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APPEN DIX I

ECONOMICS

CHAPr IER I - INTRODUCTION

1. PURPOSE AND SCOPE

The projects proposed for construction in the interagency report
would serv e vari ous nt~eTh , among which are the development of flood
con trol , navigat ion , water supply , water qual ity control , irr igation ,
hyaro e1~ ctric power , drainage , land reclamation , rdcr~ ation , and f i sh
anc wildlife , and in serving these needs would produce corresponding
benefits. Other benefits not specifically relate~ to these needs
will accr ue from ex~ en di tures for the construction and operat ion of
the projects.

The purpose of this appendix is to present the economic trends
of the area encompassed within the Red River Basin below Denison Damn .
The economi c indic ators used to determin e trends within the bas in
area were population , employed labor force , personal income , value
added by manufacture, and value of farm products sold. Historical
data for the various indicators were analyzed and fundamental econom-
ic trends estimated , and used , in conjunction with detailed esti-
mates of the effects of new ec onomi c forces and developments , to
outl ine the economic framework wi thin  which the proposed projects
‘~i1l operate over their economic lives .

2. RELATIONSHIP TO OTHER APPENDIXES

This appendix establishec a broad and comprehensive concept of
the economic growth of the basin area, with res pect to the nation and
tt i ~ four—state region , and forms the framework within which projections
of the probable magni tude of economic growt h of areas affected by
specific projects can be developed and evaluated. Developments of
these projects are coordinated and u t i l ized , where applicable , in the
dtrm ’ r appendixes to the main report .
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3. DESCRIPTION OF THE BASIN AREA

For the purpose of this study ,  the Red River Basin was defined
as the drainage area of the Red River from Denison Dam to Old River .
This area lies within the four—state region of Arkansas , Louisiana,
Oklahoma , and Texas , as shown in figure 1. Economic analyses for the
Lasin area are based on tht~ area delineated by shauira~ on f igure  1.
The following bi counties ani parishes are included. To facilitate
the economic analyses t~ e counties  and pari shes were t r eated as whole
u n i t s .  These counties and parishes comprise a total of 147,o914 sq~uare
miles of land area as compared wi th a total basin area of 29,500
sqw~rt~ miles.

a. Arkansas. Columbia , H empstead , Howard , Lafayette, Little
River , Miller , Nevada , Polk , and Sevier.

b. Louisiana. Avoyelles, Bienville , Bossier , Caddo , Catahoula ,
Claiborne , DeSoto, Evangeline , Grant , Jackson , LaSa.lle, Lincoln ,
Natchito ches , Rapides , Red River, Sabine , St. Landry , Vernon , Webster ,
and Winn .

c. Oklahoma. Atoka, Bryan , Choctaw , Coal , Hughes , Johnston ,
Latimer , LeFlore , McCurtain , Murray , Pittsburg, Pontotoc , and Push—
mat aha.

d. Texas. Bowie , Camp , Cass , Delta , Fannin , Franklin , Grayson ,
Gregg , Harrison , Hopkins , Hunt , Lamar , Marion , Morri s , Panola , Red
River , Titus , Upshur , and Wood .

The Red River Basin , as delineated for this study ,  lies for the
most part in the South Center and Southwest Plains economic region ,
as defined by Bogue and Beale(l). Six counties in the southern Okla-
homa portion of the basin and two counties in southern Arkansas lie
within the Central and Eastern Upland economi c region .

The central portion of the basin , Consisting of a former neavily
forested plain , now second growth pine and pine hardwood forest , is
frequently diss ected th rough stream action into rolling topography,
and typ ically endowed with light , sandy leached soils.

The parishes in Louisiana through which the Red River flows con-
sist of broad fertile bottom lands devoted primarily to cotton produc-
tion . These parishes also have mostly timbered thin soils , of ten of
rolling topography . The Kisatchie  National Forest is located in cen-
tral Louis iana .

(lYj)ondld J. Bogue and Calvin L. Bedle, Economi c Areas of the
Jnited  ~tate s ,  1961.

1—2
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The Arkar:ai . u or t i o f l  of the basin is a land of farming , lumber-
i n g ,  ano oil pr~ duction . Cotton farms are still the most common of
the  commerc ia l  typ es , but the number of cattle en t e r ~ r ises  has grown
arid broiler farms are now established in all counties . Tue
nnrthern part of the area in Arkansas lies wi th in  the  Ouachita
:~~t ional  Forest .  In the southern part , oil is of greater economic
si g n i f i c a n c e  than lumber .

the  Texas port ion cons ists of the blackland on tue western edge
to tao sandy soil in the east .  The blackland is a p ra i r ie  area
superior for agricul ture  whi le  the eastern portion is typ i f i ed  by
sandy soils , pine arid oak forest  covor , small—scale fa rming ,  lumber
product ion , and large oi l f ie lds . A small section of the Panhandle
National Grassland is located in the northwest .

The climate of the Red River Basin varies from moist subhumid in
t:ie western portion to humid in the eastern portion . Moderate winters
and lon g summers wi th relatively high t emperatures prevail over the
basin. Relative humidity and clou~ cover increase from west to the
east across the basin area. The normal annual precipitation over
the area varies from 35 inches in the western portion to 60 inches in
the eastern por t ion . The basin area is essent ially free from severe
freez:’ng temperatures which would cause navi gation delays . Adequate
sunsh ine  prevails which  provides a climat e favorable to agriculture,
as well as to recreational activities and travel.

14. HISTORY OF Thu bA2L~ hCO1~OMY

A century ago the Red River Basin was a sparsely—inhabi ted  back-
woods area. Not one town had as many as 5,000 residents . The areas
th at were to prove the most des i~ able for agriculture were undeveloped
ur nearly so for many decades.  Many cf the highly productive river
bot toms wer e too poorly dra ined , too unhealthy and too densely covered
with hardwood forests to permit development . After the Civil War ,
the f lood of Sout hern set tlers and foreign immigrants looking for new

• oppor tun i t i e s , together  with thc advance of technolo~~r and transporta—• 

‘V-V t ion , resulted in a rap id extension of set t lement.  Thousands of acres
of land in the basin were nut to the production of cotton . By the
turn of the 20th century , some areas had already begun to show th e
evil ef fects of soil dep letion and erosion and cotton y ields felt

• the impact of the boll weevil. However , these agricultural losses
were o f f se t  by the opening of the Oklahoma Indian lands.

1 1 4
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The discovery of oil , just at the time the automobiTh was oum ing
in to  use , brought  about the beginn ing  of a more i n d u s t r i a l i z e d  ec:nomy .
Beg i n n i n g  around World War I , several towns in the  basin s tar te :  the
trans format ion from an agrar ian economy to one based on i n t eg rat ed
oil and gas indus t r ies  and d iv e r s i f i e d  trade and manu f a c t u r e s .  Thday ,
although agricul ture  is s t i l l  of great importance to  the bas in ’ s
economy , the basin as a whole can no longer be charac te r ized  as
agr icul tura l , and more workers are engaged in m a n u f a c t u r i n g , t r a d e ,

• and services than in agriculture .

1— 5
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CHAPTER II - PRESENT ECONOMY

5. INTRODUCTION

The present economy 0 1  tiic Red River Basin is v ar i e d .  The
diver se eo aomy f the V irea has resulted in a st eady growt h in
manufactur ing,  valde ~Df farm products , and per capita Incunc . The
major elements of the eoonomy comprise the petroleum inu istry , ores
anu minerals , agricult ur V V , manufacturing and other industries , for-
est and l umb er  in d u s t r y , t ranspo r ta t ion syoteri, finance and bankin g ,
an~ tou r i s m  Vind r ccr l V at Oa . Descri ptions of these erononic activi-
ties in the basin arca V

~ o-V V prei cnteo in t,a.- i:h±ovir5o paragraphs.

6. PETROLEUM I~ LU2ThY

The Red River Basin contains cons i .1ert~,le re:~ ur-ces of petroleum .
Over 75 percent of all counties and pariohes w i t h i n  t he  ba s in  contain
petroleum and natural gas deposits. The aooum a~~ ’ ions  . fV petroleum
in the por ous , sedi men tary formations usual1:. are a : s o c i at e u  w i t h
natural gas , so that in many oilfields t a - tv C ~V~m o d i t 1e s  are pro-
duced together. In addition , natural gV i: r~~V s ~~ es arre amounts of
liqu id hydrocarbons in the form of condensat~~:, gasolin-: , and liqui—
lied petroleum gases that substantially augmen tae t t - ~i reserves.

Ihe semand on the petroleum indu:t ry  for itz prosoots na~ leen
moving to a nigher level each year . Rising u l c o oVe n , unu Inc reas ing
industrial activity — not to mention a continues V5~~~t rer ~ 1~ in travel
via beta private automobiles and commercial carriers - have all
contributed to the ever—greater demand for petroleum products.

7. OTHER hINERALS

In addition to petroleum and natural  gas , other m in e r a l  c : m r o oit i e s
produced in the  Red River  Basin are sand and gravel , coal , i ron  or ~~,
~ rpsum , ston e, and clays . Sand and gravel , gypsum , stu n c , anu clay e x is t
in large quantities and can be depended upon to ex ceed basin needs fV
a period exceeding the life of any water resource projects which are
likely to be installed. However , as deposits near urban comp lexes
become dep leted , it will be necessary to bring raw materials from great-
er distances than at present , or move processing plants t o the vicinity
of new sources of supply. Locally mined iron ore , for example , is being
largely rep laced by iron pellets from Missouri and Canada as blast
furnace  fuel . Also , bituminous coal must be broug ht in to supp lement
local lignite. In either case , the increasing need for transportation

V 
of bulky products and commodities , now extan t , will continue .

8. AGRICULTURE

The economic well being of the farmer in the Red River Basin area
• is constantly improving . The standard of living for farm inhabitants

V 1—6 
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has shown a progressive upward trend. Improvements have been made
in services available to farmers in the form of electric power ,
telephones , liquified petroleum gases for cooking and heating, and
construction of farm—to—market roads . Considerable flood protection
is now being afforded to r ich valley farm areas throughout the
country by various land and water conservation measures . The size
of farms is increasing and commercial farms are becoming increasing-
ly important in the agricultural economy .

Over the years , new crops have been introduced and extensive
inc reases in produc tiv i ty have been accomplished. Important crops
now being grown in the basin include cotton , wheat , grain sorghums ,
oats , r ice , rye , corn , soybean s , peanuts , sweet potat oes , barley ,
and hay. Livestock , poultry and their products are also of consider-
able imp ortance to the basin ’s economy .

9. MANUFACTURING AND OTHER INDUSTRIES

The indicators of manu facturing activity such as number of
prod uction workers , manuf acturing payrolls , value added by manu-
facture , and the number and size of manufactur ing establ ishments
all reflect  a relat ive growth of manufactur ing for the Red L iver
Basin and the four—state region , whi ch between 1929 and 1960 was
greater than that  of the Nat ion .  A steady growth of manufac tu r ing
in both the small urban centers and larger metropolitan centers
of the basin has diversif ied income sour ces and reduced emphasis
on agriculture.  A large amount of the manufac tur ing  in the basin
area is dependent upon raw materials  wi th in  the four—stat e area.
Most important in this  respect are the petroleum and ohemira l  indus-
tries which draw heavily upon crude oil and natural gas of the
states for basic raw material . Other industries , using the four—
state region ’s raw materials , include iron and steel manufacture ,
carbon black pro duction , glass , c~ rnent , gypsnm products , flour
mills , dairy plants , other food pro cessors , textiles an~ apparels ,
and lumber products and paper. The four—state and basin areas pro-
vide markets in varying degrees for crude oil , natural gas , coal ,
sulfur , salt , gypsum , iron ore , cotton , cottonseed , wheat , grain
sorghuins , and livestock .

The rat e of growth of employment in manufac tu r ing  has pr oceeded
at a more rapid pace in the four—state  region and the Red River
Basin than the United States average during the period 19140-1960.
During this period , employment in manufac tur ing  in the  United States
increased 53 percent or at an average annual rate of increase of 2.2

-V p e rcen t .  In the sam e period , l9 14O—l960 , employment in m a n u f a c t u r i n g
in the four—sta te region increased 117 percent or at an average
annual rate of increase of 14.0 percent . For the Red River Basin ,
manufacturing employment increased 65 percent from 19140 to 1960,
or at an average annual rate of increase of 2 .6  percent .

‘-7
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10. FOREST AND LUMBER INDUSTRY

The Red River Basin area includes some of’ the more heavily
timbered portions of the four—state region . Most of tao Ouachita
• a t  l an a I  Forest in uol :ion a lies wi th in  the uasin area. Portions

t:~ C )u : i ch l t a  Lat ional  Forest (Arkansas ) and the Ki :at c i i i e
V ,at i: : Io ± For_ st ( anuisiana ) also lie w i t h i n  tao bas i a .  1 riber Pro::.

• 
t : V V - V  

• V V
~~: i-onai FO!a I3t0 1:: prod:z:eu on a sustained y ield oasis .  In

V L U . : j t  Ta , t :Vere are 1 :- u i : ,  privately~ owneo forest areas in tile ba-ui:.
tu a t  are man aged fur su:taineu yield.  ~1uch of tn i s  managed forest
lan d is integratee with forest industry .

The basin area contains both softwood and hardwood saw timber.
Softwoods are used primarily for lumber , pulp , piles , pos ts , and
poles wh ile the hardwoods are used for lumber , veneer logs , tight
cooperage , and handle s tock.

Indus t ry  relatiar to forests within the basin area is of con-
siderable impor tance to the basin ’s economy. The lumber and wood
products industry , furn i ture  and f ixtures  industry , and the wood
salp anu t aper iaud:try are prominent in th~ bas in area. Forest
areas ar :  :::.;tomarThy associated with rugged topograon~~, scenic

V V
I I O V V V

V
, : iV~- V 1 O -~ Vt :ge t at 11~I 1 , lakes , streams , an u ottier n a t u r a l  t ea—

tore-u , an~ are taus prime at t r ac t ions  to outAodr recrea t ionis ts .
An increasing de anu for  recreational use of forest areas is
-xeected.

11. TRANSPORTATION SYSTEM

A dependable transportation network is essential for the economic
growth of an area. In this respect , the Red River Basin is favorably
located. It is traversed by major railroad systems , transcontinental
air routes , a network of national and stat e highways , and trans-
continental bus and truck systems .

a. Railroads. The Red River Basin is served by the Missouri
Pac i f i c , Rock Island , St. Louis and Southwestern , Illinois Central,
Texas Pac i f ic , Kansas Cit y Southern , and the Louisiana and North West

V 
railroads.

b. 
V
o ir fr e i~~~1t. Air freight has been in operation in this area

for a number or years and is expanding. It will likely expand until
it carries considerable amounts of the small lightweight freight ,
but nothirlr so far indicates that it will be a serious competitor
for heavy fr eight items .

U C .  • •~~t o r - V~~~ .:ck _ t r a n o r o r t .  The motor truck industry han dles a
~onsiderabie amount ot intercity freight within the basin area. In
the :,‘oar 1963 for the United States as a whole , motor vehicles carried

1—8
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~ia:W~d 25 ercent I
V the total yo~ ume of : itur c  ty freigh t handled

by t oO tr - t::sporto t ion industry . l~

d. Pipelines. Pipelines are assuming an ever increasing
import ance in transportatioii . At present , th ey are carrying around
~n e — .sixth of t h e  tota l  ton—miles  of t r a f f i c  in the en t i re  nat i on .
They carry nearly all of the crude oil and a large percent age of
oil products in the basin area.

e. Water t t V - V I . :~~~~t V t j o .  The Federal project , “Overton—
Res River ~~t~rWa~TV La .,! w as au thor ized  by Public Law 525, 79th
C0ngress , approved 214 July i U ~ 6. The au thor i zation prov ides for
construction of a :~:r;: VO 1 t ~~~~~~~~V criannel foot •i~~ p ~~ ~~~ f’:et rjue
f rom the M ississ i N i River to Shreveport , La., via toe Old and
Red Rivers  to mile  31 (1930 mileage ) on Red River , thence in a land
cut general ly paralleling tL~ right descending hank of Red R i v e r
to the v ic i n i t y  of Shreveport , La. The overall plan lacked public
support , how ever , and on 15 -larch 1966 , a repor t  recommending , in ter
alia , cons t ruc t ion  of a 9— by 150—foot navigation channel from the
Miss iss ipp i River  v ia  Old and Re d R ivers to Shreveport , La., and
thence to D a i n g e r f i el i , Texas , via  Twelvemile and Cypress  Bayous ,
was submitted by the U. S. Army Engineer District , Low Orleans .
The report, wi th  the recommendation as to channel s ize  changed to
9 by 200 feet , was , as of 1 March 1968 , under review by the i3oreau
of the Budget . Cons t ruc t ion  of th i s  pro jec t  would f u l f i l l  a

• pressing need for a water route over which bulk and other commodi—
ties may be moved to and from the area.

12. FINANCE AND BANKING

Financial  ins titutions of the  Red R ive r Bas in , througa their
ability to control flow of funds , play a leading role in promoting
economic development. The four—state region within whian the
bas in lies has exper ien ced sub stan t ial gains in bank deposits over
the past decade . As reported in the Statistical Abstract of the
United States, bank deposits for the four—stat e region increased
from $10.2 billion , or 6.3 percen t of national deposits , as of
31 December 19147, to $25.9 billion , or 7.3 percent of the national
deposits on 31 December 19614.

(l)~~ c. Burc u of the Census , Statistical Abstract of the United
t a e s  ldt5.
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13. TOURISM AND RECREATION

During the last 25 years the Federal Government has been active
in the construction of numerous dams and reservoirs in the Red
River Basin area. Similar construction has been accomp lished by
States , other public entities , and private interests . These projects
have given rise to a new and expanding recreational industry of
local , regional , and national extent. Denison Dam ( Lak e Texoma ),
located on the Red River , had the second largest attendance of all
United States reservoirs in 19614 with an attendance of over 8
million visitors . Other important reservoirs in the basin are
Bayou Bodcau in Louisian a , Millwood in Arkansas, and Lake 0’ the
Pines and Texarkana in Texas . The rate of expansion of recreational
activities associated with water resource development has also in-
creased in the area in which the reservoirs have been constructed.
Permanent type resort homes and facilities for winter fishing activi—
ties have been established, thus extending the recreational usage
period over much of the year.

The impact of recreational areas upon the growth potential of
local economies is an important factor in providing an impetus
toward a new indus t r ia l  growth trend , as considerable emphasis is
placed on outdo or faci l i t ies  by industry for recreational activities
of employees and their children. Visitor expenditures also have a
tremendous influence on the economic growth of an area.

1—10
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CHAPTER III - ANALYSIS AND SELECTION OF ECONOMIC INDICATORS

114. NATURE OF PROJECTIONS

Economic projections are not predictions but are reasoned
estimates of the probable trend of future development . These
projections are based primarily on present knowledge of foreseeable
developments and relationships of the past. They should not be
considered as a prophecy of the future , but rather a forecast of
what might occur if a number of specific assumptions regarding the
economy of the basin were to occur .

15. STANDARDS USED

Primary importance was placed on national level projections for
the principal economic sectors . Use was made of data from United
States Government studies published by various agencies and bureaus
to determine national , reg ional , and local trends . For projection
purposes , all dollar values were converted to 1960 dollars to make
values comparable over vary ing time periods .

16. AE SU~~ TIONS OF GROWTH

Projections of economic growth in the Bed River Basin were
developed under the following assumptions: (1) No major depressions ,
wars , or uncontrolled inf lat ion will occur during the project icn
period ; (2) a high level of employment will be maintained ; and ( 3 )
sufficient water of acceptable Quality will be available to support
the projected economy.

17. METHOD OF DETERMINING ECONOMIC INDICATORS

The following fields of study were selected for determination
of economi c indicators of future growth : popul ation , labor force
and emp loyment , personal income and per cap ita income , value added
by manufacture , and value of farm products sold. These indicators
were selected for the following reasons :

• a. Population. All economic growth stems from activities
undertaken to satisfy human needs . An industrious population pro-
vides the basis for demands for all resources utilized and provides
the basic human resource upon which all other economic activities
are dependent in varying degrees.

V b. Labor force anh eT~~loynent. 
Labor force and employment

are consiaé~~ d~~.n important s~~t5f~~f study because the needs for
raw material resources , including water , and basic services , such
as power and transportation, stem from man’s work—connected activ—
ities .

I—li
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c. Personal ana~~er capita income. Personal income has been
selected as an economic indicator since it is the principal component
of gross national product (the most comprehensive measure of econ-
omic activity), and is the best indicator for which data are available
for the basin area.

d. Value added by manufacture. This economic indicator was
selected because it is the sole measure of industrial activity
available for comparing the relative economic importance of manufac-
turing among industries and geographical areas .

e. y u V~~~
o.f _farm products sold. Value of farm products sold

is a sensitive indicator of agricuT~ural activity which , in turn, is

-V 
one of the nation ’s principal industries.

S
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ChAPTER IV - PROJECTED ECONOMY

18. POPULATION

The 1960 population of the four—sta t e  region of ArKansas ,
Lou isian a , Oklahoma , and Texas was 9 .14 percent of the  :;ation ’s
tot al population . The region ’s share of the :iatiur~a LVup ~iation
has fal len slightly during the past 30 years, dec l in ing from 9. .i
percent in 1930 and 19140 to 9.6 percen t in 1950 and to 9

•14 percent
in 1960. The Red River Basin ’u share of the Nation ’s populati on
declined from a hi gh of 1.14 percent in 19140 to a level of 0.9
percent in 1960 (see table 1). The declining snare of national
population reflect s the predominately rural character of the
basin ’s population .

a. Basin area population growth rate. Between 1930 and l9oO ,
the Nation ’s population rate of growth averaged 1.3 percent corn—
pounded annually. The rate of population growth in the four—stat e
region averaged 1.1 percent during the same period. In contrast ,
the population of the basin area remained almost cons tant over t he
30—year period , showing a net loss of 3,583 people or a loss of 0.02
percent , compounded annually . The net loss of population in the
basin area reflects the general decline in rural population which
has been taking place throughout the United States .

b. Population growVth rate of individual states compared to
the continental United States.

(1) Arkansas. The population growth rate for Arkansas
during the decade 1900—1910 came close to the national average;
1.9 percent as compared to 2.0 percent for the Nation . Subsequently ,
the state population , expressed as a percentage of the national
populat ion , has declined. Between 19140 and 1960, the total popula-
tion also declined. The reported 1960 pop ulation was 1,786 ,272 ,
or 1.0 percent of the continental United States population . The
long— term population growth rate of the state for the period 1900—
1960 has been 0.5 percent annually compared to a rate of 1.5 per—

‘ -V cent for the continental United States .

(2) Louisiana. The population growth rate for Louisiana
has been about th e same as the Un ited States for each decade s ince

-V 1900. In 1960, the population of Louisiana was 3,260,000 or 1.8
percent of the population of the continental United States . This
percentage has remained nearly constant since 1900. The long—term
growth rate for the state has been the same as that for the con—
tinental United States .

1—13
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TABLE 1

UNITED STATES, FOUR—STATE REGION AND RED RIVER BASIN POPULATION (1)

1930 19140 1950 1960

basin Total 1,708,000 1,885,000 1,739,000 1,7014,000

U. S. Total 122,775,000 132,5914,000 152,271,000 180,6814,000

F~ ur_ tate Total 12,177,000 13,065,000 114,535,000 16,951,000

Basin/U. S. 1.14% i.14% 1.1% 0.9%

Basin/Four—State 114.0% 114.14% 12.0% 10.1%

Four—State/U/ 5. 9.9% 9.9% 9.6% 9. 14%

AVERAGE ANNUAL RATE OF CHANGE OF RED RIVER BASIN

1930—19140 1914 0—1950 1950—1960 1930—1960

1.00% — 0 .8 1% —0.21% —0 .02%

S

(1)U. S. Departm ent of Commerce , Bureau of Census , U. S. Census
of Population, 1960, 1950, and 19140 , Number of Inhabitants.

a
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(3) CoL a:. a-. oetwtVen 1930 anc 1950, the State • -f
)klar~ - s t  lost to t a  I -n at i o n ;  however , in t he  decade l95 u— 

-V

~~t u , tPe  p o p u l a t  i n in  r easeu  to 2
, ~~~~~~~~~~ woicO was 1. ~ percent

f the e n t i r e  contin ent- ti Thited Statec- population , and re: resents
a 14.2 :-er~er:t in~~rV : i a: - v e r  the 19,0 populat ion . The low- — t e r m
~~uiat i-o n growth lat e ot V the s t a t e  for the period l900—l9uO nas

been ~.0 percent , com~ arec to t at  co n t i n e n t a l  Un i t ed  States growth
rate of 1.5 pe rcen t .

(14) Texas. Texas or u lat  ion growth rat e has excecu od
the nat iona l  average except  fur ore decade , 1930—19140. Since 

-V

19u0 , the stat e popula tl l r i  nac increased at a rate nigher than toe
na t iona ’  average . The :- - r o r t e d  1960 population was 9,579, 677, or
5.3 percent of the continental United States population. - V i t i C

long—term population growth rate of the state (1900—limo ) rias been
1.9 percent annually.

c. Urban iza t ion  of the basin area. h i s t o r i cal ly ,  the popula-
tion of the basin area has been preponderant ly rural . C i t i e s  w i th in  

-Vthe area are gener ally small with only Shreveport and Texarkana
having s u f f i c i e n t  population (50 ,000) to be c l a s s i f i ed  as Standard
Metropol i tan Stat is t ical  Areas ( SMSA) .  However , urban areas hav e
been growing at a rap id rat e throug hou t th e last 30 years . In
1930 , the urban population w i t h i n  toe t as in  area accounted for  21
percent of the total population. by 1960, the urban population made
up 147 percent of the total population . For the 30—year period ,
urban areas enjoyed a 2.8 percent annual rate of growth. Despite
th i s  rapid urban growth , the basin area remains less urban iz ed than
ei ther  the four—sta t e region or the entire Uni ted  S ta tes .

d. Population change. Table 2 presents  the total urban—rura l
change in population by perc ent of totals for the Red Riv er Basin ,
the four—state region , and the United States , for the period 1930—
1960 . These ratios are approximate , since over a period of time
the Census Bureau has changed its de f in i t ion  of what constitutes an
urban community .

.4 1-15
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TABLE 2

RED RIVER BASIN , FOUR—STATE REGION, AND UNITED STATES
POPULATION ( % URBAN AND RURAL ) cl)

1930 : 19L4 0 : 1950 : 1960
: 0  : R : U : P : U : R  : U

Red biver Basin 21.1 78.9 25.0 75.0 36.6 o3.14 147.5 52.5

Four—State Regicn 33.9 66.1 36.7 63.3 ~~~~ 51.7 57.9 142.1

United States 56.: 143 .8 56.5 L 3 . 5  614.0 36.0 75.5 214.5

(l)U. S. Department of Commerce , Bureau of Census , U. S. Census of
Population, 1960, 1950, and 19140, Number of Inhabitants.

e. Population projections. The historical population figures
for the United States are derived from Bureau of Census data published
in the Statistical Abstract of the United States, 1965. Population
projections for the United States to the year 2020 arc based on the
Commerce Department’s Census of Population, Seri es B, which projected
a rate of population increase of approximately 1.6 perce nt compounde d
annually for the 60—year period. This rat e was extended to the year
2080 to obtain population estimates for the entire p ro jec t ion  period.

It was assumed that the four—state region would maintain its
historical share of the national population , approximately 9.6 percent ,
through the year 2080. This implies that population within the four-
state region will grow at the same rate as national population .

On the other hand , becaus e more than half of it s population is
s t i l l  in the slow—growing rural areas , the  growt h of t O e  populat ion of
the basin area was projectod at a lower rate than taat of the nation
and four—state region . Consequently,  t he basin popul ation accounts
for a pro gressively smaller share of the pro jected national population .

Population p ro jec t ions  for  each of the four  s t a t e s  are based on
forecasts  made by the U. S. Department of Commerce. The rates pro—

-V 
jected by the Commerce Department to the year 2000 were extende d tc
2080 to obtain estimates for years not covered by Commerce Department
pro jec t ions .

1—16

V~~ TTT TT V . _~~~~~_~~~~~~~~~~

-V
V:~~~~~~~~~~~~ • _ ~~~~~~~~



S~ - VSV- VV -V S-S-V ~~~~~~~~~~~~~ -VVS~ V VV ~~- V - V 5~~S_ 5 -V__ S V V ~~~ 
_ _ _ _ _  -VV-V-V-V V~~~V-V-V-V VS -V S - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -V - - - V

Sin ce  t her e  was considerable variation among tao projected
rates of growt h for tao four states , populat ion pro jec t ions  vera:
made for  the por t ion  of each state ly ing wit a ir :  the  basin ar -a .
The p ro j ec t ions  for each p o r t i on  were based on the overall rate fV
gr- -cth in the state, with ut-ward adjustments  in the  r a t e  of growth
w e’- c the character  of the por t ion  was more urban tnan the sOat e
as a whole , and vice versa .  Because the  por t ions  of the  basin
lying within Louisiana , T~xao , and Oalahoma are gene ra l l y less
urbanized than t heir respe ct ive states , they ire expected to expe-
rience a slower rate of ponuittion increase.  The Arkansas sector
of the  basin , on the other hand , is similar in character  to toe
state as a whole , and its roru la tion was projected to gr ow at toe
same rate ::u the stat -V . Table 3 aria figuco 2 show rotul ation pro-
j e c t i ons  to 2080 for  toe Un it 0d  States , the f o u r — at a t e  region , and
the ked River Basir .

In addition to historicli trends , the follow ing considera~ ions
influenced the choice of pro~ ected growth rates. A better balance
between the suppoy of and demand for agricuitural pr aducts is expected
to lead to a s t ai l l i z a ti on  of the  absolute s ize  of the rural popula—
tion at apuroximately i t s  rr e sen t  levels . This result is based on V

the assumption that r i s ing  populat ion throughout the Uni ted States
and the world will  cont inue  to exp and the demand for  agricul tural
products .

The basin area is well provided with natural resources which are
expected to at t ract  capital  and industry for development. Increased
indus t r ia l iza t ion  and resource exploitation is expected to lead to
increased urbanization . Past experience shows that “the rates of
urban ization wer e higher in th e ‘newer ’ and less deve loped regions ,
for the mos t part , th an in th e older and more developed areas of t oe
country , though we tend to th ink  of newly settled t e r r i to ry  as
largely rurai.’Yl) The areas which consistently experiencea the most
rapid relative growth during the years since 1910 were , on th e whole ,
the least densely populated parts of the country . (2)

Condit ions of population saturat ion and full resource utiliza—
t ion of the east and west coasts will , as time goes on (and our
pro jec t ions  extend 100 years in to  the f u t u r e ) ,  cause industr ies

V 

seek ing new locat ions to f i nd  the basin area in creas ingly attractive.
One of the pri’.icipal requirements for industry is water and th-~ basin -V
area is well—endowed with this resource.

(li harvey ii. Perloff , et al, Regions, Resources, and Economic
Growth, 1960 , page 17.

(2 Vl Ibid , page 11.
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Or . - i-asia -k r -  s , a: arevi ua ~y icici ca t ~~i , is well a i t o a t c  i in  re—
to  t r -ai :~~~l - - ’ a • -V -~- ’JJties . The res~ c i l y aci reosible  ra i l

:e :.t ag- - , eyed ri griways , and a- ’ve iope ; waterways n alice t :.u n a s ir  area
c_ r a t  i:• l f~ r natO marKet and resource or ienteu indus t ry . 0:ie r ay on—
I s - - : .  I C :  : - V v~~~ t t i a r i  cs :c r i r , e l  fran. th e  mouth of bed River  to Snreveport ,
Lo ci a s_’ , - .,  ari a ~n- O e  to Daingerfield , Texas , will supplement existing
f r - a n n  a r - f - s t u n rse-c 1a and provide a medium for  the  low-cart t ranspor t

f c _ a u r u  niteriai: .

~~~~. .,*tOOP. F’ aRCh ~OL L:-~°o -

- d i as s i f i c a t i o ns .  Persons counted as being in the  labor
f rce in:Iude trio employed and the  unemp loyed. The employed category
ina~ aaea (1) trace who are at work and (2) those with a job but ar~t
at w rk . Persons in category (1) are def ined as those who do
~ .0K f a r  Day -r - p ro f i t  or who work without  pay for 15 hour s  or more
coo wee- on a family farm or business. Category (2) includes persons
4 h a  has ’-:- a job from which they are temporarily absent because of vaca-
tions , illness , industrial dispute , or bad weather . Unemployed persons
a ~t ively seeking work are included by the Census Bureau count as arnorir-
those in the labor force . All cisilians lb years of age or over who are
nat classifis_i as employed or unemployed are consiuered as not in the
1 c_ -~-r f o r u e .

b .  Basic emp loyment and the multipl ier  e f fec t .  The fol lowing
d i s c u s s i o n  is presented to show the relationship between the neces—
a - i c - .- b aa c - - s p i c ym en t  and total population . “L’asic emp loyment ” or
trai t part  of a ;ammunity ’s total employment which can be identified as

the outs ide market exclusively is genera ted  by the demand f ar
I l l  services  exported and such emp loyment leads to the spending

of p a ,V O ~~~~~~~~ 3 i i i  the local market . The “mul t ip l i e r  e f fe  ‘t ” is  the
- : ff e c  a ?  c a s i c  job on the creation of secondary em~ ioymer ~t
I n  ,t r .  I : . :  i :ri e s , eus~ ecially service—type employment . LstiI,,ntV u

01 :: ia~t i f - ii e r  e f f ec t  vary . tiowever , the :--V :issouri Industrial lO ws
a it c i  in Fs:uruary 1 - t f at  t r y  e f f e c t  of 50 emp loyees iii basic

lus aib in a co,rc uri1t~ i l i l  result in the auupc-rt of ~~D t o 400

:Oj  IV : , w i l l  a -  -.Jr- T~. to 100 homes , wil l ~ut 200 eel Ore-a in
V i t ,o~ i-il l  u - - - - ~ia ’-  P t aac~~ers , will  cause the pur cc. ae o of 1 au to—

a u r s oat Ia stores uz itn annual sales of ~i~ 1~~,DO0 , wI ~~
a ~ft :r s i  iou pear  i t ;  ( o a t  i ot a , doc tors , lawyers , or cc _ h u nt  -rn )

.1. - 
~ff , ot al , u s_gi na, i c _ s _ s c u m s_ s , t l u - 1~~~~~

- C O ~~:,, i~o: ,
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t~. -~ I V y  10 t r u e  co crcc _ u rui ty , wi l l  ~ sty uP-cut -~Ii5 ,000 arixu u cci Iy fur

trarhs~ ox- tnt icrl , will  buy trie- products iI~e5~ l , uud acres ui lana ,
w i l l  p rov iuc  a cr iur i t iu l y p ay r o l l  of .~u5 ,000 to -~;85 ,ua a , and 5 -

s_ stall ice a tax f~~andaUi or1 00 base of ~I~ 00 ,000.

Employment d a t a .  ‘lhe changing Vittern of ersI loyment in
the basin area was first examined on the basis of count’5’ or parlor
changes and state total changes in basic industry employment.
Employment data for the cat egor ies of agr icu lture , mining, manufac-
turing, utilities , trade , services , construction , f inance (lnoIuainu ~
insurance and real estate), other industries, and not r s_ -po r t ed , wore
assembled. Table 14 presents historical lab-a r t r oe -ao l employment
data for the basin area within each state. hmp loym s_ -r V I. aria labor
force data were then grouped into  the basin area , the  fou r—sta t e
region , and the United States totals for comparison ari a analy s i s .
Table 5 presents  these comparative labor force  ‘~ad ersicrl oyrnent
s t a t i s t i c s .

J . Agricul tural  employment. Agr icul tura l  emrioymerut has ex—
-V per ienced a sharp decline in the basin area , the four—stat e region ,

and the Uni ted  States . Employment in agricul ture in tee  basin area
decreased from 260,9114 in 19140 to approximately 60 , U cc_ 9 in 1960 , or
a 77.0 percent decline . Agricultural employment follows a similar
trend for the fou r—s ta t e  region , which  reported a decrease from
1,1407,293 in 19140 to 53 14,7614 in 1960, or 62.0 percen t decline. The
trend for the United States showed a loss from 8,14149,1163 in 19140 to
14,256,7311 in 1960, or a 149.o percent decline .

e. Nonagricultural employment. A sharp increase in si c-n—
agr icultural employment has occurred in the  bas in area, the f cur—
state region , and the Nation . In the basin area , th i s  has increased
from 306,2149 in 19i40 to 14611,8111 in 1960 , or 51.7 percent , wai l e  t r u e
four—sta te  region reported an increase from 2 ,712 ,589 in 1914 0 to
5,1143,026 in 1960 , or 89.6 percent. The nonagricultural emp ia~rner:ttrend for the United States reported an increase from 3o ,cdb ,n50 in
19140 to 60 ,382 ,513 in 1960, or an increase  of 6 14.9 percent.
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f. Employment changes. An analysis  of th e emp loymen t changes
after  ad . us tment  for  a~’r i cult u r al  losses in jobs from 1914 0 to 1960
discloses the fo 1lowiru ~~:

Nonagr i cu l tu ra l  Loss in
gain a g r i c u l t u re  Oct eruan1? s_

~~up I~ yment area 1)141—1960 l9110—l9&u i911O— l 4s~U

1—asi a area 158 ,596 200 ,825 _ L~d ,229
Four— st - ct e  region 2 , 1u 3 0 , 14 37 87 2 ,5 29 1,557 ,908
Uni ted Otates 2~ ,761,6~1 11,192,729 19,568,932

This comparison reveals the great historical dependence on agricultural
activities and the high transfer rate from agrarian pursuits to non-
agri cultural activ ities , in the basin area , the four—sta te region ,
and the Nation . The basin area had an agricultural employment decline
rate of 1.5 percent in the period 19140—1960, compared to 5.0 percent
for the four—state region and 3.5 percent for the United Otates .

g. Productiv~~yn 
Produ ctivi ty relates output to input . For

the purpose of th i s  study ,  product iv i ty  is def ined as the rat io of
real product to man—hours of work put into the product . It may in-
crease , become stable , or decrease during any given period. Productiv-
i ty may be increased by such f actors as research , capital investment ,
technological and managerial advancement , and advancement of education .
Many factors are at work which restr iain productivity , including
scarc ity of sk illea labor and management , in creas ing real cos ts of
resour ces such as water , increasing real costs of distribution , and
insuf fici en t public facil it i es , such as transportation. An ine ritable
cause and effect relationship exis ts between the level of L abo r
pro duc ti vity an d the level of real income of wage and salary worker s
across the :Jat ion I I I  general and on a national basis. For example,
the gross national product of the Nation was , in 19147 , produced 1tv
62 million workers in the labor force , and had a value , in nonstaru t
1957 dollars , of $305 bi l l ion.  In 1957, in dollars of the  sam e
value , the gross nat ional product of ~~~ Nation was $~4P-O bi llion
produced by 68 mi l l ion  members of the labor force , or a 13 percent
increase in employment , and a 144 percent increase in the produce fa r-
na t ional  consumption . The difference between the 13 percent arid 1414
percen t is a measure of the gain in ph ys ical product ion per worker
wh i ch can be dis tr ibuted in one way or another in the form of h igher

V wages , ur higher salaries , lower pr ices , greater profits (to macu —ige-
ment an i  st o c k h o ia er s ) ,  or a combinat ion of these forms . The increase
[ci  n a t n - n - il labor productivity over the past years has averaged 2 and

-‘ 3 percent per year , with sizable year to year variations . Future
changes in productivity are of considerable concern to the Nation . In
tre past , the s t imulat ing f actors have alway s ou tweighed the

B
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res t ra in ing  factors , and under our free enterprise economic system,

likely will continue to do so for the foreseeable future.

h. Projected labor force and employment. Historically ,  the
labor force in both the four—state region and the basin area has
accounted for a smaller fraction of the total populat ion than has
the national labor force. This lower labor force participation
rate in the basin area is explained largely by the lower partici-
pation rates of females in rural areas and by the out migration of
individual s of working age who soug ht employment off the farms .
Wi th increasing urbanization and a s tabi l izat ion of agricultural
emp loyment opportun ities , the labor force participation rates in the
basin area are expected to gradually approach the national levels .
Table 6 presents projected employment for the years 1980, 2000,
2020 , 20140, 2060, and 2080 for the United States , the four—state
region , and the Red River Basin.

20. PERSONAL INCOME

a. Personal and per capita income grow-th. Personal income
growth in the United States was slightly greater than personal in-
come growth in the Red River Basin and lower than the personal
income growth in the four—state region during the years 1930—19614.
These rates of growth for the United States , the four—stat e region ,
and the Red River Basin were 3.7 percent , 14 .6 percent , and 3.5
percent , respectively.

-V 
Per cap ita income growth in the United States was lower than

-V the per cap ita income growth in both the four—state region and Red
River Basin area during the period 1930—1960. These rates of growth
for the United States , four—stat e region , and Red River Basin were
2.3 percent , 3.4 percent , and 3.5 percent , respectively. Table 7
presents personal income and per capita income data in 1960 dollars
for the areas mentioned above . These 1960 dollar figures were de-
rived by the use of the consume r price index . Table 7 also presents -V

average annual growth rates for selected intervals .

b. Growth of personal income by major industry category and
other sources. Using the income data broken down into type and
source , answers can be developed to some of the questions which are
constantly ar is ing  concerning changes in the importance of the
various industry groups and in the four major categories of income
source which are involved in the economic base of each state. The
following sources of income growth were compared for the four—state

• region , the individual states comprising the four—st ate region , and
the Nat ion:

I :
B
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(1) :- ur’. H .  - ao. ~he incr -- -ise in farm inc . rc-c in th’- ur—
str a- -~ i S f .c- • :. - ar- lu I 4 . I_ i 9b 1 4  was 5L4 percent as c o mp ar e  i

t - n e  O~~t u  :t ’ s i r a r -  - i - - of ~0 p er c en t .  However , dur ing  the per iod ,
- a .m u  r- -~ r - t- a de.r±ine of 131 percent , while L-x ao , Arkansas ,
L. ~iciana 1~ - .-~ .i-te I n a r e - l. - V e -a of 73, 218, and oO r-er c nt , respec—

~~iv -  a,’ . The f- cr- . in come growth in the four—state region for the
saro V - V~~~~~~~j0 was 1.25 r- rcent compounded annually , compared to an 0.50

~~ -r’ - r ~ ’- i s a rea s -  f~r the N-It Lru .

Percent of income : Percent change
den y -cu from farming in farm income
1929 19614 : 1929 — 1964

-V
~Jnited Jtr1to s 1.5 0.o +19
Four—state re~ iori 2.7 1.1 +54
Arkansas 2.1 2.2 +218
Louisiana 1.8 0.7 +62

~klancn-i 3.1 0.5 —131
Texas 2 . 9  1.1 +73

(2) Mining income. Income derived from mining in the four—
state region increased 2140 percent during the period 1929—19614 compared
to the N ation ’s increase of 44 percent . The states of Louisiana and
Texas accounted for nearly all of the increase . The income growth
rate of the mining sector for the four—state region was 3.60 percent
compounded annually compared to 1.06 percent for the Nation .

Percent of income : Percent change
: d erived from m ining : in mini ng in come

1929 19614 1929 — 19614 -V

‘ni tud :- - tes 1.8 0.8 +414

~- -u r — o t a t e  r eaj u n  14.1 3.5 +2140
Arkansas 2.1 0.8 +9
Louis iana 1.2 14.7  +1 , 5 . 3

-V 0k1 duurc a 11.1 5.3
Texas 2.7 3.2

(3) Contract construction income. Contract construction
income in the  four—sta t e region increased 581 percent for  the per iod
ii. )—196 4 compared to the Nat ion ’ o increase of 333 percent . All of
the states in the four—state reg ion wit h the exc e~ t ion of Oklahoma
showed strong percentage increases , exceeding the national percentage
increase. The contract construction income growth rate f:r the
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f o u r — s t a t e  region was 5.70 percent  compounded annually compared to
4.30 percent for the N . t i c n .

Percent of income : Percen t change
derived from : in construction

cont rac t  cons t ruc t ion  income
1929 1964 1929 —

United States 2 ,9 4.0 +333
Four— state region 2.5 4.2 +581
Ar k ansas 1.9 3.8 +515

Louisiana 1.6 5.1 +1,236
Oklahoma 2.3 3 . 0  +313
Texas 2.9 4.2 +565

(4) ManufacturinE income. The manufacturing income in
the four—state region increased 508 percent during the period 1929—
19614 compared to the Nation ’s increase of 259 percent . All of the
states exceeded the national percentage increase for the period
1929—1964. The manufacturing income growth rat e for the four—
state region was 5.30 percent compounded annually , compared to 3.70
percent for the Nation .

-V 

: Percent of income : Percent change
derived from in m a n u f a c t u r i n g
manufacturing : income
1929 1964 : 1929 — 1964

Uni ted  States 18.3 21.3 +259
Four—state region 8.6 13.2 +508
Arkansas 8.7 15.8 +467
Louisiana 13.14 13.14 +31 4

Oklahoma 6 .6 10.1 + 301
Texas 7.8 13.5

(5) Wholesal e and retail trade income. The income de-
rived from wholesale and retail trade in the four— state reg ion
increased 354 percent during the period 1929—1964 compared to the
Nation ’s increase of 254 percent . Arkansas and Oklahoma fell below
the national percentage increase while Louisiana and Texas exceeded
it. The income growth rate for this category for the four—stat e
region was 4 .40 percent  compounded annually,  compared to 3.70 per-
cent for the Nation .

4 -
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Pe rcent of income : Percent change
derived from wholesale : in wholesale and

and retail trade : retai l  trad e
1929 19614 : 1929 — l9r3-.

United Jtates 10.9 12.2 +25n
Four—state region 10.9 12.6 +354
Arkansas 9.2 10.3
Louisiana 9.9  12.2
Oklahoma 11.1 11.7 +177
Texas 11.5 13.2

( 6 )  Finance, real estate, and insurrince ir~aone. ‘Inc in—
come derived from fin-ance, real estate , and insurance in ~:e four-
state region increase d 364 percent during the period ~~~~~~~~~
compared to the Nation ’s increase of 204 percent. un~ y U k I u J ~om-u
failed to exceed the national percentage increase. The in e o m e  ~~n ow t r

rate for this category for the four—state reg ion was 14.50 r ercent
compounded annually compared to 3.25 percent for the ~ation .

Percent of income : Pe rcen t ch ange in
derived from f in anc e , : f i n a n c e , i n su rance

:insurance and real estate:and real estate income
1929 19614 : 1929 — 19614 -V

Unite d St ates 3. 14 3.3
Four—state rc~ ion 2.6 3.0
Arkansas 2.1 2 .3  +232
Louisiana 3.0 2.9 +300
Oklahoma 2.5 2.8 +1914
Texas 2.5 3.2 +L 4 73

(7) Transportation industry income. The income from the
t ransportat ion industry in the four—sta te  reg ion increased 119 per—
cent during the period 1929—19614 compared to the United States
increase of 91 percent .  Louis iana  and Texas exceeded the national per-
centage increase , while Arkansas and Oklahoma fell below it. The
income growt h rat e for this category for the four—sta te  region was
2.25 percent compounded annually compared to 1.87 percent for the
Nation.
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Perceot r r f  in c - nc -~~~ civ ‘~~ 1 e i - c - en t  - :. -V n 4~e in
from transj urt .I tion trans~~or~ at ion inc ome
1929 19o4 l9’,4

lr j t e c  ~3tat es  5.5 3.3
F ou r - — c ta te  reg ion o .7  3. ’)
Arkancus  - .7 - . - ,

Louisian a 8.0 14 .3
-Dklaho-ma 14 .6 3. 14 -4-85
Texas (.1 .0 +156

(8) Communication: and riublic ut iiit. io- : ioc:c~c. J o m m u n i —
cation: an-c r-ubii c u t i 1i t~ es incom e in the f o o r — o t a t e  re~~i’ n in-
creased 1427 percent ~n-ir~~ trio p c c i ui l929—i9n~ compared to the
i~ation ’s increas e of 25u ar- - a - n t .  All states exceeded the national
percentage iric rer ce in r i c ~~m e .  Toe inc -;rcu growth rite for  the
f o u r — s t a t e  re~~io r. s’ro - r 4 .35 r -er-cen f -compounded anr~u ceL 1 t- , T-o-mrri rcd to
3.1-I- c - --reent . f-o r t r a  l it . an.

Percent of income 1- ercact enanpe in
-.i~~-iv~ -I f r-c c cummur~i cat ions anu

2 0 : c r r u n i c a t i o n s  and pub l i c  u t i l i t i e s
~~ o1ic utilities income

19614 : i92~ — 19614

U n i t - an It -i te s  1.8 2 . 0  +553
F~ u r — : t - te re~~ic r ~ 1.6 ~.2 +1 27
Arkansas 1.1 2 . 0

1.5
1.6 2.2
1.8 2 . 2  +1411 1

(9) Servi ccc: in . i uc t c -y  in c o m e .  Services—cierived income in
toe :uur—r;tate rei~ic-n incre-roud 3(2 percent durinc. period 192 .?—
1’i~ L compared t-~ the N a t i o n ’ s in cr e a s e  of 1415 percent . 2 c c c i i s i an a
and Texas exceeded tn~ nat i-cnrti percentage increase in income . The
income growth rate for the se rvices  industry for the four—state
region was 4.55 p ercen t  c cmp ounieJ nnu.aJ ly to 3.81 percen t  for  the
I~rt i-c n .
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Percent of Fec -c - a-nt  change
income derived in ser-~ice
from services : industry income

929 1964 : 192 ? — 19614

Uni ted  Ot- it es  14.4 7.t + (5
Four— st~~t -  region 5.9 7 . 0  + 3 ’ ?
Arkansan 5.0 b.c . +1453
L o u is i a n c 8.1 7 .7  +~~ 5
Oklan-. r ria 4 .7 b .5 + -5

Texas 5.~ 7.1

(10) Government emp lo~~~ent inc ome .  Income derived from
Government employment icc the  f o u r — s t a t e  rec ic - n ic cr used 858 percent
d u r ing  the -oeric- o l92 i_ 1964 compared to th e  n r  io:cal increase  of
601 percen t .  iUi  t r o  s tates of toe :c~~r— - V t — - ’ region exceeded
the national percentage increase .  The in c o m e  4.~r u w t i i  rate for  the
Government sector for  the  four—sta t e reg ion  was o . 6 U  perc~ it
aon~ 0L1y cosipare a to 5 . 7 5  cr ce-o t f c- to€- Oation .

Percent  change
Percent of income : in Government

derived from employment
Government employment : income
1929 1964 : 1929 — 1964

Uni ted  States 5.6 12.5 +601
Four—state region 5.8 14.1 +c5c
Arkansas 5.1 11.8
Louisian a 6.7 13.4
Oklahoma 5 .5 16.3 +c3 3
Texas 5.8 14.2 +1 , 011

( i i )  Other  indus t r ies  income. Income der ived f rom o th er
industries in  the four—state region did not increase by as great a
percentage as the  Sat ion during the period 1929— 1964 , the region in-
creasing only 214 percent as compared to the national increase of 14~ 14
1-erceot . The s ta tes  of Texas and Louisiana exceeded the nat ional
percentage increase. The income growth rate for the “Other Industries ”
sector for the four—state region was 3.30 percent  compounded annually
comp ared to 3.60 percent for the Nation .

. 1 1—32



-- —-- -- -V——-V—-V---V------V-V- V - V - V -  
‘--V -V V - - V - — -V -V- -----V-V—-V—---- -V—-V- -V-

~~~~~~~~~~

-V

Percent of income : Percent change in
derived from : other i n - i c i o t r i e s

other industr ies in corric -
1929 191414 1929 — 1)64

United States 0.1 u . 2  + 14414
Four—state region 0.2 0.2
Arkansas 0.4 0.3 +100
Louisiana 0.2 0.2 +275
Oklahoma 0.14 u.2 +29
Texas 0.2 0.2 +429

(12 ) Other labor income. Income derived from other labor
in the four—state region incr eased  1663 percent  dur i ng the period
1929~ 19614 compared to the Nation ’ s increase of 1288 percen t .
Arkansas , Louisian a, and Texas exceeded the nat ional percentage
increase for the period. The income growth rat e for  the other labor
sector for the four -s tate  region was 8.50 percent  compounded annual ly
compared to 7 .75  percent for the Nation .

