 .13 .18 .40 ." .JJ .,.. .46 .70., 1.20 1.05 1.01 .80 ·90 1.20 .42 .,. .56

12 .06 .04 .02 .14 .02 0 ." ." .m
21_22 J.56 J.8'l 11.20 11.~2 4.27 3.51 3."7 J.')7 ... 31

" :~
.15 .10 .m .'1 .1J .2J .19 .21

26 .m ." .04 .il .06 .12 .09 .10

Monthly Totals '.20 5.52 5.83 6.28 ,./J<) 5.72 6.04 5.91 1.01

1957 WATER
't1Wl 'I'OTALS 53.60 53.40 48.69 52.81 48.16 ,0.46 48.72 50.03 1<8.80

0«. 13-14 6.25 7.85 7.12 7.25 5.91 7.69 8.78 8.21 8.55
15 -09 .09 .56 .23 .Jl .06 .06 .OJ .OJ
21_22 1. 79 1.70 1.115 1.51 1.48 1.47 1.77 1.54 1.66

MOTlthly Tota.la 8.13 9.64 9·13 8·99 7.70 9·22 10.61 •.78 10.2"

NOv. 2-3 .81 .74 .70 ." .86 .69 .56 .56 .45
4 .m .06 .06 .06 .rn .06 ." .0' .04, .77 .69 .66 .70 .81 .., ." ." .1,2
6 .", ••• .04 .04 ." .04 ." .OJ .OJ
7 .4, .41, .1.2 .1'5 ." .42 .J4 .J4 .27
il .08 .08 .06 .m .(fI .08 .10 .11 ·09
12 .22 ." .18 .U .22 .24 .30 .J4 .27
12-13 .08 .08 .06 .(fI .(fI .08 .10 .12 .09
lj .12 .12 .10 .12 .12 .14 .17 .19 ."18 .1'7 .44 ." .41 .37 .39 ." .]2 .B2
21.22 .52 .l~ .>.0 ." .119 ." .'0 .119 .,4
2j .03 .03 .02 ." .02 .02 ." .02 .OJ
2J.21, 1.16 1.08 .')0 1.16 1-09 1.19 1.12 1.09 1.22

MOI:thly Totlln 4.87 4.50 j.95 4.:>2 1'.75 J'.53 4.m 4.J.8 11.~2

OBtc of' Slonn
e N\lII\l' r-- - - - " - - - 9-' 10-'

19~ir

""'" , 0.06 O.(fl 0.08 o.m 0.06 0.06 0.03 0.04 0.03
6 .04 .•, .0' .., .01> ." .02 ." .02

19 .02 .m .02 .02 .OJ .04 .02 .02 .02

" ." ." .23 .J> .]2 ." .27 .21 ,37
21 .21 .18 .14 .21 .1, .17 .17 .16 .2J

Monthly Totala 0.66 0.65 0.52 0.69 0.64 0." 0.51 O. ,. 0.67

1957 CALEr/DAR
'tEAR roTALS 61.99 62.39 57.87 62.17 56.64 58.91 57.82 59·28 57.99

'.'"Jan. 12 .67 .64 .,.. .62 .64 .,4 .,. .53 .,.
12-13 .30 .28 .26 _28 ." .21, .24 .24 .26
20 .37 .]8 .]8 .41 .42 ·33 ,37 .34 .34
19 .39 .42 .41 .44 .4, .36 .40 .]6 .]6
23 ." .02 0 .02 .04 .03 .02 .02 .02
28 .08 ." .01 ." .14 .09 .08 .01 .m
28 0 0 .01 0 0 0 0 0 0

Mcnth}s Totus 1.84 1.79 1.65 1.B2 1.'" 1.59 1.6) 1.56 1.64

Feb. 9-10 .92 .67 .66 1.17 1.00 1.09 _77 .88 .8~
14 ." .1J .20 .21 .24 ." .il .12 .11

" .04 .04 .02 .04 .04 .oJ .04 ,OJ .02
21 .37 ." .J.8 .40 .J' ." .110 ." .18
21-23 J. ,. J.86 ).7li ).55 ).13 3.45 1j.21 3.60 4.20
26 .01 ." .m .08 .09 .09 -07 .10 .10

Monthly Totsls 5.17 5.14 li.87 5.1l5 4.89 5.1 1, ,.60 '.02 5.46

Mar. 1 .10 .08 .04 .09 .09 ." .10 .10 .12
4 .04 .04 .02 .04 .04 .04 .06 .06 _06
5 .17 ." .08 .17 .13 .17 ." .22 .2'

10 .04 .04 .02 .04 .04 .04 .06 0 0
12 .21 .30 .]2 .3' .34 ." .36 .41 .39
J.8 .22 .22 .20 ." .17 ,24 .24 .20 ,"22 -09 .12 .08 .13 .13 .36 .28 .40 ,26

" ." .28 .22 .12 .06 .17 .30 ." .04

Monthly Totus 0.98 1.2j 0.98 1.21 1.00 1.46 1.63 1.71, 1.]2

Apr-. 8-. 1.23 .64 .6J .64 .')0 .57 .85 .80 1.09
13 .110 .li1 .41 .4J .40 ·39 ,'~ ... J, .45
13 .76 ·79 .79 .84 .76 .74 ..' .85 .88
J.8 .13 ." .16 .1' .12 .17 .17 .16 .14
20 .40 .62 .51 .46 .40 .56 ." ,51 .4,
28 1.6li 1.57 1.69 1.10 ·91 1.27 .62 ·79 .41
27 .03 ." .OJ .02 .02 .02 .01 .01 .01
2. ." ." .24 .21, .21 .21 .26 .22 .22

Monthly Totals li.84 4.50 li.46 3.88 3.·{2 J.., 3.85 J.78 3.65



Tlble 16.··S.... ry of a.tnhll, in lBchu, for Cow lIyo\! S~\ldy Arll, Oc~Oblr 1954 to S.p~..ber 1964.-Contlnued

t

o-t.. or Btol"'ll • Number. . R . . - -s ..' 1 R

19>8
NO>' 2 o.n 0.·,6 0.7.1 0.71 0.61 0·79 0.76 0.67 0.'"

2·J 1.0> 1.07 1.00 ... .M 1.12 1.08 ... .91
14 .)2 .17 ." ." .10 .11 .07 .19 .20
a8. .2q .10 .10 .10 .12 .12 .ll ." .11 .12

MonUllY Total. 2.22 2.10 2.25 2.'+0 1.69 2.13 2.06 1·91 1.87

-"'M , .14 .06 -OJ ..". .07 0 0 ..". 0

l' .00 .OJ ..". -OJ .OJ .OJ .OJ .OJ .02
16 ." .39 .... .)/3 .31 .31 .28 .JJ .:z
16-17 I."" 2." 3.'+4 2.83 2.33 2.)2 2.10 2.45 1.
21 ." .27 .07 .14 ::i .14 .14 .13 .14

" ..". .01 .02 .06 .0' .01 0 0
26 .08 .02 ..". .11 .17 .11 .01 .01 0

Mont.hl,y Totale 2.57 J.66 4.10 J." 3.18 2." 2.57 2." 1.79

July , ·79 ·90 .)4 1.28 2.07 .53 .21 .'7 .97• .11 .13 .0> .1.8 .30 .08 .03 .07 .14

Mont.hly Totals 0.00 1.03 0.1'> 1.... 2.37 0.61 0.24 0.54 1.ll

Aug. J .17 .06 -OJ .1.8 -OJ .02 .21 .7' ." 0.1.2.12 .4l 0 .30 .03 0 0 .02 0 0
18 .53 .... .48 1.19 1.14 .48 1.62 1.1.8 1.44 .4l
21 .21 .)6 .31 .13 .08 .0' .11 .0' .07 .20
22 .10 :U 0 .'1 .12 .)6 .92 .57 .56 0
2J .53 .'1 ." .., .... ." .69 .53 .60
24 1.11 1.19 1.07 1.00 1.35 .97 1.57 1.45 1.12 ...