Percent of income Percent change in
derived from other labor
other labor : income

1929 19614 1929 — 19614

Unite d States 0.7 2.9 +1 ,288 -V

Four—state  region 0.6 2.9 +1,663
Arkansas O .~i 2. 5 +1 ,900
Louisiana 0.7 3.1 +1 ,745
Oklahoma 0.6 2 . 7  +977
Texas 0.7 3 .0 +1,871

(13) Proprietor ’s income. Income derived from proprietor-
ship in the four—state region increased 83 percent doris1 - the period
1929-1964 compared to the national increase of 91 percent . Only
Texas exceeded the national percentage increase. The income growth
rate for the propr ietor ship sector for the four—state region was
1. 75 percent compounded annual ly , compared to 1.87 percent for the
Nat ion .
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: - cent -of i c c-one I’~-r-ce - ~nun 1 a— :5

derived from : a a ietocan 1 ,
j~ro~~i i et ~~rship : income

19’) 1964 : 1i29 — l9a-.

Unite: t - t e ~ 11. 2 10. 14 +9 1
- — s t a t e  reg icr i  - 9.3 13.5 +1414

140. 1 20. 4 +59
25. 4 11.5 + 146
27 .3  14 .8 + 142
29 .0 12.9 +103

(14) Property income. Income derived from ~:c-operty manage-
ment in the four—state region in creased 208 percent  dur ing  the per iod
1929_ lo u4 compared to the Nat ion ’ s increase of 102 percent . All of
toe s t a t e s  in the four—state region exceeded the national percentage
incr ease  f o r  the period 1929— 1964 . The income growth rate for the
c c - c i r --E- r ty  management sector for the four—sta t e reg ion was 3.25 percent
cr U ci nded u:r: -ilI l , anrcared to 2.0 5 percent  for  the Nation during

toe n-crio- ~ I

Percent of income derived Percent change in
from property management : property in c o m e
1929 1964 1929 — 1964

Inited State .: 21.8 13.9 +102
Four—sta te  c-~-g ion 16.8 13.2 +208
Arkansas 12.2 10.8 1-175
Louisian a 17.0 12.0 +194
Dkl-ah cm- 1 16.8 13.1 +104
Texas 17.8 13.5 +256

c. ~~pjec ted total  personal income and per capita income.
Table 8 1-resents the historical and projected total person-al income
and per “ipita income for the United States , the four—state region ,
and the Be-i R i v e r  Ba s in .  Pro jec ted  personal income for t }~~ U n i t e d
States to t h a  year 2020 was furnished by the Southwestern L-lvision ,
‘a r: :-~ cO F ng i  - er-s . The fi gures for the years 2040 to 2u5 - - were
: t - t i n e i  by e x t e n d i ng  t b-c 1960—2020 data at a slightly re.i-an -d r - o

~f gr o w t h .  Pr~ jec t ’c I personal income for  the fou r_ s t at e r egi -c.  an 1
the bas in - ir -c- a w :  -: - -r -ived by projecting historical tc-en -dc . iiistor ical
‘ r d  pro °-ot e d  rel -itionsoips among t h e  Sec R i ver  i r s i n  , t b t  1 ar- — Str-1te

- - - r i - a n , and t r I O  Unit~ ~~~~~~~~~ were analyzed and - i dj u r - t r e r .  Pc c - ic r~~t -c c-
- c c  -an :- i t  - -

~~~~t i - ~~~, emp loyment , and per car it a income , -
~ h ’-- c - --
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n- e c s - ~~-y for proper ba lance .  Projected Personal Income is shown
in f igu re  3 , and Pro jec ted  Per Capita Income is shown in f i gu re  4 .

21. v~ 1 4 5 j~ ADDED BY MANUFACTURE

a. Historical values. Value added by manufacture is the -  best
measure available for comparing the relative economic importance of
manufacturing by industries and by geographic areas . Value added by
manuf -~ -ti re was taken from U. S. Bureau of the Census reports. The
d a t a  i:. these r e r er t s  were derived by tak ing  the value of shi pments
I r S  products  manufactu red  and subtr acti ng the costs of materials ,
sc i i p l i e s  and containers , fuel , purchased electric ener~~c- , and con—
tn- rct wc)-K and adding receipts for services rendered.  These f igures
were t oe -n a d j u st e d  by tak ing  into  account the fol lowing factors :
(1) value added by merchandising operations ( tha t  is , the r.l i f f e r ence
between the sales value and cost of merchandise sold without further
manufacture , proc essin g or assembly), plus (2) the net change in
f i n i s h e d  goods and work—in—process inventories between the beginning
and end of the year. Under this concept , the objective is th e
measurement of all ac t iv i t ies  of all establishments def ined as
pr imar i ly manufacturing. This important measure of industrial activ-
ity is extremely useful as various industry groups (petroleum and coal
produ cts , texti les , mill products) can be analyzed in terms of value
added. Manufacturing is the largest of the industrial sectors of the
economy , sharing 28.3 percent of the total national income in 1958 in
current  dollars . By 1963 , this  share increased to 28.8 percent .  In
the year 1929, the manufac tu r ing  share of the  nat ional  income was 24 .9
percent~ in 1939,  24 . 14 percent ; in 1947, 29 .6  percent; and in 1954,
31.2 percent .

b. Manufacturing census. The census of manufacturing (U. S.
Uepar tmec t of Commerce ) is enumerated every 4 years in detail , the
last census  having been taken in 1963. Table 9 presents  the  “Value
000-c I n j  manufacture” fur -  t~ce Uni ted S tates , tne four—state region ,
‘.00 ~~~~ 14cc River Lasin for  the ::erioc 1-ii2y—l~~u3. The average annual
:ecce-nt c : r r ) f l g e  is rt.iCJ -~oOwn.

c. Historical growth. The basin area has increased or main—
taine-ci it s sh are of the national total value adde d by manu facture in
each of the years reviewed since 1939. In the four—stat e region ,
however , value added by manufacture  has , wi th  the exc eption of the
1963 dat a, in whi ch the bas in area has shown a greater growth rate ,
grown more rapidly than either the basin area or the United States.
Conse quen tly ,  th e basin area has accounted f or a progressively
smaller share of the four—state total until the year 1963.

i-
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TABLE 9

VALU E ADDED BY MANUFACTURE(1)
(Millions of 1960 Dollars)

Average Four— Average Red Average
United annual % - ;tate annual % River  annual %

Year States change Region change Basin change

1929 60,128.6 1,862.0 168.3

—0.75 —0.28 —2.70

1939 55,754.8 1,810.2 128.6

7.60 10.70 9.10

1947 100,079.9 4,075.3 257.2

3.90 6 .75 6.30

1954 131,050.5 14,413.7 395.0

2.25 5.45 2.86

1958 143,238.7 7,931.7 1~~l.O

b .oo 6.70 6.90

1963 191,537.4 10,961.0 615.7

1929—1963 3. 55 5.36 3

( l ) U .  S. Department of Commerce , Bureau of the Census , Cen su s  f
Manufactur~~
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c ct - t~~Uc- ad d e -  I by m a nu f a c t u r t -  Pr’ -ected value
a ~

- - c m i .  - ~a - dr-c r tI r Ini ted St-ites to toe ye -V r r  2020 was
L irni:ni- -d by ~~~~~

- - - - o-- :tce rn Division f the turps f~ Engineers .
One f ig u r e s  f r  , 5  t~ du oS were obtained by exte:, r i n g  the  19b0

-V 
t 2rJ~~ Q ~~I t a  t~~ ~ si : - t I :,’ I cwer average annual per- rent increase.

- : r -  - - , - :- - r:rf-~ctur S r- tue four—state r-eg on and the Red
: - V i V e S  • - - V j f l  i - n  - r o ~~~- : - t ~~l at  rites derived Ly simple regress ion
an t _ y o u  r e l at in o  t h e  f i g u re s  ~f the tw areas to those of the United

-V t
a t es All nrc~ e ctiorr s arc base d on a logical fu ture expansion in

- nc 1a-cIuc tr Icc •-~ u :ier o with an expanding national and regional
-V inrcut r i-~ base.  -V -V

c’~~~e 10 and f igure 5 show projected value added by
ai : if- r: cre t a  the year 2080 for the United States , the four—state
re-glen , and the R i v e r  Bas in .

n2. VAlU E OF F~~- - SPLOU CTS SOLD

a. Hist-:ricai value of farm products  sold. Data on the value
of f a r m  products  sold for the Uni ted  States , the four—sta te  region ,
and the Red R ive r -  Basin during the  period l9I4 0~ 1959 are presented
I:: tadle 11. The value of farm products sold in the basin area de-
creased from l. ercent of the United States total value in 19~0 to
9 ae r cen t  in 195). The year 195~-4 was a drought year in most of

toe b a s i n  area ‘~ -d rett~ects the decreased output of that area. The
bas i c, area hac  just-c a~ nut 8 percent  of the  total  value of farm
s-loot s sold It .  t o e  II c r — s t a t e  region for  the period reported .

I~ p r e se nt s  addi t ional  data on the  value of farm products
~~~~ ani  toe aver-age annual compound rates of increase or decrease
fur varcous pen Is. The long—term growth rate trend for the basin
area has ~~~~ 1.1’ r e r c r e n t  compared to 3.2 percent for the four—sta t e

a -uco 3 .2  n-r r - - - ent  for ~ae- United  States for the period 1950—
~~~~~~~~~~ The bas in  are-c growth rate 01 8.5 percent  for t h e  c e n i o d  1954—

i ’-P - -x r- - - ceo do ’ a t h e  u r — o t - ite  reg ion ani  toe N atl  ~n I nc r ease s  of
5. ’ r-- r a -in c -- .5 :- r - o ’ - c i ’- , respect ive ly .

- r-~~ 
-- v a lue  ~ i far -a  1 rndu~ ’-: I i .  Popul -~a Hcic , per

c-~ j c  a con.- so ti a of  f a r m  r- cuctO , anu r e t  e x r o r t c i  ~ i . I i-irgel y
H ~-V o • ar - - S c  h o t  i on  of - a-r i c u ltu r a o  pr~~cu :ts . resent ly

toe i O S l f l  j r - a o ’n - . ~~~~ c-~~- 140v t~ produce , but :cr ~ l O S  p roduc—
in  S me c - c - ~~; -is o-’-a~ er ud the n r i c ~- s t ruc ture . Over the lung

- c c . , ‘.rc ~ r~i-~ i ~ri jr toe  United St - 5t ’~s and in the world increases ,
I - Sr. - V H H~~~~ Vi will  or longer  exis t  and product ion  volumes when

~~~~~ c - I  wj~~n. ~ - - t ~~ -r i i s t r i b u t i o n  w il l  come to a closer balance wi th
a- I-: . Tb — s a t say that  all problems of surp lus arid under
0 0 c r  1 wI ll L -c S Oi V - -J , but , in general , a mo re even bal ance wi l l
x i :t  t v - c  supply -inr ~1 demand. Projected value of farm products

o ~1I is - V I c 0 i m - - d ’ 0 be ar14 ie t ’  s -opç ~rt export  requirements  and at
4 ni e G~~IS’~ tirn- - rca- - ‘ c r o w i n g  demands from popu lat ion  increases .

I— ’.~n
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TABLE 10

PROJECTED VALUE ADDED BY MANUFACTURE (1)
(Billions of Constant 1960 Dollars)

Four-State Red River
--V Yea r United States Region Basin

1939 55.75 1.81 0.13

1958 143.25 7.91 0.55

-V 1963 19l.5~-4 10.96 0.62

1980 525.12 25.12 1.50

2000 1,005.85 63.00 3.56

-V 
2020 2 ,379.83 154 .39 8.26

2050 5,571.00 355.00 19.08

2060 l2,57L36 820.00 53.96

2080 28,915.21 1,890.00 101.15

AVERAGE ANNUAL GROWTh RATE 
- -V

1963— 1980 5.80 5.00 4 .90

1963—2020 4.55 5.75 4 .65

1963—2080 ~ .4 0 4 .50 5.55

(l)Department -of the Army , SWO Corps of Engineers and NOD Corps
of Engineers .
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TABLE U

VAWE OF FAF~M PR0~ JC~~ SOLD( 1)
(Mi llions of 1960 Dollars)

Basin % of 
-V

Four—State Red River Four—State Basin %
Year U. S. Tot al Region Basin Region of TI . S.

19140 16,705.0 1,987.5 199.9 10.1 1.2

1955 19,555.0 2,087.1 185.2 8.8 0.9

1959 21,000.9 2,725.2 205.8 ~.s 1.0

1955 23 ,926.9 2 ,760. 3 183.9 6.7 0.8

1959 30 , 1402.1 3 ,633.3 276.0 7.6 0.9

(l)u. S. Department of C ommerce , Bureau of the Census , Census of Agriculture,
1959 , 1955 , 19149, and 19145.

I

S

1-53

~~~~~~~~ 

--,--.

~~- - --V-V—-- - --V - -i-:. - - -- -  ~
_ - _ - - _ -.w--.-~~- V - V - V - --- - ..--~- - -  - - V ---

-V -~~~~~ -V- -V — -~~~ - —-V - V - - V  --V -— -~~~~- 
--V —-~~~ 

_ _ _ _ _



r - —- — 
~
-.- .. -~~~~~

TABLE 22

VALUE OF FARM PRODUCTS SOLD ,~~~~~~~~ PERCENT CHANGE
(Millions of i~~u L’ollars)

United States Fou r—State Region Red River Basin

19140 16,7014.0 1,987.14 199.9
Percent Change 2.7% 0.8% —1 .65%

19145 19,555.0 2,087.1 1814.2
Percent Change 1.8% 6.9% 2.69%

19149 21,000.9 2,725.2 2014.8
Percent Change 2.6% 0.3% —2.19%

19514 23,926.9 2,760.3 183.9
Pe rcent Change 14.5% 5.6% 8.5%

1959 30,1402.1 3, 633.3 276.0

19140 2.6,7014.0 1,987.14 199.9 
-V

Percent Change 3.2% 3.2%

1959 30,1402.1 3,633.3 276.0

(1)u. S. Department of’ Commerce, Bureau of the Census , Census of Agriculture, -V

1959, 19514, 19149, and 19145.
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Projected value of farm products cci i S ~r the U n i t e d  t ,t e-s
o t h e -  y e ar  2020 w .  - fu r-n ish€-d by the -V

~
: -V rht~ -c-Vcsterfl Division ,

Corps of Eng i n e e r s . l i re  f igu r t a o f rom 2020 t- 2080 v e r a  o b t a i n  I
by extending the ldL- U to  1402 0 dat- a by a s imilar  average a n a u - ~~
percent  increase .  Pr o :ected  values of farm n i r o d u c t s  sel l for  t oe -
four—sta te  reg ion iii the  Red River  basin were derived a- ,- t a si ng

the i r  proport ional  share ( hi s t o r i c a l l y ) of th e  projec tes  U n i t e d
Sta tes  fi~ - c - cs. Uc~bL e -  13 and f i gu re  u present pro jec ted  value of
farm products  solo the year 20CO for the Uni ted  St ates , the
tU a c r— s t a t e  region , r i cr ~i t i c-  Red River Basin.

TABLE 13

PROJIiCILD VALUE OF FARM PRODUCT S spLD~~-~
(Millions of 1960 Dollars)

Four—St ate Red River
Year Uni t ed  States Region Basin

1959 30 ,1402 3, 633 276

1980 55,639 5,311 1402 -V

2000 63,154 7,5114 568

2020 81,594 9,723 7314

2040 105,909 12,620 953

2060 140,859 l6,i’85 1,268

2080 189,737 22 ,609 1,7 08

(1)Department of Army , SWD Corp s of Engineers  and 1400 Corps of
Engineers .

23. SU~ 4AB Y

A swnxnary of h is tor ical  and projected growth rates for  the
economic indicators  presented in th i s  study is shown in table 114 .
Although the basin area is expected to show an improvement  in growtn
of populat ion ana employed labor force , it is not  e xt - e cH o S to reacu
the national aver-age dur ing the next hundred years . However , the
other ind ica tors  (personal income , per cap i ta  income , value -~J o e . i
by manuf acture , and value of farm products sold) are ext ected to
e~ua1 -or exceed the nat ional  rates .
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APPENDIX II

CLIMA TE AND METEOROLO GY

SUMMAR Y

The Environmental Data Service , Department of Commer ce , ESSA ,
publishes Climatolo gical Data and Hourly Preci pitation Data monthly
and annually for Arkansas, Louisiana, Oklahoma and Texas . -n~ca i
cl imatological summaries are occasionally prepared for specif i c
commun it ies  and areas .

The Weather Bureau , also under ESSA , provides meteorological
and hydrologic forecast services for the basin. These are

-V available through f i r s t  order Weather Bureau st ations with in and
adjacent to the basin , and at Sout hern Region Headq uarters at
Fort Wort h , Tex as .

The climate of the Red River Basin below Denison Dam is
revealed by studies of the records collected at Texarkana,
Arkansas , Shreveport, Louisiana , 17 climatological s ta t ions  in
Arkansas , 37 in Louisiana, 27 in Oklahoma , and 31 in Texas .
Climatological summaries have been prepared for  Texarkana and
Shreveport and are included in this appendix.

-V CHAPTE R I — CLIMATOLOGICAL DATA

1. PURPOSE

The purpose of this appendix is to br ief ly  describe the cl imate
and meteorology of the basin and to present examples and sources of
climatological and meteorological  dat a published by the Environmenta l
Science Services Adminis t ra t ion. Appended is a descri ption of the
River and Flood Forecast Services provided for the basin by ESSA
through the Weather Bureau.

2. GENERAL DESCRIPTION

The factor that determines the climate of the basin is i ts
variable exposure to air masses of rather different pro perties . In
summer , under the prevail ing inf luence of marit ime tropical air

-V bringing moisture inland from the Gulf of Mexico , a regime
favorable for convective thundershowers is established. Occasional
westerly and northerly winds accompany ing incursions of continen tal

• tropical and mari t ime polar air masses br ing hotter and drier
weather. During winter , portions of the basin are subjected
alternately to tropical and polar air mass influence . Although
modif ie d  by its southerly journey , the colder air occasionally brings
large and rather sudden drops in temperature. The lower half of the
basin  is beyond the isual l imit  of winter  polar outbreak s , but
occasionally one does move this far south.

- V i  
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The -ou~~n - t ~~e varies in classification from moist sub—humid
• -c h~crr i r ;  i . e . ,  the p r~- -~~i~~i t a ti o n  generally eauals or exceeds

i t - m a t  i l l  - - : - oj t r a n n s l i - a t i on . Despite th is  usually abundant
c- il nf a l l , nho:-t t-eriods of -dry weather  are frequent  over smal l
a re - tn . Ocna-nionally , Ic - igh t s  of longer durat ion involving

-u-c-i s - : n u l- .

3. - I S:  FA FUR E

I D e  —trcn ’n -~1 n-can temperature  is 65 °F. The maximum recorded
t n-c - -- -- c -ir e w on l1h’~F at Hugo , Oklahoma and Mount Pleasant , Texas
Cr. Au c : ~~, 4 o. Smithville , Oklahoma recorded the minimum
of —~ S i -  cci i - e c ru a r y  , 1951.

~rowiag season has a length of about eight months , wi th
: l r n t  ki l l i ng  frost  -osually occurring about the  middle of

~-c-iercher , ani the last Killing f r oc t  occurring in March . Monthly
normal temperature l ase~ on recor-is of the stat ions in those

-V i ons  cf  tire- four states within the basin are presented in
mb le 1.

Table 1
-loathly Normal Temperature by Climatologi cal Div ision

(Degrees F)

Southeast Northeast Southwest Northwest
Oklahoma Texas Arkansas Louisiana

142.14 144 .8 05.7 149.0
i- u sc- -nary 141.2 48.0 148.8 51.8
March 53. 5 514 .6 55.2 57.7
Acril 63.0 63.8 614.1 h 5 . 5
-laO 70.1 71.8 71.6 73.0

79.1 79 .9 79.14 8O. n

‘- - V i ny  83.5 83.2 82.5 82.8
83.14 83 .0 82.5 82.7
75.8 7(-.9 76.5 77. 1

Cotob-o r 65.8 u6.8 66.2 67.14
52.1 53.7 53.7 55.9

Sec-ember 014 .3 146. 8 147.2 50.14

14 . - V - V - V
~-V - n plTATI0::

SreoLc-itati nrm is predominantly of the rain shower type , except
• c c- c - - so! m n a l  t~-rlc ris of cont inuous  general rains dur ing  the late

, w i r t - cr , and earny spring . The average number of days -n i t h
- - O-c t c  ~rable pr - m n l p i t a t i o n  is about 60 per year . The greatest

p r e c i p i t a t i o n  depth recorded in a s ingle month was 25. 1. inches at
-V - Throvepart , Louisiana in July 1933. The smallest recor-led is zero,

ic- i  h-ic - - - u r r -~ i at many s tat c ons in one or more calendar  mon ths .
::~~~~ i i . c r e c i r i t a t ion  -lan es from less t h an  i~ inches  to  ove r

~ i~~ De- ro —n~ D l; rcr~ cio -~‘-i—o Is I - r - l i : 1 ~~~I as sl~~wn
In -V al~le 2 .
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Table 2
Average Precipitation by Climatologi-- al D1’~’isiun

(Inches)

Southeast Nor theas t  S- auth  wes t - 

Oklahoma _~~ xas Arkansas L i

January 3 .05 3. 83 14. ~~5-

Febrnt TE 3.35 3. ~9 0 .28 0.
Mar -h 3.51 ~~. 03 14 (-5 -
A p r i l  14 . -it 4.D5 5.141
May 5.9 1 5.33 5.01 5.57
June 14.00 3.77 3 . 5 1 4  3.70
July 3 .36 3. 141 3.99 0 . _ i
August  2 .8  2.69 2.914 3.25
September 3. 146 2.~~I 2.80
October  3.30 3.13 3.00 2.914

November 3.15 3.95 14.51 0 .59
December 3.02 14.01 14.71 5.03

The annual p r ec ip i t a t i on  maximum was 109.39 - inches
recorded at Clarksville , Texas in 1873, and the r o i n im u i r i  was
12.72 inches at Bonham , Texas in 1910.

Showfall is a minor part of the basin inflow , oc curring
about once every 2 to 3 years. Average snowfall varies from
a maximum of 14 inches in Southern Oklahoma to 3.1 inches in
Southwest Arkansas , 2.4 inches in Northwest ~

‘- V exas , and 1.7
inches in Northwest Louisiana.

5. WIND

The prevai l ing wind in the upper half of the basin , above
Fultin , Arkansas is south at 11 miles per hour. Below Fulton ,
the prevailing wind is woutheast at 8 miles per hour .

6. EVAPORATION

Averag e evaporation is computed for two stations as
indicated in Table 3.

Table 3
Averag e Pan Evaporation

(Inches)

JAN FEB MAR APR MAY JUNE JULY AUG SEP OCT SC-V DEC

Denison Dam Tex. 2 . 1 4  3 . 3  5 . 7  7 .2  8 . 2  9 .9  10.9 10.6 7 .6 5 .3 3.8 2 .5
Hope , Arkansas 2.2 2.6 4.2 5.3 6.3 6.8 7 .7 7. 0 5 .7 14 .5 2.6 1.9

11—3
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S l j - V~ :V -V rr Fl - r :‘ :- - - -vtst servi ce is pr a - J i I e  : by the - i v ~~r
-V 

~~~- - V~~~- -V 

~~~~~ mu . - V A  -- - - a th e r 5-ureau Aims r t t t i  in V1~
- 0 :-   ct , Ion ci c - i . 0 :-rculi~t - -  fn r m r ’ io- ’-rt r~- collec ted

:1- D i v - c r -  uI5 ice :5 cc. - - 
-

- 
:. - rat i -ie r~t i n f a l l on nive- r

0: 5’- :::: -V-~-V !r : ir, -V i:. i :- —au - tc I on ~a, fr-crc ~oote~~itir~
-V r~:, 5 iC - - , ~~~~~~ n :an-ur~mns agen cIes , an :  ft-cm

:1 5:: - i - ~~ : i r c ’ — n - : - - - r -  I-~~-S\ ,V IV :-V ither Scrre:i n s t a t ions  via  telephone
0: : t- - : 1 1 - -

~ - l~ - o .  
-
~~~ icer c - - m S h .  caJars operated lv --5~- - -t }- 1 e-~-

I c n s  - i t t:- - - - - -r r -t , 0 n i s ia n a  and Fort Smith , Ar kansas
( ‘ -i t - , , -id -~~ K 5 - n c a - 1t 1r , kl tnc-rca , Fort Worth , - :e xas , and

- 
- ~~- Ho c~ , A ,’-o~can ( -i tm ~- ’ ) , or 1i 1e i n fo rma t ion  crc or e-n i  coverage ,

u- , - .. ., c i  In ’- n! ;.- a: p r e o ip - i t a t i o n .  
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-LOCAL CLIMATOLOG ICAL DATA
A N N U A L  S U M M A R Y  WITH COMPARATI VE DATA , 1966

SHREVEP ORT , LOUISIANA

NARRATIVE CLIMATOLOGICAL SUMMARY

Shreveport is located al on g the west bank of She when 11 inches was recorded. 1 h is snow fe ll on
Red River in the no rthw es t c rni- r of the state the 21st and 22d and about 1/2 Inch was stil l on
some 30 miles south of (he Arkan s as line and she ground on December 25 , making she only
13 miles east of the T exa s  line. About ha lf of Christmas Day of record with measurable snow
th e City Is located in the r i ver bot tom and the on the ground. More troub lesome than snowfall
rest of the City is in the ge nt le rolling hills are the occasional ice and sleet storms which
that begin about a mile west of the river. The do considerable damage to trees , power and tele-
air port is located In the h Ilic some 7 miles phone lines , as wel l as making travel very
southwest of the downtown s ec t io n. difficult .

Summer months of June , July, and August are Freezing temperatures are recorded on an aver-
warm and rather humid with widely sc attered age of 32 days during the year . Since 1874 the
afternoon s howers and thundershowers in the average date of earliest freeze in the fall is
area about ha lf of the time. Showers fa ll at any November 13. and the average date of t he latest
one p lace in the area on about 8 days during freeze in the spring is March 5. Freezin g tern-
each of these months . Humidity during these peratures have been recorded asear l yasOctober
months range from an average of about 90 20 and as late as April 1 ~. Temperatures recorded
percent during the earl y mornin gs to a little here at the airport 0 clear calm nights are
over 50 percent in the mid-afterno ons, norma lly 2’ - 5° warmer t har . the low-l ying

river bottom land in the v lcnity.
Winter mont hs are normall y mild with co ld
sp ells of short duration , turning co ld one day, By March , trees and grass are becoming gre en
reac hing the lowest temperature on the second and earl y spring p lanting is generally well under
day, and warming beginning n the third day. way before the end of the month . Subtropical
Snowfa ll since 1 877 has averaged a little over vegetation and flowers such as Magnolia , Camel-
an inch and a half per year , although mea surable h a , and Gardenia need onl y occasional protection
snow is recorded onl y about every other year. to survive . Roses j f t cn bloom into December and
The greatest single snow was i n December 1929, begin 15 - - -  ming again h~ late March .
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LOCAL CLIMATOLOG ICAL DATA
ANNUAL SUMMARY WITH CbMPARAT IVE DATA , 1966

TEXARKA NJA,

NARRATIVE CLIMATOLOGICAL SUMMARY

Texarkana is located in northeast Texa s and quentl y unc o mfortab le partl y because 1,1 the high
southwest Arkan s as astride the Texas-Arkansas humidity, hut primari ly hecauseth e wind becomes
state line , with t h -  Weather Bureau station at calm , or -u lm oi s t so , in the late afterno o n and
the Municipa l Airp o rt on the Arkansas side of remain s ‘-u during the night.
the sta re line. In this locat ion it is more or less
protected by the Ozark Mountains from t he more The average growing season for this locality is
s evere winds and cold wa ves that come down 238 days. Mean date of the last freezing tempera-
out of Canada . Thus , th e normal winters in this ture in the spring Is March 19 , while mean date
area are relativel y mi ld, of first fa ll occurrence is November 11 .  Snowfa ll

in Texarkana is usuall y very light with only an
The spring and autumn mo nths are mi ld with occasional fairl y heavy fa ll.
coo l nights and warm days . Summers are usuall y
rat her mild , hut the high humidity of this area , Thunderstorms are frequent from May until
where the warm moist winds from th e gulf meet Septembe r , but with on ly limited hailstorm damage
the cooler alt from the land areas , causes hig h recorded during the periodof record . On the other
te m peratures to be more oppressi ve than they hand , s everal small tornadoes have occurred ,
wou ld be in drier air. Summer nights are fre -

,~~~~~~~~~ U.S. DEPARTMENT OF COMMERCE
JO H N I CONNOI, S.crsiery
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‘ 1~~is appendix , prepared as part of the Red P ive r  b - i - w  ~~~~~ -r i
Dam ~

‘ c4~rehensive P’c o i n  Study in te ragency re t o r- t , presents  informa-
t ion ~~t surface and ~rround water in the study -~rea and des -r i p t ion
;f t h ~. ~ “u iog .y of the basin  as i t  pe r t a in s  to water  availability .

The s tu dy area con ta ins  large supplies of good—quality
water that can be developed for nearly any desired use.
A~- pruximately two— thirds of the basin is underlain by fresh—
0 .t t e r —~ caL ’ 1x1g aC . 1ui1 ~~rs that are capable of y ie lu ir i~ as ~!C U- ’Ii - ‘-V~S

several hundred gallons of water per minu te  to wells .  In some
locations , principal ly in the Red River alluvium in Arkansas and
Louisi ana , y ie l ds is h igh as 1,700 gallons per minute are ach~ evei.
As much as 800 million ~allons SI ’r day of water  is available from
the aquifers in the basin.

Development of the ground—water resources should follow testing
programs and should be based on a consideration of t he  depth of
fresh—water occurrence , th ickness  and permeability of the water—
bearin g sands , water—level fluctuations , and expected yields .

Large surface—water supplies are also available. However , wi th
the exception of a few streams, such as Loggy , Saline , and Bl ack
Lake Bayous , storage facilities will be required to provide contin-
uous supplies of water .

The collection of runoff  and strearnflow data began in the study
area as early as 1872 and voluminous records are available. Of
course , these records reflect  the inf luence  of changing con d i tions
due to man—made improvements. Historical records indicate that sub-
sequent to 1900, flooding on Red River has occurred at least once in
each succeed ing de cennium and that flooding on one or more of th e
tribut aries occurs more frequently .

Included in this appendix is th e determinat ion of desi gn stages
and discharges for the Corps of Engineers prc-~ osed nav iga t ion  and -V
bank s tab i l i za t ion  improvements under f uture regulated condit ions
wi th all authorized. reservoirs in place. Also contain ed in this as- V —
pend ix is t .hu d e r i v a t i o n  of the  “standard prs ,~ect flood ” for the
bas in , w h i c h  flood represents  an est imate of f lood  d ischarges  tha t
may be expected from the most severe combination of meteo rologic
and hydro logic  conditions that are considered reasonably character—
lG t i c  of t t s e  basin

4
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Al - D L N L 1 X  111
HYDROLOGY , SUR FACE AND hR L]N - CA l i- k , ALT 000LO ;Y

CHAI-TI-I R I — 1N :-jDcLL -N

1. PURPOSE

The purp ose  of nh 15  il p e n u i x  is to :ovoL u ir~~-~ rm G ion on the
geologic fea tures  and h;i irolugic o n v i  r c :uu -r ~t of the Ic-wor - k - N  R i v e r
r -as in  as a basis for evaluating 111 e-O~ - r- r~;c -j u r c e  no~ -2s of tue
bas in  and formulating a c-crnprenenJve I~b~ rI of 1ev o.-rr ~en t  and man-
agement of these reso;rr o~~r .

2. SCOPE

This appendix presents  the u r ~~ geo. -
~~~~~~ ‘ of the  basin as it

pertains  to the occurrence  of ~i~~ J ~~~it OI , basic i.yorologic Oata Or.

the th ickness  an d e x t - c u t  of the r i n : i~ -a1 w at e r—b ea r In g  fcrc t ions ,
as well as ex tr~~ es , a

-V.’ert~~- , trai di stri buti - ;n of su r f ace  r u n o f f
and s t reamf lows.  hiydroi-cgi c studio;; r r ; c c n t e d  here in  i nc lc d e :
est imates  of t H e  ~u - r n t i t - j  of grour;-.J o a t - ;  av a i l ab l e  anu y i e lds  of
wells that  mig ht be u r i l l e d ;  evaiwtica -~ I f low c u ar a ct e r i s t i c s  of
streams and the i r  i- - lat ion to ground water - av i i l aL i l i t Ij ; development
of hydrographs for eac ; Or a l ;  ic~ saL-b asin; -ievelou~ n t  and Uuat  ion
of design c r i t e r i a  f~ r tue  leveed fl o - - V dw AL of the LI eu R ive r  -c-crs ider —
ing the e f f e c t  of the Corps of Lngi ;; -~ r c ;;- ro;ose-.l n - v i g a t  ion an-i
ban k s t ab i l i za t ion  improvements ; ana iyses  of sed ic - ;t -~t ion  phenomena
in Red R i v e r ;  and de te rmina t ion  of tue  ct o r ~-c -~r r~~~ect f i - - -.r fo r  tE e
bas in .

3. NATURE OF AVAILABLE HYDROLOGIC IN l--VORi4ATALN

This appendix is based on data collected l u r in g  ~;r~-~5 i  as geuL-cic
and hydrologic  s tud ies .  Mo~ c -r  sour c es-f information er t ~ n e nt  t-
th i s  stud y were e x t r a c t e d  f r om  various published periodicals , bulle-
t ins , c i rculars , and report s of the U. 3.  Geological  -V

~~r
-V.-ey U .  S.

Weather Bureau , [C. S. Army Corps of En gIn eer s , and State age n c i e s  Ic.
Arkans as , Louisiana , Oklahoma, and Texas . Ad-sitional scarces were
p u b l i c a t i o n s  of o ther  0cdera l  agencies , -acenc :-/ ; a r ;u r l c  , har .~~book s
and other  g ul ue s .  M uc H of the m at e r i a l  e X - r c n ~~-V s was u t i l i z e d  in a
way that  would mak e d i rec t  r e f e r ence  i n a p p r or r i n t o .  ibwev er , th r ough-
out the apner -.d ix wh or e da ta , methods , or cr i t e r ia  are u s-cd , nra : or

-V source N u t -  are i n d i ca t e d .
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This appendix  was prepared es a ~oin 1. unr -L- r t ar ;ing by the U .  S.
Army C-~- r p s  of Engineers Distric; s ir, Now Driean s , L— sisiana , ma
Tuls a, Dki- eh-cnr a , ;in d tue U. C - Geol ogica . La -;‘ C -ntr I but i ~-ns
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CHAPTER II - DESCRI PTION OF BASIN

5. LOCATION AND E X I L N T

The Red River  Basin below Denison Dam , exclusive of the Ouachi ta—
Black River  Basin , covers 29 ,500 square miles . It includes all or
parts of 50 count ies and parishes in southwestern Arkansas , north-
western Louisiana , southeas tern Oklahoma , and northeastern Texas
(Fig. 1). The lower Red River Basin abuts the Arkansas River Basin
on the nor th , the  Ouachita  River Basin on the east , the Sabine River
Basin on the south , and the basin of the Red River above Denison Da m
on the west.

The area lies between latitude 31° and 35° i-b . and longitude 92°
and 97° W.

6. CLIMATE

The climate of the  lower Red River Basin varies in c lass i f ica-
t ion from moist—subhumid to humid; i.e., precip i tat ion equals or
exceeds potential evaporation .

Average annual preci p i ta t ion  ranges from 37 inches at Denison
Dam to about 59 inches at Alexandria , La. Annual normals by section
are 140.2 inches for southeast Oklahoma , 145 .6 inches for northeast
Texas , 149.6 llnches for  southwest Arkansas , and 53.0 inches for north-
west Louisiana. Monthly normal rainfall ranges from 2.6 inches in
September to 5.7 inches in May. A maximum rainfall of 109.38 inches
occurred at Clarksville , Texas , in 1873 and a minimum of 12.72
inches at Bonham , Texas , in 1910. Although preci pitation normally
is well dis tr ibuted throug hout the year , droughts of short dur ation
are fairly frequent during the growing season . Snowfall occurs
about once every 2 to 3 years , averaging 14 inches in southern Okla-
homa, 2.14 inches in northeast Texas , 3.1 inches in southwest
Arkansas , and 1.7 inches in northwest Louisiana .

The average annual air temperature ranges from about 64°F. in
the western extremity of the basin to 67°F. in the southeastern
port ion of the bas in .  The maximum recorded temperature of 118 de-
grees occurred at Hugo , Oklahoma , and at Mount Pleasant , Texas ,
on 10 August 1936. Smithville , Oklahoma , experienced a record low
of —22 degrees on 2 February 1951. Normal monthly temperatures vary
from about 83 degrees in August to 42—146 degrees in January.
Normal seasonal temperatures range from 82 degrees in summer to 148
degrees in winter. The growing season has a length of about 8
months wi th  the f i r s t  k i l l ing  frost  occurr ing about the middle of
November and the last k i l l i ng  f ros t  about the  middle of March.

.1
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TE c -v e i l I n g  wind in the area of the basin between Denisc .n Darn
anN Fuct - n , Ark ansas , is from the south at about 11 mi les  per hour .
For the ;~~s~ a dowristre - tm from Fulton to Alexandria , L a .  , the prev ail—
Inc win o is southeast  -it about 8 miles per hour .  I~he highes t
r -e C~~-r 5 a1 w i r j - .i v e l o c i t  :br these two areas are 77 m .p .h . in July
1 ) 3 -  in  the upper por t ion  of the basin and 59 m . p .h .  in September
1-i ti in the  lower 1 ai -t i on  of’ the  bas in .  The greatest wind movement
;CCIU 3 during the scr i n g  months .

II I  -I IO-N RAPIiY

he t ower -  Red River  Basin includes  sect ions  of thr e e  p ny s i o —
-r - ; t :  l i i ; r c v i n c e s  —— Central  Lowland , Ouachi ta  province , and the
C. tot ~- V i ’ e i n .  Figure 1 shows the phys iograph ic  provinces  in the  area
-cove;-- a by this re c-rt

The Ouachi ta  p rovince  and Central Lowland , which  comprise the
northern t h i rd  of the basin , are character ized by hi g:. ridges of chert
and sandstone with intervening wide , flat valleys Wi t re  th eir long
axes in a general nor th—south  d i rect ion . Al t i tudes  range from about
600 feet to about 2 ,700 feet above sea level. The highest  point  is
located in the Ouachita  Mountains along the Arkansas—Oklahoma s tate
line.

The Ouachita  province is bounded on the south by the  nor thern
margin of the gulfward—dipping rocks of Cretaceous age of the Coastal
Plain province.  Low relief and the gentle gul fward slope of the land
charac ter ize  the Coastal Plain province.  The streams have wi-ne , nearly
f lat , flood plains bounded by a series of terraces , which  in some
p laces are more than 100 feet higher than the present stream channels .
Up lands are irregular and rolling to hilly .

111-14
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CHAPTER I I I  - GEOLOGY

Ihe geologic l o ; -m ot i o n s  pertinent to the exis tence  of f resh
grmnd water  in the  L o s in  range in age from Paleozoic to Recent .
II~he age , occurr ence , and water—bearing characteristics of these
format ions  are sumr:nerized in table 1. The general geo1o~~r is
shown on the geologic  mar ( F i g .  1).

8. R OCK S OF PAL1E:ZOIC AGE

he format ion of Paleozoic age crop out at the nor thern  end of
the basin in Arkansas and Oklahoma , and cons t i t ute the  Ouachi ta and
Arbuckle Mountains . Rocks of Precambrian age crop out in a small
area in Johnston C ccnt y, Oklahoma . The wa te r—bear ing  p r op e r t i e s  of
the rocks of P recambr ian  age do not d i f f e r  from rocks of Paieozoic
age. Therefore , the Prec ambrian is not c l i f f ~ r~ n ti a t ed  in th i s
report. The formations at the surface consist crin -cinally ~f the
Arbuckle Limestone , Bigfork Chert , Arkansas Novaculite , :-V t anlley
Shale , Jackfork  Sandstone , and the Atoka Formation . These for m -i -
t ions are extensivel y m d , in places , in t r ica te ly folded -end
f au l ted .  The primary porosi ty of all but the yourigoct De~: hoc
been destroyed by compaction due to deep buria l , hy def rc- i-~ri
pressures , or both . Limi ted  supp l ies  r f  ground water -ir~- ivL i- ~L —
in most n l - ;ces .  Ground water occurs princi pally in se-c- ;n.ia ry
ings suc h us j o i n t s , f rac tures , and separations ai ;nc ;-~- ;rirrc ; ia. --s ,
and its  :tv;ilobility depends upon the extent to oh ic n :. ro~ Ks u i -V

~ --

been broken; -r weathered.

The rccks of Paleozoic age extend t-;- - ;e - c  - a;. ; n-
by younger f or m a t i o n s  of Cretaceous and T er~~; o r : - V

9. CRETACEOUS SYSTEM

The deposits of Cretaceous age er~- a- -s~;~ c t ;  - • :.: -

f ea theredge to the north against  the P a i ec z i i - c  r k s , ~1 : . -

ing ra: idly tc the south . The Trinity T h i -. , • . I ~ 
-V

-o f the Cretaceous System , ~~~~~~~~~~~~~~~~~~~~~ ~ f s~ n r , - . .  -

stone , and conglomerate , and is as muc;. c 5, -.J-j f~- -t ’ - 
- - - . - -

g ro an  is a source of moderat e iu ar h  i t  I esn ~ r a . - :  ~~ ‘- - r - . 
-V

outcr- n area in Arkansas  and Dtelah- -mu , an; , in r- uice ; ,
Texas .

~~ In discussing r; ;tive well ;.-iel;s in :is re; or , :iI  id~ ~f
less than 50 gal lons per minu~ - -  ( g . r . r s . )  a r -  re~~- - r r - - 1  as
yielric from 50 g .f- .rr. to 500 g.p. :-.. i~~ 

‘rn i - c - ’ -- ,
’ an- h :.-i e i vor

500 i t .  n . m .  us larc- - .

111— 5



The Wor db lne I- r-rn - t t i  ci l ies above the Tr in i ty  Group and is sep.-
arated fr on it by a;; mu -h -is 900 feet of relatively impermeable strata
of the Fr ede r ioK sbu ; -c  and Washi t a  Groups. The Woodbine Formation is
as much as ue feet thici: and cons is t s  ch ief ly of sand , clay , and
l ign i te . I t  is :i sOur~oc of’ moderate supplies of water in parts of the
Blue , Mu IW , bogg:~’ , Kiamichi , and Sulphur River Basins . In nor theast
Texas , the Eagle Ford .N.ole , rocks of Aust in age and Taylor age , and -V
the ibo v- :r;- c Group overlie tue ~~o~obi ne and , collectively, are about
3,700 fees thick. Two sands in this sequence , the Bloss om Sand in
northn S te xas and i t s  equivalent , the Tokio Formation in southwest
Arkansas , y ie i -i  small to  moderate quant it ies  of water to wells in
t he i r  outcrop area . The Nacatoch San d y ields smal l to moderate
quant i t i es  of water  to wells in i ts outcrop area in northeast Texas
and sou thwes t  Arkansas .

10. TERTIARY SYSTEM

The rocks of Tert iary —s ge in the Red River Basin include , in
ascending order , the Midway Group , Wilcox Group~J~ Carr izo Sand ,
Cane River Formation , Sparta Sand , Cook Mountain , Cockfi eld Formation ,
Jackson and Vi cksbur g Groups , and sand beds of Mioc ene age . Of these ,
th e Wilcox Group , Carrizo Sand , Sparta Sand , Cockf ie ld  Formation , and
the Miocen e sands are the most important , or potentially import an t ,
aquifers of Tertiary age in the bas in , and are capable of y iel ding
moderate to large quantities of water .

The format ions  of Ter t iary  age crop out in northeast—trending
bands , di 1— to the southeast  and eas t , and th icken  downdi p. The oldest
rocks are exposed in the  nor the rn  part of the area , and progress ively
younger format ions  crop out in a southerly direction .

The formations of Tertiary -i -c are composed of a heterogeneous
sequence of beds of lignitic sands , sil ts , and clays. Mo-ct of the beds
are lenticular , an d the lenses of sand , silt, and clay p inch  out , -V

coalesce , or grade into each other within short distances . Failure to
obtain a highly productive well in any location may be at tri buted to
the discontinuity c--f the san d beds in the area , and , in some cases , to
the absence of a productive aquifer .

11. QUATIIENAFY SYSTEM
I

ts

The alluvial deposi ts  along the Red River and its tr ibut ary
streams are in the na tu re  of terraces formed at d i f fe rent stages of

VIn nor theas t e rn  Texas , the R i lcox  is considered to be a forma—
t i o n ;  in Arkansas , Louis ian a , and ei sew :;ere , it is considered to be a
group .

-V III— *



‘ 
I 

~~~~~~~~~~~~~~~ ~~ 

I I T S 8 u  k G  
t 

-~~ ~ :~
-

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-$“~m ~~~~~~~ ~~~~~~~~~~ j - V -V

-V

;-V _
~~
I—-

~
-
~~~~~~~ 

i 

.5 - -

, ‘
-V

-V 

-V 

~~~~~~~~~~~~~~~~~~~~~~ )~
-
~ 

0 u\)~A~~c ~H I . 1. ‘.5—.

C A 1 A

J O H N S  

A 

.~ ~~~~~~~~~~~ V . (  . N C L  ~
I - 

~
r~ ,oMA - 

-

- -V - -V

~~A R S H A L  ~-j ~c2- - I
DO NT - -

N N 

-V -V -~ ~~~~~~~~~~~ 
- - - 

- 
L -

-
~ ~~~~~ - :-  I o~~

-V -V • . ~~~~~
~ ~ s~r,f- V 

I I

-V 

51 

: 
N N - 

- 
.$ 

~~ 
5 0

.5 -V I, L A 
- - ‘~‘ . :

N M  c - 
.

- - 
~( i .  —

-V -V -V -V ; -~G A D S O N  
-V -V -V~ C -V -V~ 

-V
~ 

- - •
~ 

s-V

L e t - ~ I :

‘

~~~~~~~~~~~~~~~~~~~~~~~~~~~
-
~~ :~ ~~

. -
~~~ A -  - -t

~~
.
~~~~~~P N S  

S

w r.~ 
I - ./

- 

‘
~~ 

-
~ 

/ / /  ~~
‘/ /

E X P L ~~N~ T I O N  - -—  — --
~~~~~~~~~~~~~~~~ _~~~~~~~ - - “ 

-V / - -

- -
-V 

/
-V ‘/_ -V

-V /
Rocks  of Po eozoic  age 

- 

-V 

~, /
r -V/ 

- / f - V / JY
- . / / ,- -V j -

-V 7 W -V

______ Cr e toceo us Syste m 
I

______ Ter t i a ry  Sy r. tem - 
~,, -A,

— L - N G A t W  *

Q u a t e r n o r y  Sys tem

S C A L E  OF M I L E S

30 0 30

‘.5

-- -- - — - --- -~~~~~~-V -V -V — -V--S 
-- -rn - — - --- - -V-

~~~~~ 



- 

-

~~~~

F 0 N ~

H~~~~~~~ J M. 
- -:

) ~~~~~
-

-
~~~- .S ~~~~~ 

-
O 

~~ ) 

\-V 
T~~~~ A 5

~i V
-V 
~ - . 

~~~ ~~~ 

\
\ 

~~~~~~
\ -V -V

_ _ _  
1

-C- . 
- 

-V 

I~

-V

~ 

;H 

1

W~~~~ 

N~~~1A~ - 
~ -V~

-V 

V I C I N I T Y  MAP

-V 
- - V  - 

S T E A D

-V - 
V ti

- - :-  ~~~ ‘ 
•:~. .. 

-V N L A A D A

‘0
-V - 

~~ ~~~~~~~~~

_

-V~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
- 

~~ 
-V 

-

A Th~~~~~~~~~~~~~
1/

~~~~~~~~~
/ 

I 

A 

-

~~~~~~ 
- ‘ I ,

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

:* ~
-V
~~~~~’

’ I N



r__-
~

- ---
~~

-V - -- - -- - -
~~~~~~~~~~

I

\
\
\

-V -V -i
,- - -V-V

\ 
- - 

-~

\

V I C I N I T Y  M A P

~SA5 

-- 

-

~~~~~



V _  -V - 

UA~~~~~~

_____ Qua te rn o ry  Sys te m i~~~
-V -

_ 

--

S C A L E  OF M I L E S

30 0 30
I _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

I-V

C 4.



I 

W
~~~~~~~~~~~

R N  

-

/ ~ 
- ‘7 9~// 

- 

:~~ 
~ ~~

-V 

-(/
7 -V t / / 77/ 

~~~~ 
~ 

~I/-t ~A 
~ I 

- 
-V I-’

~~~~/-V ~~~~~~~/ / / /  T~it~~~~ _y4 H

~1
/49I~~~~~ 

~~~~~~~~~~~~~~~~~ 
. ‘

~~~~ ~~

-

)F M I L E S  ~~~~~
/
/‘ / 

/

-V -V 

-V t - - - . (0 -V 
-~

-
~~~~~:~ -V- 

- ! 

- - V
A,

N •
, ~~~ 

-V -V 
•1 -

~ ~, 
~

.

‘ -~~~~ 
. ~~ 

.N 
/ 7-V ~~~~ • - .

/ 
~~~~~~~~~~~~~~~~~~~~ 

I N

cno —~~ .
~ 

-
~ ~~~ 

- 

-
-
~~~~~~ .

.
- . .. ~~ 

‘ 7— -V -V 

~~~~~~~~~~~~~~~~~~~~ -
- 

-V 
-V - • -

-
-

-
-

-
- :- :-

~
- . - p , O

MO5~ 
- - 

- . . 

~A~~~~L A OS A 5 I N - . -1- . 
~~~ COMPREHENSI\

/ 
- 

- ..~~~~~~~ 

~ GENER AL GEOLOGY— . 
~~~~~~~~~ PROVINCES (

-V RED RI\

~~-\E 968

~~t- 7

- -~ . - V~~~~~~-

-V 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~



~~~/
,

- 1/k /*~
A
~D

-V
~ -i 

-

~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

-V /~~
“
i, ’Y/ L ~L. - ’~~ 1~ !‘V~J////\

~~~~~~~~~~ _
ON 

~~~~ 
-
~~~~

-:
~ 

/ ~~~~~

/

OF M I L L S  

-

_

~~~~~~ ‘~~~~~~~
‘ 
~~~ / / /‘~~~~~~ - ~~~~~~~~~~~~~~~~ -ic s

1, 5 I N I~~~~~ X I~~ V / / f~ ~~./ 5 ~4-~’~~~~ A1 A S

-V 

-V :. J- —- COMPREHEN

~47 -
~~~~ ~~~~~~~~ 

GENERAL GEOLOG

I ~

-V 
-V -V PROVINCES

r~~~.LJ

JU -\E 196$
_____~~

_ .
~~~~~ 

-V
~~~~~~~~~~~~~~~~~~~~~ —~~~~~~-~~~---

fl~
_ 7



yr _ 036 743 RED RIVER BASIN COORDINATINS COMMITTEE NEW ORLEANS LA F/a 6/6 N
CONPREHENSIVE BASIN STUDY. RED RIVER BELOW DENISON DAM. ARKANSA—ETC (U)
JUN 66

UNCLASSIFIED
2 °~3

70

U

_______urn



RED RIVER BELOW DENISON DAM
ARK.,  LA • OKLA . , AND TEXAS

COMPREHENSIVE BASIN STUDY

5ENERAL GEOLOGY AND PHYSIOGRAPHIC
PROViNCES OF THE LOWER

RED RiVER BASiN

JUNE 968 FILE  NO H-2-24396

FIGURE I

~~~~ 1L L* - 
~
. . .• -.

~~~~~~
. ., -.-,- ..

~~
. - .-•- . -.. -. . - 

- • -  --——-.— --
~~

•—--- ——----—- . ,----•--‘•--- —
~

--- - .
~~—.--~-•—

. -- 
~
---

~~
—-—- 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~



_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

TABLE 1

GEN ERALIZED STRATI GRAPHI C COLUMS SHOWING GEOLOGIC UNITS
AND THEIR WATER—SUPPLY CHARACTERISTICS

System Series Group Unit Water Supply

Yields moderat e to large quanti t ies c~fRecent Alluvium hard water chiefly for i r r iga t ion .
Quaternary

Pleistocene Terrace deposits Yields moderate quantities of water.

Yields moderate tc large quantities of
Miocene soft water.

Oligocene Vicksburg
_______________ _______________ ___________________ Generally not considered to be water

bearing.
Jackson

Cockfield Yields moderate quantities of var n~~Le
quality water.

Cook Mountain Yields small ~j u a r t i t i e s  of wnter tc.
wells .

Tertiory

Eocene Claiborne Sparta Sand Yields moderate to large q.ao: :es of
water.

Cane River2 Yields small to moderate q~ notit~ en of
water.

Carrizo Sand Yields small to moderate ~~aotit ies of
water.

Wilco2~ 
Yields moderate quantities of water.

Paleocene Midway Not known to yield water to wells.

Yields small to moderate quantities of
Navarro ~~acatoch Sand water.

Taylor Yields small quantities of water.

Tokio
Forma—

Gul f Rocks tion
of in Ark. Yields small to moderate quantities

Austin and of water.
Age Blossom

Cretace ’s Sand
in Tex.

Eagle Ford Shale Yields small quant i t ies  of wate r .

Woodbjne Yields moderate quantities of water.

Washita and Yields small quantities of water.
Fredericksburg

C mar t i _______________ ___________________ ________________________________________

Trinity Yields moderate qu a o t i t i s of wa te r .

Yields moderate q u a n t i t i e s  of wate r  in
P ooz~~: rocks area 3—A. Yie lds  small qi~~~J~~ ~s of

water in area i—A.

Eacene and Paleo ~~~~~ i n Louisiana.

2 In Thx a s  t~ ~- , i. a. i . t :  f the Cane R i v e r  nrc Rekiaw Formation , Queen City San d , and Weche s Green sand.
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river development . Consequently, the highest terrace is the oldest,
and the lowest (the present flood plain) is the youngest. The older
terraces serve as sources of recharge to the flood plain deposits ,
the lower part of which is contiguous to, and probably a continuation

~ f the terrace material .

The alluvium underlying the present flood plain of the Red River
is composed of gravel, sand , silt , and clay , and grades generally from
silt and clay at the surface to sand and gravel at the base. Where
the upper section is composed of a clay cap , ground water is generally
contained under artesian conditions .

The thickness of the alluvium in tk~e flood plain ranges from about
60 feet in Grayson County, Texas, to about 100 feet in the vicinity of
Alexandria, La.
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CHAPTER IV — RUNOFF

12. SOURCE OF DATA

Runoff and streamfiow data have been compiled from observations
at numerous locations throughout the lower Red River Basin. The
location of stations where data have been collected are shown on
figure 2. On the main stem of Red River , data collection began with
U. S. Weather Bureau gages at Alexandria, Louisiana, in 1872,
Shreveport , Louisiana , in 1873, Fult i , Arkansas , in 1885, and
Arthur City , Texas, in 1891. Measurements of runoff on the tribu-
tary streams in the lower portion of the basin generally began in
the 1920’s and in the upper portion in the early 1930’s. At the
present time , there are 7 gaging stations where discharge measure-
ments are available on the main stem and L~2 on tributary streams .

The U. S. Geological Survey is the Federal agency with primary
responsibility for the collection and tabulation of surface and
ground water data. These data are published annually in USGS Water
Supply pa~ ers which are the principal source of such data. Addi-
tional dp t~i n river stages and discharges are available in the
u. S. ;~eatner Bureau ’s annual publicat ion “Daily River Stages” and
in van pub1ic~ t ions by the U. S. Army Corps of Engineers on
stages arId discharges of t~~e ~ississippj River and Tributaries .
Also , unpublished iischarge !teasurements and gage readings are
avai 1aL~~t in the J. S. Army Corps of Engineers ’ offices in Tulsa,
~ki~o~ r~~i , ~~~. ~i-~w “ ric . ax~s , Louisi~in’~.

13 .  ~ AND f~ i~LAMF: ‘
.~ ~ATA

i 1~ i~~~i 1 r t .ri ’Ut~tri .~ ; Red River  ~~e shown
~~~t .~~ . it~ -s~- i ’ ’~ ~~r~- - x  r t ~~~i f r  n: the Arkansas—White—Red

• rcti t ~ Ii cat !  r~ ‘~~r~~ir ~~ge Area Data , Arkan—

~~~~~~~ • ,~~vYI :~L~~r ~~~ ~
‘ur t:~~ study , drain—

i~ ~~~~~~~ ~~~~ .J~ i 
~~~ ~• ‘~;t :~~ut  ~~~~ ~~~~~~~~~~ w~~i~~ It te r m i r i C i  ~~ t~~e

u

~ 

11 r~ in  ‘
~~~. mit, i t~~H o  n H y ir o 1~~-y of t he  Federal

iv e r  r~ tr  i r ~ ~mmi tet~ Bulle t in  N e .  14 , Inter—Agency
~~~• r i  ‘ ~~~~~~~~~ Ar i a Ly ta dateo November 1951 .

Ii

Thi ‘J~~r~tgc s ~L! i extremes u f  monthly and annual runoffs  at key
I ~r sh~ -~~. in  t i ible ~~. ~ib1e 14 shows extremes of stage

and i i  .; ‘tv~r~ e , ~ e ’ r ie I s  of record , and other dat a for representat ive
iD i t i  ~~~~

The volume and r i te  of d i scharge  of t he  Red River  f luc tua te
over a wide range. Flows on the main stem have been regulated by
Denis on Dam since 191414 and modified by Texarkana Reservoir on Sulphur
River since 1956, Lake 0’ the Pines Reservoir on Cypress Creek since
t)5~i , and lillwood Perervoir on Little River since 1965.
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Prior to construction of Denison Dam, river mile 675 (l957),~J
a maximum flow of 1470,000 c.f.s. occurred in 1908 at Colbert, which
is about 3 miles below the damsite. A minimum flow of 75 c.f.s.
occurred in 19314 at that point. Since the completion of Denison
Darn, Colbert has experienced a maximum flow of 102,000 c.f.s. and a
minimum flow of’ 145 c.f.s. The average annual volume of flow at
Colbert is 3,780,000 acre—feet . The maximum and minimum annual
volumes of flow are 9,7140,000 and 250,000 acre—feet , respectively.

At Arthur City , Texas, river mile 582, volume of flow averages
5,918,000 acre-feet annually. The maximum and minimum annual vol-
umes of flow are 15,600 ,000 and 1,800,000 acre—feet , respectively.
Discharge has ranged from a low of 130 c.f.s. in 1956 to a high
(estimated) of 1400,000 c.f.s. in 1908. The maximum flow recorded
since 191414 was 136,000 c.f.s. in 1957.

At Fulton , Arkansas , river mile 1405, flow volumes average about
12,7140,000 acre—feet annually , with maximums and minimums of
30,280,000 and 14,352,000 acre—feet , respectively. Discharge ranged
from a low of 325 c.f.s. in 1956 to a high of 338,000 c.f.s. in
1938. The maximum discharge recorded since 191414 was 270,000 c.f.s.
in 19145.

At Shreveport, Louisiana, river mile 277, annual maximum and
minimum flow volumes were 39,610,000 and 5,5914,000 acre—feet , respec-
tively , with an average volume of 17,630,000 acre—feet . Discharge
has ranged from a low of 690 c.f.s. in 1956 to a high of 3514,000
c.f.s. in 1908. The maximum flow recorded since 1914 14 was 303,000
c.f.s. in 19245.

At Alexandria, Louisiana, river mile 103, flow volumes average
about 22,210,000 acre—feet annually, with maximums and minimums of
148,960,000 and 7,918,000 acre—feet , respectively. Discharge has
ranged from a low of 873 c.f.s. in 1956 to a high of 233,000 c.f.s.
in 19145.

114. BASIN DEVELOF !”ENTS AFFECTING RECORDS

Hydrologic records in the basin have been altered by numerous
land and water resource developments . The more s ign i f ican t  develop—

• ments a f fec t ing  records are the construction of large flood control
and mult i—purpose reservoirs , the leveed floodway , and navigat ion
arid local flood protection projects ; removal of the obstructive mass
of driftwood on Red River , known as the great Red River raft; pumpage

1./Unless otherwise specified , Red River mileages in this appen—
dix are measured on the 1957 alignment.

4
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TABLE 2

PERTINENT DATA ON MAJOR TRIBLIrABIES OF RED RIVER ’

Strea m length
Drai nage are a : froze mout h : River

Tributary (aci . mi .)  : (mi les) : Stre am : mi le

Bed Rive r. from DenisOn Darn to Fu].ton , Ark.

Choctaw Creek 261 28 Re d River 657.7
Islan d Bayou 148 31 Red Rive r 631.5
Blue River 676 150 Red River 6i8.o
Bois d’Arc 1116 52 Red River 611.8
Boggy Creek 2,1129 25 Red River 591.5
Clear Boggy Creek 1,010 88 Soggy Creek 211 .11
Muddy Boggy Creek 1,218 131 Boggy Creek 214 .14
North Soggy Creek 231 38 Muddy Soggy Creek 55.6
McGee Creek 175 38 Muddy Boggy Creek 311.6
San ders Creek 190 33 Red Rive r 5811.5
Pine Creek 192 31g Red River 567.0
Kiami chi River 1,830 169 Red Rive r 555.0
Jack Fork Cre ek 280 21t Kiarni chi Rive r 103.5
Tenmile Creek 104 28 Kiami ch i River 67.3
Cedar Creek 172 28 Kiaiui chi Rive r 5 14 .2
Big Pine Creek 166 27 Red River 534.0
Pecan Bayou 175 33 Red River 509.9
W alnut Bayou 1311 20 Red Rive r 11514.0
Little Rive r 11 ,260 217 Red River 1407.0
Glover Creek 338 56 Little Rive r 127.9
Mountai n Fork Rive r 8112 95 Little River 87.1
Rolling Fork River 3511 50 Little Rive r 72.9
Cossatot Ri ve r 530 87 Little River 43.5
Saline River 552 85 Little River 22.8

Red Rive r. from Fulton, Ark , to Alexan dria, La.

McKinney Bayou 360 143.6 Red River 339.3
North Sulphur River 1*119 52.6 Sulphur River 183.0
South Sulphur River 675 71.9 Sulphur River 183.0
Middle Sulphur Rive r 133 25.0 South Sulphur Riv. 28. 14
Sulphur River 3,748 183.0 Red Rive r 335.0
Cuthand Creek 1103 119.0 Sulphur River 141.3
White Oak Creek 773 90.0 Sulphur Rive r 107.14
Twelvemi le Bayou 3.522 1142.9 Red Rive r 277.6
Black Cypress Creek 401 148.0 Twelvernile Bayou

Cypress Creek 53.6
Little Cypress Creek 696 611.0 Twelvemi le Bayou

Cypress Creek 51.1
James Bayou 1111 311.0 Twelvemile Bayou 29.5
Black Bayou 384 61.0 Twelvemile Bayou 22. 11
Wallace Bayou 276 39.2 Bayou Pierre 64.2
Bayou Pierre 1,138 83.9 Red Rive r 185.0
Cane River—Red Bayou 764 68.9 Red Rive r 133.5
Bayou Jean de Jean 92 19.0 Red Rive r 125.8
Bois d’Arc Creek 220 28.8 Red Rive r 391.0
Maniece Bayou 118 25.5 Red River 3116.7
Posten Bayou 114 20.0 Red River 320.2
Loggy Bayou 2,6149 135.0 Red River 267.5
Bayou Bodcau , Red Chute ,

and Flat River 1,1149 137.2 Loggy Bay ou 7.8
Bayou Dorcheat 1,173 100.1 Lake Blsti rseau 314.9
Saline Bayou 1,1105 98.5 Red River 166.1
Black Lake Bayou 960 100.2 Saline Bayou 12.0
Nan tachie Creek 81 28.4 Red Rive r 1116.8
Bayou Rigolette 418 65.0 Red Rive t 106.0

‘These dat a extracted from “ Drainage Area Data , Ark an sas , White and Red Rive r
Basins ” except for Red Rive r main stem mi leage which is based on the 1957
alignment .
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TABLE 3

RUN RIVER N.ASIN BEI.og DENISOf4 DAM
AVEBA0E MONTHLY AND ANNUAL RUNOFF AT KEY GAGING STATIONS

(Average) I
annual Average

Average I MOnthly runoff Aomus]. runoff r000f I I annual I
runoff Max . MA n. Max . . M m .  1,000’s I runoff I

Streom god station (c t.,.) I (c.f.o .).(c.f.g.) (c.r.a.)o (o.t.o,) Ac—Pt ,)ioekea) Period of rocord

Red R I ver  from lesions Oan ‘to Fulton. Ark.

Ned River ne..’ Desoison . Toa . 2 .161. 28 .81.0 803 2 ,527 1,510 2 , 002 0 .92  10/ 1/61 — 9/30/66 ( a )
Red River soar Colbert , 05,1.. 5. 218 66 ,960 67 13. 25 0 3614 3 .780 1.78 1/ 1/06 — 9/30/61
Red River at Artto.r City. Tea. 8.173 93.800 222 21 .500 2,476 5 ,918 2 . 49  0/31/1291 — 9/30/66 (a)
BeG River at 10400. Ark. 11.80.0 92 ,1.00 586 25.310 4 ,383 8,572 3.35 8/ 8/17 — 9/30/66 (a)
Blue Ri ver near Rlue , 00.1.. 279 3,089 0.6 972 31 202 7.95 6/ 1/ 36 — 9/30/66 (~ )Hoia d’k.-c Creek near Randolph , Tea . 65 558 0 59 28 32 8,2.1 11/17/62 — 9/30/66 (m)
C0oick~nao Creek near Striogt000s . Old.. 27 385 0 71. . 20 11,36 9/27/55 — 9/30/66 (a)
Mc Gee Creek sear Striogtovs , 00.1.. 80. 913 0 199 39 61 13.10 6/ 1/56 — 9/30/66 (a)
Mudd~j  Boggy Creek sear Porn ., 05,1g. 856 9.630 0 2,758 162 620 10.69 10/ 1/37 — 9/30/66 Cm)
Clear Nogze, Creek near Cane3., 05,1.. 650 5, 684 0 1.668 56 326 8.68 10/ 1/62 — 9/30/66 (a)
Tenn,010 Creek near Miller . 00.1g. 69 123 S 179 20 50 13.12 10/ 1/55 — 9/30/66 (a)
Kla.sicki River near Belnoni , 00.1.. 1,681 12,920 0 2,205 510. 1,218 16.00. 10/ 1/25 — 9/30/66 )o)
Little River sear Wright City, OkLa. 900 7,021 0 1,980. 363 652 18.95 10/ 1/09 — 9/30/ 31;

10/ 1/62. — 9/30/66 (a)
Little River near Ida hel , 00.1g. 1.632 13.650 1 3,380 137 1,181 19.32 10/ 1/29 — 9/30/1.6
Litt le River belov Lukf atg Creek

near Idabe l . 001.. 1,586 9,980 0.6 3,2485 666 1,10.8 17.56 6/13/2.6 — 9/30/66 ( a )
Littlo River near Horatio , Ark . 3,700 29,630 2 7,501. 1,533 0 ,680 18.79 10/ 1/30 — 9/30/66 (a)
Gloam Creek 000r Glover , 05,1. . 311 1.531 0.3 632 218 225 13.61 10/ 1/61 — 9/30/66 (a)
P.000 Bayou near Clarksville, Tea. 63 524 0 59 28 31 5.81 11/ 1/62 — 9/30/66 (a0
Pos.ntain Fork near Eagletouns , Okla. 1,217 10.650 0 2,608 515 925 22.00. 3/30/21. — 12/31/25;

10/ 1/29 — 9/30/66 (a)
Rolling Fork near DeQueen , Ark. 270 1,979 0 528 121 197 20.13 10/ 1/68 — 9/30/66 (a)
Cogo atot River near 0062cc., Ark. 581 2.210 3 1,087 267 525 22.09 1/19/38 — 9/30/66 (a)
Saline Riv er near b eak., Ark. 183 1,359 0 309 60 133 20.02. 5/13/38 — 9/30/66 )g)
Saline River near Lockeeburg, Ark. 196 1,535 0.6 199 190. 162 10.22. 6/ 9/63 — 9/30/66 (a)

Red River from Fulton, Ark , to AleonnAria. I,..

Red River at Pulton , 2.-k. 17,600 128,000 780 61 ,830 5,990 12,150 6 .56 12/1885 — 12/66 C m )
Re d River near Ho.nto.s, l.a. 17.190 93.750 l. ,7i. 5 31,12.0 11,2.90 12,0.50 6.57 10/57 — 9/66 (a)
Red River at Shreveport , La. 214 ,350 152 ,800 1,020 54 ,720 7.710 11,630 5.55 5/1873 — 12/66 ).)
Red River at Alexandria , La. 30.670 198,300 1.600 67. 620 .~ ‘.91O 22,210 6.17 1/1872 — 12/66 (a)
Met100.ey Bn~’ou at tempo Rridge . Ark. 350 1,900 0 970 130 255 15.2.7 12/39 — 10/52 ;

11/56 — 12/66 (a)
Nor th Sulphur River sear Cooper . Tea. 219 2,226 0 51.1 82. 158 10.72 6/38 — 9/66 (a)
South iulpbur River near Cooper , Tea. 365 6,357 0 891 67 261 9.30 5/52 — 9/66 (g)
iJhSte 0.0. Creek near Talon , Tea. 319 3.781. 0 1,02.2 69 213 10.36 12/2.9 — 9/66 (a)
Sul phur River near Talco , Too. 1,239 01,690 0 2,697 559 896 12,30 10/56 — 9/66 (a)
Sulphur River  near Darden . Tea. 2 ,291 18.630 0 5,72.0 1.180 1,659 11.21 10/23 — 12/56
lul p Oo,.r River at Tvaarh sno Dan, Too. 2.920 16 ,610 — 7,110 660 2 ,128 11.76 7/53 — 12/66 (a)
S,.m n nu.r River near Fort Ly,m , Ark. 2.100 22 ,000 0 5,500 700 1.975 9.90 2/68 — 12/66 (a)
Roggy Creek near Dningerfield , P.s . 62. 1,195 0 258 10 61 15.61 3/1.3 — 9/66 )o)
Cypreoo Creek near Pittnborg. Tea. 355 6 ,23!. 0 812 67 257 13.17 3/63 — 2/63
Cypre oO Creek near Jefferson , Tea. 695 6 ,980 I 1,62. 0 150 505 11.12 7/22. — 9/59
Cy-preoo Creek helov Ferrello Bridge , Tea. 503 3,010 2. 969 86 362. 8.00. 1/60 — 12/66 (a)
Caddo lake Dan ne., MOoringnport, La. — 20.100 0 6.200 0 — — 5/30 — 12/66 (a)
Kelly Roynu near Hosoton , La. 100 723 2 262. 32 72 11.59 9/5!. — 9/66 ( a )
T,oelvemile Bayou oeor Di xie , La. 2 ,687 23 ,500  10 5,750 590 1,92.6 11.63 8/42 — 9/66 (a)
Rayou Bodnau near Sarept a , La . 588 6 ,2.60 0 1,150 190 1.26 12. 63 10/38 — 9/66 (a )
Bayou Rodcau Dam , La. 550 3,190 0 1,010 210 2.01 11. 146 11/59 — 12/66 (a)
Cypress Mayo . near Bentoo . La, 100 855 — 212. 26 72 10.16 10/55 — 9/6~, (n(
Flat Lick Bayou near Leton . Zn . 66 60!. I 160 51 67 13.26 10/56 - 9/64 (a)
Bayou Dorcheat neor ipri nghill , La. 52.7 2 ,326 6 1,156 321 388 12.02 10/57 — ‘ ~~ )~ )Bayou Ilor eleat neor Monaco , La. 1,178 9.680 0 2,360 320 853 16 .58 7/28 - .‘~ ~l ;

12/35 — 12/Ut SI
Loam’ Bayou near Sm ock . La. 2,302 18.60o 0 3,92.0 660 1.661 11.89 8/0.2 - 02 / 60
Roggy Bayou near Keithviile , La. 79 900 0 239 8 5/. 12.86 10/38 — ~/b~ (a)
Cyprene Bayou near Keithville , La. 75 659 0 168 2. 54 15.2.0 11/38 —
Wallace Lake Dam . La. 250 2.080 0 .60 70 I l l .  12.21 12/26 - ~2/ t t  ( a )
Bayou Pierre near Lake Mad , La. 610 10,700 0 1,800 50 12.7 11.3!. 5/39 1~~/ , l ,

7/52  —
0J5 o — l21i- ~ 0 /

Grand Bayou near Cou ghatta . La. 81 513 0 163 56 58 11.13 10/50. — /60 n I
Block Lake Bayou near Coator , La. 516. 3.819 7 1,12.5 7 39/, 17.16 5/60 — 9/57
SalIne Bayou near Lucky , La. 166 1,122 5 32.2 .2 120 14 ,1.1 6/ 60 — 0/0.6 i n
Saline Bayou near Clarence , Z n ,  1, 375 8,980 0 2 .37 0 379 9Qi, 13, 1.7 10/2.9 — 12/ UI I n I
Nan000kie Creek ocar Pbotgoweo’y , La, 67 82.0 0 130 10 2.9 19.55 8/62 — 1. 16 ( 5 )
Cane R I ver  near GaJ.b r ait h . L.. 1, 820 10 , 000 0 5,700 300 1,326 36.19 12/1.3 — 12/tO (a)
Heco phi ll Creek near Hot Wells , La. 30 250 10 50 20 21 21 ,8 9  10/68 — 9/6!.

(,( Continued in oper ation
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ROB IiIvB, BASIN Ne.00 200.13051 55114
Poorionor DATA 700 (08 5700014 160003 578110*0

ASic. I
Zero , nhove , , HnuOna of r000rd , Monica no record
of I Sooth DroOn.go , I ‘ , I Far..0 .1 Ic. 00

gage , Of , ores , Bt ,ge , , Di.nharge , , $t.ge I I idscn.rgo I I I ‘ ‘A’ tAdJ ’
12001100 I (ft . . . . . i .)  I .nroan (30 , 0100.) ‘ ~~~~~~~~ Dote , ( o f . . . ) I Date I ( f e e t )  I Dane ’. (o r . . . )  , sane ,

Red pine: floe DOod.po 0.. 00 YaltOn, Ark.

500 51005 Dot.5 . for p.r ivd of record,
loan Nosi •00, l.a. 510.01/ o’V..9 39.720 17.74. 6/15/62 43, 200 6/15/62 . 9 1  ./,2/1 . -. 0 . 2/ 0 - .  . . ‘1~~:
Iso. Colbert , 05,1.. 497.36 672. 1. 39,777 45 .5 5/26/08 070 ,001 5/26/08 4 . 30 5 / 1 , ,, ., ‘ O. ,, ./ / 9,’ . . I : . .  - . -
Ao’thar COty, Zea. 380.07 581.3 .11 ,53 0 ‘3.2 5/28/08 400,000 5/28/08 1.5 1 /l_ / , / 5o1 3. .2,./,.4 -
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of surface and ground water for irrigation anti water supply; extensive
construction , by the Soil Conservation Service , of watershed protec-
tion works utilizing small reservoirs and conservation programs; and
changes in land use. The large flood control and multi—purpose
reservoirs have exerted the most significant influence on records .
These reservoirs , existing and under construction , as shown in table
5, have some regulatory effect on flows from over one—third of the
drainage area in the basin. Exclusive of the storage in Denison
Dam , they have a combined flood control storage capacity of
7,262,300 acre—feet . Denison Darn controls flow into the basin from
33 ,783 square miles of contributing drainage area in the upper Red
River Basin and has 2,660,000 acre—feet of flood control storage .

Future J~velopments will continue to exert an impact on hydro-
logic records . The construction of large reservoirs , changes in
land use , and projects for watershed protection and development
will all affect future records , with the most significant overall
effect coming from the large reservoirs .

15. DISTRIBUTION OF FLOW

Average monthly flows and periods of record for 145 locations in
the basin are shown in table 6. Above average flow takes place pre-
dominantly in the 5—month period January through May with the greatest
runoff normally occurring in May . About 76 percent of the annual run-
off occurs during this same period . Below normal flow is associated
with the 14—month period July through October with the least runoff
normally occurring in August . During this low flow period , about 12
percent of the annual runoff occurs . Figure 3 shows the geographical
distribution of average annual runoff based on flow data shown in
table 3. The lines of equal runoff are general for the study area
and obscure local variations in runoff.

16. FLOODS OF RECORD

Historical records of rainfall and streamflow indicate that ,
subsequent to 1900, flooding on Red River occurred in 1902, 1903,
1905, 1908 , 1915 , 1920 , 1927 , 1930 , 1938 , 19145, 1953 , 1957 , and
1958. Recent flooding on one or more major tributary streams in
the basin occurred in 191414, 19145, 19146 , 1953, 1957, 1958 , 1960,
1961 , and 1966. Maximum stages and discharges for key gaging loca—
tions are shown in table )4• A description of selected floods which
occurred on Red River and some of the major tributary stream s
follows .

a. Floods on Red River.

(1) February—March 1938. The storm of lL-~.’2 February oc-
a

.. curred at a time when the river and most of the tributaries above
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TABLE 5

RED RIVER BASIN BELOW DENI~JUU DAM

RESERVOIR DATA

: Total
:Drainage :Flood Control:

Reservoir : Stream : Area : Storage : Status
:(Sq M i )  (Ac—Ft )

Denison :Red River :39,719* : 2 ,660 ,000 :Exist ing
Pat 1.Iayse :Sanders : 175 : 614,500 :Exist ing
Hugo :Kiamichi River  : 1,709 : 809,500 :Under Const
Pine Creek :Lit tle  River : 635 : 388 ,100 :Under Const
Broken Bow :Mt . Fork River : 756 : 1450,000 :Under Const
DeQueen :Rolling Fork : 169 : 101,200 :Under Const
Gillh am :Cossatot River : 271 : 188,700 :Under Const
Dierks :Saline River : 113 : 67,100 :Under Const
Millwood :Little River : 14,11414 : 1,651,1400 :Existing
Texarkana :Sulphur River : 3,1400 : 2,509,000 :Existing
Ferrells Bridge:C3rpress Creek : 850 : 587,200 :Existing
Wallace Lake :Cypress Bayou : 260 : 88,300 :Existing
Bayou Bodcau :Bayou Bodcau : 656 : 357,300 :Existing

*Con-trjbutjng Drainage Area 33,783 Square Miles
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Fulton were above flood stage resulting from heavy rains during the
preceding month . The main center of the storm was located north of
the Red River Basin , adjacent to the Boggy Creek and Kiamichi River
Watersheds . Maximum rainfall exceeded 10 inches in the northwestern

F portion of the basin , while smaller quantities fell over the remain-
der of the basin. Tributaries in the north established record
maximum stages and discharges during the flood. Peak stages and
flows at the major gaging stations along the river are shown below:

Station Stage Flow Date
( feet ) ( c . f . s . )

Colbert 27 .3* 138 ,000 2/ 18/38
Arthur City 314.3 222 ,000 2/ 19/38
Index 314.3 297 ,000 2/23/38
Fulton 36. 14 338 ,000 2/214/38
Shreveport 33.5 211,000 3/ 1/38
Alexandria 39.8 1143,000 3/ 7/38
*Adjusted to present site and datum.

The cumulative volume of flow at Fulton during the period 16 Febru—
ary—lO March was 5, 628 ,000 acre—feet which is equivalent to 2.3
inches of runoff from the contributing drainage area above Fulton.
Of the total volume , 14,359,000 acre—feet originated in the drainage
area between the site of Denison Dam and Fulton , and is equivalent
to 6.5 inches of runoff from that drainage area. From the drainage
area between Fulton and Alexandria , runoff for the period 18
February to 23 March was about 1,2814,500 acre—feet which is equiva-
lent to 1.6 inches of runoff. Runoff at Alexandria during the
period 18 February to 23 March for the drainage basin between the
site of Denison Dam and Alexandria amounted to about 5,6143,500
acre—feet which is equivalent to 3.8 inches of runoff .

(2) February—May 19145. The flood was produced by storms
centered over the basin during the period February—April. The
principal storm periods were , in the upper portion of the basin ,
19-28 February , 11—19 March , and 29—31 March , and in the lower por—
tion 28 March—2 April. Light rainfall during the intervening periods
contributed to the prolongated flood conditions through April and
into May. Average precipitation during the first period in the upper
basin amounted to about 7 inches , with a maximum of 8 to 9 inches in
Boggy Creek and Little River Watersheds. Precipitation during the
second period varied from about 7 inches over the Blue River Water—
shed to about 14 inches in the Kiajuichi River Basin and about 6 inches
in the Little River Basin. Precipitation during the third period
varied from 3 to 14 inches immediately below Denison Dam to about 13
inches at Fulton . The fourth period produced an average of about
7.5 inches of precipitation over the lower portion of the basin ,
with a maximum of 15.3 inches near the boundary of the Cypress
Creek and Sulphur River Watersheds . The peak discharges at gaging
s tat ions  along Red River in the lower basin exceeded those of the
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1938 flood , while those in the upper basin were smaller. Peak stages
and flows for the 19145 flood at major gaging stations along Red
River art’ shown below :

~tation Stage Flow Date
( fee t ) ( c . f . s . )

Ar thur  City 21.3 80 ,000 2/22/ 14 5
Index 28.1 152,000 14/ 1/145
F’ulton 37.5 262,000 14/ 2/145
Shreveport 38.3 303 ,000 *

Alexandria 145.2 233 ,000 14/16—18/145

*peak flow occurred on 14/ 5/ 145 and the peak stage occurred on
14/7/ 145 .

The volume of inflow into Denison Reservoir during the period l~4
February—14 April was 2 ,800,000 acre—feet . Runoff at Fulton during
the period 13 February through 114 April for the drainage area between
Denison Darn and the Fulton gage was 11,590,000 acre—feet , which is
equivalent to 17.2 inches of runoff for that drainage area. Runoff
from the drainage area between the Fulton gage and Alexandria gage
for the period 23 February to 9 May was 114 ,218,000 acre—feet which is
equivalent to 17.6 inches of runoff. Runoff at A.lexaridria, excluding
flows from Denison Dam, during the period 23 February to 9 May was
25,808,000 acre—feet which is equivalent to 17.14 inches of runoff
from the basin below Denison Dam.

(3) April—June 1957. Major storms centered in the north-
western portion of the basin during the period April—June produced
th is  flood . During the period 19 April to 14 May , an average of 9.6
inches of ra infal l  occurred over the Red River Watershed above Fulton
including the contributing drainage area above Denison Dam. The
area above Denison Darn received 9.3 inches and the area between
Denison Dam and Fulton received 10.3 inches. Below Fulton , the
average rainfall for the period was 8.8 inches , with a maximum rain—
fall of 12.5 inches occurring in the Cypress—Red Chute Bayou watershed.
A second period of heavy rainfall occurred 22 May to 26 May averaging
2.8 inches over the basin above Fulton , with 2.1 inches of rain above
Denjson Dam and 5.2 inches between Denison and Fulton. Rainfall which
occurred over the Red River Watershed above Denison Dam from 29 May

- to 5 June averaged 3.8 inches. Intermittent rainfall during the
period 1 Apri l to 30 June contributed suf f ic ien t  runoff in the lower

- . por t ion  of the basin to maintain high stages during the period. Peak
stages and flows for major gaging stations along the river are as
follows :

V
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Station ~ta~~ Flow Date
(feet) (c.f.s.)

Arthur City 28.14 l3b ,000 u/6/57
Index 286 1514,000 6/8/57

Fuiton 31.1 228,000 6/9/57

Shreveport 33.9 230,000 5/3/57
Alexandria 140.7 197,000 *

*peak fl-. w occurred on 5/7/57 and the peak stage occurred on
5/13/57.

The volume of inflow into Denison Reservoir during the period 1
April through 30 June amounted to about 8,3614,000 acre—feet which
is equivalent to 14.6 inches of runoff from the contributing drainage
area. Runoff at Fulton for the period 1 April through 30 June was
19,719,000 acre—feet ; thus , the runoff between Denison Darn and
Fulton was 11,355 ,000 acre—feet , which is equivalent to about 16.8
inches of runoff from that area. Runoff between Fulton and Alex-
andria for the same period was 14,323,000 acre—feet , which is
equivalent to 5.14 inches of runoff from the contributing area.
Runoff at Alexandria for the basin between Denison Darn and Alex-
andria during the period was 18,782,000 acre—feet which is
equivalent to 12.7 inches of runoff.

( 14 )  A~pri1—May 1958. A storm centered over northwest
Louisiana, southwest Arkansas , and northeast Texas, produced this
flood. The maximum precipitation of 20.9 inches occurred at
Haynesville, Louisiana, in the Bayou Dorcheat Watershed. Stamps,
Arkansas, in the Bayou Bodcau Watershed , and Daingerfield , Texas,
in the Cypress Creek Watershed recorded 20.1 and 18.1 inches of rain-
fall, respectively . The average rainfall over the upper portion of
the basin between Denison Darn and Fulton was 8.78 inches for the
period 26 April—3 May with recorded rainfalls of 13.96 at Foreman ,
Arkansas , 13.73 inches at Ashdown, Arkansas , and 13.80 inches at
DeKalb , Texas. In the basin area below Fulton , the average rain-
fall for the period 25 April—5 May was 9 .9 inches. Peak stages and
flows for major gaging stations along Red River are shown below :

Station Stage Flow Date
(feet) (c.f.s.)

Arthur  City 26. 14 120 ,000 5/ 3/58
Index 25.3 1145,000 5/ 6/58
Fulton 29.14 2114,000 5/ 6/58
Shreveport 33.7 2149,000 5/ 8/58
Alexandria 140.1 200 ,000 5/12/58

The volume of inflow into Denison Reservoir during the period 28
April—17 May was 712,500 acre—feet . Runoff at Fulton during the
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o ..)~ i n ches  and 8.50 inches , respectively,
oi l’ :. A -in r” o’eiv: no~ ~~~~ i :.. ’ n - s  n L - ~ February and Sulphur receiving
-
~~~. ~5 in  t i . ’o  on t February . Dur ’tz~t re ’ :/ )r deLl a to ta l  of 5.68 inches

ro , :hitt t.i.n , wUn ~.l5  inctIe5 on ~7 February . The maximum stage
r 31. :~t f’~~

. ’t ~ ; r<- - ’- r-1o~ t
0 tt i ’~ Blue gage c/r• 17 February when the

discharge v u  ~~~. ,~~u .  c.  ~~~. a. Tl.e ‘ot :tl v- - iu rn e  for the period 16—22
February amounted to 113,31)0 acre—ft.et , which is equivalent to 14.5
inches of run ff.

(b) A1x’ i  1)142 . ‘I’hc otorrn of 23—28 April , which aver—
.n-~~~~~ _ .48 inches of rainT ’ <ll over the Blue River Basin , produced the
April flood. Tishomingo , near the western part of the basin , recorded
6.96 inches of rainfal l f.r the 6—day iooriod , of which 14.23 inches
occurred on 214 A~rii. A i oak stage of 31.69 feet was recorded at the
Blue gage on 25 A l- ru w i t h a corresponding discharge of 33,600 c.f.s.
This is the ceo - ri F * l 1cho ,.

.0 . fl. ~-i f record at the Blue gage. A flood
‘c- -lum e of 97, (3) 0 0 0 1. _ f t * t , oihich is e-iuivalent to 3.8 inches of
run -f ’ f, ‘cas red riled f’ .y t h o  p e r i o d  2 3— 2 ~ April.

( c )  , : t i r .- 1 L + 5 .  The s torm of Io— l8 June , which  aver—
I’ ) i n - ’r 0 ’.° ,: f’ r i :  n V - t i  i over the Blue River  Basin , produced the

ri hi0zli .-s 1 . f l / c / I  of ri’ .: r’i. This  storm W O O  preceded by general
r ’ r i f ’ : l l  on 7—1 2 une whic h nverH~n-ed 14 .59 inches over the watershed.

~I : i t - ~t ! , r ~ •oi ’ I r  rn-./ : t intense -.n 17 June , averaging 14 .06 inches over
ri t h i t ‘ l : t ” . 1n ir ’oit  r o - - ,.’eived b .20  inches on 17 June and a

• ‘t. (.5 inche. ;  for the ~ ,1a~< c , lb — lB June.  A maximum stage of
• ~

- - ‘ ‘ ‘ , oil:! to c r r e o : -  ..nds t / a d i sch - tr <~e of 28 ,900 c . f .s .  , was
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recorded at the Blue gaging station on 17 June. The flood volume
from 17—2 2 June , inc lus ive , was 914 ,700 ac re—fee t , which is equivalent
to 3.7 inches of runof f . The volum e f rom 12—22 June , inclusive,
was 130 ,600 acre—feet  or 5.1 inches of r u n o f f .

(2) Boggy Creek — Caney and Farris, Oklahoma, gages.

(a) February—J une 19145. The floods experienced in
the Boggy Creek i3asin during the period 12 February—23 June were
..n iu sej  by a series of moderate to intense periods of preci pitation
interspersed among intermittent periods of light rain and no rain-
fall. The storms extended over the lower Red River Watershed and
resulted in the largest flood volume of record at Fulton , Arkansas,
197 miles below the mouth of Boggy Creek. The precipi tat ion for the
to ta l  storm period amounted to about 39. 148 inches , of which 8.15,
9.146, 5.00 , 14. 27,  and 12.60 inches occurred during the respective
months of February through June . During the interval February—June,
seven periods of intense precipitation occurred as follows : 19—21
February , 3.78 inches; 25 February—6 March , 14.08 inches ; 11—19
March , 5. 146 inches ; 28 March—14 April , 3.60 inches; 11—16 April ,
3.114 inches ; 9—16 May , 14 .2 14 inches ;  and 2—18 June , 12.00 inches .
The f i r s t  f ive periods of intense ra infa l l , 19 February—l6 April ,
were integral parts of large general storms over the lower Red River
Basin , while the latter periods involved localized storms in the
vic ini ty  of Boggy Creek Basin .  Records at the gaging stations in
the basin show that the major streams in the basin were above flood
stage about 140 percent of the period 20 February—23 June. Maximum
stages of 25.20 feet on 18 June and 1414.914 feet on 17 June were re-
corded on the Clear Boggy Creek , Caney and Muddy Boggy Creek , Farris
gages , respectively, with corresponding peak discharges of 31,100
and 61,900 c.f.s. The flood volumes for the Clear Boggy Creek sta-
tion amounted to 2 140 ,700 acre—feet  from 14 through 26 Jun e , and 14146,200
acre—feet for the period 14 through 29 Jun e at the Muddy Boggy Creek
gage . These volumes are equivalent to 6.2 and 7.7 inches of runoff ,
respectively ,  from the drainage basin above the gages . For the
period 20 February through 19 May , flood volumes past the Clear Boggy
and Muddy Boggy Creeks s tat ions amounted to 726 ,100 and 1,108 ,000
acre—feet , respectively ,  which is equivalent to 18.9 inches and
19.1 inches of ru n o f f  from the respective drainage areas .