HOnt.hl,y Totale 3.06 2.66 2.70 3.'1 J.37 2.)4 '.20 4.73 4.47 ..
Bept.. , ..". .OJ .OJ .06 .07 .06 .09 .08 .06 ..".

6 .JJ .30 .2' .., .56 .48 .77 .70 .51 .31
7 .28 ." .21 .40 .., .4l .64 ." ." .26

11 .98 .48 .13 .06 .20 0 ... .OJ .06 .)2
16.17 .1' .06 .01 .12 .OJ .'1 .29 ·29 .4, .09
19 .08 .06 .08 .13 .12 .re .16 .l4 .10 .10

" .)2 .22 .31 .53 ." .31 .., .54 .4l ..."
20 .08 .06 .re .13 .12 .08 .1' .1' .10 .10
22 ." .53 .7' 1.25 1.ll .74 1.54 1.29 ." ."26 1.)1 ." ." 2."" 2.79 ·90 .'1 .21 ." .20
30 .01 .l4 0 .02 .06 0 .1' .06 .03 .02

M<>nthl.Y Tot.l. 4.:\4 1." 2.27 '.06 '.00 3.23 ,.62 '.07 3." 2.7<>

1956 WATlJt
Yv..R TOTALS 39.60 39.95 37.29 43.:;8 41.29 n.79 43.59 "".82 40.') ..
.IV In.tln.d t1pp1!t&·bucket roin gq;e .1.\18. 12, 1958.

• •0.1,.1 of' flto..,. . . . >- , ·'·S ., ,., 10-11

19'"(kot.. J 0.2'+ 0.1) 0.10 0.11 0.2J 0.17 0.1.8 0.19 0.23 0.10
10 .J' ::.l .07 .R.! ·09 .07 ..". .0' .06 .07
1~.16 .10 .0, .10 .10 .06 .06 .0> .0' .OJ
21 .21 .13 .06 .IJ ." .21 .28 .48 .51 .07
26 .26 .24 .18 .2' .1' ." .28 .28 .28 .17

'" .1' .1' .12 .14 .1J .12 .13 .11 .12 .10
29 .)6 .)/3 ." .JJ .29 .27 .31 ." .27 ."30 -OJ -OJ 0 .OJ -OJ .03 .03 .00 ..". 0

Monthl,y Tol.Ill 1.70 1.l8 0.85 l.I.O 1.19 1.1.8 1.31 1.4) 1.56 0.=

,~. 12 ..". ..". .0' ." .0' .0' .03 .03 .06 ..".
IJ .01 .01 .01 .01 .01 .01 .01 .01 .01 .01
14 .IJ .U; .16 .13 .18 .17 .12 .11 .22 .1J
17 .17 .14 .14 .18 .14 ." .10 .10

:~
.10

27·28 1.33 1.15 ... 1.21 1.40 1.02 .'" ." ·90

HOnth'" Tot.als 1." 1.'" 1." U. 1.78 1..." 1.20 1.U; 1.42 1.18

Do•• 1 .37 .32 .2. .)4 .'0 ·29 ." .26 ." .J'
13 .01 0 0 0 0 .01 .01 ,00 .02 0
22 .06

:~
.03 .06 .06 .0' .03 .02 ..". .OJ

29·30 .87 .80 .67 ." .82 ." ... ·93 .70

HoIlt.h1¥ Tot.dl 1.)1 1.2' 1.1.1 1.27 1.21 1.17 I." 1.18 1.26 1.07

19:;8 CAL£t/DAlI
1~.61 ~.laI7l'.OO I".• 1~... ln.2O IU.18 IVl.ll 12".44YEAJI TOTALS "-

19,.
Jln. • .00 .02 .02 .00 .02 .OJ .03 -OJ .02 .02

7 .07 .07 .0' .08 .08 .10 ·09 .10 .08 .08
13 .02 .02 .02 .02 .02 .01 .00 .02 .02 .02
30 .)4 .J> .JJ .40 .31 .5O ." ." ." .20

Monthl,y Tot.al' 0.4, 0.... 0." 0." 0.4) 0.'" 0." 0." 0.57 0.)2

F,b. 1 ." .2lI .26 .32 ." .39 .)6 .3' ." .30
2 .20 .20 .1' .22 .17 .29 .26 ." .26 .1'
9 .03 .OJ .02 .OJ .OJ .OJ .0' ..". .03 .02

II .10 .12 .ll .14 .12 .12 .10 .08 .09 .10
12 ·39 .46 . 'J ." .... .48 .37 .31 .)4 ..."
13 .03 .OJ -OJ .03 .OJ .OJ .OJ .02 .02 .02
14 1.05 1.24 1.U; 1,J7 1.24 1.29 1.03 .8' ·90 ...
19 .]1 .26 .23 .3' .27 .3J .26 ·30 ." .1'
22 .09 .08 .0' .10 .ll .ll .11 .ll ." .OJ
26 .62 .73 .66 .60 ." .56 .4l ." .Jl ."

Monthlv Total, 3.00 I 1.41 I 1.14 I 1.66 I 1.n I '." 2.08 2.7 2.70 2.61



Tabla Ib.--SUIlIlla ..y of klinE.n, In Inch.. , (or Cow byou Study Area, O<:lober 19510 l" September 19b1o ••C"ntinued

~

~

DMc or Storm
'I e tl1\111ber

1.' '.S 3,' .s ~_s -s 'r~s ·s 9-5 10-'

"59
Mar. 4 0.16 0.18 0.24 0.28 0.16 0.18 0.40 0.44 0.66 o.i!O

'3 0 0 .0' 0 0 0 0 0 0 0
21 .06

:~
.10 .06 .06 .0' .OJ .06 .05 .06

" .)7 .64 ·J9 .40 .J3 .2~ .]8 .Jl .40
Jl .12 ·09 .08 .12 .12 .13 .14 .16 .16 .04

Monthly Talala 0.71 0.'" I.il 0.85 0.76 0.6< 0.79 1.04 1.18 0.70

Apr. 4 .02 .0' .0' .03 .OJ .06 .12 .20 ." .et7
8 .09 .18 .18 .il .12 .22 .44 .74 ." .26
9 .09 .10 .10 ·09 .09 .09 .12 .12 .14 .10