( b )  February 1938. The second largest flood of
record in the Boggy Creek Basin was caused by two periods of precipi-
tat ion , 20— 2 14 January and 114-18 February , with practically no rainfall
recorded in the in tervening period.  About 14 inches of precipitat ion
fell in the Boggy Creek Basin during the f i r s t  period , and minor
flooding occurred on tributaries to Boggy Creek for a comparatively
few days. During the period 114-18 February , average rainfall over
the basin totaled 8.1414 inches. About 2.70 and 2.80 inches of rain-
fall occurred on 16 and 17 February , respectively. Total
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precipitat ion at Coalgate , near the center of the basin, was about
9.02 inches , of wh ich 3.50 inches were recorded on 16 February .
Precipitation at Ada , near the upper limits of the basin , amounted
to about 8.50 inches , of which 3.30 inches occurred on 114 February .
The Calvin , Oklahoma , precipi tat ion stat ion , located north of the
upper limits of Muddy Boggy Creek watershed , recorded a total of
11.00 inches , of which 14.00 inches were experienced on 15 February .
A maximum stage of 143.1 feet occurred at the Muddy Boggy Creek ,
Farris gaging station on 17 February . For the period 15—25 February ,
the peak discharge at the Farris gaging station was 52,500 c.f.s.
with a total flood volume of 1438,000 acre—feet , which is equivalent
to 7.o inches of runoff from the drainage area. Records indicate
that major streams in the basin were above flood stage for 7 days.
This flood was a major contributor to the peak discharge of record
at the Fulton , Arkansas , gage on Red River .

( c )  April 19142. The th i rd  largest flood of record
in the Boggy Creek Basin was caused by runoff from the storm of 23—
28 April. During this period , an average of 6.18 and 6.68 inches of
rainfall occurred above the Caney and Farris stream gages on the
Clear Baggy and Muddy Boggy Creeks , respectively. Precipitat ion at
Coalgate , near the center of the basin , totaled about 7.145 inches ,
of which 14.140 inches occurred on 25 April. Maximum stages of 142.19
feet and 26.8 feet , with corresponding peak discharges of 141,200
c.f.s. and 52,800 c.f.s. , were recorded at the Farris and Caney
gages , respectively . From 23—30 April , the flood volume passing the
Farris gage amounted to 3514 ,900 acre—feet , which is equivalent to
6.1 inches of runoff from the drainage area.

(3) Kiamichi River — Belzoni, Oklahoma, gage.

(a) February—June 19145. During the period 11 February—
18 June, periodic concentrations of rainfall produced excessive runoff
from the Kiamichi River Basin , and flooding condit ions were obtained
on the Kiarnichi River and Red River downstream during much of the
period. The total precipitation during this time averaged 1414 .1414
inches over the Kia.michi River Basin , with averages of 10.15 inches ,
10.52 inches , 3.75 inches , 6.77 inches , and 13.25 inches for the
respective months of this period. There were five periods of concen-
tr ated rainfall over the basin , namely ,  19—21 February , 25—28
February , 28—30 March , 10—16 May , and 6—18 June, with corresponding
averages of 14.37 inches , 3.10 inches , 3.53 inches , 6.13 inches , and
12.143 inches. During the period of maximum rainfall, 6—18 June , the
rainfall was extremely intense on 17 June , with 7.95 inches , 3.60
inches , 3.03 inches , and 3.00 inches being recorded at Daisy ,
Spencerville , Antlers , and Hugo , respectively . The maximum stage of
143.90 feet and the corresponding discharge of 70,600 c.f.s., which
is the second highest of record , was recorded at the Beizoni gage
on 17 .Tune. The volume during the period 8—26 June amounted to
725,200 acre—feet , which is equivalent to 9.6 inches of runoff. The
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flood volume at the Belzoni gage during the period 12 February—
26 June was 2,511,000 acre—feet , which is equivalent to 33.1 inches
of runoff. The Kiamichi River was above flood stage at the Belzoni
gage about 214 days during the period 11 February—25 June. Kiamichi
River contributed about 12 percent of the total flood volume which
passed the Fu.lton, Arkansas , gaging station on Red River during
the period 1~4 February-B May .

(b) February. 1938. Two periods of intense precipi—
tation which occurred on 20—214 January and 114—18 February caused
extensive runoff in the Kiamichi River Basin. The 5—day storm of
20_214 January produced an average rainfall of 5.314 inches over the
basin , with 2.60 inches on 21 January. Antlers recorded 3.58 inches
of rainfall on 21 January. The second period , 114—18 February ,
produced an average rainfall over the basin of 7.20 inches , with an
average of 3.86 inches on 17 February . On 17 February, Antlers and
Tuskahoma received 14.25 inches and 3.914 inches of rainfall ,
respectively . A maximum stage of 1414.0 feet , wh ich produced a peak
discharge of record of 71,1400 c.f.s., was recorded at the Belzoni
gage on 18 February . The Kiamichi River was above flood stage at
the Belzoni gage about 7 days . The volume from 15-28 February was
513,100 acre—feet , or an equivalent of 6.8 inches of runoff. The
flood volume at the Belzoni gage for the period 21—30 January was
276,600 acre—feet , which is equivalent to 3.7 inches of runoff.

( c )  January 19149. The th i rd  largest flood of record
at the Belzoni gage resulted from the storm of 22—2 7 January , wi th
an average rainfall  over the basin of 9.3 14 inches . Kiamichi Tower ,
in the eastern part of the basin , reported 11.63 inches of r a i n f a l l
for the 6—day period , of which 5.79 inches occurred on 214 January .
At the gage , this storm produced a peak stage of 142. 93 feet , which
corresponds to a discharge of 67, 200 c . f . s .  A flood volume of
566 ,500 acre—feet passed the Beizoni gage , which is equivalent to
7.5 inches of runoff from the contributing area.

(14) Sulphur River. Precipitation data are available at
Paris , Sulphur Springs , Greenville , Clarksville , Nap les , and Mount
Pleasant , Texas, for periods of 85, 75, 67, 62, 58, and 149 years ,
respectively . Fragmentary records of rainfall and stage data in—
dicate floods occurred in April and May 1915, and I-lay 1930. More
detailed records subsequent to 1937 show major flooding occurred in
5 years during the period 1938 through 1967. These five floods are
discussed below .

(a) January 1938. The storm of 19—214 January ,
centered over Naples , Texas, produced this flood . Prior to the
storm , intermittent rainfalls over the period 1—18 J m nu :/ry amounted
to 0.58 inch at Mount P7.easan t , 0.51 inch at Sulphur Springs , and
0.214 inch at Naples. The precip itation recorded at the storm
center was 10.7 inches. Total rainfall over the watershed above
Darden , Texas , averaged 6. 7 inches and produced a maxinun d i scharge
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- 5 92 ,~ JO .- . f . s .  v i  oh a ~-eak stage of 3 5 . 14  I o y t  at Sara -u : .  Total run—
- - 55 f’-~- r l i i -  ~- t t e roia- d w ’ 1~ 5 .8 i ncn e s  , or 850 ,000 n i -r e — f e e t

( b ) 1 . a - o — .- - : r !  - 1-914 5. This flood was produced by the
i t  1 i o  0 ’ 

~~~~~ !bir - cn .~~
- ‘ : . . :- ‘.o C l . t o ’ ’ over  the southeast  r’t i ori -of

th y  ‘, t l 3 : ,’ - .f ‘ /1/ - V I -  Vni~~~n. Pri .0  L - th e  . . t :-rm , r a i n f a l l  ~~i 5.21
:io~ Pl’u ci’oit , ~ . 1 4  ; r / c l i O O  at Sulphur .

‘-
~ 
r i n po , and 5. bil

incioco a ’ So: ±00 0000l-r ’-J i n t e r m i t t en t ly  over the  period 1—551 M arch .
~~~~~~ s t o rm OC CUrI ’e . t  v e t ’  a p er i o d  of ab out 148 hours w i t h  maximum
rc. ’ - : i ~ .1 I~~intaI1s - f  11.14 in ches  at Moun t Pleasant , 11.3 inches  at
SirS : ha:- , ‘ : 0 1 1 1 0 0 , ar~i 11.0 inches  at Nap les. The average rainfall

t he  va~~~ ra:1e/l t o t a l e d  8.6 inches and pr - .ou uced a runoff of 8.1
or I , L d S , 000 O/ ’O l ’ — t

’ O C t .  The maximum d ischarge  and peak
..:t t g e  at b a r / i o n  0 0 0  - 151, 000 c. V.  S. ari d .17.6 i~~ eo , respect ively .

( c )  / Ij  i’5 .l—bO~ l95’(. 11110 storm of 19 Apr i l  through 14
S-!a~,,ceriter’cd over W - i fe C i t y , Texas , produced th is  f lood.  Prior to
the s torm , ra infa l l  at Moun t Pleasant , Sulphur Spr ings , and Nap les
v-ni 3.27, 3.22, and 5.50 inches , respectively, and occurred inter—
rt.i~~t~~riti y during the period 1—18 A pril. The precipitat ion recorded
‘t ~ the st .:rm center wa-s 11.2 inches. The minimum rainfall recorded
-ru - a .  5 inches at Sa : - l e / ; . The wat e r o r i o d  OL- j V C Texarkana Dam had an
average  of 9.8 inches of rain and the area below the dam had an aver—
age of 8.2 inches . The storm produced a peak pool elevat ion at
~.ox;iraafla 2-am of 250.33 feet wi th a oeak inflow of 75,952 c.f.s.

( a )  Ap ril—tiny 1955. The storm of 25 April—5 May ,
/ ‘-‘r:tered in the area of F ex o r k a r i a  i)am , produced this flood. Prior to

storm , rainfall at tto ur :t Pleasant , Sulphur Spr ings , and Saples
woo 2.10 , 2.9.3 , and 2.96 inches , respec tively , and fell intermittently
over the l eriod 1—214 A T-r u . M ax i mum rainfall was 16.9 inches at
T ex or ku n a  Dam , and the minimum of a. 5 inches was recorded at Honey
- It - eve , 1 ’~ X o .  The n — j e r a ~te rainfalls for the votorshe~ above and
below Texarkana Dam were 10.5 inches and lr~.5 inches , respectively .
The peak pool elevation at Texarkana Darn was 2149.19 feet with a peak
i. ii S.tow t- ote of 88 , 9 ) - Li c.f.s.

(e) A :-111—May l9t 6. The storm of 22 April—2 May ,
centered in the or/i a of Wolfe City, Texas , produced this flood.
Prior to the st- on , ononfall ~i t  Sulphur Springs and Naples was 2.22
- c i  3.11 inches , r~ oiti ctive1y. The rainfall occurred intermittently
over t h / - - oeriod 1—21 A: oil. The storm or-oil/iced a maximum rainfall
-1’ Iu.7 inches ~t Wolfe City and a minimum -of 11.9 inches at Com-
merce , Textuc . The average r e - i n f ; / ) J  over the watershed was 114 .5
S ; . oh e o .  The tie-il-i pool el ‘v~~t ion at Texarkana Dam reached 25 15. t - .ii

riot. with a re-/K inflow r a f , e of i.br ,1,)U c.f.s.

(5) Mckimiey Sayuu. Preciritat i-. a data are available at
• 

-
- n , Index , Ravan-’ , Stamps , and ‘lox-i rkana , Ark ansas , for St , 31 ,

51 ..b , and 814 je-’]rt o f record , resorotiv .;l; . Studies of U. S.
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Weather Bureau records mentioned above are the only means of ~~~~

termining when bee ewater flooding nay have occurred along McKinney
Bayou prior to l9oa. These studi es indicate flooding protiatl y oc-
curred as a res at of the storms of August 1915, October lj:o , an-a

May 1930. From 1937 to date , stage records at Kemps Bridge ,
Arkansas , on McKinney Bayou Canal, indicate fl/i / i i r g  occ urr ed in
July 19140, April 19145, January 1950, April 1958, April ±9614, am a.
April 1966. In addition to flooding induced by headwater 51 too ,
flooding on McKinney Canal below Kemp s Br idge may also result f rom
backwater from Red River . The major floods of recent record ,
those of April—May 1958 and 1966, are described below .

( a )  April—May 1958. The storm of 25 April  to 5
May, centered at Stamps , produced th is  flood. Prior to the s torm ,
for the period 1—2 14 April , ra infal l  at Fulton , Index , havana , Stamps ,
and Texarkana Airport was 2.16, 1.70, 1.90, 1 . 146 , anti 2 .37 inches ,
respectively , and averaged 1.82 inches over the watershed. The
storm produced an average of 12 inches of r a in fa l l  over the water-
shed , with a stage of 20.9 feet and estimated discharge of 8,000
c.f.s. at Kemps Bridge on 27 April. Additional orecipitation fell
on 1 through 14 May and the resulting runoff maintained high stages
for several days. Total rainfall at Fultor’., Index , F-ivnr•a, Stamps ,
and Texarkana was 12.18, 11.20, 18.36, 20.10, and lb. ni15 inches ,
respectively.  The average rainfall over the waterohen ar- ave Kemps
Bridge for the period 25 April to 5 May was 114 inches. Available
discharge data are not adequate for an ac au r ate determination of
runoff .

(b) ~p~’il—May 1966. The storm of 20 April through
2 May produced this flood. Prior to the storm , ra infal l amounted
to about 1 inch over the watershed from the period ±2—15 April.
Th- ’ average rainfall over the watershed above Kemps bridge pro-
duced by the storm was 16 inches. Total rainfalls for the stcrm
period at Ful ton , Index, Ravana, Stamps , and loxarkan t Air port
were 18.59, 15.Liu , 15.31, 19.19, and 15.70 inches. r espectively.
A peak stage of 21.3 feet and estimated discharge of 9,000 c.f.s.
at Kemps Bridge occurred on 21 April. Additional rainfall after
27 April prolonged flooding for several days . Available discharge
data are not sufficient to make an accurate determination of runoff .

- . (6 )  Bodcau Bayou above Sarepta, Louisian a. Fi- - ugmee t~rr5~,r
hydrologic data indicate major floods occurred in June 1905 and May
1930, and stage records since October 1938 at Sarepta indicate
major flooding occurred in May 1958. Minor flooding occurred dar-
ing July 19140 and May 1966. The construction of Bayou Bodcau Dam
and Reservoir , completed in 19149 by the Corps of Engineers , and
improvements in tributary areas by the State of Louisiana , Depart-
ment of Public Works , hav e modif ied peak stages and flows .
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(a) April—May 1958. The storm of 25 April to 5 May,
centered in the watershed , produced this flood . Prior to the storm ,
rainfall in the watershed averaged 1.7 inches for the period 1—214
April. Average rainfall over the watershed during the storm period
was 18 inches . Total rainfall for the storm period was 20.1 inches
at Stamps , and 114.7 inches at Taylor and Hope , Arkansas . The highes t
stages of record since improvements were made in the watershed oc-
curred during this flood. The peak flow at Sarepta was 18,600 c.f.s.
at a stage of 25.1 feet on 2 May. Runoff at Sarepta during the
period 25 April—11 May was 316,510 acre—feet  which is equivalent to
10.9 inches of r u n o f f .

( b )  April—May 1966. The storm of 21 April to 2 May
produced this flood . Prior to the storm , rainfall over the water-
shed averaged 1.14 inches for the period 1—20 April. During the
storm period average rainfall was 16.1 inches . Rainfall maximums
recorded during the storm were 6.7 inches at Hope and 6.1 inches
at Stamps, both on 214 April . The peak flow at Sarepta was 10,800
c.f.s. at a stage of 22.3 feet on 2 May. Runoff at Sarepta during
the period 21 April—11 May was 1914,1400 acre—feet which is equivalent
to 6.7 inches of runoff.

( 7 )  Posten Bayou. Precipitation data are based on 76 years
of continuous record at Plain Dealing, La. The maximum 1—day pre-
cipitation of 11.96 inches occurred in July 1920. The maximum
1—month precipitation of 18.82 inches occurred in July 1933. The
two periods of high rainfall  produced heavy runoff and high stages
in the watershed; however , stage and discharge records were not ob-
tained on Posten Bayou until 1956 and an accurate assessment of
flooding for these two storms is not possible . Two other importan t
storms , those of April—May 1958 and April—May 1966, are discussed
below. Prior to the installation of staff and automatic gages 3
miles northeast of Wardview , Louisiana , on Posten Bayou , studies of
rainfall records are the only mean s of determining when headwater
flooding occurred. Based on these studies , additional floods are
indicated to have occurred as a result of the storms of August 1915,
May 1930 , July 19140, and May 19146. Available depth-area data indi-
cate that stages greater than 190.1 feet at the Wardview gage result
in overflow at some locations along the stream.

(a) April—May 1958. The storm of 25 April—5 May ,
which was centered over Stamps , produced th is  flood . Prior to the
storm , rainfall amounted to 1.14 inches at Plain Dealing , Louisiana.
and was intermittent over the period 1—21 April. The maximum rain—
fall rec or-aed was 20.S inches at Stamps, while at Plain Deal ing
rainfall of l~ 4 .7 ~nches was recorded . The total rainfall over t ne
watershed for tne st-o r~ reriod averaged 16.5 inches and , on ± May
1958 at ‘~-ar dv iew , p roduced  a stage of 199.0 feet wi th  a maximum dis-
charge of 2,~~ 9 c.f.s.
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(b) April—May 1966. The storm of 2± to 26 Apri l ,
centered over Gladewater, Texas, produced this flood. Prior to the
storm, rainfall averaged 1.78 inches over the watershed and fell
intermittently during the period 12—19 April. At Gladewater , 25.25
inches of rain was recorded , and at Plain Dealing , 6.314 inches was
recorded. The total rainfall during the storm period averaged about
7.0 inches over the watershed and produced a maximum stage of 198.14
feet at Wardview on 26 April. An additional 5 incher ~f rain fell
during the period 3—6 May , and stages remained at bankfull until
10 May.

(8)  Twelvemile Bayou. Precipitation data are available
at Shreveport , La., Longview , Marshall, Naples , and Jefferson ,
Texas, for a period of 95, 36 , 59, 59, and 55 years , respectively.
Subsequent to 19142, gage and discharge records are available for the
U. S. Geological Survey station on Twelvernile Bayou near Dixie ,
Louisiana. Records of rainfall and stage data indicate floods oc-
curred in the Cypress—Twelvemile Bayou watershed in May 1930, May
1944 , March—April 1945, May—June 1946, February 1950, May—June 1953,
April—May 1957, April—June 1958, and April—May 1966. The three
largest floods are discussed below . Gage readings and discharge
data refer to Twelvernile Bayou near Dixie , Louisiana.

(a) March-April 19145. The storm of 29 April through
10 May produced this flood. Prior to the storm , rainfall at Gilmer ,
Jefferson , and Mount Pleasant, Texas, was 6.11 , 8.79 , and 5.21
inches , respectively, and occurred intermittently over the period
2—26 March . The storm produced a maximum rainfall of 17.2 inches
at Winnsboro , Texas , during a 148-hour period. The average rainfall
over the watershed was 10.8 inches with a maximum discharge of
314,900 c.f.s. and peak stage of 35.6 feet at Dixie. 1 urii,ff from the
watershed above Dixie amounted to 1,207,170 acre—feet or 7.2 inches
of runoff.

(b) April—June 1958. The storm of 25 April through
8 June produced this flood. Prior to the storm , rainfall amounted
to 2.1, 1.7, and 2.7 inches at Gilmer , Jefferson , and Mount Pleasant,
Texas, respectively, and was intermittent over the period 1—214 April.
The storm produced a maximum rainfall of 20.7 inches  at Daingerf ie ld,
Texas, with 10.0 inches falling in a 148—hour period. The watershed
had an average of 15.7 inches of rain during the stern period. With
Ferrells Bridge Dam in partial operation , the stage at Dixie reached
35.7 feet, the maximum of record . The resultant peak discharge was
38,1400 c.f.s., and the runoff from the watershed was computed to be
10.3 inches or 1,726,720 acre—feet for the period 25 April—15 June.

( c )  April—May 1966. The storm of 21 April through
2 May produced this flood. Prior to the storm, rainfalls at Gilmer ,
Jefferson , arid Mount Pleasant, Texas , were 1.85, 1 .5 14 , and 2.141
inches , respectively. These rainfalls occurred intermittently over
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the  per Sia  1—20 A çr ’il. The maximum rainfall of 25.25 inches , of
which  18 inches fe - l i  in 148 hours , occurred at Gladewater , Texas ,
which is juat outside tb  watershed. ~ithjn the watershed Harleton
and Ferrells Bridge Sam , lexas , recorded total precipitation accumu-
lations of 214.50 and 23.92 inches , respectively , and over 15 inches
,courred at both ±a.cations in 14b hours . The average rainfall for
tiie watershed during the storm period was 17.8 inches . The maximum
stage was 32.7 feet witn a peak flow of 31,400 c.f.s. If conditions
in the watershed were the same as those which existed during the
±95o s t o r m  (Ferrells Bridge Dam under construction and not in full
-aeeratia.n), i t  is est imated that the stage woul d have exceeded that
of’ the 1958 flood. Runoff for the watershed during the period 21
A k r i l— 3 0  June was 9 .8 inches , or 1,636 ,600 ac re—fee t .

(9) Maniece Bayou. Precipitation data are available at
Fulton , Stamps , Texarkana, and Taylor , Arkansas , for 82, 26, 20, and
214 years of record , respectively . Studies of U. S. Weather Bureau
records mentioned above are the only means of determining when head—
wa ter floodi ng may have occurred along Maniece Bayou prior to 1956.
The studies indicate flooding probably occurred as a result of storms
of August 1915, May 1930, July 1933, June—July 19140, and May 19146.
From 1956 to date , stage records at Can field , Arkansas , on Maniece
bayou indicate flooding occurred in April—May 1957, April—May 1958 ,
and April 1966. The major floods of April—May 1958 and 1966 are
. iescribed below .

(a) April—May 1958. The storm of 25 April to 5 May
produced this flood . Prior to the storm, rainfall occurring inter-
mittently over the period 1—214 April amounted to 2.11 inches at
Fulton , 1.146 inches at Stamps, and 2.37 inches at Texarkana Airport .
Rainfall over the watershed during the storm period averaged 18.7
inches and produced the highest stage of record , 220.0 feet , at Can—
field , Arkans as , on 3 May . An accurate determination of runoff is
not possible because of the e f f ec t s  of Red River  backwater .

(b) April—M.ay 1966. The storm of 20 April through
3 May produced this flood . Prior to the storm , rainfall  dur ing the
period 1—19 April amounted to 2.01 inches at Fulton , 1.27 inches at
Stamps , and 1.89 inches at Texarkana Airport . The total rainfalls
for the storm period at Fulton , Stamps, and Texarkana Airport were
18.59, 19.19, and 15.70 inches , respectively.  The maximum discharge
at Can f iel d , Arkansas , was 1,160 c.f.s. occurring at a stage of
15±o.78 feet . An accurate determination of runoff is not possible be—
cause of the effects of Red River  backwater .

(10) Bayou Dorcheat near Minden, Louisiana. Gage records
indicate that major floods occurred on Bayou Dorcheat in May 1930,
July 1933, May 191414, May 1957, April 1958, and May 1966. The major
storm of record occurred in April 1958.
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( - i )  April—May 1958. The storm of 23 April to 10 May
produced this flood. Prior to the storm , rainfall averaged 1.2
inches over the watershed during the period 1—22 April . Average
rainfal l  during th e  storm period was 16.5 inches. The maximum 1—day
rainfall was 9.0 inches at Stamps , Arkansas , on 27 April. At the
towns of Magnolia and Haynesville , Louisiana, rainfal ls  of 7.9
i:iohe and 7.5 in,-heo were recorded on 27 April and 26 April ,
r-o.:peotively . Tb’ ~e t k  f]~~-o at Minden , Louisiana , was 1414,800 c.f.s
OrI 1 ~Miy at a stage - - f’ 15L4 .9 fe-it. Runoff for the watershed above
:-:i: lt’:. :3r irlg tie ~~‘r i o / u  25 A rr il— 23 May was 728,000 acre—feet which
is equivalent to 115.5 inches of r u n o f f .

(a) ~ a r L l — M s y  ±9bta . The storm of 21 April to 2 May
:r- , -iu-e a tais flo -.i. n o r  t - the storm , rainfall averaged 1.13

‘- - n  ‘ a - -  o~~~e r s l , ea. :~~n i .- .g the  period 1—20 Apr i l .  Average
r a i n f a l l  a a r i a ~ t:,’ storm ~e rit ~ was 11.9 inches . The maximum 1—day
rainfall was c.T am es at bar e and 6.1 inches at Stamps, both on
214 April. ‘S ac peaz-r fi-~w at Minder., Louisiana , was 16,600 c.f.s. at
a stage of i’~.9 foot on 5 May . Runoff for the watershed above
Minden during the perioc 22 April—21 May was 333,000 acre—feet or
5.7 inches of runoff.

(11) Bayou Pierre at Lake End, Louisiana. Rainfall and
streamflcw data indicate that flooding on Bayou Pierre occurred
during the storms of August 1933 , November 19140, April 1945, April—
May 1953 , and September 1958. The greatest flood of record was
produced by ~ he storm of April 19145. Backwater from Red River
affects the stages and discharges on Bayou Pierre. Therefore ,
volumetric determinations of runoff cannot be made for this location .

( a )  August 1933. The storm of 22—28 July produced
this flood . Prior to the storm , rainfall averaged about 6 inches
over the watershed during the period 1—21 July. Average rainfall
during the storm period was 15.5 inches . At Shreveport , a 1—day
rainfal l  of 12.1 inches occurred on 214 July. The peak stage of 145.8
feet was based on a high water mark obtained in early August.

(b) April—May 19145. The storm of 31 March to 14 April
produced this flood . Prior to the storm , rainfall averaged 7.1
inches over the watershed during the period 1—30 March. The average
ra infa l l  during the storm period was 6 inches . The maximum 1—day
rainfalls were 5 .5 inches at Robeline , Louisian a , and 3.14 inches
at Grand Cane , Louisian a , both occurring on 1 April . Stages exceed-
ing 30.9 feet prevailed throughout the month of March. Stages rose
rapidly in April to an estimated 147.3 feet, based on a high water
mark at Lake End on 3 April. During the storm period , the main stem
of Red River was experie-icing record stages , and stages in Bayou
Pi erre remained above normal for  an additional month.
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(c) April—May 1953. Storms which  occurred in April
and May produced this flood. Two periods of intense rainfall oc-
curred during 23 April—14 May and 10—19 May . Prior to the first
storm , rainfall averaged 10.1 inches over the watershed during the
period l—22 April. Rainfall during the first and second storm periods
averaged 10.5 and 8.5 inches , respectively . The maximum 1—day rain-
fall for each period was 8.14 and 3.5 inches at DeSoto Fire Tower on
29 April and 17 May , respectively. Stages rose to 15.6 feet on 29
April , 38.1 feet on 6 May , and reached a peak stage of 41.5 feet on
20 May . A discharge of 9,690 c.f.s. was measured at a stage of 141.14
feet on the previous day.

(12) Saline Bayou near C1arence~ Louisian a. Rainfall and
streamflow records indicate that major floods occurred on Saline
Bayou in July 1933, April 19145, June 1950, May 1953, June 1957, and
May 1958. Based on rainfall data, the storm of 22—27 July 1933
with an average rainfall of 13.5 inches produced the greatest head—
water flood of record. The storm of April 19145 produced the highest
stages ; local residents estimated the crest to be 143.b feet . How-
ever , the basin received only 6 inches of rainfall during the storm ,
and the flooding resulted mainly from backwater from Red River. A
major headwater flood of record occurred in May 1953, and a si gni—
ficant combined headwater—backwater flood was experienced in April—
Jun e 1958. These floods are described below .

(a) April—May 1953. Two periods of intense rainfall
occurring on 23 April—14 May and 11—19 May caused this flood. Prior
to the firs t ra infal l  period , the average rainfall during the period
1—22 April was 2 .2  inches. Total rainfall from 23 April  to 19 May
was 20.5 inches. Maximum rainfall in each period was 9.1 inches on
29 April , and 8.9 inches on 18 May at Gum Spr ings , Louisiana. Other
stations with high rainfall were Homer , Louisiana , with 5.8 incnes
on 29 April and Ashlan d , Louisiana, with 6.2 inches on 17 May . On
19 May the peak flow at Clarence was 114,200 c.f.s. at a stage of
140.7 feet. Runoff for the watershed above Clarence during the
period 23 April—28 June was 899,000 acre—feet which is equivalent to
12.2 inches of runoff.

(b) April—June 1958. The storm of 28 April to 10
June and Red River backwater caused this flood , with the latter
being the primary cause. On 11 May prior to t he  storm , records in-
dicate a maximum reverse flow of b ,750 c.f.s. occurred at a stage of
37.5 feet . During the storm period average rainfall of 7.8 inches
over the watershed produced a peak flow of 8,880 c.f.s. at a stage
of 37.5 feet on 26 May . Runoff  for the  watershed above Clarence
during the period 28 April—10 June was 273,000 acre—feet which is

I 

- equivalent to 3.7 inches of runoff.
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(13) Nantachie Creek n ea r  Montgpmery, L,uisian a. The
largest flood of record occurred in Apri l—May 1) 513 . ,ui c ,tti er major
flood occurred in  February ~ Tht. These 1’ Li oum -ore a ’oicri Le d b’-’i o w .

( a )  April—May 195$. The storm of 24 Apni~ t -  15 May ~ro—
duced th i s  flood . I n o r  to the storm , total rainfall over tio watershed
during the period 1—27 April averaged 1.6 inches. Duniri~; r o e  o r , o r m , the
total rainfall  amounted to 29.3  i r~ct’res and fell in to -  three periods , 2h-
29 April , 3—14 May , and 12—18 ~

-
~~~~~

- , with rio intervening rainfall. The
amounts of rainfall 0ccurring in the three tieniods were 11.1 , 2.3, and
15.9 inches , respectively. The Inaxirnarr: i—Joy ra in fa l l s  in each period
were 6.5 inches on 28 April , 2.1 inche a ~~ May , an-i 7.3 inches -an 11
May. Peak flows in to’s order of their oaoor rorl ce ‘~~~re 8, 

- c. f.s. at
a stage of li . 14 f e e t  on ,?9 A f r i l , 2,060 c.f.s. it a St - ,t~ -? o f 10.2 feet
on 13 May , and 10,500 c.f.s. at a stage of 114.7 f°’e t on 1~ May . o w I of f
for the watershed during the per iod 29 At - r i l—2 6  i-boy arm LInt e~ to aO ,395
acre—feet or 27.7 inches -‘f runoff.

( b )  Febru ary 1966. The storm o f  ‘1_15 February o’r duced
this flood . Total ra infa l l  preceding the c t o r r r . was 0 .3  i a m b  w~~imh fell

on 1 February . Rainfall over the watershed dorincr too otort’. peni:~-- :. s’~er—
aged 10.5 inches wi th  the maximum of ~ .7 irr ”Loc f a l l i r l r  uo 9 F e b n s a z S:/ .
The peak flow of 6,91414 c.f.s. oc:oorr’e’l at a at’oge of 12.-h feet. -Orl 9
ruary . Runoff from the watero~~ d -J~~r ,r0 ’ t h e  por io d  0—25 i-e r n ary oar~~’0nt’o .
to 22,370 acre—feet which is eq iivaJ to- 8.9 in b rs of r- ’

~~r i ’: - f f .

(14) Cane River. f -on toc ~‘‘i -
~ od prior to ±~ i5 , stre - ot irag:ac

records are not available ano flooding was 1e~ er m I n e - I by an’o~ysi.~ of
rainfall data. Rainfall record - ore a’rai±able f-o r ocriodo. of i14 t- -4-1
years , the longest being from the kooxanor i a , L a . ,  st t ion  with 31
years , followed by 61 years fir Robeline , La. , and 145 ~earo t o n  ~~ t - rr ~i—
toches , La. Subsequ’’nt to 1930- , dat i , ii~~e ar . : nt er r t i t oer t n i s  ri i’~-e
records are available f-ot- the’ Cane i-river stat i on at Gali raith , ho .,
near the lower end of t oe  basin . Sue to ea~kwater fr-on , ~~~ Pio~~r

during major  floods the staoe--iosmi to’ o-:t r -_ o a u ~~-In ±5 p ’- -~”c~~’y ±o t taCO .
Flooding has occurred in. July 1906, May ~~~~~ 1’Ps:cr. --f j n-il ~~±3 , .I o~

--
1933 , May 191414, April 19145, F - e i’ s o r ’~

’ 1950, Ma5,’ 1953. Say 1957 , ana May
1958. Two of the ma j o r  floods are discussoci beloco’ .

(a) jIi~~~~~ ’.t . ihe s to rm of 30 Apr i l  to 14 May , e - ateo - ’0-.:
over Montgomery , ± c . i~- 1-on ’ , . or’~~ o~ ’~~d this fiocci . Fri ci t the oto-ra .
rainfall over toe watersn’sd was :.L-- -~e r. croa5 , -av- ’aging 2.5 inches i ur ~~:,e
the period 17—28 February rjfl ’t 5.5 .,r.ches ~u r : n g  ohe ‘nioi 1-159 Marco .
Montgomery receive’s 7 .7  inches of rarn f’ .li Sri too peri od 

~— ‘9 Mar : r r ,
while Colfax , Natcnit-cooeo , ar,J ho,o’ochie , Louisc a l a , 2’ecordci 6.6 , . •

and 3 .5 inches , respectivel y. During the storm o’er a , 30 ~prii— 1. o’er ,

- - 
Montgomery recorded 9.2 inches of p rercp it - cti ”n . O th e r  s tat i on s in th e
watershed at Natchitoches , Col fax , and Kisat-:i,ie rem:r’Ie 1 7.2, c- .., ari d
6.2 inches of rainfall, respecti .-ci y , :ver  the sane period , Sh e  storm
produced en average precipitation aver ‘ “ -

- watershed of T’.3 i -thee . ~ igh
stages prevailed on C’ ane ~iver at ‘ ; o S b r a i t h  t ’ r - m  17 i°e’r’ruar~: ~rr r o~r tie

• end of May. The maxi m um stag,: of 19.9 f E o e t  r at. Ja1b~ a i t  s c ’ ’a : ’ r e - l  or.
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±0 .10 ..urii , voile , at toe siouth of Cane River near Colfax , the stage
eec: 53.0 t ’ e, t .  Discharge measurements were not made in 19145.

(b) May 1953. The flood was produced by storms centered
over Simpson , Louisiana , located just outside the lower end of the water-
shed , and over Rob el ine , Louisiana , in the watershed. The principal storm
periods were 23 April through 14 May for the storm centered at Simpson and
12 May through 18 May for the storm centered at Robeline . Prior to the
storms , rainfall over the watershed averaged 0.7 inch and occurred inter—
m i t t en . ly on 3 day s dur ing  the period 1—22 April .  Average precip itation
iep th  l u r i ng  the f i r s t  storm period amounted to 114.2 inches over the water-
shed , wi t h  Simpson receiving 18.0 inches and Montgomery , Colfa.x, Robeline ,
Natch i toches , and Grand Ecore recording 114 .2 , 13.2 , 12.9, 12.14, and 11.9
inches , respectively. During the  second storm period , the average rainfall
was 16.5 inches , with a maximum rainfall of 18.9 inches at Robeline . Sta-
tions at Natchitoches , Montgomery , Simpson , and Colfax recorded 16.2, 15.9,
15.8, and 15.6 inches of rainfall , respectively. High stages on Cane River
were obtained from 29 April through 15 June. Rainfall from the first storm
series produced a peak stage at Galbraith of 141.2 feet and a corresponding
discharge of 6,230 c.f.s. on 6 May . The maximum stage at Galbraith of
147.7 feet occurred on 23 May . The discharge corresponding t.~ the p eak
stage was not observed because of Red River backwater.

(15) Bayou Rigolette near Pineville, Louisiana. Records in-
dicate that major flooding on Bayou Rigolette occurred in February 1950,
May 1953, June 1957, and May 1958. The major flood of record occurred
in May 1953. Data for the floods of 1950 and 1953 follow .

( a )  February 1950. Intense rainfall over the watershed dur-
ing February produced this flood. For the period 9—114 February , average
rainfall over the watershed was 8.8 inches. During this period , Colfax ,
Louisiana , received 9.9 inches with a maximum 1—day rainfall of 3.8 inches
on 13 February , Winnfie ld , Louisiana , received 9.2 inches with a maximum
1—d ay rainfall of 14.3 inches on 13 February , and Pollock , Louisian a, re-
ceived 9.2 inches with a maximum of 14.0 inches on 12 February . Between
15—21 February there was no measurable ra infal l. During the period 12—22
February , the average rainfall over the watershed was 1.7 inches . Maximum
rainfall during this period was 2.6 inches at Winnfield , 2.3 inches at Gum
Sp rings Tower , and 1.7 inches at Pineville on 22 February . The peak flow
at Pineville resulting from this rainfall was estimated to be in excess of
o,500 c.f.s. at a stage of 83.9 feet on 23—214 February .

(b) April—May 1953. She storm of 214 April to 19 May pro-
duced this flood. Prior to the storm , rainfall over the watershed averaged
0.9 inch  du r ing  the -e rlod  1—23 Apri l .  Rainfa l l  dur ing  the  storm was con—
cer~t r ’ cted in the periods 214 April— 14 May and 11—19 May. Total rainfall
dur ing  the s torm was 30.5 inches wi th  maximum ra infalls  of 12.8 inches  and
11. 1 cr l c i i - : a  occurring at PoliLock , Louisiana , on 29 April and 17 May , respec—
t ively . - ;um Spr ings , L ou is iana , recorded 9.1 and 8.9 inches on 29 April
and 18 May , respect ively . Near Colfax , Louisian a , ab ou t 30 miles upstream
-of the Pineville gage t he  peak flow was 7,279 c.f.s. at a stage of 30.6
feet on 21 May . At Pineville , the peak flow was estimated to be in excess
if 9, 000 e.f.s., basci on a high water mark of -‘o .3 feet which  occurred

be~ we er 2 1—2 7 May .

111-140

Y

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _



CHAPTER V - BASIC SUPPLY STUDIES

17. GROUND WATER

a. Availability and Quality. The general availability of
ground water in the Red River Basin is shown in figure 14 . On this
map , the basin has been divided into four regions based on the quanti-
ty of fresh ground water available (water that contains less than
1,000 p .p .m .  of dissolved so l ids) .  To faci l i ta te  discussion , these
four regions have been further subdivided into subregions or areas.
Information shown in figure 14 indicates the depths and yields of
wells , and the depth to water in the wells that tap the principal
aquifers . The well yields are based on information from municipal ,
industrial, or i r r igat ion wells , and in some instances from test
wells . The yields (shown in Fig. 14) are not to be regarded as in-
dexes of the capability of all wells in an area, but as indications
of the magnitudes of the yields presently (1967) obtained from the
aquifers . Discussion of ground water conditions in each region
follows.

Region 1. This region embraces the area along the main stem
of the Red River in which alluvial deposits represent the principal
source of ground water .

Along the Texas—Oklahoma state line , yields of 500 g.p.m. are
possible under optimum conditions . Yield as high as 1,000 g.p.m.
and 1,700 g.p.m., respectively ,  may be expected from wells that tap
the alluvial deposits in Arkansas and Louisiana . Yields of 2,800
g.p.m. have been reported in Louisiana from test wells in the allu—
vium. Static water levels in wells throughout the region generally
are less than 25 feet  below the ground surface.  In most locations ,
maximum supplies of ground water are available from the alluvium
immediately adj acent to the r iver .

Dep th to water in the alluvium fluctuates from near ground
surface to about 25 feet below the surface . Water—level fluctuations
are caused primarily by changes in river stage , recharge from precipi-
tation , and discharge by pumpage and evapotranspiration .

Throughout the region , ground water has a characteristically
high degree of hardness , and contains excessive concentrations of
iron . Hardness ranges from 250 to TOO p.p.m. , and the iron content
ranges from 2 to 15 p.p.m. In Texas and Oklahoma , ground water from
the alluvium generally is suitable for public supply ,  irrigation,
and some industrial  uses . In Arkansas and Louisian a , water in the
alluvium is unsuitable for municipal and industrial uses without
treatment , but is suitable for irrigation .

.4
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Fresh water is available in most places in the region from the
aquifers of Cretaceous or Tertiary age that underlie the alluvium.
Because of the presence of connat e salt water , however , l i t t l e  -on no
fresh water is available from the aquifers beneath the alluvium in
MeCurtain County , Okla., Little River County , Ark., and Red River
and Natchitoches Parishes , La.

In the vicinity of Alexandria, modera te to large supplies of
ground water are available from the sands of Miocene age which under—
lie the alluvium. These sands contain three highly productive
fresh—water—bearing zones which are designated by their depth below
Alexandria as the “1400—foot ” sand , the “700—foot ” sand , and the
“1,000—foot” sand. Wells that tap these sands have yields as high
as 1,200 g.p.m. The water is suitable for many uses without treat-
ment , but is generally unsuitable for irrigation because of high
sodium content .

Region 2. The Sparta Sand is the principal source of
ground water in this area. Wells generally are not more than 500
feet deep and some wells yield as high as 1,500 g.p.m . Static water
levels range from 140 to 125 feet below land surface.

Water supplies from the Sparta Sand have been developed to a
limited extent and are used primarily for domestic and stock water-
ing purposes. Most of the wells are of small diameter and are
constructed to yield less than 50 g.p.m.

Ground water in the area generally is a soft , sodium bicarbonate
type. Iron exceeded the recommended limit of 0.3 p.p.m. in three of
the five samples available , while the concentrations of other mineral
constituents are within the limits recommended by the U. S. Public
Health Service. The water generally is suitable for i r r igat ion ,
public supply ,  and many industrial uses .

Reg ion 3.

Area A. Limestone formations of the Arbuckle Group
are the principal source of wat er to wells in t he area. These forma-
tions y ield water to springs and wells from fractures and solution
channels. Commonly , the  wells are artesian wi th adequate pr essure
to flow at the surface. Information currently ava ilable indicates
that in some locations large supplies of ground water may be available
in the Arbuckle Mountains . However , hydrologic and geochemical data
are not suff ic ient ly detailed to determine the extent to whi ch these
ground—water resources can be developed.

Several springs issue from the limestone formations , and pro-
vide a relatively stable base flow to the streams in the area. Byrds
Mill Spring , the largest in the area , had a reported average yield in
excess of 8 m .g.d . in 1962 (Westfa~.l, 1963).

111— 142
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W ELL Y I EL DS  RANGE FROM 000 GPM IN OKLAHOMA AND T E XA S

L I j  To I 700 GPM IN L O U IS I A NA  -~~ P

WELLS GENERALLY L E S S  T I’IA ’. lOG F E E T  DEEP

~~~‘ 
WELLS Y I E L D  AS MULl-I AS I .100 GFM

Im.rm. ,...~41 WELLS G EN E R A L L Y  L E S S  T *-IAl~ 000 F E E T  DEEP

WELL S V I E L O  FISUM 00 ro 000 GPM

~

- 3-j WELLS G E NE R A L L Y  RANGE IN DEPTH FROO ~OO TO z 0 0 0  F E E T  IN A R E A

F R O M  100 TO 1 ,000 E E E T  IN  A R E A  C , A N D  FROM 100 TO 000 FE ET ~~ A REA  0.

4 W i.LS Y I E L D  L E SS  1~HAN ~ GPM 

WELLS G E N ERA L l Y L E S S THAN ~o F E E T  oo ~~~P

DEPTH TO WATER BELO W LAND SURFACE IN P$UNCIPAL AQUIF ERS
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1 EXPLANA~~~ON

YIELD AND DEPTH OF WEL LS ‘ ~‘-~~‘
\VSISbSIAL C’ 

, WELL YIEL D S  RANGE F R O M  500 GeM IN O K L A H O M A  AN D  TEXAS

[ ,
Ij  To i 700 0CM IN L O U I S I A N A  

I~~~~~

W E L L S  U C~~~E A L I V LESS I’HAN ISO FEET DEEP I ... .

:.2:.:.J WELLS Y I E L D  AS MUCH A S I 500 GPM

h::. ~~.1 WELLS GE N E R A L L Y  I_ E , S S  T H A N  500 FEET DEEP

WELLS YIE L D  F R O M  TO TO 500 0CM

WELLS GEN E R A L L Y  RANGE IN DEPTH FROM 500 TO 2 ,000 FEET IN AREA 0

F R O M  $00 TO 1 ,500 FEET I N A REA C , A N D  F R O M  lOG TO 000 FEET IN  A R E A  0.

4 WELLS YIELD L EN S  THAN 50 GeM

_______ 
WELLS G E N E R A L LY  LESS THAN 50 F E E T  DEEP

DEPTH TO WATE R BELO W LAND SURFACE IN PRI NCIPAL AQUI FE RS

40— 1 2 5  BETWEEN ~~ AND lOS FEET

<25 LESS THAN OS FELT

___..—“ LINE SEPARATING GROUND - W A T E R  A R E A S

I~~ED !~~IV L R  •ASIN SOUNDARY

_ ..a~~~ LINE SEPARATING PRI N C I P A L  AQUIFERS W I T HI N  G R O U N D — W A T E R  A R E A S

3 — C  NIJMSER REFE RS TI) GROUND WATER R E G I O N  A N D  LETTER R E CU R S  TO S NOUND WAT ER A R E A .
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Ground water from the Arbuckle Group is hard (greater than 120
p . p . m .  hardness as CaCO 3 ) ,  high in calcium and magnesium , and low
in sodium. The dissolved—solids content generally is less than 500
p.p.m.

Area B. The Trinity Group and Woodbine Formation of
Cretaceous age are the principal sources of ground water in the
area. Locally,  the Blossom Sand is an important aquifer. Fresh
water occurs in these formations in the areas shown in figure 14.

The Trinity Group (the lowermost aquifer in the area) is ex-
posed in a band 5 to 15 miles wide along the northern margin of
the area. Elsewhere in the area , it lies in the subsurface at depths
ranging from 500 feet near Durant and Hugo , Okia. , to about 2~ 2O0
feet below ground surface in southeastern Fannin County , Tex.

The Woodbine Formation , of importance in the western part of
area 3—B, lies several hundred feet above the Trinity Group and
outcrops within the study area in a band 5 to 10 miles wide , gener-
ally parallel and contiguous to the Bed River from Choctaw County
westward. In southeastern Fannin and western Lamar Counties , Tex.,
at the southern extent of fresh water in the formation , the top of
the Woodbine is about 1,200 feet below land surface. The average
thickness of the formation is about 1400 feet .

Yields as high as 500 g.p.m. may be expected from properly
constructed wells in the Woodbjne Formation. Static water levels in
wells that tap the aquifer range from near land surface in th’~i out-
crop area, to about 300 feet below land surface in the deepest part
of the aquifer. Near areas of heavy pumpage , such as at Sherman
and Bonham , Tex., water levels have declined to about 1400 feet
below land surface and are at or below the top of the aq~~i fer .
However , in places along the outcrop,  some wells have flowed since
the turn of the century , ind ica t ing  that water levels in the outcrop
area have remained hi gh and have not been seriously a f fec ted  by the
large withdrawals downdip .