10 .10 .12 .12 .10 .10 .il .14 .14 .17 .10
il 1.09 1.)0 1.28 1.12 1.09 1.15 1.47 1.46 1.77 1.20

" .11 .14 .14 .12 .12 .19 .17 ." .12 .10
J.5-J.6 .08 .lll .10

:~ :~
.13 .12 .10 .09 .10

16_17 .19 .25 .J9 ." .48 .41 .36 .]0
17 .11 ." .'J .20 .16 .J! .28 .24 .21 ."1
19 ." .~, .,4 .48 .4, .50 .64 .,4 .4, .52
20_21 .10 .il .04 .11 ."1 .12 .22 .17 ." .et7

lolonthl,y Tota.l.a .2.70 3. .14 3.17 2.19 2.64 ,.40 4.00 4.27 4.67 2.89

"OJ' 2 .02 .OJ .OJ .08 .08 .14 ." .111 .17 .o~, .1' .J] .,. .46 .]0 .2, .16 .il .02 )12
9 .24 .31 .27 ." .]1 .17 .14 .13 .1J .14

10 1,01 1.31 1,.111 1.08 1.]2 .75 ." ." ." .60
12 .02 .02 0 .02 .01 .02 .02 .02 .02 .04
17 .04 .'l .21 .~I .10 .0' .17 .08 .11 .20
22-23 .88 ." .53 .86 .6, 1,19 1.24 1,55 2.62 .93

Jo\ontlUy Total s 2.40 3.15 2.87 2.82 2.71 2.61 '.46 2.61 3.10 2.]8

,~. 1 .24 .JJ .46 .46 .2, .27 .41 .'6 .]7 .,, .60 .55 1.17 1.16 .75 .6, 1.04 .66 ·93 1.5
4 1.22 1.19 1..11 1.16 l.21 .81 .87 1.17 1,45 l.40, .71 .33 .44 .62 .47 ." .]0 .41 .35 .J'

12 .87 .88 .55 1.16 1.16 .82 .4, .52 .6' -91
21 .73 .62 ." 1.09 .]7 .2" .02 .16 .OJ .02
2] 2.TI 3.3l 3.60 2.52 2.03 J·90 5.en 11. 116 , .66 11.27
24 ." .21 .1~ .12 .16 .17 .01 .02 .01 .20
25 1.69 1.87 1.]6 1.il loll] 1,511 .111 .21 .1J .60
26 .03 .03 .OJ .OJ .OJ 0 0 .OJ 0 .02

Monthly Totals 8.6';, 9.62 '.]8 Cl.43 7.0< 8.'" 8. 'l.l 7.<>C 8." 0.,,6

'>ily 9 .et7 ." .18 .111 .74 .04 .02 .02 .01 .03
20 2.19 2.66 '.62 "14 J.80 1." 1.

6K 1.61 1.68 2.20

"'"'. .]7 .4, .44 ., .]0 .,6 ., .27 .28 .Jl
24 ." ." .14 .06 .16 .,6 .08 ." .'3 .10
27 .')6 -91 .17 .13 .22 .08 .." .1111 .70 ."28 0 0 0 0 0 .05 ."1 0 .08 0

Monthl,y Totall; 3.14 ~ .42 3.55 4.36 3.22 2.51 2.92 2.39 2.<)8 2.69

1le.te of' Stal1ll e Numb
1.' '·s J.' ·s ',-5 C-S 7-S .s ·S JO_H

"'"A"B. e 0.21 0.08 O.J 0.31 0.21 O.illl O.~J 0.65 0.61 a.ao
14 .16 :5; .7 .j8 .7] .111 .68 1. :x; .]8 .80

" .0'< ., .10 ., .04 .18 .2, .10 .12
21 .07 .01 ::i .18 .01 .10 .07 .02 .05 .10
2] .]1 .08 .82 ." .44 .3 .10

:~2
.40

25 .06 .0'
0.1'

.0', .04 .0' .0 .06 .lO
26 ." .44 .54 .J6 .]8 .]8 .;.0 .]0
27 ." .48 .4 .59 .40 .42 .41 .56 ." .47
J! L05 ." 1.18 1.41 1.46 1,46 1.67 1.20 1.' 1.10

;Wflthly Totals 3."1 2.48 3.4) 4.46 3_52 3_47 4 .2 4 .1111 11.51 4.1<;1

Sept. 8 ." .23 .18 .36 .23 .29 .3 .49 ." .18
14 .78 .66 .76 .73 .7] ." .,. .6' .72 ·92
2) .OJ .04 .04 .D3 ." .02 .02 ." .02 .03
2" .02 .03 .0) .02 .01 .02 .02 .01 .01 .0'
2" .25 ." .36 .26 .18 .20 .22 .18 .17 .30

" .11 .1' .16 .11 ·09 ·09 .lO .08 ."1 .13
28·2') 1. 114 1.97 2.05 1. 117 1.06 1.12 1.27 ),03 ." I .71

Monthly Totala 2.18 3. 113 3. " 2.98 2.32 2.67 2.<)8 2.4] .2 .2) J.2Q

1959 ""ATtR
YEAR rorAJ.' 32.28 35.10 33.96 )6.12 30.95 32.4.1. 33.26 32.17 35.,36 )1.87

00' . 3 .21 .20 .18 .20 .19 .21 .22 .17 .17 ,::;K
"

6.63 6.61 5.81 6.36 6.02 6.80 '.<)8 :L39 '.50
II 1.72 1.>6 1.82 1.79 LXI 1.45 1.30 1.2:;' 1.)6 1.69

" .49 .41 .34 .39 .<,p .45 .4' .59 .49 .]0
30 ·09 .07 .06 ."1 .06 .08 .08 .10 .09 .06
)1 .05 .0' .04 .0' ." .05 .0' ."1 .06 .0'

Monthly Totals 9.19 8.90 8.)1 8.86 8.26 9·04 9.09 7.'J7 7.67 8.l4

Nov. 3_ 11 1,20 l.93 1,57 1.85 1.72 1.50 1,35 1.59 1.59 1.]1
10 .05 .05 .0' .05 .05 .05 ."1 .06 .06 .02
lJ .06 .06 ." .08 .05 .08 .08 .06 .08 .05

" .'l .20 .18 .27 .20 .27 .28 .20 .28 .18

Monthly Totals 1.54 2.24 1.82 2.25 2.02 1.90 l.78 1.91 2.0l. 1.;6

no, . 11 .]1
2:;K .l5 .,. ." .') ." .21 .21 ..