The Woodbine Formation is not a significant source of gr :unu
water east of Choctaw County , Okla., because ~f the small percen tage
of sand in the formation .

Ground water in the Woodbine Formation generally is suitable for
public supply. The concentration of iron in the- water from the o u t —
ca’c

~~
area generally exceeds the recommended l imi t  of 0 .3  i . p . m . ,  hut

decreases downdip. Most of the water in the a-~uifer is soft (less
than 60 p.p.m. hardness as CaCO3). Mineralization increases with
depth , and much of the water downdip has a dissolved—solids content.
in excess of 500 p .p .m .
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The hi~~.;sun: ,~~e,J A.i~ t in  age 11:-s above t t i e  T r ih i t y  Group
and the  -,~~: i t i z .e  Foi’r. :it .~~i k , and is an a l ternate  source of water at
m J d ~~ra1te depth in  - -er ~t a L  Fannin , Lamar , and Red h i v e r  Counties ,
Tex. Th~- f r e s h_ ~~~t , i ~a aai ” ~f the ~Iquifer is restricted princi pally

- tha L’utcrop are ’~.

;r :un d water ii. the Blossom Sand contains n ig h concentrat ions
of’ ~~- h u m  b icarbonate and dissolved sol ids , and is soft . The
-ji~i su1ved—solids and chloride contents generally exceed the recom-
mended limits for drinking water.

With the exce ption of wells in the outcrop areas of the Trinity
Woodbin e Formation , or Blossom Sand , domestic and stock sup-

plies from other form -~tions in area 3—B are obtained from shallow
Jug or drilled wells , generally less than 50 feet deep . Most of these
wells yield less than 50 g.p.m.

Area C. The Nacatoch Sand of the Navarro Group is
The pri ncipal source of ground water in parts of Hunt , Delta ,
Hop kins , Franklin , Lamar , Red River , and Bowie Counties , T e x . ,  and
in Li t t le  River and Hempstead Counties , Ark.  The Tokio Formation
is also a source of water to wells in Li t t le  River and Hempstead
Counti es , Ark . Yields as high as 500 g.p.m. may be expected in
laces from the Nacatoch Sand , and as high as 300 g.p.m . from the

Tokio Formation . The thickness  of the Nacatoch ranges from about
350 feet  in par ts  of Delta and Hunt Counties , to about 500 feet in
western Bowie County . Downdi p ,  at the southern extent of the f resh
water in southwestern Bowie County and Helpstead County , the depth
to the top of the Nacatoch Sand is about 800 feet . The southern ex-
tent of the fresh water in the Nacatoch Sand and Tokio Formation
terminates  ~t the southern boundary of the area. In Texas the fresh—
sa l t—water  i nt e r f ace  is marked by the Lul ing—Mexia—Ta lco Faul t
system , which coincides wi th  the Sulphur and South Sulphur Rivers
from Morris County westward . South of the fault system , th e water
is nighJ y mineralized.

J h € ~ depth to water in the area generally is less than 50 feet
below ground surface.

:;rcund ‘~at.er from the Nacatoch Sand in Texas is h ig hly a lka l ine ,
hi~ h it -. sodium l i carbonate , and is soft . In most places , the
dissolve i—solicjs content is less than 1,000 p.p .m., and the iron

rrnaliy is less than 0.3 p . p . m .  This water is chemically
suit~ib1e ~~~ munici pal arid many tyar’s r f  industrial uses . However ,
as a .:- ur~

- -- of w~I t ’ - r  for i r r iga t ion  i ts use is r e s t r i c t ed , because
of’ tL ’ h i gni sodium ‘i~~~i ~‘i1 init.y hazard , to areas where the soil is
well - I r ’  I r~ed and :: - traIv
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In Arkansas the Nacatoch Sand and Tokio Formation contain
water that is soft or moderately hard (less than 120 p.p.m . as
CaCO 3), has a low ch lor ide , low dissolved solids , and generally a
low iron content. It is chemically suitable for most uses .

Area D. In this area moderate supplies of’ good—
quality water are available from units of Tertiary and Quaternary
age. The important, or potentially important , aquifers in the area
are , in ascending order , the Wilcox Group , the Carrizo Sand , the
Cane River Formation and its equivalents in Texas , Spar ta Sand ,
Cockfield Formation , sands of Miocene age , and terrace deposits.
The depths of wells in the area range from less than 100 feet ,
where the aquifers are th in , to about 800 feet in the thicker
parts of the aquifer —— in parts  of Cass , Morris , Camp , Upshur , and
Wood Counties , Tex.,  and along the Arkansas—Louisiana state line .
In southwestern Natchitoches Parish , fresh ground water is avail-
able as much as 2 ,000 feet below land surface in the Cockf ield
Formation. Wells that tap the units of Tertiary and Quaternary
age of area 0 yield from a few gallons per minute to about 500
g.p.m. Well yields are relatively small owing to the f i n e —
grained texture and lenticularity of the water—bearin g sands.
The present utilization of ground water is primarily for domestic
and stock use.

Ground water in formations of Tertiary age occurs under ar-
tesian conditions , except in outcrop areas where water—table
conditions exist .  In most places s ta t ic  water levels are less than
100 feet below land surface , and in many places are less than 50
feet below the sur face .

Ground water in the area generally is a sodium bicarbonate
type; most of it is soft or only moderately h- rd. Concentrations
of iron in excess of 0.3 p.p.m. may be expeated in some places ,
pr inc ipally on or near the outcrop . However , concent rations of
most mineral constituents are within tne limits set by the U. S.
Public Health Service for drinking water. Ground water in the area
is suitable for munici pal and many industrial uses , but generally
is unsuitable for irrigation . However , because o f the relat ively
high rainfal l , the sandy soil , and the topogr aphic  rel ief , most
of the water probably could be used for supp lementary i r r igation
without adverse effect to crops.

Region 14.

Area A. Relatively small yields are to be expected
from wells that tap the formations of Paleozoi c age in this  area
of southeastern Oklahoma and southwestern Arkansas . Most wells in
the area yield less than 50 g .p .m . ,  and those that yield more than
10 g.p.m . continuously for a week are considere-i good producers .

III—
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Most wells in the area are less than 100 feet deep , but larger
yields are obtained from wells 100 to more than 600 feet in depth.
Static water levels generally are less than 25 feet below land
surface. Seasonal water—level fluctuations in wells generally are
less than 10 feet, but larger fluctuations are common in dry years .

Ground water in area A is primarily of a calcium and sodium
bicarbonate type , and the dissolved—solids content generally does
not exceed 500 p.p .m . It is chemically suitable for most domestic
and farm uses . In some places , however , ground water is hi gh in
calcium and magnesium hardness and contains one or more mineral con-
stituents such as i ron , chloride , nitrate , or dissolved solids in
excess of recommended concentrations .

Area B. Terrace deposits of Quaternary age are the
most important source of ground water in this area, which  includes
parts of McCurtain County , Okia., and Little River County , Ark.
These deposits yield water to wells from sand and gravel 30 to 90
feet below land surface . Wells generally y ield less than 50 g .p . m . ,
although yields of as high as 150 g.p.m. have been recorded in
places in Little River County.

In most places , ground water from the terrace deposits is very
hard (more than 180 p.p.m.). Chloride content increases with depth.
Chloride contamination probably is caused by the upward migration of
mineralized water from the underlying saline—water—bearing formations .

Area C. In these areas , which are located in Caddo
Parish , Louisiana, and in the Sulphur River Basin in Texas , ground
water in sufficient quantities for domestic and stock use can be ob-
tained in mos t places from shallow dug or drilled wells in local
alluvial deposits and in near—surface formations . Most wells are
less than 50 feet deep and yield less than 50 g.p.m.

b. Well spacing . Where two or more nearby wells are pumped ,
the mutual interference caused by lowering of the water table or the
piezometric surface around each well may significantly reduce the
capacities of the wells. The total drawdown at a given point caused

‘I by pumping several wells is equal to the sum of the drawdowns pro-
duced individually by the wells . It is important , t he re fo re , that ,
wherever possible , wells be spaced far enough apart so as to minimize
the effect of one pumping well on another.

The magnitude of drawdown caused by a pumping well is a function
of the hydraulic characteristics of the aquifer . Commonly ,  these
characteristics are determined by analyses of pumping tests. By
pumping a well at a constant known rate and by measuring the drawdown
of water levels in observation wells , the capacity of the aqui fer to
transmit (transmissibility ) and store (storage capacity ) water can be
computed.

I I I~~:I
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i~i Jividua1 values , and in some cases , the range of values of
transmissibility of the principal aquifers in the lower Red
River  Basin , are g iven in table 7. Values of storage capacity are
not shown in the tauit- , but storage coefficients of 0.1 and 0.001
ire w~ed iii fib~ re 5 to represent water table and artesian con—
u i t i o r i s , respect ively .

J he data in table I may be used in conjunction with figure 5
t )  pr rd ict the effects of pumping at distances as great as 1 mile

the pumped well . As a rule , the distance—drawdown curve
[Fig. 5(b)] for artesian conditions should be used when estimating
the -iraw iown from pump ing wells more than 100 fee t in depth. Water
in w~ lls that tap  the Red River alluvium in Arkansas and Louisiana
bo~

.era_ iy occurs -~nJer artesian conditions .

The info-rn:ation shown in fi gure 5 is based upon a pumping rate
of 300 g.p .rn . for a period of 1400 days . Assuming that the aquifer
is not dewaterea , drawdowns for other pumping rates are directly
proportional to that shown . For example , doubling the yield of the
well would double the drawdown .

c. Estimated potential aquifer yield. The aquifers that under-
lie the lower Red River Basin can provide substantially more water
than is being used . Within the basin , large areas of unexplored or
underdeveloped ground—water resources are available to meet the
increased needs of future development . The aquifers in the basin
can provide an estimated 800 m.g.d. of fresh water. Figure 6 shows,
by subbasins , the quantities of water available. The availability
estimates given in this appendix are based entirely on aquifer
characteristics and do not consider the economic factors involved
in developing these quant i t ies .  These quant i t ies  have been derived
from calculated and assumed values of potential unit yield applied
to the productive areas , which are shown shaded in figure 14 , and are
based on u t i l i z a t i o n  of ground water that is lost to streams .

In most places in the basin , withdrawals of ground water from
wells repr esent only a small percentage of the total amount of
water perennially available from the aquifers . Natural discharge
in th e form of seepage to streams , both w i th in  and outsi de the
basin , and evapotranspi rat ion , in places where the water table is
near th e land surf ace , account for the major  part of t he ground-
water loss. With proper distribution of, and puinpage from , wells
throughout the aquifers , present natural discharges could be
divc rt.ed for use at points of need . Proper well distribution and
pumpage uepend upon the hydraulic characteristics of the aquifers.
Wi thdrawals of wat er to the extent indicated in f igure 6 could be
maintained indefinitely ,  but , if the water is used consumptively ,
may result  in s i gn i f i c a n t  reduct ion of base flows in the t r ibutary
str’-- ~trr,s .
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TABLE~ 7

TRA~.:~:::::. ihIi~I 1 IEJ  ~~ -Lh AQUIFEJh

Transmissibil i ty
Aquifer - (gpd per foot) Location of test(s)

Tr in i ty  Group 300_14,700 G rayson County , Tex.
114 ,000 McCurtain County , Okla.

Wrodbine Formation 1,1400—12 ,500 Grayson County , Tex.

blossom Sand 3,800 Red River County , Tex.

Tokio Formation 14,500 Hempstead County , Ark.

Nacatoch Sand 2,200 Bowie County , Tex.
3,600 Hempstead County , Ark.

Wilcox Group a1,000_114,000 Sulphur River and Cypress
Creek Basin s, Tex.

14 ,200 Natchitoches Parish , La.
14,700 Bossier Parish , La.
14 ,700 Webster Parish , La.

Carrizo Sand 12 ,000 Natchitoches Parish , La.

Cane River F~ormat ion 12 ,000 Bossier Parish , La.

Sparta Sand 12,000 Natchitoches Parish , La.

Cockfield Formation 12 ,000 Natchitoches Parish , La.

Miocene sands 1,1400—60 ,000 Rapides ha r i s a , La.

Terrace deposits 27,000 Bossier Paristi , ia .

Valley alluvium 141 ,000—100,000 Arkansas and Louisiana

LVaIUI. . 
~ir- for Carrizo and W11co~ (Cypress aquifer) in northeast

Texas.
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18. SURFACE WATER

a. Water—supply characteristics of streams. The flow charac-
teristics of a stream and the chemical and physica l  properties of
the water are the bases for determining the extent to which a stream
can be utilized for water supply. Of particular significance are
the magnitude and qual ity of streamflow during low—flow periods .
These characteristics vary with time , with locat ion , and in some
places are influenced by manmade changes , such as impoundment ,
clearing , enlarging , or realigning of the channel.

In th is  report low—flow charac te r i s t ics  are descr ibed  in terms
of magnitude and frequency of occurrence and percentage of t ime of
occurrence. The minimum mean—discharge rate for 30 consecutive days
which will occur on the average of once every 2 years , and the daily
discharge that was exceeded 90 percent of the time are useo to
demonstrate streamflow characteristics. Figure 7 shows selected
values of low—flow frequency and flow duration for locations where
streamflow data have been collected. These data are expressed in
cubic feet per second . However , in the fol lowing d iscuss ion , dis-
charge for  the 30—day 2—year low flow , hereinaf ter referred to as
the low—flow index , is expressed in cubic f eet per second per square
mile to eliminate the effect of size of drainage area and thus show
the effects of basin geology .

The principal tributaries to the Red River from the west include
Sulphur River , Cypress Creek , Bayou Pierre , and Cane River .

The gaging station on the main stem of the Sulphur River near
Talco, Tex. (31432), and those stat ions on the  North  Sulphur River
and South Sulphur River near Cooper , Tex. (31430 and 31425), have low—
flow indices of zero. Upstream from Talco , the Sulphur River  and
its t r ibutar ies  from the nor th are underlain by the Navarro Group
and the Taylor Marl of Late Cretaceous age. Both of these units
have a low porosity and low permeability . White Oak Creek near
Talco (3~435) , which has a low—flow index of 0.001 c.f.s. per square
mile , flows throug h the outcrop of the Midway Group of Faleocene
age almost parallel to and a few miles south of Sout h Sulpnur Piver .

Cypress Creek flow s across the outcrop of th e ~iicox Formatior~
and Claiborne Group , and is in an area c f  slightly higher ba::e fLow
than that of the Sulphur River. In the Cypress Creek Basin , the
low—flow indices range from no flow for small tributaries t~ 0.008
c.f.s. per square mile for Cypress Creek near Jefferson , Tex . (31460).
The index increase of 0.002 c.f.s. per square mile on the main stem
of Cypress Creek between Pittsburg and Jefferson is probably d n  to
yield from the Claiborne Group .

The differences between the low—flow indices in tO: liowor part-
of the Sulphur River and Cypress Creek Bas in r , and those in the  upper

III— 53

— 5-—— -- - 5-,- - - - 5 - -  - - - — --- -—
_ _ _ _ _ _ _ _ _ _ _  - -- -



- -  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

part of the Sulphur River Basin may be a t t r ibuted largely to the
depth to which  the s tream s are inc ised , the depth of the water table
below land sur face , and to the poros ity and permeab il ity of th e
formations in the immediate area. Bayou Pierre , a western tribu-
tary to the Red River in Louisiana, has two gaged t r ibutar ies , Boggy
Bayou (3510) and Cypress Bayou (3515). These streams , both of which
have low—flow indices of zero , traverse tne outcrop of the Midway
Group . Rambin Bayou (3516.1), whi ch also has a low—flow index of
zero , lies mos tly in terraces of Quaternary age. Bayou Na Bonchasse
near Mansfield , Li . (3517) , has a low—flow index of 0.05 c.f.s. per
square mite. This stream is incised into the Wilcox Group , and thus
has the higher index . Buffalo Bayou near Naborton , La. (3517.2),
and Bayou Terre Blan c near Allen , La. (3517.6), are incised into
the Naborton Formation of the Wilcox Group and have low—flow indices
of 0.002 c.f.s. per square mile and 0.001 c.f.s. per square mile ,
respectively. Two streams that lie in the more highly productive
Catahoula Formation of Miocene age are Little Sandy Creek near
Kisatchie , La. (35140), and Hernp hill Creek near Hotwells , La. (3550).
The low—flow ind ices for these streams are 0.06 c.f.s. per square
mile and 0.142 c.f.s. per square mile , respect ively.

The eastern t r ibutar ies to the Red River in Arkansas and
nort hern Louisiana are in an area of rel atively low yield. Most of
the streams in the unp er Loggy Bayou Basin have low—flow indices of
zero , because they are not cut deeply enough in to  the underly ing
formations to intercept the ground—water levels . Further south ,
however , the low—flow indices for Bayou Dorcheat and Bodcau Bayou
indicate a measurable ground—water inflow . Bayou Dorcheat near
Minden , La. (31490), and Bodcau Bayou near Sarepta , La. ( 3 1 49 5 ) ,  have
low—flow indices  of 0 .002 and 0.001 c . f . s .  per square mile , respec—
tively. ~hese streams are incise d into terr ace depos its and into
the outcrop o f the Cook Mountain Format ion , and have some contact
with the Quaternary alluviur . The Quaternary alluvium presumably
is the source  of the base—flow y ie ld .  Brush y Creek near Sibley , La.
( 3 1 49 1 ) ,  and Loggy Bayou near Ninock , La. ( 3 5 0 0 ) ,  have low—flow
indices of 0.02 arid 0.01 c.f.s. per square mile , respect ively.
Brushy Creek above the s ta t ion near S ibley is in contact with the
Quaternary alluvium and with the Spar ta Sand ; wh ereas , the lower
reaches of Loggy Bayou are in contact only with the  alluvium.

The low—flow indi ces of ctr~ an; in the Saline Bayou Basin range
from 0 to O.2i c.f.s. or s’~uare m i te. Streams that derive their
base flow from the S i ~’~~ S- ir~ 1 have indices of 0.08 c.f.s. per square
mile or n igher. These streams and their respective low—flow indices
are: Saline Payou near 0u:rp~’ , La. (3520), 0.08 c.f.s. per square
mile; Saline Bayou n’~-ux- dolLana , La. (3521), 0.11 c.f.s. per square
mile; Kepler Creek n - -a r : - i rta , La. (35214), 0.21 c.f.s. per square
mile; and Castor Cre-- r. ‘it - ‘- tstor , La. (3527), 0.18 c.f.s. per square
mi le .  Black Lake P a -m u it ~inderi , ia. (3522), has a low—flow index
cf 0.006 c.f.s. per sj -i tre mile; whereas , at the downstream gaging
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st at i -n se- is C—i~ t r ( 3525), tue luw— fi cw is-lox is 0. J i , e .  f.s . per
s l°~~~~ 

mile. ihe inc~-~ --i se in  yield is ujorive1 fr cs u ,~~n— ielding
trisutur’Les in ~ t i ’ ta Sand . The lower part of the Saline bayou
Bas in is in the ~i tuvium and th e low—flow m ccx near (L~arence , La.
(3530), is 0.01 o .t ’.s. er s-cuare mile .  Tii~ -d e2 r ” a s e  in un i t  y ie ld
bet wt-:es k-jOanna -o.J Clarence is attributed to the low—y i elding
t n :  ot:i1’y area oil to jorge ev ip-otransi-- iration losses in tue in t e r —
v e n iug  chain  of ~hol1~ w lakes . Two tributaries in tue low—yielding
ar e :  ~~tween Goldonr i - and Clarence are Black Lake Creek n ear Gibsland ,
La. (1523), which is incised into the Cook icuntain Formation an-i has
a l w—flow index of 0.002 c.f.s. per square mile , and Grand bayou
near Coushatta , La. ( 3 52 8 ) ,  which  is in te r race  deposits and has a
low—flow index of zero .

Flows on the n-: - - -Ls stem of Red River below bemison Dan are af-
fected by regulation ; tuerefcre , low—flow cuaracteristics have not
been determined.

Variabi l i ty  of flow of the Red River can be i l lus t ra ted by
considering the gaging station at Index , Ark. For the 28—year
period of record , from 1936 to 19614, the maximum flow in the Red
River was 297,000 c.f.s. on 23 February 1938 and the minimum flow
was 378 c.f.s. on 28 November 1956. The average flow from the con-
tributing area above the Index station for the same period of record
was 12 ,180 c.f.s. (0.2i~9 c.f .s. per square mile).

D otac l e  d i f f e rences  exis t  in the amount of unit runoff from the
Sec R ive r  Basin as the r iver  enters the more humid climate in Arkan-
sas and Louisiana. Long-term discharge records show that the average
flow -~f the Red liver at Denison Dam is 5,058 c.f.s. (0.15 c.f.s. er
squ- c’o mile) and that the average flow of the Red River between
Deriison and Shreveport , La., is 19,992 c.f .s. (0.96 c.f.s. per square
m i l e) ,  or bet ter  than a s ixfo ld  increase in un i t  y ie ld .  This increase
in u ni t  y ie ld  reflects th e hi~~hcr rate  of runof f  due to higher annual
n-recisitation in the lower roaches of the river , as compared to the
area above Denison Dim . Also , a factor a f f e c t i n g  uni t  y ields is the
lower evaporativi  losses in the lower reaches of the bas in .

Low—flow—fr - -nuency and flow—duration data fur all cai±y—r :crd

~~in~ stat ions is the basin huvinO as naucu tO 5 years cf rocur~i i~ r—
irn~ Lu- : sane psi ~~c are presented in tables 0 usc . ~ ii e  staticus
are lists in uJ.-;s-c t~ -ean orusi’ cor re sp ond in~ to ts~ system

tue G-r i-,g cal .J~~- • j  in surfac e—water l’uj- cm’ts. The Case psrl fur
Lu- coca in t: es~ tanlos is tue -lj—year seriod , l929—1~ 57. Loca—
tk n s  of the nta ions are sh- -wn on f igure  i.

~ i e  —flcw— ~dm ; uu .cy ,ata (tac, s- b )  can C usec to est ::ute
tue 

~~ 
ias je Out o’ mobuitus ass is - ~ - -

~~~
-
~~:~ 

01 ±0w 1~~ o~~s at ire i:—
S O L O - I  l uc- Li --cr.s , u-i t~ s-sti; -ats t;ie resof ;-: 1’ stum ps i’sj I’su 10
(il - t o  t i .  a spaci 1’i~ cr a f t  5 t ~~ . (A :- - t~~Le - -5 cnip t~~~~-fl

of na .A:~ is given in Fr- L’essLsai ~~ n 14L9—G , O p u S , L :~L-t- ,

p. 07.)
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Fl w—-iura tisn ~ati (tabLe 9) can be p1 t t eu  on logar i thmic—
probab i l i t y  paper if a grap h ica l  presentation is desired . The slope
of the duration curve is influenced by the nysrolugis arid geologic
characteristics of the r ive r  basin upstream from the station . The
slopes of the d u r a t i -c u  curves  for  s treams that fluve large low—flow
yields are flatter than those for  streams that  have small low—flow
yields . Thus , the ftc-—duration iota are usefu l  for  comparing the
fi rs es -~r-~cteristics of different streams .

b . Quality of surface water. Luring low f l o w , the chemical
ua l it y  of water in the streams in the lower Red River Basin is con-

trolled lar gely by the compos it ion of water from the geologic units
in the dr ainage bas in , except where altered by the addition of indus-
trial and oilfield wastes. In streams where the composition of the
geologic units is the principal factor controlling water quality,
the type of water and the amoun t of dissolved solids depend primar ily
on the solubility of the aquifer materials and the length of time
the water is in contact with these materials. In these streams ,
the dissolved—solids content generally is low , and the chemical
cha rac te r i s t i c s  of the water from each stream are fa i r ly  un i fo rm.
The d issolved—sol ids  con ten t  of water in streams that receive oi l—
fi el t w a s t es  is variable , depend ing upon the rate of streamflow and
tue amount of was te.

Diagram s on figure 7 show tue concentra t ion s  of sodium and
~n~loride , hardness , and dissolved solids of the water in most of the
streams during periods uf  low flow . Red River water is high in
chl cr i d e , sulfate , and dissolved—solids content , and is moderately
nard cr hard . During a period of observation from 1955 to 1958,
the dissolved—solids content of Red River water at Shreveport
eh - 1aieJ or exceeded 500 p.p.m. nearly one—third of the time , and
hardness equaTe I or exceeded 100 p.p .m . 77 percent of the time . With

n’ - - - t merj- , water ft- -sm tu e Red Fiver frequently is suitable for domes—
tic use -iris for many industrial uses . Red River water can be used for
irrigatio n only on cro ps that have a high salinity tolerance.

tOit~ r in the F-i - tm ichi and Little Rivers is of excellent chemical
1u-dity , and is suitable fur most uses with little or no treatment.

- “cncentr tions of most chemical constituent s are low , even dur ing
ie r i c - d s  of 1 w s tre-ir if l v .  Water in the  Blue and Mudd y Boggy Rivers
is classified -is hard , or v- my hard. Hardness is probably due to
the solution :i calcium , mngnesium , and bicarbonate from the lime—
stone ?-crm it ic- ss in the upper basins . The high chloride conc entration
in Du -d-I y ~- -cggy R i v e r  probably is caused by seepage of br ines  from
olifielic in (itear Soggy Creek Basin.

Chemica l  analyses of water in many of the small streams from
Denison U-ia t-t the m -o ut O of the Orl phur River tn -it drain directly
into the Red River Sine not available . However , an the bas is  of
analyses 0 I -v f l - iw o  is adjacent bas ins , water in the no r t h—bank
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TABLE 8

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOW AT DAILY—RECO RD
GAGING STATIONS IN IRE LOWER NED RIVEN BASIN .

ARKANSAS • LOUISIANA , OKLAKOMA , AIO TEXAS

l~ aThage Period Anou.l lai, flow , in cubic feet per secca.d, for

static.. stat iou n~~~ si-es (cou.ecu- indicated recurrence interval , in year.
(sq .1) tive

________ ______________________________________ 
dAys ) 1.2 2 5 10 20

3340..___ teudnj Soggy Ci’eek near Ferri s , Ckl 1,087 7 5 2  0. 1. 0 0 0
jI. 8.0 .9 0 0 0
30 17.5 2.1 0 0 0
60 53 11.0 .3 0 0
120 195 1.4.0 1 5  .3 0

335O -’ - Clear Soggy Creek near Ceney, l~i 720 7 i8.~ 10 0 o
14 21 11 0 0 0
30 30 14 1• L.
6o 48 19 2.9

120 135 36 6.i 1.4

3365---- K1~~ichi ~~ver near Belwnl, Ckla 1,423 7 ii. 3.0 0
ii. 17 4. 4 0
30 36 6.7 0
60 97 19 1.7 .2

120 360 8~ 19 8.0 3.4

3375——- . - LIttle ever near Wright City, 0k]. 645 7 6.6 .3 0 0 0
14 9.8 .5 0 0 0
30 20.5 1.1 0 0 0
60 49 3.4 .2 0 0

120 200 2]. 4 .L i . -  2.0

3385---- Little River near Idabel , Okia— 1,226 7 29 7. 1. 1.3 .1.
14 38 10 2.0 .7
30 61. 15 3. 1. 1. 6
60 125 26 5.9 3.1
120 325 78 21 14 9.5

339O~~ .. Mounttin Fork near Eagletown . Okia 787 7 25 3.3 0 0 0
14 33 LB 0 0 0
30 57 8.0 0 0 0
60 114 18 1.7 0 0

120 31.5 91 18 6.2 2.6

3395~~.- Rolling Fork near DeQueen, Ark 181 7 3.9 .4 .1 0 0
15 5.7 .6 .1 0 0
30 11 1.3 .1 .1 0
62 23 3.6 .3 .1 .1
120 80 16 3.0 .8 .3
183 162 65 16 8.6 4.8

34O0~~~- Little River near iloratio, Ark 2,674 7 71 18 5.0 2.7 1.6
15 100 24 6.0 3.2 1.8
30 170 39 9.1 4 .5 2.5
60 315 67 15 7.3 3.8
120 1,140 295 61 32 16
183 2,300 1,080 320 1~~ 122

3405---- Coasatot River near IWQueen, A~*- 361 7 19 7.0 2.9 1.8 1 .2
15 25 9.1 3.6 2.2 1-5
30 39 11 4 .6  3 .0 2 • i
60 68 17 6.9 4.6 3.2

120 200 49 15 9.2 6.6
183 370 155 46 25 16

3410---- SalIne ~~~r at ~~~rks, Ark 124 7 2.0 .1 0 0 0
15 3 . 9  .2 0 0 0
30 6.8 -3 0 0 0
60 14 1.4 .1 0 0
120 48 9.1. .9 .2 .1
183 103 1.0 10 3.5 1. 1

3425---- South Sulphur River near Cooper, Tex 527 7 0 0 0 0 0

1~5 .1 0 0 0 0
30 .6 0 0 0 0
60 4.2 0 0 0 0

120 62 3.4 0 0 0
- - 183 170 44 12 6.0 3 - 2

3430---- J~orth Sulphur River near cooper, I’ex 276 7 0 0 0 0 0
15 .1 0 0 0 0
30 1.1 0 0 0 0
60 5 .0 .5 .1 0 3
120 26 3-5 .5 .2 .1
183 26 3.9 1.8 1.0

4
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TABLE 8 (cont’d)

MAGNITUDE AND FREQUENCY OF ANNUAL LOW FLOW AT DAILY-RECORD
GAGING STATIONS IN TRE LOWER RED RIVEN BASIN ,

ARKANSAS , LOUISIANA , OKLAKOMA • AND TEXAS

1~ ainege 
PerioA Annual low f l ow , in cuLi~ t-~’- ‘-r secon d , V~ r

Statt~~ Stati ~~ ne~~ asea (cotsa ecu - intheatnA recurrence lrt.-rvsl , in 3--., - :
(sq .i) tive

day .) 1.2 2 5 1~- 20

3435 Whiteoak Creek near l’alco, l’e 494 7 0.8 - 1  0.1 0 0
15 1.0 .5 .~ .1 0
30 3.1 .7 .2 l 0
60 15 1.9 .1. - I 0

120 83 15 1.4 .1
183 210 55 14 4.5 1~~

3440 B.Itd.ur River near Darien, Tex--— 2 ,774 7 8.9 1.7 .1 0 0
15 12 2.1. •2 0 0
30 31 ~ .6 .4 0 0
60 85 19 1.2 .1 0

120 380 86 16 1.9 .2
183 1,080 281. 83 39 16

3445 Cypress Creek near Pitteburg , Tea — 366 7 6.5 .7 0 0 0
15 8.4 1.1 0 0 0
30 13 2.3 0 0 0
60 21 5 1  .2 0 0

120 48 13 3.0 .4 0
183 128 32 9.5 4.9

3450 Soggy Creek near tWingerfield, Tea 72 7 .1 0 0 0 0
15 .2 0 0 0 0
30 .6 0 0 0 0
60 2. 1. 0 0 0 0

120 7.0 .6 0 0 0
183 23 4. 1. .3 0 0

3462 Cypreas Creek near Jefferson, Tea--— 850 7 16 4.2 .1 .1 0
15 20 5.2 . .2 0
30 30 6.9 1•~ .3 0
60 1.9 12 2 .5 .8 l

120 108 30 7.8 ~~. 1 .3
183 280 76 22 12 6.8

3470 Kelly Bayou near Roa 8tc.1 , La 116 7 4.6 2 .7 2•~ 1. 8  1.6
15 5.2 3.0 7 7  2. 1.8
30 6.3 3.5 2 .5 2 .2 2.0
60 9.2 4.8 1 2.8 2.5

120 17 7.8 . 6  ~~~ 3.4
183 3!. 14 7.3 5 0  4 .8

3475 Black Bayou near Gillias , La— 364 7 12 5.8 :- (  ~ .2  2~9
15 lii 6• 6 1. 1• C 3.2
30 18 8.1 1.~ L2  3.7
60 29 11 5. - . LI F 4 .2

120 54 17 f .8  . 4 . 9
183 112 3!, 12 ~ .1 L9

3480 Twelvewile Bayou near Dine , L a——————— —— —— 3 ,137 7 25 11 6.6 5.5 LI
15 32 13 7. 1. 6 .2
30 52 16 8.~ 6.8 ~~~~60 129 26 11 ~.-/ f •C

120 345 62 17 1 1
183 900 201 44 22 14

3490 Bayou Dorcheat near Minden, La— 1,097 7 8.8 . • I  .2 .1 0
15 11 1. 3 •2 .1 0
30 15 1.9 .1 0
60 32 4 .0 .5 -7 . 1
120 104 15 2.1 .7 - )
183 275 61 12 4 .~ - .1

3495 Bodcau Bayou near Sarepta , La— 546 7 1.8 .1. .2 .1 -
15 2 .5 .5 .2 .2 .1
30 4.4 .8 .7
60 13 2.0 . 1- .4 .3

120 52 6.9 1 . 6  1.0 •8
183 172 36 I.~ 3.1. .0

3496.5--- Bodcsu Bayou near Shreveport, La 683 7 4 .0 .2 0 0 0
15 5.7 .3 0 0 0
30 8.4 .6 0 0 1)
60 20 1.6 0 0 0

120 61. 8.8 .7 .1 0
183 178 47 6.o 2. 0

3500 Loggy Bayou near Binoch, La— — 2,628 58 18 5 .2  .5 1.4
— 15 (0 6 . 1  . .6

30 99 i 6
60 1(3 41. I i  ‘- . 1

120 4~~ 2 ’-  11
183 950 ~I~/ 38 4
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TABLE 8 (con t ’d )

MAGNITUDE AND FREQUENCY OF ANWJAL LOW FLOW AT DAILY-RECORD
GAGING STATIONS IN THE LOWER RED RIVER BASIN ,

ARKANSAS • LOUISI ANA , OKLAHOMA • AND TEXAS

Period Annual low flow , in cubic feet per second , for
iS~sinage (consecu. indicated recurrence interval , in years

Station Station name area tive _________ _________ ________ _______ _______

(sq ai ) days) 1.2 2 10 20

3510--.- Soggy Bayou near Keithyille , La 79 7 0.1 0 0 0 0
15 .1 0 0 0 0
30 .1. 0 0 0 0
60 .8 .1 0 0 0

120 3.1 .3 0 0 0
183 10 1.7 . 3 .1 .1

3515---- Cypress Bayou near Keith yille , La 66 7 .1 0 0 0 0
15 .1 0 0 0 0
30 .2 0 0 0 0
62 .8 0 0 0 0

120 3. 3 .2 0 0 0
183 14 1.9 .2 0 0

3515.5-- C~pres8 Bayou near Shreveport , La 266 7 .2 0 0 0 0
15 .4 0 0 0 0
30 .5 0 0 0 0
60 3.3 .1 0 0 0

120 20 .8 0 0 0
183 -38 8.3 .3 0 0

3520---- Saline Bayou near Loc47, La 154 7 18 11 6.8 5.!. 4.3
15 ~0 12 7.2 ~.8 4.6
30 21 13 7.9 6.2 5.0
60 27 16 9.3 7.1 5.7

120 41. 22 13 9.7 y.8
183 68 33 20 16 13

3525---- Black Lake Bayou near Castor , La 423 7 27 15 8.8 6.8 5.4
15 30 16 9.6 7 . 3  5.8
30 34 18 10 8~~ 6.4
60 48 22 12 9. 3 7.2

120 98 39 18 13 10
183 184 70 31 22 17

3530---. Saline Bayou near Clarence, L.a 1,386 7 40 6.8 .8 .2 .1
15 60 10 1.3 3 .1
30 90 16 1 .9 .5 .i
60 162 32 4.5 1.2 .4

120 360 95 19 6.6 2.4
183 730 270 79 37 19

351.0.._ little Sandy Creek at Kisatchie , La 21. 4 7 L9 1.1 .7 .6
15 2. 1 1.2 8 6
30 2.4 1.3 .9 .7
60 3•7 1.8 1 0  .8

120 6 .8 3.1 1.8 1.!.
183 15 6 .5 3.6 2.8

3550 ——— — He.phill Creek near Hot Wells , La 18 7 8 . 8 L2 6. 4 5.8 5 4
15 9.1 7 . 4  6. 1. 6.0 5.6
30 9.5 7.6 6.6 6.2 5 8
60 Il 8. !, LO 6. !. 6.0

120 13 9.9 7.8 7.2  6.6
183 16 12 9.9 8.8 T.e
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TABLE 9

DURATION OF DAILY FLOW AT DAILY-RECORD
GAGING STATIONS IN TILE LOWER RED RIV ER BASIN

Flow , in cubIc feet per second, which sea equaled or ejesede d
Station Station nsas 

nage 

— 
f ndi ated perc eag0f ti~~ _________

_______ __________________________ 

(sq al ) ~~ 95 ~~ 
60 40 20 5 1

33 1. . Mud dy Soggy Creek near Farri ,, ~~ La--- 1,087 0 0.3 i.6 8.4 38 120 580 5,300 14 ,500

3350 Clear Soggy Creek near Caney, (kla— --- 720 0 5.4 11 19 45 105 320 2 ,600 7,800

3365 Kienichi River near Belouni , 3k]. 1, 423 0 1.5 10 1.4 200 580 1,800 8,200 25,500

3375 Little River near Wright City, (kla--- 64~ 0 .8 4.0 24 120 360 1,000 4 ,100 13,000

3385 Little River Near Idab el , (kla— ---- -- -  1,226 1.2 7.2 18 55 235 670 2,000 8,2(X) 19,000

33 ,’ Mountain For , ne ar Kagletown . Okl 787 0 2.2 12 1.6 220 570 1 ,500 5,5121 17, 000

3395 Rolling Fork near DaQueen , Ark 181 0 .4 1.2 4.7 28 100 295 1,320 4 ,200

3400 Lit t le River near Ror atto , Ark 2 ,674 4.3 16 43 132 540 1,680 4 ,800 18,000 39,500

3405 Coasatot River near Dequeen , Ark 361 3.2 8.0 13 27 87 237 655 2,1.00 8,1XX)

31410~~~~ Saline River near Dierks , Ark 124 .1 . 2 .4 3.1 21 69 225 790 2 ,550

3425 South Sulphur River near Cooper , Tea-  527 0 0 0 .1 1.4 11 90 1,1460 6,950

3430 North Sulphur Rive r near Cooper , Tea 276 0 0 0 .2 1.8 9.6 4~ 46s 5,800

3435 Wb.iteoalc Creek near Talco , Ta 494 .1 .3 .6 2.2 14 92 740 3,650 7, 620

34-40 Sulphu r River near Darden , Tea 2 ,774 0 1.1 5.0 19 112 570 2 ,950 12 ,200 28,000

3445 Cypress Creek near Pitt sburg, Tea 366 0 .1 1.3 1 .3 29 84 245 1,060 4 ,300

3450 Soggy Creek near Doingerf ield, Pea 72 0 0 0 .1 3.2 18 56 232 1,140

3460 Cypress Creek near Jeffer son , Tn 850 .1 2. 1. 6.4 21 95 336 920 2 ,700 7, 000

3470 KeLl y Bayou near b oston , La 116 1.9 2.7 3.4 5.3 13 144 1146 471 1,120

34( 5 Blac k Bayou near Gill ism , La.. 364 L-D 5.2 6.5 11 48 213 6oo 1,560 3, 220

351.1 Tvelve .sSle Bayou near Dixie , La 3 , 137 7 .2  10 14 29 385 ‘ ,02: ’ 5, 050 11 ,500 20 ,400

i1.94 Bayou Dorcheat near 1-finden , La— 1,097 0 .7 .5 8. !. 96 630 1, 390 5,250 10,900

3495 Bodes.. Bayou near Sarepto , La— ~46 .3 o 1.2 2. - 38 330 970 2 ,610 5,270

33. 96.5 Bodcau Bayou near Shreveport , La 683 0 .1 . . 1  88 585 1,470

1 5 ’  L:.’~y Bayou r.e .r Ninoel-,, La ‘,678 . i 8  11 40 275 1 ,5~ k ’ 4 , 140 9, 200 16,500

351  .,~~~~ Bayou near Iceithn-ille , U. 3’) 0 0 0 - - 1.7 1 .4 48 355 1,500

3515 : yp.- -~ -~ Ba you near Keit hv ilh- , La 08 0 0 0 .1 1.~ 6 6  32 295 1, ’170

-1 y~ r- -:n “.yoe. ens 3hreveport , 2.-. 266 u 0 0 0 8.5 123 510 1, 150 1,100

152 0 Saline Bayou near Lucky , La 154 - . ‘ 10 13 18 38 83, 1 1  3 15 1,690

15- 5 Bloc k Luke “.3.2. near - ‘- . : 61 r , U. 423 - . - ‘ 14 18 6 81. - - ‘  810 ‘ , flO 4 ,750

3530— l o l I n . - : :.you near Clarence , La I , 1. ~~~ 
1) 1.8 380 1 , 1’ . . 7.3e? 5 , - -

0 l. , ,_ - .__ , t t L -  S-o ~ 1y ‘ reek at K i : - . t ’ -hie 1.5——— 21.4 0 0 0 1. 4 3 . 2 3 . 3  ‘i F)’ 340

3550— ——— les phil n’- -., lot W el l s , La 1% ~ ,: 6 8  7. h $ h  11 14 21 89 381

111—62
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tributaries probably is soft ; whereas , w - l L6- r in the south—bank
tributaries is hard, or very hard. Water in Walnut Bayou is vl’r:,-

hard, and the rissolved—solids content ranges from 500 I , 1,000
p.p.m . Chemical analyses of water in Barkman Creek an-I -~ch1r.~.ey
Bayou show it to be soft and low in dissolved solids .

The dissolved—solids content of water in the Su~~ nui- River
Cypress Creek Basins averages less than 500 p .p .rs. , -in - i t h U  57 k . i : sz - i ue
concentrat ions do not exceed 250 p.p .m. , except in stream s su e r .  as
Paw Paw Bayou , wh ere oilfield brines have o 1u:-ed loc’iJ .~~y ni gh curl-

centrations . Water in the upper reaches of Sulphur River is hurd
during low flow pen s-d r . Hardness p3-ob lhly is due to the solution
of calcium and magnes ium bicarbonate  from the chalk sin -I mur l  forma-
tions which  underlie the upper basins .

Water in Bayou Pierre  and Cane River  has low cc .ncel lt ra t ions  of
dissolved solids , chlorides , and sulfates , and is soft- . At most
times , the water needs t reatment to remove color and iron.

The chloride content of water in Loggy Bayou during low flow
ranges from 28 to 375 p .p.m . and hardness ranges from ~-~i to 352
p .p .m .  Analyses of water from Bodcau Bayou show large variatinril: in
dissolved solids (59 to 1,130 p.p .ril. ), chloride (L~ to 655 p .u .n.) ,
and hardness (18 to 21t5 p.p .m .). These vunia’~ or.s are not i n -j ~~~c t t i- ; u

of the natural qual i ty  of the s t reams , but sirursably are Jue to oil—
field or other industr ial pollution . Water jr Black Ls.Iv~e hay si u 11-2 -sir

Castor is of good quality and is chemically suitab1~2 fur most usTes
without treatment. During low—flow periods in Saline S-uy- u , t}*
water is hard and generally contains concentratisins of chloriue ir.
excess of the recommended limits for drinking w a t e r .

I iI-°S
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~~.
- ::. ‘t ~~r - i  ‘11 2L ) 1,t  ‘1 1 1 -  - r in this u-ri:ir -ter 5 1 0  0 . - V - I  si~~, ’ .- - .1 ;,r irnari  ~7

I ’ t : . 1~~r1. U~ - r S  ~21 .~‘tvsg -tti so I w o  ~-arii1 St a b i l i z a t i on ,” uno is
ir. ~er:et- - t1 ~n r. i-s-s - o  - -nt- S is- u ’-; t er - ia l  in a p p e n d i x  I , “hy -I r~ logy
‘ .1. 1 t,’ I~~

- 
~~~~~ Desi~~r . ” shut r-e~- : i - t .  Su ase luent  s tudy has con—

:1 rrsu- r  i t~ V L  ioi Sy arso it  is ~r-e~ss s n t e u  n er e in  for  ease sf  r e fe rence .

20. ~
‘

F~t 5 b Y S b S  R AL . X1.YSL.~ Ai~i) 5t- -~ UTATI0N5

I i .  U 1~ - 1 ~~1~~~. So -..naiyze 11I detail  tu e  i n f luence  of the proposed
1::, 12.1:10055 ~u :s:--sify ~u,- 1Lu ~~ :s-agnituues and frequencies at the
s i t o ’  of pro , 3 ect  fea tures , i t  sias necessary  to develop flood hydro—
gr - - ri s at rs- uy 1.ocsit i -rss ~zrser e d ischarge s ta t ions  were not available.

drainage basin above Fultori , Arkansas , was divided into 37 sub—
‘ re us , aIl s th it helc2si r u i t - 0 1  ir-.to 22 subareas , to es tabl ish  the
s~ r .tnibutir.~ -iresis for corlrsuting flood hydrographs from both storms

-~~ r -e - r o r - l  ao l  m o d i f i e d  s t :-rms . The locations of the areas -ir,d streams
sr lovrl  -on f igure  t

1
1 .

0. Walt hydrographs. Serivation of u n i t  hydrographs involves
sirisslyc is of observed data to de te rmine  the  t ime  of occurrence and
‘i r-~ul dis t-r i ~ ut iort  of p r e c ip i tat i on , t r i o  de te rmina t ion  of losses and
r’l I O t u  I exs- -2oses , arid tb-s 1ser-a r - ~t iors  of f l o w  components in to  runoff
-
~~~~ i c-u se f i  si.  Wa i t  3 , s - -.1:- oi~rat.-r1s were ss e i-rved for the 59 b as in  sub—
) 3 ’ ’ U tuis e .1 on Snyder ’s method , as descr ib e-I  in the Corps of

: - r c : r . -u r . .W~~sluU_ I~~I L1U5, “ Flood f i . ’drogi-r.rs-h Analyses -arid Computa t ions . ”
Ph 5 h y-i r -s-~u-si t o  -os ef fi - ‘ le n ts  siero - i n -’t er’miried f rom records of 21
st r . - ’im g- i 1~~if l 3~ I l l u S i o n s  1 sated  on var ious  t r ibutar ies  w i t h i n  the
i - in  h a v ir n ~ dr-- i ir,sw-- - rests vary s ri o in s ize  from 12~ to 2 ,75~ square
silos. S ‘:ffi - -j~’ri ts ~~ basin c-r~ i r-scte ristics from observed hydro—
oraprir- arU lio ~ - -a ~n t- tblo 10. The synthetic unit hydrographs for
j I iO 1.~2 . i  3~e’1rs -

~~ -re -l~ ri  ved fr o m  these c o e f f i c i e n t s  by tak ing  into
.1 f f o r e r s c e s  in  dr a i n ’ t~si-’ area and basin cha rac t e r i s t i c s .

6- r I  sIlent Ht-i r2-~ ’.it r1r to syn the t i c  uni t  hy drograp h determinat ion and
I- t S C  f 1 2  ‘.1.3 :~~~,-i  inf jltrr t,j or ,  indexes for  each arusi  are shown in table
L .  t - L - : .I~~’ ’ iOnS f th-- - I . —: or  u n i t — h ydrograph d i r o r i a r g e s  ire sho~~ in
Sal- i -a 12 “r, l iH.

c. ~~~ i -at~-I r~ .- -rr ~ ~ :“o:s . In f l ow hydr~ graphs for synthet ic
t i c o  i t  art-I fS~ r es ich. n-i , er - . atua l  flood series s ince  1938 were com—
ate-I tS r - ~“~-m subbarin u r ’-s , itj1izin~ uni t  hydrographs , daily

r ’i af’i L i : imcsunt z , i r i f  t r u t i u r 5  rates , and base f lows .

f III-
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AREA NO, DESCRIPTION OF WATERS H EDS \. -.   .—_-_-

- \e pn , - . 
,

Above mouth c i  Blue River to it s source - -- -  - — - -.,f ‘%~
F) B Above Posse Dam to the s o u rce of Bag gy Cree k ‘

~~~~~~~~~~ /  - 
C e .

- - . A b Ov C Hugo Dot,. to ly re Soorce of tIta rn iC hi River - -if -‘ 5 r

~~ 
~~~~ . \:

P C  I P b  C
S Ci C Above r e s e r v o i r s  on L i t t l e  River and i t s  t r i b u t a r i e s  

I
4~ A r y c u n  ‘. ‘\ ,)

ii - :2  - 33 - 33 Ci  Red F) u,- be low Deni sori Dam . Blu e R iver , arid - -
Id 34 S -s ad  ‘im and c L o u n  A r t h u r  Ci t y gage 

- 

- _ 

-
~

h - A 0-4 , P 3  - 
- 

- 
-

~v . F ) i . R~~ E Ben ~ ue - be- ... A r th ur C i t y gage m d  Hugo Dam
‘4— 6 ,R— 7 - m d  mO os e noes gage

M - ’- M ’ Y a
Y - 3 K’ - 2 ‘-‘ ~ A Bo v e M i l a n c ’ )  Dam or , d be l ow vp,t reorri reservoirs

li e R i v e r  and t r i bu ta r ies

K’ IA . B- B Below I d e s  goge , M i l lwoo d Doe, and abov e Fut t on gage
‘-3ec River below Fu il t an t ’  Gar IS n i C t y reach

2 Red River Garland C r y to Spring Book reac h
Red Riser Spring Bo n k to Sh revepor t  re vc h

Red F) y e’ Sh rev e p o r t  to C ou s ho t ta  reach
Red F) .e’ Causho t ta  t0 Grand Score reach

Red ~ ue Grand Ecore to Ai e sn n d ri n re a ch

Abooe Te s arkan a Dam
A Below Te s n ek ana Dam to mou t h at Sulphur Ri vet

A bove mouth at MC K inney Bayou
Abo ,e Ferre l l s  Bridge Dam

B e low F e r te l l s  Br idge Dam to Cadd o Lake Dam
- 

Ab aoe mouth at T w e l v e m i l e  Bay ou AR EA NO. DESCRIPTION OF WATERS HEDS
Above nicuttr of Crass Bayou

Above Wa l lo ce  Lake Dam p
i Ab o ve mouth Sal ine Bayou a nd it s t r i b u t a r iCs

Above m o u t h —i  Bay ou P i e r r e - Above mouth of 1_ o ggy Bayo u and - I n  tr ibuta rie si F Watersheds at Cane Ri v er and Bayou J ean de Jean and
their t r ibutar ies 

- 
A b o, e mo uth at Posten Bayo u

Watersheds ot Non t act r i p Creek lad Bayou R’qo l e ’ tn and 
2 Ab o ve mout h 01 Me n cnn Rayon

their t r i bu ta r ie s  2 Abov e e,ulii --i t Bcos 0 4cc 2 ’ ee4 
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TAB LE 10

OBSERVED UN IT }{TDSOGRAPM DATA

— 
i i i v l TalUs]. -

Area i tp~ t~ : loss P
Location Storm period (sq .mL I L t ra : Durat ion thra .I: (bra .) C2 C1 tlncu ,eol is / re , 

-

Red R iver . f r - .s ~ o uaOa Darn to Fulton . Ark

Salioe Creek i-lay I.~ 8 , 196] . 12’. 311. 5 168 2 8.0 ‘09 93 ~~2 1.10 0.05
Dierk s G age Apr 30—Ma1r 2 , 1956 7 .5 7.3 1.17 1.2 1.1.0 0.05

Mt . Fork Rive r -è Feb 12_ lI. , 1950 787 860. 116 0  2 16.0 16.2 .86 j. i. 0.91 3 . 0 3
isgie Town Gage Jo., 23—2 8 , 191.9 17.0 17.3 .97 1.1. 0.75 0.03

Soll iag Fork Rive r May li—l I. . 1953 181 32 17.1 2 8.0 ‘09 .85 1.2 0.81. 0.12
Iriuven , Ark . Gage Sep 16-18, 1950 8.0 ‘09 .53 1.2 0.25 0.05

Cosaatot Rive r Sep 20—2 3. 1950 361 50 30.0 2 9.0 8.9 76 1.0 1.60 00.8
0e~iunen , Ark. Gage Jan 21.—21, ].91v9 112.0 120. .75 0.3 1.02 00.5

Littl e Rive r Jan 211—29 , 191.9 61.5 680. 30.0 2 8.0 7.8 0.5 .8 1.55 0.01
Wright City uuge Sep 11._iS , 1950 8.~ 8. 1. .50 .8 0. 1.6 0 ,05

Kiamicbj Rive r Jun 16—17, 191.5 1,1.20 1211.3 50.1 2 1,8.0 18.3 0.1 2.6 0 .73  0.02
Belzooi Gage Apr 30—May 1,191.9 17.0 16.5 .1.5 2 .5 1.33 0.05

Blue River Apr 23—28 , 191.2 1.78 81.5 32.5 6 39.0 39.3 .90 3 7  0.52 0.05
Blue Gage Nov 26—30 , 1962 21.0 23.6 .70 2.2 0.92 0.05

Muddy ,Boggy 9 Apr 28—29 , 191.0 1,120 73 .5.0 6 21.0 23.6 Cii. 2.1 1.07 0.02
Ferris Gage Jun 5—6 , 191.3 18.0 17.3 .35 1.5 L51 0.03

Clear Bogay 9 Feb 8—9, 191.1. 732 52 22.0 6 2’0O 26.7 .75 3.2 0.15 0.05
Caney Gage Jun 5— 6 , 19113 18.0 17.3 .6!. 2.1 0.79 0.06

Red River. from Fulton, Ark, to Alexandria. L.~~

Cypress Creek Apr 26—29 , 1957 133 20 10 6 36 33 0.6 7.3 0.37 0.02 !.
near Benton , Ark Apr 25—28 , 1958 1.0 1.8 0 .5 8.2 0.26 0.023

MnKinney Bayou Jew 11—11., 1950 309 .2 18 6 33 33 0.3 11.5 0.03 0.00 1
at Kemp . Br. , Ann . Dec 5— 10 , 1960 1.2 .3 0.1. 5.9 0.35 3.01.5

Bayou Pierre Sep 16—22 , 1958 1.73 62 33 6 135 11.0 0.8 11.3 0.50 0.067
near Lake End , La . Dec 5— 8 , 1960 69 71 0.1. 7-2 0.23 0.021

Caddo Lske near Jan 10—13, 1950 1.89!. 92 52 6 288 301 0.7 23.9 0.25 0.315
Mooringsport , Ia. Sep 13—17, 1950 279 291 0.7 23.1 0.30 0.078

Saline Bayou near Apr 17—21 , 1959 1,386 113 59 6 132 120 0.1. 9. 1k 0.25 0.010
Clarence , La .

Wallace Lake yeservair Apr 28—29 , 1953 266 37 16 6 33 33 0.7 11.9 0.26 0 090
near Shreveport , La. Aug 2— 3, 1955 1.5 1.6 1.0 6. 8 0.25 3.090

Bayou Doraheat near Apr 29—May 2,1950 1.097 90 117 6 69 71 0.7 5.8 0.23 0.023
-linden , La, Apr 25—May 1,1958 69 71 1.1 5 . 8  0.23 0.022

Bayou 804cc,. Reser-eai r Apr 25—May 3, 1958 683 85 .5 6 69 75 0.6 5 .9  0.06 0327
near Shreveport , La.

Blaok twine Bayou Apr 30—May 11,191.11 1.23 .9 29 6 69 71 0.5 8.1 0.23 0.020
near Cantor , La. Apr 5,  1956 87 90 0.7 10.2 0.23 0.055

Saline Bayou sear Mar 30—Apr 1.19115 15!. 39 13 6 27 27 0.6 11.2 0.25 0.59
Lucky , La. Apr 5, 1956 27 27 0.7 11.2 0.25 0.59

Sulphur Riner sear Apr 29—30 , 191.1 2 ,751. 163 100 6 98 15 1.0 5.3 0.00 0.020
Darden , Tea.

Cypress Creek at Apr 6— 8, 191.2 850 80 1.2 6 92 89 1.0 8.1 1.00 0.050
Ferrells Bridge
near Jefferson , Tea .

100 di’s i n flu en ce of Cypress Creek at Fe r re ll s Br idge sear Jef ferson , Texas , a tributary area of 850 n -.~ sr” niles .

1sf/n.h cii of Syinbolo~

I — Total length of longest wa terocu ra ,-
L~5 — Listsooe along the main -c ru ir , nip — chs nonl from gage to

:omr-jted centroid of dr~,;n,ss i— area.
— i n ’.’-r-,~i, in hours from center of mass ilentr i i i  ‘f rainfall

pP eacesn Cc the time -cC ohaerved disch srgn
O — Interval In hours fr.nn mid

~ - inC of unit rs;i.fivi _ -1-crnO -r j ,
to time of peak unit h , -d r - -.p~ ’n~ -i-, c-- i - i- n- s i li~1 : 5 1 r~ e i  f l e d

_
~ 

- 0 v C C / O e s t . C~ 5 5 ° 3

— Coeff i cient , i’t —
I L Ivca ) 0 . 3

F5~ 
— Inflit rn0i ~~o rntn
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TA8 t.E 11

;y l!FIII-:Tlc UNIT IIYDR%RAJ’H DATA

Base
Are a : : : : (c.f.s./ flos, : F.

Subarea : sq. ~~~ L Lca : ~- : 0t : oj. : ( c .f . o .)  (iro /hr.)

Red River, from Jenison Davo to Fu,lton, Arkansas

9—1 621 0. 20 12.0 11.0 ‘.10. 1.1.5 35.9 550 0.02
fl—lA 11.3 31 18 17.0 16.2 .63 2,1.0 211.9 550 0.02
8—2 110 12 6 1.0 5.8 -0 5 i.6o 82 .8 550 0.02
R—2A 1.16 60 27 19.0 18.3 0.66 2.00 23.1 195 0.03
1— 3 222 30 15 7.0 5 .8  9 . 45 -3.9~3 49.7 550 0.02
0— 3A 190 32. 19 13.0 12.0 0.66 1.7 35.2 195 (J . 03
“ —1 88 16 8 7.0 5,3 0,68 1.3’. 75.1 550 0.02
R—I.A 195 32. 17 j3~ ’i 12,0 1.73 3.7 38.9 195 3,31

8—5 lO l. 12. 7 6.-) 4.7 -1 ,61 1.19 83,1 550 0.02
1—5A 95 11.7 10 9.5 8. 4 0.64 1,84 43.2 100 0.03

—312 75 16 . 5 8 9.0 3.3 0,66 2.15 146.7 95 0.03
H—li 517 1414 22 7 1 .0  20, 1’ 0,63 2.58 19.8 550 0.02
9—7 515 62 31 18.0 17.3 0.55 1.78 20. 5 550 0 .02
1—3 206 22 II 12.0 11.0 0.73 2,12 1.7,2. 550 1.02

121 03.5 9.5 9,5 ‘1 ,14 a . 6 o  1.79 1.7.0 310 0.02
K— ! 312 12 19 15.5 11.7 0.I-2 2.114 21.6 310 0.02

775 55 25 19,0 18,6 0.58 2,11. 19- 310 7.07
‘7 ’ - 28 11 10.0 2.0 0.56 1.62 39.- 310

20 13.0 1.2,6 0.43 1.1-1 ,u 310 0.17
B—lA 10 1 30 13 7.3 .0 0.60 1,00 ‘ — . - - . - .

19 12. - 3.9 c’ .6o 1.20 L~ ,, - ~
cO 47 20 5 ,1 3,~ 0,42 0.50 ~‘7 . - 12.0
465 33 10 3 , 3 ‘ ,~~ 3.57 1 ,13 ~ . 12110 2.7”

M—3 745 12 18 17.0 1~ . 3 0.60 2. ° - , -_
1_I . 260 16 7 6.5 5.2 7 , C - ~ , 77 “ ‘ . 3 1, 43

145 25 13 6,0 5 .0  0. Ii. -1. 32 3. 11 121.3 3.36
-1—6 155 12 6 .5 5.2 0.70 3,,), ~~ ‘ ,_ 121-0 1.26

1. 291 1.0 20 10,0 P.9 ).135 1.20 6a.i 122.0 0.01n

- - , -  ‘i c r  0 1 - 0 , 0.r1-,~ .- n -- c • 
- - 21c x andrla , C iruis lOsl o

1 33 — — 9 — — 55.93 0 0.023
2 L’s — — 9 — — — ‘Il- 1- 0 7 . 225
3 — — 9 — — — 55 .92 0 0.025
14 100 — — 9 — — — 55.92 0 2 . 119
5 75 — — 9 — — — 5~ ,92 0
6 914 — — 9 — — — 55.92 0 3. ‘-‘ii

7 3400 163 100 63 Gi. 0 . 0  3.5 7.21 1500 (1.Ot-2
8 3148 1.5 28 34 2. 0,5 4.0 32.70 500 0.062
9 360 ‘13 27 145 12 0.3 5,2 4 ,61 100 0. 25
10 850 42 2.4 45 1.9 14 .5 07.55 700

32, ~3n l. 92 52 2814 296 0,7 2 , 5  1.65 200 1,3, 7
12 519 3. 147 69 - . 3 5.9 5.40 100 7.127
13 259 28 1~. 136 111 3,7 23. 5 3.30 50 3.047
11. 366 37 36 39 2.t / 0.6 5.8 13.50 100 ~1.0Q 0
15 872 85 39 1~~-/ 12: 1.6 10.2 7.17 100 3, 7 0

16 856 90 1.3 56 ~r a. : 14 .3 7.15 .:‘oo 1,016
17 -Ti-? 65 31 87 90- 0.6 9,2 1,33 0 3.338
18 13 -36 113 59 123 s ’  0,14 9,1 1.6° ens 0.010
19 rT I , 9  11.5 76 i48 15? 0.7 ~,3 3.00 I-mo 0.024
20 110 20 12 31 91 -:- .- - 5 9 12,-li) 12 .077

21 118 76 12 79 79 .1.3 1 , 3 7.12 10 3.-ITS
22 220 30 19 35 35 0.3 5.2 5 , 97 50 7.993

~~~~~
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TAB LE 12

6—H OUR li-liT / iYlP0~/RJ,fl/ 10 7 1,3/ru 11
FOR 50010031 ARIAS 200 ,., Si - 00 000u’lER

11—7 - O— -—i  i-—7 M— i 0—0 : . ~~~~~ 0- ,
,i i-c u r -.~~~~ ‘ .~~~~~ 
, . 3 : 1 :  ~~~ o1 - di - ‘ ‘i’ r ,,‘, - : 1 92i  /1 - uPs ~ .‘C0 ~35 0.7 -- 797 - ,

Bed River, from Deoi son Dan to Fulton~ 0.36,~

9 3300 0000 21.00 11000 3000 3800 6000 1.800 ‘105 nI-o s 6000 3000 00-i l 5050 1505 8800 3100 21/00 15000 1,500 560 ’ 907
2 1110 21.00 600 3500 3200 .00 0500 1.00 3/10 0 1000 101,30 100 0 500 200 555 300 ~0O 5000 200 1711 100
3 0 800 200 1200 1500 0 200 0 2700 7030 2200 0 0 0 0 0 500 0 200 3
I, 5 0 .05 500 0 700 800 600 0 0
5 0 100 0 200 0
6 0 S

Orea No . 7(5) 8 9 10(5): ii i 12 13 i 1!. 15 16 l7~ 18 : 1:- - 2 7 :  7 ( 0 ) -  - (u )
Are a (o~~ -.ni .) :31O0 1 s6o 550 n 1891. 519 :21- 9 266 072 - l.99u 11.05 - 22 1:  3l.5i)~

Red nice r, from Fulton, Ark, to ilsoondria. La ,

2 8 ,  
11600 3 837 1300 11800 305 1080 05 1650 LOS 2770 926 650 ‘25 1220 880 1300

2 20200 3000 1660 621.5 655 2180 760 3505 925 5 1 9 0  1912 11.25 1060 127 1 2180 3165
3 20800 1350 1600 1530 1050 2800 130 1775 1900 5020 2230 2020 2951 9 ’! 3900 ‘290
11 1270! 520 1360 1,60 11.50 2190 030 280 2625 00 /0  001,0 2i.2D 0700 6800 0-750
5 8100 160 1020 120 1810 1520 510 S 2703 2910 1520 2650 -0 /70 531 02000 2500
6 1.600 0 760 0 2130 101.0 851. 2680 1860 1136 2600 7675 31,’ 12380 1515
7 21.00 580 21.20 “7 835 2600 900 890 2520 7905 215 01710 1000
8 1000 1.50 2650 56u lu 2350 10 700 21.03 7051 11.0 260 0 670
9 200 31.0 2555 1,30 655 1090 0 560 2300 / 355 95 P~o3 335

10 0 250 2990 350 550 11.60 1.36 2160 n300 (.5 (-3 137 1135
11 170 3090 250 1,1.0 1190 328 2020 2 30 0 15 5000 65
12 100 3120 210 315 950 236 0900 2070 50 9377 3
13 .5 3005 11.5 200 725 161, 1760 2155 ii- 2960
ii. 5 3020 90 110 510 108 1610 1890 S 7270
15 5 2870 .0 35 310 61, 11.70 06 75 151.0
16 2665 0 0 125 30 1320 1525 970
17 21.65 3 16 1160 0065 560
18 2225 S 1010 1230 305
19 1995 060 1100 120
20 1765 700 985 5
21 1515 550 885 0
22 0255 .00 775
2 3 1020 210 675
21, Sic so 590
25 605 0 500
26 .05 1.15
27 195 3115
26 33 275
23 0 225
30 175
31 125
32 90
33 60
3!. 35
35 28
36 23
37 18
38 09
39 8
1.0 3
1.1 0

( A )  with isproresi-nta ,
(5) ‘loSer nnOor,1 conditions,

111—69
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TABLI 13

n — b-I’;!- 51. - : ‘L-’,- i is,Al-l i
3 -073 /11 /1  AH~~S 3 200 7,. 91, 05 1,112)

3 ON C.? 1,

ii 10 8 B JA l ’~ 
— 

~~3~~~~~~~ A__ 6 1 A 1 ~~~ 1 4 5  4
- 190 88 — 9’, - 1’ . 121 i 113 : l i - I  : 1115 ‘ / 1 0  I

bet  I- -, ’ , from L-ri. lu .n Darn to Fulton, Ark,

Time (1-n- 3
6 ‘-/ ,uiu 700 1000 1500 2000 ‘.0 3000 i’D - - .‘ , 0900 1351. 1. ‘-7 - u 5280 r s%: .~ -

07 0000 1900 5300 5600 -.101 1,llUc~~~~ ’ .- ‘ ‘ :0’ . 2290 5101. 7170 ~7/o, : 3 n i 7  70i-0
2 33 00 3150 1600 5800 5600 6200 i,. -~ ‘511 2790 31.50 0.10 - 3 7 3  ,-.1- 1/171,
7. 900 2950 ICC 3800 500 0 1 /  500 .110 14/10 140 - 2 i 3,, 880 181.0 71— .-
/1 250 2300 0 20uO 150 Ic/il 100 0-4:, m,i2 500 291, 510 0110 330
3 50 1700 903 10 1. iO 30- i. 0 c/c .1,3 13~ 03 1, ic 170

0 1200 400 0 10’ 000 150 80 70 17/ 53’.
1,0 750 250 250 00- 90 0 20 110
51. 5.30 110 150 1.1- 60 0 50 1-. A
nO 350 50 50 0 - -

200 20 0 30
1- 90 0 3

1 ~~~~~~ 3 u 1. “‘ ‘7” ’ 6”’T
u5i’.’1 3 1.cu .  : 30 137 u 7!, 10 0 :  75 ) L : T 3 1.~~~E11T

3,1/3 :-I—i- frua Pulton, Ark, to Alexandria, La,

- 
5153 607 1273 1720 1090 1117 00- 0 80

- 1610 2320 1138 5592 1.191. 5256 1,Oi/ 200
571, 12/3 1910 2582 1936 207- sO.. 600
258 1.01, 637 560 61.5 809 1725 830

30 0 0 0 0 0 0 130’- 340
31, ‘ 9 0 0 ’  315

1,71 33/
1025- -015
900 790

- - 780 515
68!, b3,,

‘ u 590 5 ,0
7/5 485 510

385 1.70
90 315 1~ 5
2’.- 265 405

103 220 305
108 115 31.5
111 11.0 315
120 100 285

65 260
35 230

.7- ’  0 210

150 105

1’ -2 —

90
1-3’) 70

60
170 1.5

35
u

_ u-. 25
212 15
215 10
222 0
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.~i. d ivA:  -t Od t~~u-;t 5’Lod.

‘ 1.  ‘ c l c 1’ 1 . A 1 2 ,5 0 l T 5 u2 123 fi - - ~32; (o f’ vorl-O lis 1;.a8’r/itu -l”s u”r ’1

i e r i v- - o for  tee 1’; ’ : i S ,  1ter;i of tdl30 f-i ’d d ive r  below Fui~,
;,r~ , Arrl on sas ,

:i ider the C O f l : I I t j O / O l c; ~~~~~ i c i p ut ’ l d  ‘u th 3112 1 5m31(051 1 im!-ro 4’emet 1~~.o  In

7,t ~
- 1 . i i t ,oc r ’e2t  03 ’ 11; 15 L3 3’ o t lOf l  1251:1 bEi(,,°. St’i~~iliZo 5 1- 11 1fl p lace. ,:rooo Se

floous u’ e r e  use o j i -cote tile economics of levee ‘.-.‘ o-k rl ’;4Liirecl
1’ - .i-~ 1/ ’ 1 r r t - : : t :  ~ oo9ssjinst f lo  - is ~zith return fr- q ie~ cies U 2  3/)

-1102 in 150 yerro . These analyses demonstrate tol s-It  p r ot e c t i o n  for
ff 210: with ‘ 1 r et l : l’ l l  f’1’eTl 0ii~9t1C’i of less than once in 100 ears is

o~,’ - - :ior;.iooJ l’~ f ea s ib l e .  Si n c e  fa i lure  of t o~e : rotection works
lye naz:~rJ to life and the likelih-::-o-b of great physical

arnage , a fl-oed wit ;, a return fr e -3uencv  of once in 100 spears , t he
largest which can be economical ly justified , was selectea a~ the
basis for ‘he dosir ~s: of’ levees and other structural features asso-
ciate vito tIle sis0nned navigation and bank stabilization in.prove—
ments. Key o~agin3-~ stations on Red River used in ceS.ermining toe
design flood were Fuiton , ~J’r:12a2sos , t’t ireve r -ort , 323u1515in’l , anc
alexandria , Louis iana.  The flow s for the aesign fi-~~-c were  based on
hy d roi-o~ ic and hydraulic analyses o f  hist-7ric storms . The hydrologic
tools emp loyed tc relate h i s t o r i c  stc/rm s to c i s t-or i c  floods are
described in s aragr-o on 20. Design f_c ::i -ciS:oargeS at key stations
were derived from peak: discharge frequency carves developed from
analyses cons i s t ing  of flow r egu lat ion  anTi fic-od fresuesocy studies
as described in paragraph 22. he derivation of peak stages at the
key stations for thi - design faood is described in paragraph 23.
The f l o w  l ine  for t h e  design f lood was developed by rel at ing the
design stages at the key stat ions to other locat ions  in accordance
-,rlth experienced f’ i o’,k lines for major floods as discussed in sub-
para grap h b. below . The process is such that the design flow l ine
-Joviro-sp ed is not t,hi~ resul t of a pa r t i cu la r  storm or series of storms .

b . liesi gn fi-T/w l ine.

(1) The- design flow line , shown on figures fi and 10 ,
Lo - Iic’ otes ),h’ max i mum stages that will occur at all locat ions along
t h e  He- -} f-leer below Fulton for a flood of 1 percent exceedence
fr- cency , (or a 100—year return frequency), under the conditions
SiOltio ’l O ’ioCl: w it h  ~1;onned navigation and bank stabilization improve—
meI, s in  h )l- /-ce . this flow line reflects the influence of the Corps
-f :- 12 ’l I l i - ’ : 2 1  ‘:cth-sr zed Hugo , Millwood , Bosw’:li, Texarkana , and

h”-rr ’-ll s ;‘riuge 1- -Iservoirs . The planned bank s t ab i l i z a ti on and
n- :;i33 ~’1t f-c u l r n l : r c v ’/ u o e l l t s  will effect a 2— foc/ t lowering in stages from
- ~~~~~~~~~~~~~~ -;/: S.-iitionc 2t bankful l  and below h~u~k f u i l  st a r o ’s  on the Bed
Pi’.- ’-r below Sultan . The lowering e f f e c t  on st 13 e 7  for  the des ign
~l -w l ine  is (calve -er ,  1 1/2 and 2 feet , - f t -p en d i n g  on t e e  degree of
‘;e r~. -u;k ti/ow 33 ~ ho r ‘irt ~i :22) 5 ‘ii’ loc:it i~ so along the ce- b led . jWoV~ ’

Pu~i1. - r i , 1011 - re S ’ eel j - o t t i e s  , s i’s i ii ’ lr t i  t h o -  1- ,3l irl ’o r type , are to be
I ‘7x3y11 , -;i’j”lv , the T h w e r t r 3~ e f fec t,  i-n st - 03~t ’ ,; eo Li be negligible ,

a j~~~ i ’  t,-~ ( 1151  in o re s ,:e-cl - Iso - Inrlel 0 -/i (’s /. fl ’-Ss i;: ,15 ’’ I 1 ’ ,’ S e  ,l i tties . The
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e f f e c t  of’ the  navi g a t i on  dams wil l  be to pru~~~-:: ’ a — i ’oot swelihead
at eac’~, c;e:s- f 3 i . T u e  i-  ‘ t ’ r o w au er  e’~ te- -t of t f , i -  ii ’.-. )2’ ’lUC ,,Il1 eX —

toe - n i  an t :3’ a re -a -- oS I l’i- uy O l e  I t  ai s  tonce  ap C t i ’e--a:. . l ’~~O 3 1.-c Z.1o V~~ 4 ’7t Ian

(2) The sta8c7eos of the design flow 11w- on Red diver were
sic rove- .i from the L )U—ye’ u’ stages computed for tin key gstgin~ loca—
tisios , by relating these stages to other locations in accordance with
high. a l t o stages of tbe 1957 and 1958 floods , the most recent on
h - I  diver. The upper envelope of the high water surface  prof i les  o f
the-~~ 31 3c-ds was used OS a basis for in terpol at ing design stages

- t’-.’ei:rl the key locations . For the reach of the planned navigation
.‘. ct’:Oo”ty along Twelvemile and Cypress Bayous , from Dainger f ie ld ,

~exas , to oihreveport , Louisiana, the stages of the design flow l ine
in the  v i c i n i ty of lace  /110 . 7 were based on the maximum flood of
rec/:/rd in Caddo Lake . This flood occurred in April-:.lay 1958 under
condit ion s wh ich will not be materially changed by the sorue-osed
navigat ion improvements . The recurrence frequency of this flood was
estimated to be on the order of 100 years. The design flow at lock
No. 8 was based on a computed 100—year discharge for the etJ-square
mile uncontrolled drainage area between Ferrells Bridge Dam and the
Old Highway No. 59 gage near Jefferson , Texas , and was based on dis-
charge data obtained from the USGS Paper 1681, “Magnitude and Frequency
of Floods . . .,  Lower Mississipp i River Basin.” To th is value was
12dded the 3 ,000 c . f . s .  maximum controlled release (100—year f requency )
from the Ferrells Bridge Reservoir to obtain the total 100-year
discharge . The design flow line in the vicinity of lock No. 8 was
based on the 100—year discharge determined above , experienced rating
curves at the nearby Je f fe r son  gage , and exper ienc ed flow lines in
the  v i c i n i ty of the lock.

(3) The levee design flow line is compared in f igures  9
and 10 with: (a) the design flow line authorized as part of the
general plan for flood control on Red River below Denison Dan; (b)
the 2 percent flow line which is discussed in paragraph 23 .b ;  and
Cc ) the p- - :r t i on  of the t l i s s is s i ep j  River  and t r i bu t a r i e s  projec t  flow
l ine  for  the Red River  below Boyce , Louisiana . the authorized flow
l ine  was developed ~~fl t ee  assumption that a 20—inch runof f  from the
drainage area above tlore ’3”oport and a runoff 20 percent gr eater than
that of tee 1)145 flood from the drainage area below Shreveport would
extend over the same period as the 19145 flood with a similar runoff
hy dr-~~ra~ ( i .  As a resu l t  this flow ~ine , au thor ized  by Public Law
52 a- , 7oth Congress , 2d Jess ion , is based on a design f l o o d  greater
in v-alum- - than tha t  / f  the  19145 flood . The Mississ i ppi River and
ir in u t a r ie s  p ro jec t  f low l ine for the  Red River  below Boyce , Louis-
ia na , was r ecomme n -I : - - i for the  Miss i s s i pp i River and Tribut aries
~- roj ec t  in ii0use IJocour:”nt 308, ft’— t h  Congress , 2d Session , dated 11
:4ay 19b 1. .

A
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c. Design sta&es and discharges. Contrary to most experienced
floods , peak flows for the design flood incre ase in magnitude from
upstream to downstream key stations . This situation results from
the fact that  confinement  in the lower reaches of th e river has been
increasing , upstream reservoir construction has exerted , and will
continue to exert a greater effect on upstream stations , and inflows
for the design flood were crit ically arranged to produce peak dis-
charges in the main stem. The design stages and discharges at the
key locations and at lock and dam locations are shown in table 114.
The design discharges for pertinent locations between key stations
were obtained by interpolation based on tributary inflow entering
the main stem.

22. FLOOD DISCHARGE-FREQUENCY ESTIMATES

a. Determination of design discharges. Curves representing
the most probable relationships between annual flood peak dis-
charges arid exceedence frequencies were derived for the three key
gaging stations for use in determining the magnitude of the design
discharges . These peak discharge frequency curves are shown in
figures 11 through 13. The design dischargc.s were obtain ed directly
from the regulated curv e , which represents the peak discharge fre-
quency relation ant icipated under future conditions. In plotting
the frequency curve, the peak discharges used were based on routing
of historical floods under anticipated future conditions . Since
frequency analyses of hydrologic data are based on the assumption
of random occurrences , the peak discharge values ref lect ing the
influence of manmade controls could not be analyzed by accepted
frequency methods . Therefore, the unregulated curve of peak discharge
frequency relations , which represents the frequency analysis of the
historic floods routed to their natural or unregu lat ed condi t ion ,
was used to determine the exceedence frequency values corresponding
to the peak discharge values for plo t t ing the regulated curve .

b . Unregulated peak d i scha rge—frequency curves. Flood f r e —
quency est imates for unregulated discharge condi t ions  were based
on 36 years of records (1928—1963) of annual maximum instantaneous
peak discharges at the three key stations. Records at these sta-
tions earlier than 1928 were not used because of uncertainty of the
modifying influences of levee crevasses , new levees constructed
since 1928, and natural changes in river alignment and length. The
statistical method of flood peak frequency computation described in
the paper enti t led “Statistical Methods in Hydrolo~~r ,” by Leo B.
Beard , CW—l5 1 , January 1962 , was used.  Values of “ log mean Q” of
5.080, 5.12, and 5.103 and “log standard deviation ” of 0.208, 0.217,
and 0.211 , were computed for Fulton , Shreveport , and Alexandria ,
respec tively ,  to determine the annual events curve indexes for the
36 years of unregulated peak discharge , assuming zero skew . The
unregulated peak discharge curve was drawn from the annual events

111— 77 
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TABLE 114

PROJECT DESIGN STAGES AND DISCHARGES

RHD RIVER AND NAVIGATION WATERWAY BE LOW FULTON , ARKANSAS

Stage
Lock ~o. (or) Location : Ft.—in.s.1. : Discharge
key station mileage(1) : t~pstream Downstre am 1000 c . f. s .

RED RIVE R MAIN STEM

Fulton , Ark. 307.3 2514.1 2514.1 195
Shreveport 212.3 163.6 163.6 205
6 20 14 . 3  158.7 157.7 205
5 183.8 1147.6 i146.6 205
14 158.5 129.8 128.8 225
3 120.8 109.8 108.8 250
Alexandri a, La. 814 91.9 91.9 255
2 70.3 85.6 814.6 255
1 142.8 66.5 66.5 255

RED RIVE R TRI~ UTARY I TWE LVEMI LE BAYOU AND CYPRESS BAYOU

Caddo Lock 232.8 181.5 180.1 (2)
Jefferson Lock 267.2 192.0 191.0 17.5
Ferrells Bridge Lock 276.2 (3) 199.0 (2)

(1) Along realigned channel above mouth of’ Mississippi River.
(2) Not required for navigation structures design .
(3) Flood control pooi El. 2149.5

Surcriarge pool El. 270.0

I i i -  -
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values , ~:ooified acc-or-i I ~~~~ to th~ likel iness concep t , and fu r the r
adjus ted  for the -t’orr-~s ocodi ng par tial dur at ion values using the
Langbe in criter i-~.

0. h~2 t O - l O - i r .  o i s ch a r g e— f r e - -1uency curves.  In der iv ing
:-eoei-voir—m odifiod - - r  r -otu la ted  d i s c h a r g e — f r e q u e n c y  curves , it was
- /~~um e-o that toe exceedoooe frequency c/f the peak discharges for each
of tot - f lood s and y -Led , as determined from the unregulated discharge—
fre-~uenoy ourve , would remain unchanged under regulated flow condi—
ti ns . inerefore , the  regulated peak discharge—frequency curve was

at- assignirj~ to the values of the regulated peak discharges for
each f lood the sane exceedence frequencies as were assigned to the un—
regulatco ue-c-~. Jiscnard’-s for the same flood .

0. derivation ~f flow conditions. The peak discharges for the
unregulated and regulated flow condit ions by water years for the
study per iod and the corresponding recurrence frequencies are shown
for  the key s ta t ions  in tables 15, 16, and 17. Also shown in the
tables are the peak discharges and exceedence frequencies for the
standard project floodflows . Standard project storm inflows were
routed under bo th regulated and unregulated condi tions to provide a
bas is for  extending the regulated peak discharge—frequency curve beyond
the range of the exceedence f r equencies indicated by analysis  of the
historic floods above . The unregulated floodflows were developed
assuming that no reservoirs were in place in the Red River Basin but
that all authorized levees were in place. The regulated floodflows
were developed assui-nirig all authorized levees and reservoirs in
place. For computing reservoir outflows , full use was made of hy-po—
thetical reservo ir oper at ions basel on an analys is of t he floods of
record. All routings were based on the present conditions of river

~ociel anu overban k , s ince  the peak flows of floods of record s ince
1928 would a-ct be significantly in fluenced by the proposed changes in
toe r iver channel and floodway .

e. Rout ing methods to mod i fy flows. T\~o methods of flood
routir i~x ~-ure used to mouify the flow hydrographs of the h i s tor ic
f±; ais -~t the- key stations of Fuiton , Shreveport , and Alexandria to
-aesired f H w  c-:nditdai - : the  progressive average—lag method and the
c o e f f ic i , : -nt , (I4uskingum ) m- thod. These methods are described in the
C-jrra of i--ngineers i- i’I lliO~ 2~ lI408, dated 1 March 1960. Except for
maj cr flo-ida , the progressive avera~ e— tag method was used to modify
floods ~o th- - ~re~-u t a t e0  cond i t i ons ; the  c o e f f i c i e n t  method was used
to m o d i f z  the ma~ or flo -~us to the wirerul sted condi t ions  and to  modi —
f’y a~ ~ f1c-~ds t-c the o- -a - J~ - / t e d  condi t ions .

f. Or -gress ive average—lag routing method. The r o u t i n g  con—
:t - ir~~tr  of this method are soc-wa in table l~~. These r ou t io g  constar ~t s
were s i - v e t  )pe/ i  for  the ec o n o m ic  s tus :  es of present ly - m t ao r i z e d
reservo i rs j r  t - s  Re~ B i w -r  sy s~~--o . The ~r- --g ress ive  -~‘. -~r -~g e — i a g  method
Ja -; c - sns i der au  ;- ,t i s f o  r -o~ : t T-r r - o~~i f d a 1 r t toe  s~o- - c , L - ~~e-i

L I- - .
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- /Le 0xc’eeuence :

~- t r ~ ‘dcc-; . frei.(events : peak - d i s c o .
i - -a r : 1~~ ’c. c f . . )  per lO() L~~~J _ a 0~~~~~~ .s~~~

I 1)

h i t
130

lI~5
l’3i
1’S” 55

336 2. -) lOt
30 - 

-

l OLa
1)0 1 11414 b o . O

20~ 114.5 Ia-

19 14~ ill
1147 143 .0

l~~O 290 3.6 1142
id, ’ 105
1;147 109 17.3

lOu

l’14’~ 2) u  15.0 j ~()

1950 151 36.1) lI),

1 hU n 50.0 1 - 1
1 “n 171 77. 5 L I t

1’55 137 51. ;) lOt
111

1)55 33
I ‘5u [5
1_ S T  3 .7 l t l

253 6. 5 1s5
a-c)

I ~)0
1 ‘at I I

La.
52

- . 10  ‘-‘10

= -~~ , y~ ars
0- 0’s, Dischar,--e = 5 .  t O

[- -si ~ Lan 1aru Dev iat ~~cn = 0.20i
; - : ‘ - -

~J f-)eff’iri at = U. ’.)
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FLOOD PIA O Dt0CiARci ~’-FRE~ 1IiI.1C1 AT JHRdVOP-O PO’, LA.

- 
Inre ,-,ul -±te-J i~xceedence Regulated
pea- . uis c ;. : freq. (events : peak disch .

~-
/ : : r ; ( 1 s u - c .f.s.) per 100 yrs.) (1000 c.f.s.)

192 ) 121

2143
1)31 ‘53
l- A 3? 16t
‘5 53

19314 71
1935 151
1736 0-6
1931 914
1038 330 14.0 132

193-0 09
19140 96
1 1 4 i  1143 60.0 116

19142 153 32.0 12 14
19 143 93
191414 103 1414.0 132
19 145 1416 1.6 177
1906 132 69.0 120

17147 158
j ?14 5 119
100-7 119 32.0 118

1950 177 35.0 125
1951 151
1052 166 141.0 118

11)c 155 31.0 1149
121

70
to 57

371 2.5 151
1950 i6~ 2.7 155
15)59

152
lO ti 1214
1- 76~

it 814
iOu 3 55
SPF t i — I  0.70 227

0 = 36 yearS
Ia; Mean Discharge = 5.12

~o : .[tan -sp,r I Oeviat con = 0.217
;r-ew Coe fficient = 0.)

~ i1~~~_~~~ _ 
_ _
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TAB LE i (

FWOD PEAi~ DI5dHA ~ GE-FRE QUE~ CY AT ALE XAND!U A , LA .

Ilnregulated E~eeedence : 
— 

Regulated 
-

oeak disch . : freq . (events : peak clisch .
y_ear (100) c . f . s . )  : per 100 yrs.) (1000 c .f .s.)

1 ‘20 103
1-~ 3;) 15).
1931 714
1932 l~ 14
1)33 91
19314 83

151
75

1231 lii
1938 ii 32 12.0 131
1)39 -72
1914 0
19141 132 62.5 129
19142 156 141.0 138
19143 314
191414 1146 149.0 1145
19145 3146 2. 14 197
19146 139 56.0 126
19147 160
19148 133
19149 152 1414.Q 122
1950 167 314.5 11414
1251 136
1952 1146
1-953 200 2.0 1814
195’. 111
1955 91
1)56 68
1957 300 14.5 1614
15)58 278 6.0 157
1252 91
1960 135

1Q61 138
1)6? 113
l9u3 53

0[’F 1468 0.60 275

N = ~~ years
Log ‘lean Discharge = 5.103
Log ‘standard Deviation 0.211

~3kew foef ficient  = 0.0

I11—o ~

‘4

_ _ _ _ _ _ _ _ _ _ _ _  
~~~~ ‘-- --~~~~~~~~~~~~-
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TABLE Lb

P00G0d~ fIVt AVERAGE-LAG “lETHOD OF FLOOD ROUTLIG
2 )  RI VE R BEL0~ DENISO N DAM

toni son itesorvoi r ;,rthllr City
3/0 5/0

143 1114 145 Index

3/0

T’exar~~ na ~~servoi r 13 Fultorj

20 6 Avg 6 days
0 La~ 0 days

1/1

114 Sprini~ Bank

Ferrells Bridge Reservoir

On
l0/ _ 2

15 Ohreveport
13/ _2

li Oran d 1 core
ll/ _2

17 Alexandria

[ii— ~ L
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c o n d i t i -  -I IS  , o cn o r  :~ - -eE l S  , and ot t ~c-r lesser r . :a : ; i t u d e  annua l  floods
-..‘n ich - ‘ - c u r r e d  under  c : n d it i o n s  r e g u l o t - i  Pt - t i c S  ~rvo i r  o r - e r o t i o n .
The pr o ce-dur t i  for  :1. : 1 ro t t h i s  method ~; r ; ~ 1: - t - - ;  - f r o u t .  i ng  ‘ c a l
outs of reserv  Jr s ~ :i - j e r a t i - j r ~ 0-o H r i o  a oi - - ~ f L - aoi ti: t o t -  e - y
st a t io ns  of Fulton , - t ir -  - v e p u c - ’. , and h I o x -u u r i ;t  and a l ga -b r a t  sal ly
il_p 1-/ l y in ~-- the r o u t u c i  io± d -‘it ; t~. ttL -s-; ~-d r ; ’,’ - i r s i a t ;  1 :5 at each of the
hL0~ s t / t  i o ns t :- i t  I f l  t h a  aol 0 a h ~r a r -u  ; .  Fr-cr : l)’- c th rough
1956 , on l y D e r i i t - s r P ‘ - - r o i r  ~~~~~~ in ; --c-c lu :. ; ~ c r in g  I o S (  , t an i s on
ar -i,l Tex t i  k&1 0 R ; - o r v  I cc ~c - r - - I I ;  - I  ‘~~ ~ ‘ : a ; an u ‘ f ra a 1 )56 t i  ~-oug l~
14 ~~c- , Ue- r ; i s~:-n , I -  :: : - e c - , , ~~~~~~ ~ . 1 1  - Li : ;  I - r - ;~~ - .:=ac e r v : ; l r c :  o c r .  in

g . i2o~~f r L - ~ l t - r i  r i i: - c t:. ; .  0 1 : , - :u rot :c: t5  fu r  t n i s
rse t n / / d  are sr / -or  I ;  t o - i c  I) -i ; ; f d u r -  - -H s;; os ‘ :a r u t . l ag  s i he m a t i c .
The coefficic- r;t cc- - hn ~: / 0~~ lag s- a; . ce - c  a • a - :  I - - ci Di v- -r below
Fu lot - sri to d c - -c a i n e  ‘a - ‘  i - - - . -0 i: etc of ccc  x ct  rig 1ex ’crhan a
and Ferrells  :-c i,~~ - i - c a r s -  Ic ;  - . ‘ a-  toy s - • 1

Shreveport , - a - ;  A L -  X c .  U ;  a ~~ c a :da c; i ’ . c- .; of ta.e r ’ : - ; - ; r  floods of
1938 , 19 145 , 1o53, ~~‘5( , I c- , r r tra s t - a s - /c c:-~ urt flood , ar;d for
toe mino r f L c o u o  of i i d ~~~, l i t . , 1- - .- . , ~~~~ , 1 ’ - ’, ‘50 , arid 1952.
This  methou was also use’s l i  - i : -  crc r .c  - a ~ . i -cc nyc;r-igrar,tss
cit these key s t c it l  )n5 or  t : - ~ c r a l or - C .  - ~1: . lb-s in  flu - i -r oe of
crevasses -on the c- t ; tc~~~i E s : - c ~~is 1 f i / I ra  c-a -c - - : -c ir r e d  in 1938
and l~ t 5 w-c s e l i r c in -u t ass  ~~in g  c r ’ i: : e c  - - c .  c i t i  0110 11/r all floods .
The rout ing  c o e f f i c i - - n t s  Sar a  d i V- S i s

~~
- a i  I- ~cc e j r sv - r s e_ r o u tj n g  proce-

dure described li i  t h e  r a f ’-r c r r ’ses r canu — d u s in g  t oe  ex p e r i e n c e d  and
reproduced hy-Iro a c a l  c c  ct s c / r e v e l  -urt - A n Alt - A -sr i  ci f o r  t h e  1j50
flood.  (See f igu r e s  114 cns 15. ) In t i c - - c r - c c - -c - sur e , ~ho in f l uw s f rom
the main channel tr io t r i b u ta r y  i r I f l / ss b at s a cn k-i;; st a t i c - r i o  s- -re
compared , mathemat ica l ly , w i t h  the t -o t c i i di sc r ;a rge  hy-J r -ogru -h a t  the
out f low s ta t ion  to develop the  values of “ f lu -  ,o wcc ve ” t r - tval  t i r s e
( i t ) and the  d imens ion less  constant  (x) u :cing a rou ti : : i-eriod
(A T) equal to 1 day . The rou t ing  c o e f f i c i en t s  5 c c - w a  in table 10
for in te rmedia te  gaging  s ta t ions  at Garoanc ;  Ci ty  and l i ccr in gba : ix ,
Ark ircs-s s , and C o u s h - i t t a  and °rar d Ecore , L ou i : L na , were - cat e r r c i ; :- ; -r
sy r e l a t i nc  the “ flood wave ” t ravel  t imes  ( K )  c- t w ccen t h e  key s t a t ions
to the travel d i s t ances  (reacri mu -sage ) of t h e  i n t e r m e d i a t e  s t a t ions
f ru i t  the key s ta t i o n s .