" 3.111 2.55 2.50 2." 2.40 2.~ 2.11 2.19 2.00
,6 .21 .20 .16 .20 .1' .17 .1, ." .lj .2~

17 .20 .18 .1) .,8 .24 .•8 .22 .lj ." .15
27 .17 .13 .07 .19 .1'. .23 ·'9 ." .21, .D~

)1 1.30 .. 26 1.28 l.r' 1.15 1.33 1.39 1,26 1.)0 1. 30

Maflthl,y Totus 'j.B ,.04 1,.44 4.78 4. >6 4.54 4.83 4.23 4.24 3.on
1959 CAUJil)AR

YEAR TOTALS 4:1.65 ~7 .25 4').22 47.16 41.61 44.111 4~ .18 42.11 115.04 42.48



Tibia l6,-·Sumalary of blohll, 10 Inch.. , for CO" Il.ayou Study Ani, Octobar 1914 to Sept.-bar 1964--Cootlnu~

~

o.~. or aLar-.
GIl II Number

J.' 2.' ,., .s ,., ·S 7·S • 9-' Jo-'

1'/.0
0."Jail. , 0.79 ,.68 0.62 0.70 0.66 0.66 0.60 0.6~ 0.60

7 .J9 .16 .15 .17 .16 .J6 .J' .14 .16 .J)
!l .OJ .OJ .01 .OJ .OJ .02 .02 .02 .Q3 .01

" .16 .17 .10 .1 'J .16 .2' .21 :i: .4, .0'
13 .03 .0' .02 .04 .0' .04 .04 .09 .01
16 ." .... ." .n .62 ." ...

:~
.67 ."26 .06 .06 0 .m .0' ·09 .06 .o~. 0

Monthl,y Tot.all 1.'ra 1.59 1.41< J.69 1.69 1.12 1.60 1.13 2.m 1.15

rab. 2 .0; .05 .05 .04 .05 .0' .0' .0' .0' .04, .96 ·99 1.00 .9' .96 .n .78 .62 .73 .86
1 .m .(fI .(fI .m .(fI .OJ .06 .04 .06 .0'

J' ." .2' .16 .,. .J) .2' .21 .19 .18 .10
20 .33 .33 ·29 .33 .29 .37 .37 .34 .38 .20
2' .'7 .47 .., .'-6 .., ." ." .47 ." .30
29 ." ." ... .39 ." .1, .J' .31 ." ·J9

Monthl,y Total. 2.37 2. '8 2.24 2.47 2.27 2.34 2.31 2.00 2." 1.72

...,. 1 .06 .m .06 .09 .06 .10 .06 .m .06 .0'
8 .OJ .04 0 .0' .02 .0' .0' .0, .0' 0

J' .12 .il .0' .12 .10 .1' ." .18 ." .04

" .01 .01 0 .01 .01 .01 .01 .01 .01 0
2'5_26 .17 .69 .60 ." ." .57 ." .78 .8, ..,

Mont.hly To~al. 0." 0." 0.11 D.70 D.79 0.8~ 0.82 1.m 1.12 0.51

Apr. ,. 1.81 2.76 2.2) I." .69 .67 1." ." 5.41 1.20

" .il .16
:~

.06 .04 .04 .06 .04 ." .06.., .04 .06 .Q3 .02 .02 .0' .02 .J' .04
29 .31 .J8 .36 .36 .33 .'8 .... ." 1.03 ..,

Monthl,y To~&ll 2.'" ,.38 2.78 1.77 1.06 1.21 1.69 1.33 6.90 1.60

M', 11 .06 .04 .04 .0' .04 .04 .0' .0' .0' .04
20 .90 1.03 .'11 .99 .92 1.19 1.02 l.m 1.1) .80

" .62 ." .84 .80 .67 .62 .,. .71 1.11 ."29 .OJ .06 .Q3 .17 .19 .il .11 .06 .06 .10., .0' .06 .02 .17 .19 .11 .11 .m .m .JO

Mont.hly Tot.d. 1.10 1.15 1.90 2.16 ,L01 2.m 1,86 1.96 2.... l.l6

'"~ 7 .10 .J' .17 ." .66 1.04 0 .0' 0 .20
12 .9' .1, .,. .8' 1.35 ·9' 1.11 .68 1.37 .6,

" .21 .20 .21 .21 .22 ." .39 .37 ." .20

" 1.60 1." 1.65 1.61 1.73 2.51 '.00 2.86 2.13 1.63.. 1.1) 1.13 1.17 1.15 L24 1.19 2.1] 2.0) 1.04 l.16

Mont.lIl)' ToUI. l,28 ].4<) 3."9 11.07 ,.20 6.61 6.63 '.99 6.39 ,.82

DIIt.. or St.or-.
N'\lJIlbllr. -".'C -}~ .S '.S .s 7·' ·S S 10-'

1960
July 7 0.-,4 1. j:> o. 'J.' 1,62 1.:}2 1.11 2·39 1.06 2.41 0."

17 • )0.' .4 .12 .10 .10 1.01 1.11, 1.32 ·9' .10
19 .20 .24 .m .06 .06 ·59 .67 .77 ." .06
20 .13 .1" .OJ .05 .0' .12 .17 ." .39 .04

Monthl,y Tolllla 1.59 2.16 1.16 1.83 2.11 3.19 4.67 ].73 1,.27 0.76

'.... 2 .05 0 0 0 0 .0' .02 .Q3 .0' 0
11 .80 .26 .2' .02 0 .02 .Q3 0 0 ."14_1) 0 .0; 0 0 0 .0' .0' .12 .06 0
21 1.16 1.80 1." 1.9'/ 2.'51 .70 1.44 .81 1.61+ .19
28 .J' .1' .10 .J' .22 ·09 .21 0 .16 .10

Monthl,y Tot.al' 2,J+5 2.25 1.85 2.1) 2.13 0.87 1.73 0.96 1.69 0.91

Sept. , 0 0 0 0 0 0 0 0 0 .10
2" .,. .27 .31 .,. .2' .19 .J' ·J9 .12 .J9,. L02 1.2D 1.35 1.02 1.(f1 .81 .62 .84 ." .8J
26 .17 .05 .03 .03

:~
.(fI .26 .02 .0] 0

27 .,1 .09 .06 .06 .1) ." .0' .0' .06

Monthl,y Totd. 1.77 1.61 1.75 1.35 LIIO 1.20 1.54 1.10 0.73 1.20

1960 WATP:R
YltAR rorALS 311 .80 35.81 32.19 )11.26 )1l.J2 )5.'3 )8,75 33.60 112.03 ".88
0.". 4., .10 .27 .10 ·09 ·09 .19 .17 .09 .J' .06

6
2:~

.09 .OJ ·09 .21 .OJ .03 .33 .J' .OJ
13_14 1.99 2.]3 1·9] 1.31 2.19 2.14 2.06 2·09 2.62
,6 .06 .OJ .OJ .06 .06 .06 .06 .06 .(fI .OJ
18 2.4] 2. ., 2.1] 2.'3 2.34 2.64 2.'" 2." 2.80 2.'8

" .09 .06 .10 .10 .11 .OJ .~ .0] .04 .10
28 1.~ 1.22 1.00 1.19 1.711 1." 1. .., .88 .9'
28-29 1. 1.14 .04 1.12 J.64 1.115 1.19 .86 .8, .90

Monthl,y Totda 7.34 1.14 6.11 7.11 7." 8.11 8.06 6.9~ 6.99 7.21

Nov. 8 ." .10 .OJ .17 .2' .lJ .12 .il .1) .06
20 .22 ·29 .30 .21 .22 .31 .31 ." .28 .29
20 .m .10 .10 .08 .CY/ .11 .10 .11 ·09 .10
20 .28 :Ii :f. .31 .27 ·39 ·39 .1, .36 .J8
21 .47 ." .17 .67 .67 .73 .62 .6>
21 .20 ... .27 .22 .19 .28 .28 .., ... .27