DLTicRMINATION OF DESIGN II TAG L O

a .  Desi gn st a g a — d i s c h a r g e  r d - t i  air: . The des ign  r a t i n g  curves
~~~ rcev st at  ons - f Fu l ton , F h r r - v c c p c r L , — c d  A ICA d c i i  are shown

a f igu r e s  lr , 11, a s / I  18 , r -cspec t ivel y .  These curves were -ue r iv ed
r-y i r c i l v c i s  .f  t h e  1 /n i - — t e r m  c-i t r g  cu rve : :  f-s r major floods sut-se-:uen~

- 
- to 1)145, and ino - :Jr I- :r- lte U itt t : L  st - ga- l cwc- r go whir: w i l l  c- -c u l t

fr -r: t : - ~ - h - i rcnel im~ r u v - - r c e n t s  d e s c r i b e  ci in  t c c -  - i n t e n t t e ; -o r t  -c~i the 
rings which sill c-- alt from t h e  c o s L c u - s t i o n  of ti;a remain r i g

- a ’Iic r i z ed  rc- -cers- :irs. F-sr e-~oh ~~t~ t ion , th~- - c - -s r csi - — r; -d y —i c
va - i - : t c ’ r m h - - i  1 1/ c c i i -  l a g  t h c -  ~t - g ’ c — c i s - c h : r , -a r i - /I U / f l s c / i - W i ’ fl
1 :;  1 ~~: s I -  c-}5tirgiS

I I I —  d l

- - - - -
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TABLE 19

— ROUTING CONSTANTS OF COEFFICIENT (MUSKIN GUM ) METHOD

RED RIVER : FtJLTON , ARKANSAS TO ALEXANDRIA , LOUISIANA

1957 : Reach : Routing constants : Disch. range
Station : mileage : miles : K X ..AT in 1000 c.f.s.

Fulton 1405
33 0.7 0 1 All

Garland City 372
37 0.8 0 1 All

Spr ingb ank 335
58 1.0 —0.1 1 All

Shreveport 277
59 2.0 0 1 All

Coushatta 218
37 1.0 —0.1  1 0—99
37 1.0 0 1 l0O—lI&9
37 2 .0  +0.1 1 150 and above

Grand Ecore 181
78 2.0 -0.1 1 0—99
78 3.0 0 1 100—1149
78 14.0 +0.1 1 150 and above

Alexandria 103

NOTE: Routine Sch~ natic shown on figur e 31~•
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b. Derivation of 2 percent flow line. Discharge duration data
were availabl e for the regulated flow condit ion wh ich was compu ted
for the three key gaging stations on Red River. A fairiily of clis—
charge duration profiles was plotted. Adjustments were made between

the key locations to reflect the increased flows contributed by the
intervening tributaries proportionate to the perc i-rl t control UI their
respective drainage area. From this family of ~-r -o f l l s s , d i scharge
duration curves were drawn for several desired points between Fu~ ton
and lock No. 1 on Red River where flow data were unavailable. Using
the disc harge durat ion curves t he 2 percent discharge value was
obtained. Stage—discharge curves for ungaged key locations were
developed from the  design flow l ine stud ie s . From the curve at C~ACL
location the stage corresponding to the 2 percent discharge was as—
tam ed. For the reach of’ tn - i -  navigation waterway along Twelvemile
and Cypress Bayous , fr -sm D- t l n i g e r f i c l - -s , Texas , to its u n c t i o n :  w i t :~
Red R iver , the 2 ~orcent -i io:- atlor : fl o-s line inc lu-cied an aflalysis of
the records of daily stages at Cypress Cr eek 1 aar  J e f f o r s o n , mile 265.
The data at this sag - were correlated with 2 per cent durat ion st ages
at Ferrells Bri/ige Dam, Cadcc.o Lake Darn , and Red River at its junction
with Twelveinile Bayou to obtain the 2 percent ouratina f l o w  line.
The data at Fes-rells i~r id ge Dam were available from design studies ;
at Caddo Lake Darn , H o  - -Into were estimated ; and at Lea River , the data
were avai lab le  i r  sc t i r e  - lura t ion st c r / l i es  along Red River . The 2 per-
cent fl-s w l i ni  is 140 -U 5. on f i g u r e s  9 and lb .

21. 3E~ I 4 E ~- TAT1AN TTUDIES

The ann cal sediment  load of Fed River  is h igh .  The volum e -of
soil en c t e r in c  t h e  r iver  between Decii son Dan and ~3nr cv-np ort  ~r om Lan k
caving alone Is ir - i l cat ed  to be abou t  01 , 300 ,000 cubic yards a. year .
Observations of sediment in suspension Itave been ;t-~~ - i I

at various stations on tu e rio-or proper and certain tri :-jt-aries . At
most of the stations , 10 or core years of re : trd  are available. In
the analysis suspendea sediment was broken down int o sand and silt
fractions. The sand fraction consists of all p ar t i cle s  coarser
than 0.0625 ram . alt-s the silt fraction , which includes s articles ,
cons~ 5s of all p ar t i~c l i - s  f i n e r  tn en  0.0625 mm . The fol  s:wic:g s umm ar y
table praserrts the  avarage s e d i m ent  regimen expec~ ed to be otto L i r e :
when all a u t h o r i z e d  res - r rv cdr s -  c r - - in operation .

I I I_  9b
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Considering the proposed navigation improvements alone, the
net annual volumes of sediment added to the reach below Shreve-
port after deducting bed lowering effects within the reach itself
would be :

Condition (a) All j~roposed improvements below Denison Dam
completed.

Net yardage due to bed lowering 14,800,000
Yardage from tributaries 3,1400,000

8,200 ,000

Condition (b) All proposed improvements below Index completed.

Net yardage from bed lowering — 1400,000
Yardage from tributaries 3,1400,000
Yardage from bank erosion above Index 9~ 828,000

12 ,828,000

Condition (c) Navigation improvements only completed.

Yardage due to bed lowering ~1,1450,000
Yardage from tributaries 3,1400,000
Yardage from bank erosion 19,656 ,000

21,606,000

The foregoing estimates include bedload as well as suspended
sediment. Assuming that the sand fraction still would be only 25
percent of the total , as shown by analysis of suspended sediment
samples in the tabulation on page 111—95 , the net volumes of sand
to be handled in the reach woul d be about 2 ,050,000 cubic yards ,
3,207,000 cubic yards , and 5,1402,000 cubic yards for conditions
(a), (b), and (c), respectively. The close agreement of the latter
figure with the 5,700,000 cubic yards of the suspended sediment
observations may be fortuitous . It does suggest , however , that
the quantities developed for conditions with the proposed improve-
ments in place are probably reasonable .
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CHAPTER VII - STANDARD PROJECT FLOOD

25. INTRODUCTION

In general , the “standard project flood” ( SPF ) is defined as an
estimate of flood discharges that may be expected from the most
severe combination of meteorologic and hydrologic conditions that are
considered reasonably characteristic of the basin. In this study,
the standard project flood was developed to serve as a basis for aid
in extrapolating flood discharge-frequency curves and to establish
the percentage of the SPF that can be conveyed by the leveed flood-
way of Red River . Further , the correlated isohyetal patterns and
discharge relations necessary for computing the SPF will serve as
a basis for reservoir regulation studies likely to be needed in the
future. The following paragraphs describe the procedures used to
select the standard project storm (SPs) series ; compute the rainfall
excess (runoff) within the basin; and route unregulated and regulated
flood discharges ; and include a discussion of the adequacy of the pres-
ently approved interim and ultimate levee grades to convey , under present
channel conditions , the 6FF regulated by all authorized reservoirs.

26. S~IORM STUDIES AND STORM TRAN SPOSITION

a. The SPS for the basin was developed from data contained in
the U. S. Army Corps of Engineers publication “Storm Rainfall in the
United States, Depth-Area—Duration Data” dated l9~45, generally as
outlined in the U. S. Army Corps of Engineers EM lllO—2—l~4ll (Civil
Works Bulletin No. 52—8, pages 13 through 16). In view of the size
and general hydrologic characteristics of the basin , relatively long
periods of rainfall or series of rainfall events are required to
produce critical flood discharges along the lower reaches of Red
River . A review of flood records of Red River , and consideration of
general meteorological characteristics that govern major flood—
producing storms in the project area, led to the conclusion that at
least two major storm events should be included in the hypothetical
SPS series. Thirty—four storms , with centers located in or adjacent
to the basin , were considered in selecting the SPS series. The
storm combination selected was composed of two storms of actual oc-
currence , 6—10 May 19L43 and 15—20 May l9~43, which are designated as
SW 2—20 and SW 2—21, respectively , in the publication first referenced
above. The first storm , 3W 2—20, was assumed to occur on the same
dates as the actual storm; the second sequence was assumed to occur
2 days earlier than the actual occurrence or on 13—18 May. The above
sequence produces the most severe rainfall that can be considered
reasonably characteristic of the region . Further advancing the dates
of occurrence of the second storm would produce higher peak discharges
along the lower reaches of the river; analysis of available data
indicate , however , that the series thus produced would be anomalous
to the region .
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b. Each storm was transposed from its original position to a
position over the basin and its axis rotated to produce a critical
runoff condition on the river at and below Fulton, Arkansas. The
center of the first storm was moved from Warner, Oklahoma, and
placed over Fort Towson, Oklahoma, between Fulton and Denison Dam,
and the isohyetal pattern was rotated 7 degrees clockwise (see
figure 19). The second storm center was transposed from Lowell,
Kansas, and placed over Minden , Louisiana, in the basin between
Fulton and Alexandria and the isohyetal pattern was rotated clock-
wise 35 degrees (see figure 20). Since both storms were transposed
to different locations, consideration was given to adjustments in
rainfall based on geographical relocatIon, seasonal variation, and
maximization effects. The adjustments adopted were 90 percent and
109 percent for SW 2—20 and SW 2—21, respectively (see table 20).
These locations and adjustments to rainfall amounts resulted in
critical coincidence of the two storms.

27. DETERMINATION OF STORM RUNOFF

a. Each isohyetal pattern, including the rainfall gaging
stations with its associated Thiessen polygons, was overlayed and
reconstructed at its assigned position in the basin. Figures 21
through 2~4 show the reconstructed isohyetal pattern in the upper
and lower portions of the basin for the transposed storms. The
procedure used to compute rainfall—excess is illustrated for a small
subbasin in table 21 and desaribed below. Rainfall stations were
grouped under the subbasin in which a portion of its Thiessen poly-
gons fell and were tabulated in columns 2 (drainage basin) and 3
(precipitation station). Each area (A~~ Col. 1k), represented by a
rainfall gaging station was computed by planimetering that portion
of the station Thiessen polygon within the subbasin. Station rain—
falls (

~ sta
) were tabulated in column 5. The area average rain—

falls (
~av’ 

Col. 6) were obtained by dividing the area (Ar) into
parts bounded by isohyets, and planimetering and weighting these
parts to obtain the average.

b. Using the values of 
~~ ~sta’ 

and the values for

~
‘av + 

~sta 
and conversion factor Fc (A~ x ~av 

+ Psta) were computed.
Fc was then multiplied by the appropriate transposition factor for
the selected storm [i.e., for the transposed storm SW 2—20, F~ wasmultiplied by 0.90 to obtain the SPS (Fc) value ; likewise, the
applicable to SW 2—21 was multiplied by 1.09 to obtain SF3 (Fe ) ] .
These values of + 

~sta 
and SPS (Fe) were entered into columns

7 and 8, respectively.

c. The weighted depth—area arloun t (volume of rainfall) for
each 6—hour rainfall period was computed for all rainfall gaging
station areas. Data from mass rainfall curves for each storm and
the conversion factors (Fe) previously computed and entered in
column 8 were used in this computation. The volumes of rainfall
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STORM STUDIES-ISOHYETAL MAP
Storm Period 444 hours

From 1a.m. 6 May 4943 to 1a.m. 12 May 4943
Storm SW 2-20
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STOR M STUDIES-ISOHY ETA L MAP
Storm Period 192 hours

From ll p.m. I2May 4943 to Ilp.m. 20 May 1943
Storm SW 2-21
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TABLE 20

LOWER RED RIVER BASIN STAN DARD PROJECT STORM SERIES

Hypo-. Effective Storm Dates and Assignment No.
Flood SW 2—20 SW 2—21
Date 6—12 May 19143 15—20 May 19143

6t 4ay 6 May
7 7
8 8
9 9
10 10
11 11
12
13 15 May
114 16
15 17
16 18
17 19

Transpose to: Transposed 100 miles Transposed 310 miles SSE
south and rotated 7 and rotated 35 degree
degree clockwise, clockwise (Lowell, Kan.
(Warner, Okla. Center Center to Minden, La.)
to Ft. Towson , Okla.)

Adjustments:

A. Geographical
relocation 105% 109%

B. Seasonal 100% 100%

C. Maximization 1141% 128%

Total Adjustments

A x B  105% 109%

A x B x C (Maximum) 1148% 139%

Adjustments adopted
representing standard

• project rainfall
series 90% 109%

• 111—102
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were recorded in column s 9 through 32 and each column was summed
to show the total rainfall over the subbasin for that particular
time period. The dates and times of occurrence are shown in the
heading above the rainfall amounts.

d. The infiltration values (Fav) derived from a hydrologic
analysis of Red River were entered into column 7 of part II. The
initial loss values shown in the table were determined from the
backup data for the Interim Report with consideration given to the
season of the year and the antecedent moisture conditions . These
values were recorded in column 5,  part II of the form.

• e. Rainfall—excess (runoff) values were then computed for
all the subbasins involved, generally as illustrated in table 21
and on plate 4 of the Corps of Engineers EM lllO~2—l405. The
results were converted to inches of runoff for each 6—hour period
over each subbasin .

f. The rainfall—excess values for each subbasin , determined
as outlined above, were used along with the unit hydrographs to
compute hypothetical flood hydrograph for each subbasin. The unit
hydrographs used are presented in tables 12 and 13.

g. Antecedent flow. For the drainage area above Fulton , a
reasonable estimate of the antecedent conditions indicated that all
reservoirs above Fulton should be at 10 percent capacity including
Millwood but excepting other Little River reservoirs which should be
at 35 percent capacity. With reservoirs in operation at this level,
the resulting flow produced at Fulton is 50,000 c.f.s. which corre—-

• sponds to a flow of 70,000 c.f.s. with no reservoirs in operation .
For the area below Fulton , consideration was given to the flow
conditions at key locations on the lower Red River for the years of
record (1932 to the present), and also to the flow at Fulton result-
ing from the runoff from upper Red River. The flow on 10 May 1944
was found to provide a satisfactory antecedent condition that would
produce the desired unregulated condition at all key stations below
Fulton and an appropriate relation to the antecedent conditions
adopted above Fulton . The average flow for the 90—day period preced—
ing May 1944 was approximatdy 25 percent above the average flow for
the years of record (see par 3—02 d (1), page 16, Civil Works Bulletin
52—8 for antecedent flow criteria). The 10 May 1944 flow was assumed
to have occurred on 8 May 1943 to conform to the SPS series . The two
pertinent reservoirs below Fulton (Texarkan a and Ferrells Bridge)
were found , by routing of the antecedent flows, to be slightly above
the bottom of their respective flood control pools which corresponds
to an elevation that is slightly higher than normal for this time of
year . The unregulated flows at Shreveport and Alexandria resulting
~- -~m this antecedent condition were 101,900 c.f.s. and 136,800
c.f.s., respectively. Figures 25, 26, and 27 show the antecedent
f i- ~w , flood flow, and total flow for three subbasins to indicate the
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significance of the antecedent flow. Figures 28 through 33 indicate
the antecedent conditions for key stations on Red River by x~ctingthe discharge plotted for 8 ~-1ay 1943.

28. ROUTING PROCEDURES

The variations of average channel widths and flood plains on
the main stem of the Red River between Denison Dam and Fulton result
in a variable storage discharge relationship with corresponding
variation in t t~~ H flood wave travel time . Therefore, this reach of
the river was divided into eight routing reaches with travel time
varying from 6 to 24 hours , and “X” values of 0 and .1. The routing
of flows was accomplished by the flood routing method developed by
Steinberg .

The outflows from the Boswell , Hugo , Pat Mayse, Big Pine , and
Millwood damsites were routed to the mouth of the respective tributary
by either the coefficient (Muskingum) or the progressive average—lag
routing methods . The main stem of the Little River above Millwood
damsite was divided into seven flood routing reaches , and the routing
was accomp lished by the flood routing method developed by Steinberg.
The coefficient (Muskingum) flood routing method was used on the trib-
utary streams of the Little River. The development of these flood
routing methods is discussed in the Corps of Engineers EM 1110—2—
1408, “Routing of Floods through River Channels.”

The coefficient (Muskingum ) method of routing described in
paragraphs 22 .e . and 22 .g .  was used in routing the SPS series below
Fulton . Figure 34 is a schema of the Red River from Fulton to
Alexandria showing each subbasin inflow point on the river in the
appropriate reach between gaging stat ions and the corresponding rout-
ing coefficients for each reach .

29. HYDROGRAPHS AT KEY STATIONS, UNREGULATED AND REGULATED

Hydrographs of the SPS series for 100 and 75 percent rainfall—
excess amounts are shown on figures 28 through 33 for the key stations
(Fulton , Shreveport, and Alexan dr ia) .  These hydrographs are shown for
conditions both with and without authorized reservoirs .

30. ADEQUACY OF LEVEE GRADES

Table 22 shows stages of the presently approved interim and ul-
• timate flow lines and corresponding discharge capacities under these

flow lines for present channel conditions . Stages and uischarges ~‘ur
the levee design flood flow line for the realigned channel conditions

S. arid stages corresponding to the SPF regulated discharge under both
present and realigned channel conditions are shown . :he frequenci &is

5- 5 slioWfl correspond to the discharges under regulated conditions (all
authorized reservoirs in place). The relation of the discharges to

111-ilL
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Recurrence
iltat i on SPF peak flow Exceedence frequency interval

(1 ,000 c . f • s . )  ( events per 100 years ) (years )

100% UNR E GULATED FLOW

Fulton 397.0 0.90 111
Shreveport 14 9 3 . 5  0.70 1143
Alexandria 1468.2 0.60 167

75% UNREGULATED FLOW

Fulton 291.0 385 26
Shreveport 381.2 2 .22 145
Alexandria 366.6 2 .00 50

1UU ~ REGULATED FLOW

Fulton 218.0 0.72* 137*
4 - i o r ’ e v c uo rt  227 .2  0.70* 1143*

J’(5.l 0.78* 128*

75 2 REGu LATED FLOW

• Fu lt .ci 173.0 1.141* 71*
IF 1. 1~~i.2 1.145* 69*

- ~~~. x e  ~r ia  211. 1.56* 13 (4 *

* L ay e h ;  from the rti ’.~u 1ateI  curves -
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32. RELATIONSHIP OF SPF TO LEVEE DESIGN FLOOD

Comparison of the SPF and the levee design flood (LDF , 100—
year recurrence flood) shows that the SPF exceeds the LDF at all
key locations . Shown below are the percentages of the SPS rainfall
excess which , when routed under regulated condltions , would produce
t}:e levee design flows at the key locations.

Percentage of SPS
Sta tt ~r it  Levee design flow rainfall excess

(1,000 c.f,s.)

Fulton 195 87
Shreveport 205 88
Alexandria 255 89

These percentages were determined by establishing a relation between
the LDF peak discharge and the SPF and 75 percent SPF peak discharges
by interpolating the LDF between the 100 percent and 75 percent SPF
peak discharges. The procedure was accomplished graphically as d emon-
strated on the discharge—frequency curves , figures 13, 114, and 15.
For example , at Fulton , the LDF regulated peak flow of 195,000 c.t.s.
was located on a straight line connecting the regulated SPF peak
discharges of 100 percent and 75 percent (218,000 and 173, 000 c . f . s . ,
respect ively) .  This location established the exceedence frequency
and magnitude corresponding to the LDF under -..u~~egu.1ated conditions.
The relation between the rainfall excesses for the unregulated LDS
and SPS is given below :

l — X  = 1 — 0 . 7 5
397 ,000 — 3140 ,000 397, 000 — 291,000

x = 0.87

33. WIUTINGS IN RESERVOIRS BELOW FULTON , AR KANSAS

In routing the SPF through Texarkana and Ferrells Bridge Reser—
voirs the condit ions which existed on 10 May 191414 were assumed to be
the actual conditions which existed on 8 May 19 143. On this basis ,
the starting pool elevations for Texarkana and Ferrells Bridge Reser-
voirs were assumed at 226.0 and 228.8 feet m .s.l,, respectively .
These two elevations are slightly higher than would normally be
expected for this time of year but considering the high antecedent
rainfall condition , they are reasonable. The starting storages for
Texarkana and Ferrells Bridge Reservoirs were 299,000 acre—feet and
260,000 acre—feet , respectively . The peak storages for the SPF were
i,886 ,1400 acre—feet in Texarkana Reservoir and 730,500 acre—feet in
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Ft’i’i’ells Bridge Reservoir which correspond to elevat ions of 252.5
- e i i  l2 oL- .5  feet m .s.l., respectively . Texarkana and Ferrells Bridge
can store 3,1482,000 acre—feet and 1,113,000 acre—feet , respectively ,
witb corresponding elevations of 265.8 and 256.0 feet , before uncon—
trelled overflow occurs . The SPS rainfall excess in these two sub—
bas ins could be 221 percent and 197 percent larger , respectively ,
~ i ’ ti. ~ut inducing uncontrolled overflow .
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CHAPTER VIII  - MANAGEMENT CONSIDERATIONS

The potential for development of ground—water supplies in t i e -
lower Red River Basin is of vast scope. The fresh—water aquifers
that underlie the basin are capable of y ielding many times the
quantities of ground water presently (1966) being utilized . (The
1960 withdrawal rate was approximately 70 m.g.d.) Because of its
widespread availability , ground water has special significance in
the consideration of the future water needs of the basin.

The abundance of ground water does not preclude problems con-
cerning its development and management. Large withdrawals from the
artesian aquifers , particularly in the vicin ity of Sherman and
Bonharn , Texas , have depressed water levels to the extent that pumps
must be repeatedly lowered. As water levels decline , the economi c
penalty attached to greater pumping lifts will tend to limit the
full development of the aquifer. In order to minimize additional
declines in water levels, future wells should be spaced as far
apart as economically possible . Other solutions might include arti-
ficial recharge of the artesian aquifers , either by reservoirs on
the outcrop areas or by direct injection of excess surface water to
the aquifer , and development of surface—water supplies to supplement
the withdrawals from ground—water reservoirs.

The hydrologic effects on the alluvial deposits in the Red
River Valley that will result from construction of proposed naviga—
tion structures should be studied in detail in order to evaluate the
beneficial and adverse effects of changes in ground—water levels .
If str~axn levels are maintained at higher than normal stages , the
aquifer will discharge at a higher level and the amount of water in
storage will increase. Thus, greater ground water yields will be
possible at lower costs. However , studies conducted by the U. S.
Geological Survey indicate that the increased heads in the river ,
created by locks and dams , may also cause waterlogging in some places .

Salt water encroachment , although a minor problem at the present
time , may become more significant in the future , as ground wa ter is
uti l ized in greater quant i t ies .  At present , only relatively small
areas in the v ic in i ty  of Sherman , Texas , in the lower Li t t le  River
Basin , and in Natchitoches Parish , Louisiana , have been contaminated
by upward seepage of salt water from saline water—bearing formations.
Local large—scale development of ground water elsewhere in the basin
may cause a si gnif icant  reduct ion of head in the fresh water aquifers ,
and result in the contamination of additional areas by salt water.
Wherever a substantially increased demand for water is anticipated ,
continuous measurements of water levels and water quality are needed
to evaluate the effect  of ground water development on ava ilable
supply .

111—132
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Grounu water should not be cons i dered as a s urc€ - of supply in
the - :uachj t ~1 l-tiuntains , unless the quantity neec’:- c is small. Tribu—
ta r , ’ st re ams  in the Ouachi ta  Mounta ins  are t h e  best po ten t ial
scurce of water for municipal growth and economi c development. Wit t0
tIic (u-ite storage facilities , surface water is t he mos t rel iable ,
-eci in many p laces , the oniy source of supp ly w~iere wat e r  demands
‘tt :—roa cli 50,000 .t.d .

Proper management of the water resources must be based cti
knowledge concerning the distribution and pot ent ia l for development
cf th is  resource , as well as knowledge of the  f u n c t i o n i n g  of the
ri~zdrologic  system. Studies conducted in the past have added great —
l~,

- to the kIt wiedge of the water resources in parts of the bas in .
i i -~wev er , addi t ional  areal invest igat ions  and specific site studies
will be necessary to determine the exact potential  of the bas in ’s
aquifers. Because of the heterogeneous nature of these aquifers ,
fu ture developmen ts should be pr eceded by deta iled hydrologic in—
vestigations . A systematic data—collection plan would provide a
base of information from which a realistic water—resources—
management program could be made in the future.
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~eurui-u:t cupri icc 0 4~~t ’ - c . w- it-~r- ttrC iv’aiLaLc e throughout mast
of the i - -w c r ’  Red Hiv e’ i-as it : . h~ greatest eot-cetial for ground-
water development is ~~h t Ie’~~ - 1 cc ~etl let ocits 5c:i ci. in~~e rl i e  tee
flood p lain of t i c  i -Ct Ri-; - . -- ~~~~~~~ it-iL l e d  ietc tnc  alluvial de-
p o s i t ;  y ie ld  as mu ch  as 500 ;.t.m. it . ~~-x as -ins o’,lah nma , as much
as 1,0Cc g.p.m . in Ari~aes-ce , e tc  ic as ~~~~~~ U g .p . m .  in 

-
Lo UiS iaua.  The t:tic-:uess cf t i o e  i~i~~~~~;. ~~ :. r~ uc--c fr-cr. a b o u t  60
feet in Graysoro Cceut~,

- , Tex ic , t - ic i~ 100 1’- -t ucar Alexandria ,
Loui si - -irta.

su~elies ot
’ ~r’cc: I dater are avaiiabj±- from formations

of Cretaceocs and lertictr r age , w ich underlie a major part of the
lower Red River 1°-asin . Sells drIlled ir to tflese formations range
frum 100 to 800 feet in depth , but are more than 1,200 feet  deep
in Red (liver , Lamar , iurt t , Delta , Fannin , and Gray son Counties ,
Texas , and in the vicinity of Hope , Arkansas . The yields of wells
that tap  a-iuifers of Cretaceous or Tertiary age range from 300 to
500 g.p.a. However , wells that tap the Sparta Sand in Columbia and
l af ay e t t e  it- c int ies , Ar kans-s , and in eastern bossier , Webster , Clai—
bc-rue , b (--c vi ll e , Natchitoches , and (inn Par ishes , Louisiana , yield as
ni ght ~ S 1,5CC g.p .m. In small areas scattered throughout the basin ,
and particul- i:’ly in tee upper Muddy Bog~~’, Kiamichi , and Little River
Basins , tO t-c seems to be little potential fur extensive grouri-t—wat er
develc met t

Or-cu:. r c,” t tcr  free nearly all the princ l pel fresu—water aq’cif-- -r:
is of good - - ti ality , and generally is suitable tar mun icital or iu—
dustriat ice witn little or no treatment. The chief characteristics
of the water , partl ’ularly that from the Re-i River alluvium , are its
high irc:, content - in-I high degree of hardness. -liter from cite
forma Lons of Tertiary age generally is unsuitable for continuous
irrigation uc~~.

Tu e r i - ,’ers of the study area are good potent ia l  sources  of water
for  m u n i c i -e a l  gr o w t h .  and economic development , but , because of t(ie
W L ( 1’ -i- t r c- tt c t . -s in  the strea,mflow , storage facilities are necessary
to r u v l i-c a leper iable eupp-ly of water. 

5r1-itions in the low—flow characterist ics of the streams in
the  basin may be attributed to the depth to which the streams are

• incise l , tie relation of the water table to the bed of tee stream ,
‘m l  o tie: porosi ty aria permeability of the aquifers in the immediate
ar e ts .  The low—flow m Ucus for streams in the basin  range from 0
• o 0.2 c . b . s .  per ru ru mile. Jtream s having  the  h ighes t  low—flow
inUicec - ire in the I- -dine Bayou and Bayou Dorcheat Basins . These
s t re a m : are incisei in’o the Sparta Sand , whi ch is a prol i f ic source
of gro at I water .
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;, t t ’ - t ’  i n  th e -  t x - l b  it  cry streams gen ’ eU y is ot’ ~ OuO ;C :ci ;a_

c, ,  v - u aix-lap - - i’~~ c-cs of low ,ctr cu:,I ’low , alto is c~~ita: le

c , f l i c 1  a:, a:~~ 1: : ~s t ri ai  ~cos w i th  little treatceut . It.
- up :tr e  ‘ .u ’~ ~ 

t ’ -q ua l i t y  o c c c r -s -cur ’irp ~~~~~~ c’~~wc , a
a: l~ cc c:e ic - blelu or industrial contamination .

Ce-c ( l i v e r  w i t - -i ’ has a hi gh chloride , s u l f a t e , an-I dissolved—

~~IiI~ content , -it -I is moderate to very hard .  It w cu l u  rot b’:
su i tab l e  f o r  m u n i c i t - e l  use or for  most i n d us t r i a l  uses w i tu o u t
t r’CtmttttEin t

ii star’ Oi l x -ec c r lc of rainfall and streaml’l :w indicate tea t
sot-sequent to  1)00, m Uar flooding on Red River occurred in 1908,
i-j i - , 1930 , 1 -1435 , 19145, 1957, and 1958. Since 1900, lesser floods
occurred in 1902 , 1903 , 1905, 1915, 1920 , and 1953. Twa of’ the
greatest fl oOr of record are those of 1938 and 19145, each w i th
different characteristics as to origin and effect. The 1938 flood
resulted primarily from heavy runoff  in the upper po rt ion of the
basin and produced larger peak discharges in the upper basin.
The 19145 flood was characterized by large cont ributions o f runof f
from almost all areas in the basin and produced t u e  h ighes t  peak
discearges in th lower portion of the basin.

The construction of reservoirs , complet ed and ant ic ipa ted , and
the leveed f loodway cf Red River s ign i f i can tly influence flood
characteristics in the basins. Under present channel coricitions
vita authorize l improvements , discharges for the authoriz ed ultimate
levee flow line will bc- about 99 percent of those estitr atee for the
standard project flood in the vicini ty of Fulton , Arkansas . about ~t1c
pelcen t in the vicinity of Shreveport , Louis iana , art-I aoo~ t CT
ih  t i e  v ic ini ty  of Alexandria , Louisiana. Design discharges tar te e

plannea navigation axle t ank stabilization improvements will be aboot
tO) percent of Unose estimated for the standard project flood for the
river between Fulton and Alexandria.

Floods on the tributaries of Red River occur at frequent inter—
v- mIs coinciding generally with Red River floods . Where intense local
storms produce flood conditions on a single t r ibutary , the Red River
as a whole is not materially affected.
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Existing projects provide a high degree of protection to
large areas of the Red River Valley . Twelve areas are ex-
periencing flood damages sufficient to justify construction
of improvements in the next 10—15 years . Details of the plans
developed for these areas are contained in appendix XV , “Plan
Formulation . ” It is estimated that , over the 100—year study
period , flood protection improvements for an additional 30
areas will become feasible . These improvements have been
placed in the long—range plan of development . Basin plans
should be reviewed approximately every 15 years to determine
precisely when these improvements should be undertaken . Con-
struction of these improvements , when justified , should reduce
flood damages to the minimum practicable level.
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RED RIVE R BELOW DENI SON DAM
ARKAN SAS , LOUISIANA , OKLAHOMA , AND TEXAS

C0~~’REHENSIVE BASIN STUDY

APPENDIX IV

FLOOD CONTROL AND MAJOR DRAINAGE

CHAPTER I — INTRODUCTION

1. PURPOSE AND SCOPE

This appendix presents the results of an analysis of flood control
and major drainage problems along the Red River and its major tribu-
taries below Denison Dam . Similar problems along the smaller tributar-
ies and in the upstream watersheds are analyzed in appendixes v,
“Upstream Watershed Protection , Use, Management , and Development ;”
and VII , “Drainage and Flood Prevention on Flatlands,” prepared by
the U. S. Department of Agriculture.

This appendix presents data on flood control and major drainage
needs in areas subject to fluvial flooding ; information on prospective
increases in flood damages due to future developments; investigation
of projects to satisfy short—term (10—15 years) needs ; and possible
solutions for long—range (100 years) problems .

2. DESCRIPTION OF BASIN

The Red River Basin below Denison Dam (excluding the Ouachita—
Black River  Basin) covers 29,500 square miles located in southeast
Oklahoma , northeast Texas , southwest Arkansas , and northwest Louisiana.
The watershed boundaries are shown on plate IV—l . Drainage area data
on the Red River and its tributaries below Denison Darn are contained
in table 1. Part of the basin , about 7, 000 square miles , in Arkansas
and Oklahoma is an area of high relief ( elevation 600—2000 feet above
mean sea level*) characterized by narrow steep—sided valleys and
ridges. The remainder of the basin , an area of lower relief with
elevations below 600, is divided between the West Gulf Coastal Plain
and the Mississippi Alluvial Plain geologic provinces. The latter
borders on and slopes toward the Gulf of Mexico . The alluvial valleys
of the Sulphur , Red , and Mississippi Rivers comprise a large portion
of the lower region , and are characterized by meandering stream courses,
natural levees , oxbow lakes, and abandoned stream channels. In the
past , the three rivers have eroded new channels, cut off loops, and
deposited sediments in the overflow areas as they meandered within

S

*All elevations contained in this appendix are in feet and refer to
mean sea level ( m . s . l . )  unless otherwise specified .

IV-l
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TAB LE

PERTINEI ~T DATA ON TIlE RED RIVE R AND ITS T1UIW.~TAPIES
BELO W u i ~ -r~ 1iAM~

Stream Lerv th
Drai n age Are a From Mouth : : R ive r

Jtre ain (sq. ml .) : (miles) : Tributary Of Mi le

- e i  River , lain Stem
be low ~~nis on Dam 29,500 675 — —

Tributaries

Choc taw Creek 2b3 28 Red Rive r 657.7
Islan d hayou 148 31 Bed River 631.5
Olue Rive r 676 150 Red River 618.0
i~oi~ ~‘Arc 416 52 Red Rive r 611.8
Do~gy Creek 2,429 25 Red Rive r 591.5
Clear Boggy Creek 1,010 88 Soggy Creek 214.4
~-luddy Bogry Creek 1,218 131 Soggy Creek 24.4
North Sog~~’ Creek 231 38 Muddy Soggy Creek 55.6
f-IcGee Creek 175 38 Muddy Boggy Creek 34.6
San de rs Creek - 190 33 Red River 584.5
Pine Creek 192 314 Red Rive r 567.0
Kiaini chi R iver 1, 830 169 Red Rive r 555.0
Jack Fork Creek 280 24 Kiami chi Rive r 103.5
Tenmi le Creek 104 28 Kiami ch l Rive r 67.3
Cedar Creek 172 28 Kia michi Rive r 54 .2
Big Pine Creek 166 27 Red River 534.0
Mud Creek 84 22 Red River 525.0
Pecan Bayou 175 33 Red Ri ver 509.9
Walnut Bayou 134 20 Bed River 454.0
Little River 4,260 217 Red Rive r 407.0
Glove r Creek 338 56 Little River 127.9
Moun tain Fork Rive r 842 95 Little Rive r 87.1
Rolli ng Fork River 354 50 Little River 72.9
Cossatot Rive r 53) 87 Little River 43.5
Saline Rive r 552 85 Little Ri ver 22.8

~cKi nney Bayou 360 414 Re d River 339.3
Nor th Sulphu r Ri ve r 4149 53 Sulphur Rive r 183.0
South ~u1phur River 615 72 Sulphur River 163.0
tiddle Sulphur Rive r 133 25 South Sulphur Rive r 28.4
Sulphur River 3,748 183 Red Rive r 335.0
Cu than d Creek 403 49 Sulphur River 141.3
.lhite Oak Creek 773 90 Sulphur Rive r 107.4
Twelvemi le Bayou 3,522 143 Red River 277.6
Black Cypress Creek 401 48 Twe lvemi le Bayou

Cypress Creek 53.6
Little Cypress Creek 696 64 Twelveat le Bayou

Cypress Creek 51. 1
James Bayou 411 34 Twelvemile Bayou 29.5
Slack Bayou 384 61 Tvelvemile Bayou 22.4
Wallace Bayou 276 39 Bayou Pierre 64 .2
Bayou Pierre 1,138 84 Red River 185.0
Cane River-s ~t-~hie Bayou 764 69 Red Rive r 133.5
Bayou Jean de Jean 92 19 Red River 125.8
Bois d ’Arc Creek 220 29 Red River 391.0
‘-laniec e Bayou 118 26 Red River 346.7
Posten Bayou ii4 20 Re d River  ~~O.2
LoggyRayou 2,649 135 Red River 267.5
BayOu Bodcau , Red Chute ,

and Fla t River  1,149 137 Loggy Bayou 7.8
3ayou Dorcheat 1,173 100 Lake Bistineau 34,9
Saline Bayou 1,405 99 Red River 166.1
Slack Lake Bayou 960 100 Saline Bayou 12.0
Nan tach ie Creek 81 28 Red River  146 . 8
Bayou Ri golette 418 65 Red River 106.0

‘These data extrac ted froTit ‘Drainage Area Data , Ark an sas , White and Re d River basins ”
- — excep t f’~r mileages alon g the Red Rive r ~-le.in Stem whic h are based on 1957 data.
“.
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t h e i r  eud p L L i n n . :ettling of coarser materials - b r ing  floods has
buil natural  leveen , more or less contiguous to t hL- s~ rcans, wh ile
deposits of finer p i r ti c l e s  have formed a relatively impervious
blu:.~ - -t in th~- more listant slack water areas .

;t the present time , au essentially continuous system of
manmade levees existc on b~-th banks of the Red River from Bowie County ,
Texan  ( n o r thwes t  oi Texarkana), to below Alexandria , Louisiana. These
levees , together w i t h  headwater reservoirs on the main stem and
LrIoitary streams , afford a hi gh degree of protection to the very
fertile valley lands . However , uncontrolled runoff in some tr ibutary
areas ; sluggish , tortuous , and inadequa te outlets from certain of
t b i ~ leveed are ;; and the remaining gaps in the main stem levees
con t inue  to cause s ign i f i can t  flood losses.

The climate of the basin is generally mild with long summers .
Average annual precipi tation varies from about 38 inches at the
western ext remi ty  of the bas in to about 56 inches in sections in
the east ,

3. BASIN ECONOMIC DEVELOPMENT

a. Trends. Since the middle 1930’s the economy of the Red
River Basin below Denison Dam has shifted from primarily agricultural
to a more diversif ied structure . An increase in farm mechanization
plus changes in cropp ing practices have resulted in a long—term
decline in agricultural employment . This decline , combined with
the availability of higher paying jobs in the cities , has resulted
in migration to the urban areas . The resulting expansion of urban
areas and the introduction of industry to utilize natural resources
have increased the value of th e physical property subject to flood
damage . The conversion of timbered lands to cultivated fields , made
possible by mechanizat ion , and the increase of impervious areas wi th in
the -irban areas have increased the rate and volume of runoff , con—
comi tautly aggravating the residual flood threat .

b. Projections. Because of the basin ’s unt apped natural
resources and potential  for development compared to other areas
where the population saturat ion and full resource u t i l iza t ion limit
opportuni ty  for expansion , industr ies  seeking new locations will f ind
the basin  increas ingly at tract ive. Since the tributary streams
usuall :- h -ad in rugged , sparsely settled areas , it is log ical for
j:~d~; r en to look to established downstream urban areas . As the

• u rban areas expand , the necessity for proper flood plain ;: anage: :ient
wL. I ~~ mc greater L portauice . The reg ion in  b~~e nto ;i  to
i~it n mi t e r ;t  p e r io ls  of drow- ht . To meet t; ene 1-er inin of neen , it

:o::e imperative to conserve floodflows for one  du r ing  per iods
of n ee i .  surface waters  of the area are gor .crai ly of h ioh  quality .

S
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Substantial  reduction of flood damages on the main stem of the
Red River and on its tributaries has been achieved through the
funct ion of existing projects , and the construction of projects now
authorized will fur ther  reduce the flood threat . This report will
present plans to enhance the protection provided by exist ing and
authorized projects , and to extend protection to new areas . Those
projects  found economically j u s t i f i e d  under current economic conditions
are included in the “ear ly—action , ” or “10—15 year ” plan . Additional
projects or programs considered feasible for the protection of future
indust r ia l  developments , expanding urban areas, and increasingly
intensive agricultural activities , are included in the long—range
plan of development .

c, Land—use patterns. Increased farm mechanization , changes
in the cropp ing practices , and a tr end toward eff iciently operated ,
corporation—size farming units in the basin have spurred the
conversion of timberland to higher uses. The lands in the basin
poten t ia l ly  most productive are those in the highly fertile alluvial
i o tt o m s  along the Red River . An expanding world population will
necessi tate maximum agricultural production from highly fertile
areas such as the Red River Valley . Projects must be developed ,
over the nex t 100 years , to provide protection for all of these
suitable alluvial bottom lands if the lands in the basin are to
make their optimum contribution to the national economy .

b. STUDY BREAKDOWN

Beca use of the differences in flood characteristics and
topography of the individual areas , separate studies were made of
flood problems along the main stem of the Red River and along each
of its main  tributaries. ~conom ic losses are caused by four distinct
types of flooding whic h are identified and defined as follows :

a. Headwater flooding along the main stem : Lands adjacent
to the Red River are flooded due to high stages in the river caused
by excessive rainfall over all or a large portion of the Red River
Basin.

b. Headwater flooding along tributary streams : Lands along
tributary streams are flooded because of excessive rainfall in the
particular tributary basin.

c. Backwater flooding : Where there is an uncontrolled
connection of a tributary stream with the Bed River , high stages in

• the river cause water to “back up ” the tributary stream . Flooding
of this nature is usually limited to the lower reaches of the
tributary basins .

d. Ponding : Water may pond behind levees where drainage
outlets are either inadequate or become inoperative because of’ high
stages on the Red River.

IV—h
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Flooding  ix the oanin an r e sOt  tr  m any of tx .e se conditions
cccorr ing  s ingly or I:. c ::.; : 0 ’ ion.

5. FLOOD liI.iit-i-J OF j oA ::U

itorms whi eb  ; roon: -- ra~ or floods on the main stor: of Red
River below Den i n on  Dan ; are -u sually o f  large areal ex t en t  and cause
flooding on several tributaries. Smaller hi g h — i n t o - x . s i t y  storms can
cause major f looding on individual  t r ibutar ies  wi thout causing
s ign i f i cant overf low on the m ain stem of Red River. Flood occur-
rences on the main stem increase in frequency downstream from
Denison Darn as the river traverses increasingly humin regions .
Detaiieu information on floods of record arid flood discharges and
stages for the main stem of the Red R iver and for all its major
t r ibutar ies  are contained in appendix III, “Hy drology , Surface and
Ground Water , and Geology . ”

6. EXISTING AND AUTHORIZED FLOOD CONTROL PROJECTS

a. Corps of Engineers projects. Corps of Engineers flood
control project s specif ically authorized by th e U.  S . Congress are
shown in tables 2 and 3. The total estimated cost of these projects
is about ~4O3 ,OO0 ,OOO. They are discussed below :

(1) Red River below Denison Dam, Arkansas, Louisiana,
Oklahoma, and Texas. The Flood Control Act of July 214, 19146,
approved a general plan for flood control on Red River  below
Denison Dam which provides for construction of, inter alia , six
flood control reservoirs in combination wi th  e x i st i n g  or authorized
Federal and non—Federal levee improvements , modif ied as required ,
and construction of bank protect ion works at locations where levee
setbacr -s are impossible or uneconomical . The Act fur ther  provi ded
for incorporation into the project of the several separate author-
ized Federal projec ts  for flood control along Red River below
Denisun Darn. By Flood Control Acts of August 3, 1955, July 3, 1958 ,
July 114, 1960, and October 23, 1962, the project  was amended to
include a number of additional reservoirs on tributaries , and other
local protection works . Existing , under construct ion , and author-
ized flood control proj ects , as of June 30, 1967, included under
this  plan are noted with asterisks in tables 2 and 3. The total
estimated cost of the project is about $388,000,000.

(2) The Pat Mayse Reservoir,  Texas, was authorized by the
Flood Control Act c-f October 23, 1962. It will have a total storage
capacity of 189,liU acre—feet , with 614,600 acre—feet  being allocated
to flood cont rol. As of June 30 , 1967, construction was about 90
perc ent complet e with comp letion scheduled during 1968. Estimated
total cost of the project in $7,700,000.

IV-5
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(~~~) The B~~ i i rFo heservoir, Texas, also was authorized
r~y the Pl c-u Control Ao ’. of’ October 23, 1962 . It is to have a
total storage capacity of 138,600 acre—feet , with 514,700 acre—feet
al lo ca ted  t C .— f luoo control . As of June 30, 1961, construction had

L-e~— r . i n i t i a ted . E s t l m at 0d  total  cost of the p rojec t  is
Q~~ ~ C1 7, - ;

( - )  The Lower i~ - d River, Louisiana (South Bank Red River
_ I I V C ’ C S ;, a ItoCture of the Mississippi River and Tributaries project ,
cor~siooo of a levee 59.0 miles long from Hotwells , Louisiana , to
.- .o~i a , Lou i s iana , and L :~~~h protect ion works on the o~~ it1; bank at
ko1)-xandria , Louisiana, and other critical locations . 1:iis work
was au thor ized  by the Flood ( on t r o l  Act of May 15, 1920 . Total
estimated cost is $8,990,000.

b. Other Federal projects. The Soil Conservation Service ,
U. S. Department of Agriculture , had 13 watershed projects author-
ized for construct ion in the basin prior to December 31, 1962. An
additional 13 watershed projects had been approved through March
11)60. These projects , authorized by Public La-c ~66 , as anier.-lou , in-
clude one or more of the following purposes: fiocd ccri~ ro1 , watershed
prot ect ion , drainage , muni cipal and industrial water su pp ly, wa ter
quality , irr igation , and recreation . Pertinent data on the projects
-are given in table 14. In addition , the U. S. Forest Service has
constructed a number of impoundments for recreation .

c. Local levee and bank protection projects. Local interests
have const ructed more than 1400 miles of main stem and backwater
levees along both banks of Red River  between Index , Arkansas , an-I
Lak e Long , Louis iana .  Local political groups , railroads , and other
private interests have constructed protection works wh ere cav ing
banks threatened developed lands and improvements. Such work was
undertaken as early as 1096. Afte r  19114 , local interests  constructed
bank pro tec t ion  works at . 93 locations at and below Index , Arkansas .
Str uctures include board mattresses , pile dikes , retar-Is, rock and
brush dikes , t raining walls and pipe tetrahedrons , and fascine boxes.
The value of these works at current prices is around $200 million .