Monthly Tot&1I 1.119 1.76 1.1~ 1.56 1.45 1,89 1.87 2.01 1.74 1.71l



T.bl~ 16.··S........ ry o{ R.ln{,II. In Inch.. , fur Cow Bayou Sludy Aru, OctObo:r 1954 to September 1964··Conlinu",d

~

~

llIlt.e Df StDrm
GIl e Number

J_S -0 - . - - - -0 0- O.R

1<)60
"",. 6-8 ~.~ ~,10 ').71 .71 II.a? 6,20 ;,.'.18 5. 112 ~.711 ~. "3

?_10 .~II .4\ ." .4~ .]9 .4<) .111 .4) .", .67
1. .1.' .13 .05 .12 ·09 .12 .13 ." .13 .06
28 ." .61 .61 ." .36 .60 ." .47 .hl! .30
29 .(f7 .W .07 .06 .04 .W .W .o~ .05 .11
30-31 .,' .'" ." .68 .68 .60 .66 .61 .63 .50

Mont.hl\ Totals 'f .50 6.M 7.17 ; '. '" 6,1'7 8.08 '.88 7.1 7.1,4 6.1'1

1?60 CALENDAR
""'" TOT,,", 35.07 35,50 33.25 34.6) )4.70 }8,19 40.86 3;.}8 114.28 28.35

,'',
Jan. 6_8 3.05 i! ,64 2.57 2.78 2.76 3.)1 ),41 ).]6 3.19 2.113

11_12 1.48 1.50 1.50 1."" 1.52 1.99 2.00 1.78 2.03 1.37
211-25 .30 . Jl .>" .>" ." ·29 ." .,6 .21 .09

Monthly Tot.ls 4.8J 11.45 I, .31 '.86 4.53 ,." 5.64 '.30 5.43 ).11<>

reb. , 2.39 2.22 2.29 2,26 2.09 2.40 2.41 2. '" 2.67 2.04
6 .'0 ." .36 .]8 .35 -,,,, .49 ." .4\ .)'

" ." ." ." .21 .18 ." .2' .27 .)0 ."16 .60 .78 .79 .65 .58 .78 .,' .8, ." ."19 .12 .16 .l6 .13 .12 .16 .18 .18 .1' .09
20 ." .13 .'] .11 ." .12 ." ." .J6 .09
2" .06 .0] .0] ." .0] ·09 ." .0) .05 .05

loIor,t.1l4' Totals J.86 3.94 4.03 3.79 3.45 4.20 1',]9 '.]6 '.77 ].24

M~r. j_4 .01 0 0 0 .01 .02 .m .02 .m 0
16 1.22 1.63 1.)8 '.21 1.)0 1.13 1.69 1.82 1.76 .,'
19 .02 0 0 .m .02 .0] .06 .en .05 0
27 .'" ·99 1.1!4 LW .85 1.15 .53 1.]4 .S> '.00
Jl .05 .05 .err .05 .04 .06 .0] .06 .04 .05

Mont"hly 'rot",,10 2. '4 2.67 2." 2,)4 2.22 2.39 2." ].]1 2.67 1.99

Apr, , .02 0 0 0 .0] .m .02 .02 .1~ 0
8 .4] .37 •20 .1'1 .27 .27 .26 .36 0 .20

11 .<J' .<J' .02 .05 ." .0] .03 .<J' 0 .04
28 .28 .27 .16 .", .16 .1' .It. .06 .08 .en
2') .3~ .]) .20 .22 .~1 .>" .18 .W .11 .08

~ont"hly Tot.l.\! 1.12 l.01 0." 0.02 0.70 0,74 0.63 0.57 0.'" 0.]9

'''' 9 .110 .28 ." ."9 .'" .22 .)1 )14 ." .08
22 .70 .)0 .'" ." .00 .49 ." .08 .W .27
... ~ .'6 .59 .73 .~') ." .68 .79 .]6 ." .!lo

Mo-)nthly Totlll! L86 .77 1.46 1.62 1.1J '-30 '.27 0.88 0.61! 1.1~

lJIIte or !ltorm R -q-5 c_~ N~r- _s ~s _S 7-[; , '}_s 10_H

'96'June , 0.2] 0.21, 0,23 0.2t. 0.2] O.€l o ,., 0,20 0.26 0.10
8 2.80 2.M ~.79 2·9] 2.76 2.61 2.68 2.)8 3.10 L]5

" .08 .21 .1' .", ." .31 .31 .n .6t .05

" .16 .40 .35 .87 .'6 .56 ." 1 .42 1.56 .18
1~_l6 L50 1,28 L33 1.33 l.liO 1.36 L17 1.46 1. 1!5 .g/
J'r .6) .:;4 ." .,. ·59 .58 .58 .62 .61 ."n·HI 1.02 .8, .,' .,' ." .9'< ." LOO LOO 1.27

" L28 .78 '.02 1,35 1.57 1." l.18 L20 LOI 1.01

MoothlJ' Totals 7,70 7.18 '.36 8.67 8.22 7." 7.84 9.05 9.83 :;.1'7

J.u, 2 .3' .27 .21 .,.. .22 ." ." .,6 .70 .10
] .28 .22 .17 .36 .18 ." .21 .61 .56 .10
8-, ." 1.1] ." .56 .., ." .54 .", .'" .20

12 .'] .l8 .09 .08 ·09 -<n .en .06 ·09 ."
" ." ." ." .11 .10 ·09 ." .06 .08 .08
,6 ." .4, .J!5 .)8 .3' ." .III! .22 .26 .40
16_17 1.13 1.10 '-'2 .9) .8, .80 I.JO .55 .6, .82
22 ." .11 .17 .21 .27 .12 ." .05 .22 .0'

" .17 .05 .08 .10 ." .0\ .0' .02 ." ."
MOIlthly Totlilll 3,91 ).62 ).W ],2] 2,8) 2,20 2." 2.80 ].28 1.')0

Aug. • .)8 .20 .2) .11 .07 ." 1.62 .8' 1.99 .,6., .08 •<J' .05 .0) .02 .21 .]6 .J? .'J .,)1,

" 0 0 0 .0) .02 0 0 -07 .17 0

" .,. .53 .)' .24 ." .72 .80 .55 1. ',] .50

MO'lt.hly Totals 0.82 0.77 0.'" 0.41 0." L" 2. 'f8 1.68 4.12 0.70

Sept. " ." .06 .05 .il .08 ." ." .06 .0] .05
11-" 3.85 4.09 ].69 ].47 3.75 3.'" !J.OI ].81 4.19 ].)8

Monthly Totals 4.10 4.15 3.74 3.58 ].8] 3.13 4.60 ]·93 4.21 ],43

1')61 '""ATER
YEAR TOTALS "'.77 45.4] 4],71 115,68 112,65 "'-<n 50.1.7 47·97 51.46 37.<18

Oot . 2 1.34 1.211 1.]4 1.25 1,18 1.02 l.01 .88 .8, 1.15, .J8 ." .40 1.0] .86 .9'/ 1.15 1.0:; .6t .58

" .05 0 0 .05 .04 .09 .02 .02 0 0

Monthly Totds 1.57 1.47 1.74 2.33 2.08 2.08 2.18 1.';15 1.47 1.7)

Nov. , .0) .0) .0) .0] .0) .0) ,OJ .0) .0) -03
2 .86 .78 .71 ." .8, 1.t.7 .Il< 1,02 .6' .88

'3 .50 .'J .51 ." .49 ." .4') ." .62 .26

" ." .26 ." .21! ." ." .~ .27 .37 ."21 .4J .,., ,92 ·79 .67 .8, .8, .55 .Jl .60

" • ]11 .46 .72 .62 • ~>2 .6' .66 .'J ." .'5
27 0 .01 0 .01 .02 .01 .01 .0' .02 0

Monthly TotIlls 2.4;- 2.56 ].19 )-<n 2.72 ].4.:l 3.08 2.78 2,21 2.47



Tabla 16 .••S..... r)' of R.lnflll, In Inches, for Cow hyou Stud)' Ar.. , October 19)4 10 hpt.."r 1964·.continued

&

I*U or Slona
o~ e Number

1- ~·S _R _R ,., -S _S - 'oS o-R

1961"'.. ,.,
o:~

O.ll O.1Y,i 0.23 0.15 O.U O.~l 0.07 O. '" O.O~, ." .'8 .)8 .J] ." .)4 .ll .n .J'
11 .12 .12 .il ." .1) .1) .1) .12 .il .08
14 .10; .lh .14 ." .1' .lh .17 .lh .14 ."1~16 .37 .)8 ." .J> .)1 .37 .)6 .)2 .,. .16
17 .)0 .)2 .18 .26 .42 .)0 .)0 .n ." .14

MoI.th.4' Totu, 1.59 ~.1<~ 0." 1." 1.10 1.)9 UI~ 1.25 ~. 57 0.65

19«>1 CALIKDAR
YEAR ror"" )6." 35.00 33.99 )6.40 33.73 36.83 39.03 11.86 40. ,.. 27.01

'96'
Ju. ) .06 .., .., .ll .ll ." ." .., ." .01

11
.08 .., .08 .10 .ll .'-2 .1) .08 .lh .02

." .lh .il .lh .15 ." .20 .14 .ll .01

" .26 .2) .18 .2) ." .1' .20 .1) .21 .08
2) .07 .07 ." .ar .08 .., ." .04 .06 .02
25·26 .)1 .)9 .29 ." ." .26 .J] .)6 .46 .20

Monthl,)' Totu, 0·93 1.03 0.80 0."" 0." U2 1_00 0.82 1." 0.34

Fib. 11+.1~ .)6 .., .,., ... .51 ." .56 .55 .6, .28
18 .01 .02 .02 .02 .02 .01 .02 .02 0 0
2) .4, .,4 .40 .,.. .56 ." .,. ." .., .20

Monthly Totah 0.86 1.21 1.01 1.18 1." 1.ll 1.lh 1.18 1.)0 0.48

".,. 8 0 0 0 0 .01 0 .01 0 0 0
10 .8J .81 .80 .78 :::1 1.04 1.1) ·97 1.13 .8
20 .07 .04 .04 ." .02 .04 .02 .04 ."24 0 0 0 0 0 0 .04 .10 .04 0

Mollth1y 'l'otab 0." 0.65 0.'" 0.63 0.74 1.08 1.22 1." 1.21 0.65

Apr. • .,. .6) .~!> .56 .'" .)2 .74 .66 .8J .41, .11 .44 .)8 .)8 .11 .)6 ." . 46 ." ·29
8 .10 .07 ." ." .., .il .40 .44 .08 ."lh-17 0 0 0 0 0 0 0 .01 0 0

22.23 .4, ." ." .,. .59 .,) .71 .72 ·59 .Jl
n 1.49 1.21 1.]0 1.43 1.SO 1.46 2.05 1.40 l.l' 1.20

M'JIlthl,y Totu. 2.99 2.<)2 2.7) ).00 )." ,.)8 4.4) )." 3.47 2."

'"" 2 .n .., .10 .ll .il .ll •lh .ll .il .10

" ." .01 .07 .10 ." 0 0 0 .01 .06
26-29 ).12 2.96 2.88 2.76 2.86 2." 1.96 1.86 1.'" 2.,

M<>nth.l,)' Totttt ,.26 ,.06 ).O~, 2.97 ).02 2.65 2.'-2 1.97 1.66 ,.06

I*te lJr StOI1l b...~ J:R. - 5·8 -. 7-' • ,_S 10-.

196'
June , 0.17 O.i!.! o.;u 0.18 0.1 !> O.It

O. " 0." 0.20 0.2
1 ... 1.1) LOJ ." .13 .S> 1.47 l. '1 ·97 1.0
4 .04 ." .OS .04 .04 .04 -'11 .ar .cr., ."7 .08 .ll .10 .0<) .07 ..,. ... ·" ." .1
8 .n .41 ." .55 .53 .46 1.06 .70 1. ... .), .86 .46 .59 .61 .60 ." 1.19 .n .. 65 .2

26 ." .20 .1, .18 .17 .<4 .10 •1 ~, ." .10

" 1.37 1.25 1.l0 1.17 1." 1.)2 ... .'n .30 .64
26 .71 .34 .72 1.79 ). ,., 3.80 1.66 4.91 2.68 .60
)0 .26 1.6J 1.91 .66 ." l.li5 ." · ;'J .4, .66

MonthlY 'l'otll.1. ,." 5.81 6.53 '.11 7.02 I 0.13 1.li2 10.07 7.~ 1.85

Jw, 18 0 0 0 0 0 .., 0 0 0 0

Monthl,y Totala 0 0 0 0 0 0.45 0 0 0 0

'''i. 12 0 .12 0 0 0 0 0 0 .01 0
24 ... .26 .15 .58 .J> .14 ." .17 ·13 .)0
28 .4, .20 .il .42 .26 .ll .1, .1) .., ."

Monthly Total. 1.07 0.80 0.26 1.00 0.61 0.2' 0.4t+ 0.)0 0.2) 0.35

Sept. 1 0 0 ." .01 0 0 0 0 .01 .10, ." .04 .04 ." ." .04 .06 .07 .ar ."6 .08 .06 .07 .., .08 .06 .n .'-2 .11 .06
'r-6 1.11i .86 ." 1.2) 1.08 .8J 1.45 1.66 1.)2 .81

" :~
.12 ." .10 .07 ." .ll .18 ." ."" .4) .44 .1) .18 .., .ar .11 ." .4

Month..l.)' Total. 1.70 1." 1." 1.61 1.46 1.11 L80 2.14 1.99 l,li3

1962 WA1'KR
2.62 2'.63 :'!4.86YEAR ror"" n.71 24.1i) 'l.7.06 26.26 n.21> 21>.06 17.51

0,,, . 8-, .81 .8, .72 .64 .SO 1.14 .68 .68 .62 .6

J .,4 ." .]0 ." .21 .48 .26 .'9 .26 .3
.01 0 0 .01 0 0 0 .13 .01 0

20 1.0, 1.15 .88 1." 1.10 .64 1.lh ." .52 .,
28 .34 .24 .21 .22 .)8 .2) .n .SO ." .2

Monthly Totll.J.. 2.'5 2S1 2.1.1 2.1>1 2.19 2. li9 2.8<) 2.71 '." 1.'_.
2 .01 .01 0 0 0 0 0 0 0 0

18 .., .10 .10 .ll .ll .ll .12 .12 .17 .08
19 .)7 .43 .44 .4, .47 .SO •54 ... .72 ."20 .)2 .)7 .J8 ::i .40 ::i .46 .46 .62 .31

" ." ." ." .07 ." ." ." ."26_" 1. 51 1,)3 1.1>4 1.61 2.0) l.81 1.40 1.J8 1." 1.33

Montl'l" Totala 2.41 2.~ 2.41 2.70 ' '.08 2."1 2." 2.5'i '.10 2.>2



Tebh 16. __SUllIIIery of Relnfell, In Inch... , for CQI./ hyou Study Arme, October 19~4 to Sept_ber 1'.l64--Conllnufil

~

!)lite Ol' ilt"",., n'l " ~urnl>er

." ,." - - _s 7·!l - J.n 10_'

1962
0. 118"', . , O. ,. 0." 0.47 Q• .>6 o. ,. 0.,1 0.~7 0.48 0.3'!

19 .., ." .04 ." .06 . G) .0) .04 .06 0
20 .40 ." .<4 .J' .;; .)1 .31 ." .J) .4
23_24 .)'( ." .22 ." .J) .28 .28 .21 .)1 .,
" .07 ." .04 ." .06 ." ." .04 .06 0
28-29 .02 .01 0 .0' .06 .0) .04 .02 .06 0

Monthly Total. 1. 1'3 1.22 1.01 1." 1.)1 1.20 1.24 1.U 1.30 0-99

1962 CALENDAR
26.76 26,29 25.16YEAR TOTALS 23.40 23.27 22.33 2~.Jl 2~.57 27 .63 1'(.37

1963
JlI.fl. 4 ." .10 .10 .U .10 .1) .18 .19 .18 0

18 .21 .24 .20 .22 .20 .28 ." ." .20 .,
26 .02 .0) .02 .0) .0) .04 .0) .04 .0) 0

HOTIthl,y Totll.18 0." 0.)1 0." 0.36 0.33 0.~5 0.46 0.48 0.41 0.'

feb. U .02 .02 0 .02 .02 .06 .1) .02 ." 0
17_18 .76 .8) .79 .80 .79 ." ." .'" 1.10 ."

1oIontbl,y Totala 0.78 0.85 G.79 0.82 0.81 1.01 1." 0." 1.15 0.74

M~r. 1-) .07 .06 .7 .12 .22 .07 .08 .08 .08 0
4 .14 .1' .1) .22 .41 .1) .16 .14 .1' 0

10 .,., .a. .66 .73 .89 .73 .49 .47 ." .4
15-18 .04 .0) 0 ." .02 .., .10 .06 .04 0

". .02 .01 0 0 .OJ 0 0 0 0 0

Monthly Totals 0-99 1.04 0.86 1.12 1.55 1.00 0.83 0.75 0." 0.40

Apr. 4., 1.24 1.23 1.28 1.22 1.25 1.34 1.83 1.75 1.73 1.10
16 .01 .'" 0 .OJ .0) 0 .02 .01 .01 0
19 ." .50 .4S .49 .16 .0) .6'< .62 .)8 .30
28 .0'. 0 0 .0;- .0) .04 .02 .02 0 0

Io\Qnth1y Totll..18 1.)4 1.75 1.73 1.71 1. 47 1.41 2.51 2.40 '.12 1.40

M., , .4) .46 .10 .52 .21 ." .14 1.29 .50 .10
1) .01 0 0 0 .02 0 0 0 0 0
18 .0) .06 .0' .06 .0) .0) .0) .04 .06 0
19 :{, .70 .60 .60 .J< .36 .36 'g7 .60 .20

" .81 1.00 1.00 1.U .60 .59 • 1 .,a .40
28 .27 .24 .30 .29 .J) .17 .17 .18 .'8 .10
30 0 0 0 .02 0 0 .rrr 0 .02 0

Monthly loU.}' 1.9' '.27 2.0, 2.49 '.02 1.70 1.)6 2.119 2.44 0.80

June 10 1.55 1.4? 1.40; 1,4, 1.211 1.44 1.0~ 1.',5 1,03 1,12
19 .71 .68 .67 .67 .59 .67 .49 .71 .47 .J>

" .lD 0 0 .04 .15 .69 .4, .10 0 0
,8 1.24 .41 .10 .86 .84 .n .17 1.13 .57 0

Monthlv Totll.1l1 ).66 <: •'1l fI.2<' ).02 2.86 ).52 <:.16 3. 1'9 ""'I 1.47

D.t!t8 of Sto~ . -" J-' ·,_8 ',·5 0-' 7·' -s 'I.:; JD_ll

1')63
July , 0.45 O.U 0. 1'9 0.44 0.30 0.4', 0.'>2 0·94 1.20 0.-"2

MQ1\thly Toteh 0.45 O.il 0.49 0.411 0.30 0.47 0.52 0.94 1.20 0.2i!

,,,,,. 8 .w 0 0 .02 .16 .41 .19 .12 .)1 0
20 .10 1.16 ." .02 .46 ." .J) .19 .16 .7
30 1..33 .12 .07 ." 0 0 0 .07 0 0
)1 .,4 .09 .o~ .n 0 0 0 .04 0 0

Monthl,y Totals ,." 1.37 0.37 0.54 0.62 0·69 0.52 0.42 0.47 0.7

Sept. 7 .0) .02 0 0 0 ." .37 .1) 0 .10
12 .06 .00 .06 .05 .00 .OJ .06 .01 0 0
1) .0) .04 .OJ .02 .04 .01 .OJ .01 0 0
14 1.75 '.12 1.62 1.27 2.17 .n J,.53 .)4 .04 .80
15 .'" 1.14 .87 .69 1.17 ." .a. .19 ·OJ .50
1" .il .1' .10 .08 .1) .04 .09 .02 0 .tl,
18 .04 ." .16 .0' .07 0 ·09 .1. 0 0

Monthly Tot81, '." ).a. 2.84 2,14 ).66 1.58 2·99 0.86 0.07 1.54

1963 WA'l'ER
YEAR TO'I'AL5 21.43 20.24 17.20 19·1) 20.26 18.43 19.14 19.16 16.78 12.16

",. 23 .U .10 .07 .06 .06 .0) .0) .09 .06 0
24-25 .2' .19 .14 .12 .12 .07 .07 .'9 .12 T

Mcmth.ly Total. 0.34 0." 0.21 0.18 0.18 0.10 0.10 0.28 0.18 T

Nov. 8 .8) .85 .75 1.05 .6) .79 1.02 .71 ." .80
17 .87 1.33 1.62 1.]1 1.ll 1.4' 1.00 .68 l.07 1.4)
19 .52 .81 ." ·79 .80 .88 .61 .41 .6, .87
21.22 .J< ." .18 .17 .18 .06 .07 .W .08 .04
27·28 1.09 ." .B4 ·94 ." -97 1.10 ·99 1.06 .81

Monthly Tote18 3.63 4.20 4.37 4.26 ).88 1'.15 ,.80 '.86 3.65 ]·95

"<. 10-11 .55 .54 .'" .53 .54 .65 .49 .44 .59 0
1) .41 .54 .40 .55 .)6 .56 .55 .47 .58 .22
1" .14 .19 .14

:~
.1) .19 .19 .16 .20 .08

20 .51 .)1 ." .59 .47 .60 .53 .4S .30
30 .02 .01 0 .W 0 0 .0) 0 .W 0

Month.ly Totll.1a 1.63 1.65 J.35 1.87 1.62 1.87 >.86 ,,60 1.84 0.60

.L963 C.t.LENDAR
1.0.64YEAII TOTALS 20,]0 17.55 19·01 19·30 17·95 18.20 17.53 16.10 12.02

''164
Jen . , 0 .02 0 0 0 0 .0) .0) .02 0

15 .14 .14 .14 .14 .13 .1' .19 .15 .19 0
16 .21 .21 .21 .20 .20 .20 .28 .22 .'9 .50
17 .80 .80 .81 .78 .77 .77 1,06 .87 1.10 .10
"-30 '.00 2.33 2.35 '.26 2.26- l,G] 1,9') 1.79 1.70 2.00

Monthl" Total.a I ~.~ I 't.50 I .... ~1 ! '. '" I '. '" I '.1 I '." I '.06 I 1. 'to 2.60



r.bl. 16 .• _S..... ry ot iUll.nl.ll, in Inc:b.., for Cow lI)'ou $l'ud)' lor•• , Oclobar 19'4 to hpl_b.r 1964·-ConlllltJed

l!i

c ."""",illite or St"'~
I I.' . . ,. . . . 10-'

,''''reb. 4 0.64 0.71 0.72 0.69 o:tt 0." 0.60 O.~~ 0.501: ••68
J2-1J .44 .J] .'" .46 .64 .,. ." .47 ...,
14 .20 .lj .16 .2:' .1, .,. ." .... .n .10
17 .11 .13 .lJ .ill ." ... ..., .21 .18 .10
20-21 .10 .14 .14 .12 .08 .21 .j4 .06 ..., .0'
24 .1' .20 .21 .Ul .13 .32 ." .09 .31 .0'

Munthl1 Totel. J.1l L66 1.70 1.8~ L64 2.33 2.42 1.73 1.90 1.J.6

Mu. 1_<1 .43 .'" ." ." ." .31 .j4 .4, .43 .U
4 .,. .j4 .U .20 .20 .n .24 .,. .29 .09, .48 .43 .40 .42 .J] .". .46 .40 .13 .43

I' .04 .03 .04 .03 .02 .04 .06 .05 .04 0
18-19 L" I." J..61 1.51 1.... 1.38 1.53 1.42 1.21 1.1~

2] .03 .03 .03 .0' .03 .03 .03 .0' .02 0

Monthly TotAl. 2.6~ 2.6~ 2.'" 2.J,,9 2.35 2." 2.66 2.65 2.38 2.03

Apr. 4 .04 .0' .04 .04 .03 .04 .03 .04 .04 .03, .83 ." ." .64 .80 .,1 .78 ." ." .68
U .12 .04 .02 .0' .06 .05 .13 .w .il 0

" 2.23 1.10 1.03 1.06 J..23 1.05 .61 .64 ." .80
21 .58 ·29 ." .28 ." .28 .16 .17 .il .20

" :~ ." ." .53 .., .78 .". .,. .61 .65
26 .58 .69 ·59 .72 .81 .60 .6] .69 .,.,

Montllb ToUl. -.2 '. '1 '.60 '.~ ~.61 '.~ 2.8 ".10 2.~ 2.86

"" 1 .17 "1 .41 .29 ." .54 ." .66 .10 .40
8 .12 .1 .1 .16 .17 .1' .13 .12 .04 0
8 .0' .06 .05 .06 .06 .06 .04 .05 .01 0, ." .74 .., .76 .18 .11 .60 ." .16 .10

18 .02 .02 0 .ill 0 .03 .04 .05 0 .05,. .13 ." ." .42 .2, .12 .14 ." .9J .,.
31 .03 .04 .03 .04 .03 .07 .07 .05 .09 0

Monlhl,y Total. L20 l.jO 1.66 1.9J. 1." 2.28 2.'" 2.01 1,93 LJ,,~

J~. • ." .44 ." .28 .22 .1' .,. .10 .08 .21, .04 .05 .04 .03 .02 .02 .03 .01 .01 .10

" .06 .07 .05 .0, .05 .05 .0' .04 .04 .0'
15·16 5.65 6.J,,2 4.5J. 4.1J" 4.20 4." J"."J 3·93 3." 4. ,.,

Monthl)' Tutd. 6.10 6.,. 4." 4. ,., J".49 4.~1 4." 4.08 3.43 4.86

J"'Y I' .18 .55 .05 .18 .il .06 .07 .02 .18 0

HQn~hly Totel. o.ill 0.~5 0.05 o.ill 0.11 0.06 0.07 0.02 0.16 0

b
DUe or St<ll'll . . . ,... ... 1·' •• ,.. 10-'

I"",,,,,. 13 0.0i! 0.02 0.02 0.02 0.0> 0.0> 0.02 0.02 0.02 0.02
1~_16 I. lfJ 1.40 1.~7 l.n I." L27 1.46 1.'1''.1 l.JJ 1.60
16 .n ." ." ." 1:~ ." ." ." .31 .40
21-22 I." l,JJ" 1.~1 2.16 2.7~ 1.64 J.I)<) 1.96 J,4~

2] ." .11 .12 .<2 .lj .22 .lj ..!':I .16 .10

Mont,hly TQt.1. 3." 3.11 )." 4.67 3."3 4.~5 ).60: ~. i3 '.18 '."
Sept. , .11 .21 ." 0 0 0 0 0 0 0

12 .., .14 .10 .40 ... .41 .21 .,. .47 ...,
15 .03 .03 .02 .08 .04 .08 .04 .19 ·09 .02
16 1. ... 1.02 1.16 1.J,,1 :1'; 1.2] 1.09 ." .81 1.00
20 .61 .41 .53 .64 .56 .,., .44 .)7 .10
21 ." ." .28 .34 .22 ." .26 .2] ." .,.,
22 .29 .20 .2] .28 .1, .24 .22 .19 .16 .'0
24 2.:n I.U 1.05 1.66 1.46 ." 1.77 1.23 L66 Lill
26 .16 .1, .16 .17 .17 .14 .14 .12 .., .10
21 .6, .13 .6] .61 ." .54 ." ... .58 .'"

MonllUy Totd. 6.11, Io.J,,1 4." '.6- J".28 4. ,. 4.80 4.11 4.48 I '.80

J.<)6J" WATlR
YIWl TOTALS 35.67 ]II.J,,7 3],91 34 .33 30.77 33.6) )).24 J1.45 29·95 26.63
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Table 17. -~'ionthly Water-Bud et. S ry for Cow Bayou Study Area, WaLer Years 1957-6 --CODtiUUeO
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