S. Other improvements. in addit ion to  the leveeIs and bank
pr ot ect i on works along the main stem of Red River , local interests
have constructed numerous improvement works throughout the basin for
flood control , water supp ly ,  recreat ion , and other purposes. Most
of th ese  works are of minor scope and their  benef ic ia l  e f f ec t s
accrue to ar-i-as of rather limited extent .
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TABLE 14

SOIL CONSERVATION SERVICE AUThORIZED WATERSHED PROJE CT O2FOC T~JR AL DATA

Tribu tary : : Surface
Basin and : Drainage : Floodwater Channel : 5 t o r a g e : Area

CR 1 Watershed Area : Retarding : Improyq— : D eten— : Sedi— : : Permanen t
W atershed : Area Controlled Str uctures : rnerxts_1 t iop ment : Other~i. p,...,-,~~3j

(sq.mi .) (sq .mi.) (number) (miles) — — (ac .ft .) — — (acres )

In tervening Areas — Texas
73.1 140.7 15 — 114 ,3214 2 ,863 — 1482

Total 73.1 140.7 15 — l14 ,3~OC 2,863 —

Intervening Areas - Ar kansas and Oklahoma
3—36 146.2 23.6 9 ~.5FP & 8,14714 790 — 191

15.
Total 144~- .2 23.6 9 19.5 8,Le 7 Xo 790 — 091.

Blue River
3—23a 317.3 219.3 714 — 57,929 7,236 — 1,517
Total 317.3 219.3 714 — 57,929 7, 236 — 1, 51. 7

Bog~~’ Creek
3h 1—-. 78.2 51.9 114 — 13,907 1,996 — ill
3h1—5 168.7 117.0 143 — 314,726 3,905 — 891
3hl—6 253.8 178.2 514 — 514,328 5,611 — 1 ,065
3h2—5 36.9 29.7 3 — io ,14141 1,061 3,000W 535
Total 537.6 376.8 11I4 — 113,1402 12 ,573 3,000M 2 ,505

Sul phur River
3k—8 39.1 16.9 12 — 5,2114 662 1,118W 3140
3k—13 149.5 19.0 114 — 6,233 1,119 — 290

Tot-ol 88.6 35.9 26 — 11,14141 1,781 1,118W 630

~~~ 
Bayou

3m2—1. 3. 1 14.5 3 — l,77Q 1,534 71OM 2149

T tal 8.1 14.5 3 — 1,179 l ,tPF l ,~ O5

Bayou Pierre
90.0 1414 .3 22 2 .9FP 114,1406 2,153 - 5147

- -0 90.0 1414.3 22 2.9 114,1406 2 ,153 —

F’ C~ 7 - IC ))
C~~I 1514.5 — 1 2 0 . O I D  — 65 :~ 18. 5731

1 ) i j  5,1752

T : -t - t J. 1514.5 — 1 20.0  — 652 214,3148 1 ,175

Or anPi 00 1 , 3I C .O 7145.] 2614 142.14 221,161 29 .-582 29, 771

~ C A h h r ~~v i a t i , n - ’. FP—Flood Prevention; ~~—~~i1tip 1e—purpose; ID—Irrigation delivery systC)n.
- / 7 - C f - i on ) :  M—Munici pal; FW—FIsh & Wildlife ; I—Irrigation; N—Recrea tion.
surface area at prioicipal spillway elevation.

‘- rne’o t- t L work plan data included.
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7. 0EI~ERAL

As used in thL3 aop-end ix , flood control and major- ~rair, mi;’: ~.eecis
are defined as areas of land which are now ex~ er- l*r.iir~- .r w:,jcl, w ill
experience , by 2080 , econ om ic  losses u -ac to l’ l o o u f n c  anu inaao4~ ate
drainage . Analyses herein of basin needS  are base -i on est ::,atea
condi t ions  assuminC all presen tly authorizea iroprcveuen ’.~ are in
place and operating effectively except the Overton—Rea H~ ver
Waterway , and the inactive Mooringsport and Black llay0 -i Reservoirs .

Major losses result from headwater flooding along thc -  mu ir ,
stem of Red River  and in the  flood plains of the t r iP  ~t a ry str ’s~ ’I o ;
backwater flooding due to high stages on the Red River’; an-a drainage
water impounded by local levee loops or from combinat ion s  of the
above . An additional flood pr-a LClem with serious consequences results
from bank caving along the r iver .  This problem has been treated i n
detail in the “ Inter im Report on ilavi gation and Bank S tab i l i za t ion,
Red River below Denison Dais,” dated Narch 1966, and will not be con-
sidered further in this appendix .

Because of the rural character of the basin , the pr inc ipal flood
damages are agricultural losses due to reduced crop yields or total
destruc tion of crops , and damages to pasture and livestock. Other
losses include damage to roads , bridges , farm improvements , urban
developments , oilf ield structures , railroads , and u t i l i ty  l ines.
The estimated average annual damages over the study period in
upstream watersheds and downstream flood plains , considering future
land convers ions and increased crop yields that will occur without
trie installation of additional flood control projects , amoarlt to
about ~l1.b million . Of the total damages , about 4.1.0 million is in
the adj acent areas studied by the SCS. Additional data relating to
damages in upstream watersheds are included in appendi x 7.

The threat of additional losses has discouraged , to a marked
degree , u t i l i za t ion  of the potentially hi ghly productive alluvial
bottom land in the area. Thus , these lands should be a prime source
of the substantial increases in agricultural product ion necessary to
meet future food demands . Future domestic demands and normal export
trade will ultimately necessitate full utilization of productive
bottom lands in this area.

It should be recognized that not all flood damages are preventa-
ble by structural measures. All too frequently cons truction of flood
control works has served to spur unwise use of flood plains and thus
contrib uted to a grow ing toll. More consideration of the contribution
which can be made by nonstructural measures such as proper regula-
tion of developments in flood prone areas and flood proof ing  is
indicated.  This is not to say that the relat ionship between s t ructural
and nonstructural measures in the reduction of flood damages is an
“ei ther  — or ” one. In fact , the c ontributions of both will  mos t likely
be maximized by intelligently combining the two .

Basic agr icul tura l  needs were developed by the U. 0- . k-1 artment
of Agriculture and are presented in appendix V. Projections of needs
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Alternative solutions responsive to the needs i r ,  c - a o l .  su bb a c i : ,
werc- developed : ‘t o - - i  on the consideration of all practicable
alterz.-7t ives . The e c o nom i c s  of each alternative was e-; . ua~~~I ty
comparing es t imates  of annual costs and annual benefi s. :~stimates
of benefits were based on the annual flood damages prevented a:o
enhancements that would be realized from reduced f loo d hazards and
improve d drainage . Where applicable , appropriate wei~oc -,-;‘ s ~i-cer.
to intangible and secondary benef i t s .  Coverage in thi s app-onilx is
limited to qenero I informa tion concerning individual floo0 crob lems
and possible solutions. Alternatives most responsive to current arid
long—range needs , and the basis for selection of such oiSernativ~ s
are cons idere 1 in detail  in appendix 17, “Plan Formulation . ’

CRAPOIIP III — FLOOD PItORLEMS C4,4L POSSIRLI-,

). .7,CCIJ 11 Th OF RED RIVER

a. The t.otitI unprotected alluvial 1’lou r plain ‘ h - ~- R~- - r R i - - c
cons i s t s  of about l , 1400 , OU O acres.  Wi th  all - . i t f . r z e i  i -- .prc -vec nts
in I I - :-: approximate ly  850 ,000 acres ( 1480 ,000 d ec-r u ic-n :) viii
receive jrote(’t~ or: from Red R iv e r  overflow . If the remaining 550 ,000
acre;:, I -it t or e  l i i ;  I as well as areas landside 01’ exIsting levees ,
300,0(iu acres hay’- been cleared. Flood damages in this remaini :e
ar -a c-re pre-iumiu-u 51y agr icu l tu ral with some losses to st r ict ~~~a1
t ’eat u r ’ea in :C flood p l a in .  Increased demand for food ~ rod uction
a lone  w i t h  t h e  ~ r - i 1 - n ~i r e dr e m e n t  of marginal ly  proJ ;c t i v e  J ai,ds
will ,~ ~-~ss i  ate r - : t e c ti r e - dl of the highly f e r t i l e  ic-i - i s  ‘110110
‘re- O’ t i :  st t .-m . i:y 0080, an estim ated 130 ,000 acres of e x i s t i np  woodland
wi - -v  d c-i re r , -.- 7kirc-~ a t o t a l  of 1430 ,000 acres which will require
‘i-~- 1 i i j  na~ fLoo-ii : 1 ’ - tee-tion .

A e - r n - r a I  lowering of the flow line in the r iver  c al Ci
t r vi  i- the :‘ - - c-il r - I ;,rot octior,. Investigations were made to determ ine
the t’- - i~ ibi1.it7’ of’ lowering the flow line. The only practicable ~;- eans
of a - ishir ~g siei -iificant lowerings would be by the oor,s’.ruc ’ ion

-t ’ 1 - tr- ’ 1 - 1 ’ - : ; ’ 1 n rese -v - irs on tributary streams or the nc-in em.
U-7 (’h i.;p’ -;’-ro -r ’ 0 cere F~ -ir 1 to lack economic justific’ttion at thiS
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TABLE 5

FLOOD CONTROL AI4D MMOE DRA INAGE NEEDS
IN ~X)WNSTREAM FLOO D PLAINS

Present Estimated Additional Total Needs
Tributary Basin : Needs (acres ) : Nee ds by 2080 (acres ) : by 2080 (acres ),

Red River (Main Stem),
Ark-La—Ok ia-Tex 300 ,000 130 ,000 1430 ,000

Blue River , Ok ia. 11,800 14 , 800 16 ,600
Boggy Cr eek , Okia. 7, 100 14 ,700 11,800
K’iamichi River , Okl a. 1,600 1,000 2 ,600
L i t t l e  R iver , Ark—Okia. 5, 600 10 ,000 15 ,600
Island Bayou , Okia. 5, 800 2 ,100 7,900
Brown Creek , Okl a. 2 ,200 1,500 3 ,700
Cho ctaw Creek , Tex . 7, 100 800 7,900
Bois d’p.~’c Creek, Tex. 9,800 6,300 16,100
Colliers Creek , Tex. 250 250 500
Pecan Bayou , Tex. 2,300 1,500 3,800
Mill and N. Mill Creeks 3,200 2,100 5,300
Mud Creek , Tex. 1,200 800 2,000
Red Bayou , Tex. 800 500 1,300
Barkman Creek, Tex. 2,800 1,000 3 ,800
Hempstead Levee Dist .  No. 1, Ark. 1,000 300 1,300
Bois d’Ar c Creek , Ark. 1,000 2 ,000 3 ,000
Manlece Bayou , Ark. 5,500 — 5,500
Mckinney Bayou , Tex—Ark. 142,000 17,000 59,000
Sulphur River Basin , Tex—Ark.

a. Streams above Lake
Texarkan a , Tax. 140,000 25,000 65,000

b. Days Creek (Texarkana),
Tex—Ark . 2,200 700 2 ,90 0

Posten Bayou , Ar k—La . 12,500 2,700 15, 200
Cypress Creek Basin, Tex-Ark—La .

a. Kelly—Black Bayous ,
Tex—Ark —La. 8,6OC~ 900 9,500

b . F razier Creek , Tex . 1,50C 1,000 2,500
c .  Black Cypress Creek , Tex. 1400 600 1,000
d. Cypress (Big) Creek , Tex. 14,000 3,200 7,200
e. Little Cypress Creek , Tex. 6,500 8,000 114 ,500
1. Twelvemile Bayou , La. 3,600 3,500 7,100
g. Middl e Bayou and McCain

Creek , La. 1,500 1,500 3,000

Log~~r Bayou Basin , Ark—La.
a. Bayou Bodcau , Ark—La. 8,000 5,000 13 ,000
b. Bayou Dorcheat , Ark—La. 114,200 2,500 16,700

Bayou Nicholas , La. — 200 200
Campti—Clarence Area , La. 1,000 2,000 3,000
Cane River —K isatchie Bayou , La. 18,000 8,500 26,500
Bayou Rap ides , La. 10 ,000 6,000 16 ,000
Bayous Du Orappe— Pigolette , La. 16,000 9, 000 25,000

‘ Total (acres ) 559,050 266,950 826,000
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time . Bank stabilization works are a practical means to bring part
of the threa tened lands in the flood plain back into agricultural
production . Furthermore , th ese works would eliminat e futur e levee
setbacks which  remove some of’ the best lands from production .

c. Investigations were extended to determine the feasibility
of lowering the flood line at some t ime in  the future. Tributary
reservoir storage proved to be the most practicable solution to the
long—term flood problems . It was concluded that such works , at an
estimated cost of about $200 million , would be economically just i f ied
for  cons t ruc t ion  during the period 20 10—2030 . The cons t ruc t ion
should be spread about evenly over the 20-year period . This program
would eliminate essentially all flood problems along the main stem
and , in addit ion , would sig n i f i c antly reduce damages along many of
the tributary streams .

d. Since a general lowering of the flow line is impracticable
at the present time , preliminary investigations were made for local
protection projects at various locations along the main stem. Three
areas along the main stem were foun d to suf fe r  backwater f looding
of suIf ic ien t  magnitude to warrant detailed investigation of local
protection projects. The results of these investigations are given
below .

( 1) Bayou Pierre, Louisiana. Averag e annual damages from
backwater flooding along Bayou Pierre are $314 ,800 , of which $29 ,200
are crop damages and $5,600 are losses to structural improvements.
Ring levees ar ound the area wi th  drainage structures to evacuate
local runoff  were found to be the most suitable flood control solution .
The annual cost of the p lan is est imated to be about $190 ,000 . The
plan would provide annual benefits of about $31,000 and is , therefore ,
not economically j usti f ied  for inclus ion in the early—action plan of
development . However , it is likely that the future demand for
agricultural  products  wil l  support development in th is  area by about
2015. The improvements should , therefore , be included in the long—
range plan . By about 2055, further incremental  development wi ll
probably justify the installation of pumping facilities for removing
ponded runoff.

(2) Bayou Jean de Jean, Louisiana. A plan was developed
that would prevent 86 percent ($6,000) of the existing flood damages
as well as provide about $10 ,000 of increased lan d uti l i za t ion
bene f i t s .  The major  elements of the plan are loop levees and
pumping facilities . Tue annual cost of the i m p r o v e m e n t s  was estimated
to be more than twice the annual benefits ; hence , these fea tures were
not included in the proposed basin plan.

— (3) Black Lake—Saline Rayous, Louisiana . ~-~a,~-:r f~-a ’ures
of the most suitable plan inc lude  i V - C 0 .  ar~i -ira in a~ e s r r  ~ - tar’s.
Annual flood damages wo- ii-i be rei-x- e- i i ’r’oc St e ex i st i ng  ~ ,000 ‘.c
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about ~l ,000. Increased land u t i l i z a t i on  benef i t s  of $14 ,000 would also
accrue from the proposed plan . These benef i t s  are not s u f f i c i e n t  to
j u s t i f y  es t imated  annual costs of $21 ,000 . Future development in th i s
area sufficient to warrant implementation of the plan is considered
unlikely .

( 1 4 )  East Point,  Louisiana. Approximately 2 ,000 acres of
f e r t i l e , alluvial bottom land , mostly in woods , is presently subject
to overflow by ponding of intercepted runoff  during recurring high
stages on Red River . Anticipated woodland conversions plus intensified
agricultural cultivation by year 2020 will probably support the
installation of pumping facilities at a cost of about $1,000,000.

10. TRIBUTARIES

a. Choctaw Creek, Texas. This stream drains 263 square miles
and flows into the Red River about 16 miles below Denison Dam . An
estimated 7, 100 cleared acres are currently subject to flooding .
Little additional development is expected in this basin. The 2080
flood control requirement is estimated to be about 7,900 acres- .

A multiple—purpose reservoir and a channel improvement
project were considered as means of reducing flooding on the 7,100
acres of land presently needing additional flood protection . Neither
project was found to be economically justified. An SCS plan consist-
ing of upstream reservoirs combined with channel improvement produced
tne greatest benefi ts  and is included in the early—action program.

b. Brown Creek, Oklahoma, Brown Creek, which overflows its
banks an average of twice a year , drains only about 20 square miles
and flows directly into the Red River. An estimated 2 ,200 acres are
subject to frequent flooding and require additional protection . The
future  flood control requirement is estimated to be 3,700 acres.

A channel improvement proj ect for Brown Creek was authorized
in 1955, but the authorization expired in 1962 due to lack of local
cooperation . This project consisted of diverting Brown Creek from
mile 6. 14 to the Red River and improving an exis t ing drainage di tch .
In the current  study , a plan for improving the channel generally along
the exis t ing stream alignment was invest igated.  First cost of this
plan would be $1,060 ,000 and the B/ C ra t io  is 1.14. Because of
continued lack of local support , however , the Brown Creek channel
improvement project  has been placed in the long—range plan of development .

c. Island Bayou, Oklahoma. Under existing conditions , 5,800
acres of cleared land in the lower reaches are subject to headwater
overflow . Expanded agricultural activity in the basin will increase
th is  need to about 7,900 acres by 2080 . Channel improvement along
Island Bayou and the provision of flood control storage in a multiple—
purpose reservoir were determined to be the only feasible means of
provid ing  flood protec t ion . I t  was found that , wi th  the  latter
approach , - i much high er degree of protection could be achieved.
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The fl ‘otitr ,~-l -storage would be i r , c l o du d  in the pr~ posuo
Alb any e ; - - r y o i r , a :- . i l t i p le—purpose project  w i t h  a f i r s t  cost of’
~ l 1 , - L  ,b c -ri - I arin~ ’tl charges of -~l14-B f ,300. This p ro jec t  w u l i
yiel b en-fits of -~~‘ 

- -~ ,(Ofl , of which  -H 5,700 are for flood co n tr - :i .
U-’ i a 1 - ~ i : -rnuiati -e. of’ the plan for this reservoir is shown in

- -  - . , :; , “u Ian :- a: ’ ::, ilation .

I b u e  River , r :lahurio . The Blue Riv er wa tershe d is t~~c’t t~~i

in o ;tnt iaster’ri Oklahoma and is approximately 80 miles long with a
-w idth f’ - iL-o ut 114 miles near Durant, Oklahoma . blue Riv~’r

r i se -s in he I’~rbuck1e Mounta ins  region in Pontotoc County , Oklahom a ,
-oni t ’ ~~~~;;; in; a s- ut r e -n .:terly d i r ec t ion  to enter the  Red R ive r  about

river miles bel -w I enison I - am .  The river is cortpara ively narrow ,
:‘lood p lait .  in the lower Blue River  Basin con t a in s  approxi-

mately !O ,000 acren , about 11,800 acres of which  are in cw~t i v a t ion .
Roads , h ighway s , and railroads are the major improvements subject to
i nunda t ion  in the f lood p l a in .  No levee systems exist , and flood
damage is usually small since the duration of overflow is short . The
est imated 2080 flood control needs are 16,600 acres , includ iri~ the
pI’e-sen ’ need of 11,800 acres .

1”loods on the Blue River contr ibute  to floodir .r along the
Red River  from the mouth of Blue River to Fulton , Arkansas . The
flood of record occurred in February 1938.

The SCS has an authorized plan of development for the
upper blue River ;  therefore , the Corps of Engineers s tudies were
oriented toward the lower Blue River Basin.  Channel improvement was
considered , L i ’  preliminary cost studies indicated that reservoir
storage would be more economical . In addition , flood conti-ci storage
at Dur~at,t Reservoir will operate to reduce flood flows on t h e  main
s tem o:’ i-ed River .

A combined plan , comprising a multiple—purpose reservoir
on Blue River  w i t h  flood control storage and 13 flood r e tar d i ng
st r ’uc ~ r~us and other  upstream watershed improvements ( s c s) ,  was
dev€-ic ; - - I .  ne cot b i n e c plan , w i t h  a f i r s t  cost of ~CId ,57l ,, -L c-:,i
annual Thargi’s of’ :~~~I , ,1430 would yield bene f i t s  of $l,363,~~° of
wr;jch , : ,~‘0 ,5OO are ~

‘or flood control .  Detailed data on th is  plan
are in luie.l in appen l ix I~J , “ Plan Formulation . ”

e .  Bois d’Arc Creek, Texas. This stream is small and choked
w i t r ~ b rush  and t imber except in its lower reach.  Near the middle of
the basin , t h e  ch an r , - ’l is poorly defined and meanders through a broad ,
flat flood plain. Population in the flood plain is sparse; however ,
crop p-r’ o - t u c t i o n  is hi gh. A number of roads , highway s , and railroads
are s u b j e c t  to flood damage . Extensive flooding a f f e c t s  about 16 ,100
acres ( ~,i0O cleared) in the lower two—thirds of the basin, by 0F30,
addit ional  flood p r o t e c t i o n  will  probably be needed on all ~~- , l00
acres of land p re s en t ly subject  to f looding .
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Channel improvement for flood control was considered in
prel iminary p lann ing , but  was found to lack economic j u s t i f i c a t i on.
A plan comprised of a flood control reservoir on Bois d’Arc Creek
combined with the P7’ channel improvements and system of detention
reservoirs , was determined to be the most practicable solution to
the flood problems It~ th i s  bas in .  The combined plan would have a
total f i r s t  cos t  o f ’  (‘Ll ,909,520 and annual charges of $961 ,200 . The
total annual benefits would be ~l,3~~~,i.L4O , of which $665,230 are for
flood control. Letailed data on this plan are contained in appendix
XV , “Plan Formulation . ”

f. Boggy Creek, Oklahoma. Soggy Creek enters Red River
approximately 83 river miles downstream from Denison Dam . The major
streams t r ibu ta ry  to Soggy Creek are Mudd y Boggy and Clear Boggy
Creeks , both of which  r ise  in the v i c in i ty  of Ada , Oklahoma . The
total watershed is composed of approximately 60 percent gently rolling
hill country and 140 percent steep mountainous country . Practically
all of the mountain  area a n o  60 percent of the hill area is timberland .
The flood plain is sparsely populated wi th  no urban areas. The valleys
of Muddy Boggy and Clear Boggy Creeks have a total of approximately
20 ,000 acres ( 7 , 100 cleared) subject to flooding . Expected development
in the area will increase the flood control needs to about 11,800 acres
of cleared lands by 2080. Preliminary investigations demonstrated that
a mult iple—purpose reservoir wi th  flood control storage on Muddy Boggy
Creek in combin a t ion  w i t h  de tent ion  reservoirs and land treatment
measures is feasible for inclusion in the early—action program. This
plan would have a first cost of $16,366,000, and annual charges of
-~71O ,23O . The total annual benefits would be $1,366 ,800, of which
- 4 1 L ,700 are for flood cont ro l .  Investigations also demonstrated that
a multiple—purpose reservoir on McGee Creek , containing flood control
storage , is also feasible  for inclusion in the early—action program.
This p1-an would have a first cost of $15, 600 ,000 , and annual charges
of -?-~ BI ,uOO . The total bene f i t s  would be $733 ,CoO , of which $107,500
c-re for flood ~ontroi. Details of the plan are given in appendix XV,
“Plan Formulat ion. ’

Below the  author ized i-oowell  Reservoir about 600 acres of
land remain subject to flooding . However , because of the high degree
of protection which Boswell Reservoir will afford , residual annual
damag’-i will be negligible. Therefore , no flood control projects
were considered for Soggy Creek below the authorized reservoir .

Reservoirs  upstream of Boswell Reservoir will be required
to dvve1op the full water supply potential of the stream . However ,

• a - i l i t i o n al  maj or reservoir p ro jec t s , except Parker and McGee Creek
i-eservcirs , would not be jus t i f i ed  unti l  such t ime as flood control
and w a t e r  supply needs increase.  At that time , a study of the
reallocation of storages in Boswell Reservoir would be in order .

Ctudies  to date indicate that stage development of the
Ro ~ gy Creek Basin is feasible . Possible improvements to provide for
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protection from 50—year floodflows and full development of the streams’
yield include :

Estimated
Damsite Stream First Cost

Tupelo Clear Boggy Creek $18,500,000
Chickasaw Chickasaw Creek 3,979,000

g. Kiainichi River, Oklahoma. The upper 70 percent of this
watershed is mountainous and covered with a heavy growth of timber.
The lower 30 percent is rolling hill country , about 23 percent of
which is cleared and cultivated. With the authorized Tuskahoma,
Clayton , and Hugo Reservoirs in place , about 1,600 acres of cleared
land will remain subject to flooding . About 1,000 more acres are
expected to be brought into agricultural production by 2080, making
a total long—term need for flood protection of 2,600 acres.

Three additional multiple—purpose reservoirs in the basin
were considered in the s tudies .  These were the Buck Creek site on
Buck Creek , the Finley site on Cedar Creek , and the Kellond si te on
Tenznile Creek . A tabulation of costs and benefits is shown below .

Buck Creek

— 
Cite Finley Site RelIon i Ci t e

First cost $17 ,200 ,000 $1. ,uOO ,Ouu $°,60o,000
Annual charges 6-C R ,000 5l ,000 356 ,000
Estimated annual benefits 325,000 310,0CC 030,000
Benefit—cost ratio 0.5 0.t 0.7

Although none of the three reservoirs were determined to be econom ical ly
feasible under existing economic conditions , si gnificant resilual
flood problems exist , and it is considered that construction will be
j u s t i f i ed  in the fu ture  on the bas is of projected development.

Possible solutions to fu ture  flood prob ienc  i n c l u d e
reallocation of Hugo Reservoir storage between flood c- ; r ,tro l un-i
conservation storage with no loss of flood control ben e f i s. - i m i l a r
reallocations could be made at the authorized Clayton and C ~skahoma
Reservoirs with slight increases in the authorized Iei cht f the dams .

h. Little River and Tributaries, Arkansas—Oklahoma. FJ -ooIs
occur -on Li t t le  River and t r ibutar ies  throughout the year . On the
t r ibu ta r ies, they occur as f lash floods of from 1 to 3—day duration ;
in the l ower reaches of Lit t le  River , they are of longer durat ion
I-a c to  l im i t e d  cr;annel capacity and sluggishness  of t r e  s t ream.  In
1~ 145 , the  r iver overflowed its banks below Horatio , Arkansas , for
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1 1/2 r-onchs and i;. l~ ’( tnt- r iver  overflowed It s  banks 73 day s
during a period of 3 months .

A system -of’ seven reservoirs is authorized in the Little
River Basin for flood protection on the Little River and on the Red
River below Fulton , Arkansas : Pine Creek on Little River; Lulfata
on Glover Creek ; Broken Bow on ~4ountain Fork River; DeQueen on
Rolling Fork River ; Gillh am on ;O~~S8tOt River ; Dierks on Saline
River ;  and Millwood on L i t t le  River.

Total overflow area along little River is about 250,000
acres , less than 10 percent of which is cleared. There are no large
urban areas in the basin and residual flood damages are small. With
all authorized reservoirs in place , about 5,600 cleared acres will
remain subject  to flooding . By 2080 , it is estimated that a total
of 15,600 acres will have been cleared and will require additional
flood protection .

The following multiple—purpose reservoirs were studied as
possible means for alleviating flood problems on the 5,600 acres :

Estimated.
Estimated Annual Estimated

Reservoir Stream First Cost Charges Annual Benefits B/c Ratio

Caney Mt. Little R. 13,900 ,000 551,000 Less th5n costs Less than 1
Hartley Cossatot B. 114 ,500 ,000 575,000 Less than coBts Less than 1
Horatio Little B . 69,500,000 2,6141,000 Less than coats Less than 1
Mineral

Springs Mine Creek 24,700,000 982,000 Less than costs Less than 1
Mena Mount .Fork R. 7,030 ,000 329 ,000 365 ,000 1.1
Sherwood Mount .Fork R. 1514,1400 ,000 8,8814,900 114,163,100 1.6

Reconnaissance scope studies were sufficient to indicate an obvious
lack of justification for the first four projects listed. Clena
Reservoir was studied in detail , but lacked local support for the
water supply storage which was necessary for overall justification .
Horatio Reservoir  was studied in detail , but is not included in the
plan of improvement because of the lack of public support . Sherwood
Peservoir , which would have storage for flood control and hydropower ,
is included in the early—action plan of development . Results of
detailed studies of th is  reservoir , including costs and benef i t s , are
presented in appendix XV , “Plan Formulation .”

th e Caney Mountain , Hartley , and Mena projects offer excellent
opportunities for future development and are included in the long—
range plan .
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i .  Colliers C r e e k ,  texas. This stream drains an area of about
36 square miles. About 250 acres of cul t iva ted  land are subject  to
flooding at the present time . Anticipated woodland conversion of
another 250 acres will result in a total of 500 acres requiring
flood protection by the year 2080.

A multiple—purpose project , designated the Acworth Reservoir ,
was invest igated as a possible solution to the flood problem in the
area. This reservoir , located at river mile 3.9, would have a f i rs t
cost of $3 ,500 ,000 and an annual charge of $168 ,500. Benef i ts  are
less than the cost at th is  t ime , but the project  is considered feasible
for inclusion in the  long—range plan of development .

j .  Pecan Bayou, Texas. This stream flows in a generally
easterly direction to its confluence with the Red River south uf Idabel ,
Oklahoma. Presently , about 2 ,300 acres of cultivated land in One
watershed are subject to floodin - . An increase in cultivated lan-I of
about 1,500 acres is e:-:pecte-s during the 100—year study perio-o ; ~ience ,
3,000 acres will require fiitional flood protect ion by 2080 .

Studies of means  to relieve flooding on the 2 ,300 acres of
cleared land included a reservoir and a channel improvement project.
The reservoir , designuted Madras , with the dansite at river mile 20.14 ,
would be mul t iple—purpose , have a f i r s t  cost of $12 ,200 ,000 , annual
charges of $149l ,000, on-I a L -m Pit—cost ratio of 1.1. The Texas
Water Development Board has proposed a reservoir in th is  area as part
of the Texas Water Plan . As envisioned by the Boar d , the reservoir ,
with the damsite at river mile 23, would have a conservation capacity
of 369,780 acre—feet and would regulate diversions from Red River  and
flows in the Pecan C-c- cu watershed .  Releases from the Pecan Bayou
Reservoir would flow through the Red—Sulphur divide by means of a
15, 000—foot long gravity flow tunnel , and discharge into a 9 1/2-mile
channel t o  the pi’opooe-o Nup ~ es 0ecervoir.

k.  Mill arid Corth Mill Creeks, Texas. These creeks are downstream
of Pecan Bayou and together drain 914 square miles. About 3, 200 acres
of cleared land along these  streams are presently subject to headwater
flooding. Another 2,100 acres are expected to be cleared by 2080
resulting in a future need for flood protection of 5,300 acres.
Storage reservoirs an-.i channel iml rovern ent plans were con s i f t -r e - i  but
all were found to lack economic justification at this time . ;pprcxi—
mately 1,700 acres of farm land in the Mill Creek  Pc -s in  is sub jec ted
to flood damage. An estimated 2,800 acres total will be in cultivation
by year o080. The Pine Springs Reservoir site at river mile 12.7,

• included in t he  long—range plan of development , would cos t $3 ,100 ,000
and o f f e r s  potential  for fi — od cc~t rol , water supply , and recreation .
The water is 01’ good o excellent quali ty .
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1. Mud Creek, Texas. This channel is small and fa i r ly  well
defined. The lower reaches are choked with brush and timber .
Population density in t h i s  basin is light with no urban areas
involved . About 1,200 acres of cultivated land are subject to
flooding at this  time . Agricultural demands are expected to result
in conversion of about 800 acres of woodland to cul t ivated land over
the 100—year study. period. Howev er , flood relief from measures on
Mud Creek would not be realized due to backwater from the Red River.
No plans for addi tional flood protec tion , therefore , are proposed
for this basin.

m. Red Bayou, Texas. This small stream drains a 31—square
mile area directly into the Red River . Frequent flooding occurs
along the stream because of the limited size of the channel and
relatively flat channel slopes. The 2080 need for additional flood
prot ection is estimated to be 1,300 acres. This amount includes 800
cleared acres presently needing protection plus an anticipated increase
of 500 acres over the study period .

A multiple—purpose reservoir was studied . This project ,
known as the New Zion Reservo ir , would control floods on the lower
reach of Red Bayou and provide water supply for the city of New
Boston . First cost of the reservoir would be $5, 300 ,000 with annual
charges of $233, 000 (g iv ing  a benef i t—cos t  rat io of 1 .0 ) .  This project
was not included in the basin early—action p lan because the water
supply needs of the area could be net from a mor e favorable alternat ive ,
Liberty Hill Reservoir on nearby Mud Creek , and f lood control could
not be j u s t i f i ed  separately .  It is considered that this project will
be needed late in the 100—year study period and it is in cluded in
the long—range plan .

n.  Barkman Creek, Texas. About 14 ,800 acres of bottom lands ,
of which  some 2 ,800 acres are cleared , are subject to headwater
fl ;c-cing along Barkman Creek . The portion of the watershed outside
the fertile alluvial valley comprises hilly uplands drained by short ,
intermittent streams . Aside from headwater inundation , this  area is
also subject to infrequent backwater overflow from the Red River .
C ac:u:t-o caused by flooding are prinari ly agricultural  and consist of
losses to crops , pasture , and livestock . Excessive frequency of
flo -Ji:~~, especially dur ing  periods of moderately high stages on Red
Rive r , has r e s t r i c t e d  land utilization . Comprised of Red River
alluvial nc-ttom land , the- soils are very f e r t i l e  and highly productive .
4codlar.d convers ions  and higher land usage would follow the installation
of flood - -on t r o l  and a t tendant  drainage works . Allowing for areas
n-p . s uit a b l e  for agricultural  product ion , addit ional  flood control
wi l~ Pt - ,ee 0- - i  on the 2 ,800 acres of presently cleared lands plus
an estim - i~ ci 1,000 acres of land which wi l l  be brought in to  product ion
by 2080.



the foil ‘oncervation . -ervice , Cepar ’tne: t of A g r i c~n tur -
has 1ev- loped a ic-n of channel improvement that w Ilt alleviate
the flood p-r :blems ~ri his ontershed. This p 1 -on is pr-one -nt ’ - in

I x  C , “U~ st. ream ‘— - otershed I- retention , Use , Manac-n:o-: .t ,
~evelotr: -:t .

o. Ner:rnste:id hevee District No. 1, Arkansas. The area -
- “ct

t o  overflow encor!pc-~ ses about 2,100 acres of Red Ri’~ee n- to ’- . _ c-n c ,
of which about 1,0U LoSes  are c 1 eared . The - leared lan 1,: in’- :‘ -r

— 
crops arid pasture , lo t. h i::pi’eve i and native . Floodi •i s us- -a
is caused by excessive rainfall ponding when stager of th e  ~~

— -i P1.-er
ar at such heights as to preclude the opening of the ga t e .i irelnage
s t ruc tu res .  An esficiated 30 percent or 300 acres of the ~~~~~~~
woodland wi_ I be co v - or t e i  to either crop or pastur e- i: r y tIre year
2080. Tnerefore , the total future need for floc k - :ontr l v-n d-u be
1,300 acres .

Although there  are cone flood control needs in this u-eu ,
hydraulic  s tudies  indicated that gravity —irainage is tens 1 ~~~ all
but the greatest floods and the installation of pumPs to c--an rite
ponded voter could not be justified.

p. Lois I’ Arc Creek, Arkansas. bottom lands i1:r.~ Bois 1’
Arc Creek comprise a wid e, relatively flat wooded area. The -n~~ 

- .- -

which is of in s u f f i cient size and capac ity ,  is choked by heavy or- n b
and meanders triroughout the valley , high rates of rur,off fr- on.
surrounding hills create serious flood problems over a lam e p rtino .
of this basin several times each year. Approximately l3,Tfl~- a r r -::
(1,000 cleared) below U. S. Ri.ghway 67 are subject to flooding :0- :.
headwater overflow and from backwater during high stages along Pen
River. Because of a lack of improvements in the overflow area and
tb: sc-c-li acreage devoted to agricultural production , the overage
annual losses irre small. These losses include damage to crops anu
pastur - stands , costs of moving cattle, and disruption of local
traffl-:. In - li ti -on to the excessive frequency and duration of
f1oodir~~, -other reasons for the lack of agricultural development in
tb ip~ -~ ’ reich of the basin between U. S. Highway 67 and the Re d
f- A i r  alluvial cotton are low soil fertility and the high cost of
lan d :- -ro icn . In the lower reach , wher e the str eam flows t h r c u 0.
the P-- a b i ve r ’  bottoms (about 3,000 acres total), develon-:- -nt has been
-Ii scor r ’~g -d by the n :veril ty of the flood problem .

Total flood control needs , including the exist inc 1,000
acres of -d ec-st-i rands plus some 2 ,000 acres of additional clearing
- Ln ti- :ip L ’ei within id r-ly period , amount to 3,000 acres. This
c-cr c-ge is -ito-i ’ :--~~-i1~ y livided between the upper and lower reaches.

l~ o plans were le-veloped to reduce the average annual flood
ic-ma~~-: w i  -n  - .rr-- : ly amount to $10 ,000. Channel ic-prey --i. s were
f-nm I to pr-c t- i 1’ u ::. i - r e f  I to f $f7 ,000, includino incr ’-iined lan-f
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ut ilisxi ’ ion benefits of -~23,000. Construction of t’-veen weul I
alleviate about -~5, 000 of the flood damages but w c l i  prov ide- no
increane I land ot ili~ at in - ri. The annual cost el I ire channel improve—
:n~’nt w o r ’~~c is $88,000, wolfe that for the  levee plan is $50 ,O u b .
Corrsfr lo tion: of neit nr:- r p~i a:. is justified at this tim e.

g. Maniece Cc-you , Arkansas. - aniiece Bayou is a le ft. l ank
t rir it - try of the bed River which meanders along the main stun,
flood plain . The upper reaches are protected from Red River floods
by a levee .  A g r i c u l t u r e  is th e predom inan t economic ac t iv i ty  of the
b a s in ;  h o we ver , some c il f ield  ac t i v i t y  exists  near the center of the
area. F lood losses are experienced n~a in ly  on agr icul tural  lands ,
-1: n u t  $5 ,000 :srnuaily, w ith some minor damages to t h e petmo le--am
i :,1is fry c-nd the local r-~ ua nys t ’ :n .

A -nlro::r e-1 r larn-n- :- ent crojent is pres -:t J~, -icr construction
whim is  desi gned to confine a 10—year frequency f lood  within the
bayou b a n u n .  d i t h  tn i s  i:n pr—o ’-rement in p lace , the area remaining
s u b j e c t  to infrequent  headwat -r f looding will encompass 10 ,000 acres ,
of which 5,500 acres are du ’tre-l . The lower portion of the basin ,
about lu ,000 acres , of wh ich  6,ono acres are cleared , is subject to
backwater inundation : front the Red R i v e r .  Needs of th is  lower area
are d iscussed  in the  paragraph on the  Red River I-~air~ i te m.

:Io additional clearmno, is expected in the upstream area
s the future need for flood protection is the same as the present
need , i.e., 5,500 acres. A channel improvement plan was designed to
eliminate damages in the upper area. Since th e presently improved
channel of Maniece Bayou is designed to confine a 10—year frequency
flood , no land enhancement would result from further improvement .
The annual cost of the plan is estimated to be about $30,000. Since
only abc-it $5,000 of benef i t s  wo uld accrue to this improvement , the
plc-i is riot now economically feasible , our is the prognosis for it
su ff i c i ently favorable to warran t placIng it in the long—range plan .

r. Meldinney Bayou, Texas—Arkansas. Come 69,000 acres of Red
f l y e r  bcttonn lands in Texas and Arkansas , 142,000 of which  are cleared ,
are n - o b j e c t  to headwater  overflow along McK inney Bayou and its
t r ibu ta r i e s. The completed part of the Federal flood control project
offers partial protection to an estimated 17,1400 acres of these
cleared lands by means of channel and levee works along the main
stream . R e s i d u a l  flood damages amoun t to $155, 000 annually . Threats
of i n w- i - at i o n  from R d  River  have been eliminated by other Federal
and Ion - il projects.

Maj or losses in the basin are largely agricultural in
na tu re .  Aggressive land clearing programs have been conducted over
the past 10 years in t h i s  v i c in i t y  and th i s  t rend is expected to
c o n t inu e - . Of’ the  69, 000 acres in the problem area , needs for flood 
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d :rr : :-igt - r ’-- i s -n t ion (alter’ making at _ ‘
~~::  - u- - ‘i:. is w i ‘n n the

e x i s t in g  Ci oOSW - oy , neceiis’cry 5 -im p ti’ ,n t o - :  tn ’: r a n-on  - n - 1 l 5 J~~ tab le
for a g r i ’ oi ’  ural purposes ) c-re st  i:- , ’- t e - u ,000 - i -cr ”-: . ‘hese
needs in - Lu - ic  the 0~ , 000 a n -r e :  ~ sen - c ’  t f y ’ i - - .re ’u p .  - - no Cd i n c - t e d
17, 000 r ins es of land for future n-ye - c-er . ’ . .0’: e st ~~mate  is based
or . ‘he  -- :nmc’lusion that m ere- icc- : den -an -I  l ’or food pi-o-wr cti on , as a
r e s ul t  of pop otation in-ore-anne :, c-i l l  r . eme :s i tat e  toe use of all
potent i-iily proc-i: ye ~c’d R ive r  b -ut. fo nt , l ands .

Plans ir :vciving en:o :Lre-o :-e : t of the sole existing outlet , as
well as oon s t r ’ r c t i o n  on ’ new o u t let  mn - om m , e-J s , sos : n-Lu lied. The most
favoraL~~t no - c~ u’:tn n ouou, to be enlargement of :-Ici-:inoey bayou ,
c o n s t r uc t  ion o f  t-s new oUt l et s , and upst ream watershed i:op r nocm:::. ‘s .
The p ro jec t  we- i l l  n - i ’ - - a fir st cost of $0 ,~o 5 -  ,000 . The n r ~r u a± cos ts
and benefits -TO the plan or :— $015,br oi and $S~j3,d00 , respectively .
Details of the ‘inntivnis ::,-ol-: t~ :eter’mirie the  -optic-c-nt. p lan for this
basin are -no : i lned in upye: ri:’: XV , “ Plan Formulat ion . ” The proposed
improve::e:.’ will pro ’ em’ abo ut  30,000 of the 142,000 acres currently
needing i’lood relief. The total future flood control need subsequent
to constr~ -rti -o:~ of the l-r - :posec p i ’i t ,  wi ll consist of the 12 ,000 acres
-of unprotected existing :-v--lop :- e:.’,, plus the estimated increase over
t h e  study period (17 ,000 acres), or a total of about  ?9,000 acres.
F-n-Lur e Inwering of stages on the Red River will pr’cvide p~ rtial relief
so some of this t n - I .  b ,rohe r flood control could  be achieved by
enlarging the existing outlet , conct ru-nning, -additional awdliary outlets
* : the bu-~ River , or by installing pumps . It is ectimatec tnat any of
t lu s - - projects could be done Ocr about $500,000 and should  be started
after significant stag— .- low - rings on the Red Ri-icr l , u v -  been achieved ,
i.e. , about -

s. u 1:: - io -  River ftc -n - in, Texas—Am oa’.ras .

(1) - n ’ i am s abc-c- T’cn- arkaoa R , : r~.~n - lr . A r .  estimated
lIt) ,0-o b acres c f f- n - ’ tori, ) c -n i :  a long  the  i 3 t ~ r n -  biter c-nd i t s
prI: 0i10m t r ir ,taries wil t r- o’-i .0: c- : . lgh i~~’re’o of p-retcction
f r om  t h e  c - i i t r e - t i cc I -0- op ts f-°tie:’i’~ j r c-nd 0-ar~neis , , rcj ect
I roteo- t ion ai~~ng the ;c:~~t .0-~~: r  Ru es vali- y is afforded by local
chaone- i ic-i s v- :- . - ts am -:c - ; ~i ~:rt- i in he , j  ~- ‘s. Resi -iual flood
problem .: aln:,o the ~g p e r  ~‘s 0 -~ .u: c-o .a -~u t n  Sulphur River
0 - I t t -  b - tr -r Jr ” - - -~’., an: CO . ‘, h i S 1  s uxis ’. on aLo~~t 85,000 acres ,
of wn iof . , ‘in s ar’- - - ~r-- d . n-cue , ‘ - tn-e n areas nave a high
f’reque:. -e ot f t O O  : - :g . r - n ~ ir: - : ‘rcm :.~ - to five - ic-es per year , and
-i re ca m p - on - ’ - :  of c e - i t s  c’~~’i L _ ’ - oi a :r -l i- im level p roduc t iv i t y .

Lcs~ e~ to or - ; ,  p u n t u - n - , and livestock constitute
the :-ds 0 t’lo~. :c-r ’-:: n- in le n - - i , llcwed by r e l a t i v e- d y  : : i r : c - r
louses to 1n - :’ti s c - :  n y , - -m s . i i : - t u a e flood C O nt r ~~i ~‘ould
permit  the converci - : .  of the -so- 10-e l: to p-asSure and/or croplands .
Allowing for tic-tc-r n ow- eon art-an ar .d other lands unsuitable for
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agr icul tura l  development by 2080, an estimated 25, 000 acre::, in
addit ion to  tire 1eJ ,000 t o rt - s  p resent ly  cleared , wi l l  s t-d c- i r e  f loo r
damage p ro tec t ion . humci’ou: reservoir plans to r’ ruc e-- - - ‘;‘ rc -i l  bas ir ,
f looding were considered , Lot all proved to be econ om ica l ly i:.0-:c-ni:l’:.
Attempts also were made t o  formulate local protection projects t o

solve the flood con trol problems . Existing channel improvemer.ts or.
the forth and South Sulphur Rivers have caused serious channel erosion.
w h l o f :  has damaged roads , bridges , and cropland. Extensive repair ar~-1
r e - c o r r s t r u - : t i on  work has been required . Consequently , any f u r t h e r
channel enlargements would have to be properly saf eguarded t y erosion
con t ro l  measu res .

Various methods to prevent erosion were studied , all
of whi ch proved to be so expensive as to preclude development of
feasible channel enlargement plans . Loop levees also were considered
but the elongated configuration of the flood plain requires levees of
excessive length in terms of the area inclosed. None of the p1an~
considered by the Corps of Engineers produced annual benefits in
excess of the annual costs involved , although studies made by the
U . S. Department of Agriculture indicate that 18 floodwater retarding
and multiple—purpose structures in the upstream areas are economically
feasible . A system of this type appears to be the most practical
means of prov iding flood control for the areas of the basin above
Lake Texarkana .

~2) Days Creek (Texarkana), Texas—Arkansas. This stream
serve-s as th e  drainage outlet for th e  cities of Texarkan a , Texas , and
Arkansas. Coder present conditions , urb an lands in the lower limits
of one clties of Texarkana, and rural lands downstream from the
cities tn -t oil — a 5,700 acres are subject to periodic flooding and
conse-d -n- -:r.t. Ic-mane. Days Creek serves as the only outlet for storm
runoff. Five tributary creeks , Howard , Wagner , Cowhorn , Swampoodle ,
and Cix c.lieot city runoff and empty into Days Creek . These creeks
are crosse l at more than 50 locations by streets , railroads and var i ous
utilities , many of which provide restricted opening for flood flows .
The proitlu::. has been aggravated by increased runoff produced by the
growth of t he  urban area. City population has increased 73 p e r c e n t
between 1)140 and 19 60 and is expected to double between 1960 and 1990.

Present urban flood damages are in excess of $c5, 00d
annually . A plan has been developed that  will e l im ina t e  these  iar ace:
and provide addit ional  land suitable for indus t r ia l , commercia l , -an d
res ident ia l  use. The plan consists of the en la rgement  of bays Creek
to provide an adequate outlet  for the c i t i e s ’ drainaoe system , :~:
well as e x t e n s i v e  improvement of’ the drainage sys ’ cen i t s e l f .  tn - ri ’ -:-:
show this  plan to be economically j u s t i f i e d .  The iruject ‘s. di have
a f i r s t  cost , including drainage improvements within the oltit , c-f

$5,580,000; annual costs of $t52 ,000; and annual benefits n-f i, 0-),IfOO.
These improvemen ts , in conj unction with proper man ic -g e- c- er rs c - r i  re -~’ : I — t ’ I
of the flood p lain to prevent development in unsu itani’: -ir~~rtn , -s ill
provide for  the orderly f u t u r e  growt h of Texarka: . -i . . n - t -t ’i t i S  of t h e -
p lan :  are c o n t a in e d  in appendltc XV , “ I ic-n }‘urnn.ul a’ Ito .”
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t .  Posten Bayou, Arkansas—Louisiana. Posten Bayou is a left
bar d’, tributary of the Red River and flows for i ts entire length
through the alluvial bottoms of that stream . This area is subject
to headwater flooding as well as backwater flooding from the Red
Rive r .  Problems of inurr da t ion  from Red River overflow in Arkansas
have been eliminated by a system of Federal flood control reservoirs
and a local protection: levee. However , in the lower reaches an area
of some 8 ,000 acres , 5,000 of wh ich are cleared , are subject  to
flooding due to backwater from Red River .  (This acreage is included
in the totals shown for the Red River Main Stem.)

About 16 ,000 acres (12 ,500 cleared) in Arkansas are subject
to headwater flooding . Under present conditions , floodwaters pond above
the ..cuisiana Csate 1in~ Cur p er i cnm s up to 2 weeks . I’,eS s it i n g  damages
of ~b57,t-Uo annually c-i’e primar i ly agricultural, comprise-el of losses to
crops , pastures , axo n- l ivestock , be -sp ite exis t ing problems , considerable
land clearing h a s  b n -~ ri tak ing place uvo-i ’  the past few years . i n s-
lands ly ing w i t h i n  the f e r t i l e  Red River  alluvial bottoms would be
readily conver tible to higher util ization with adequate flood control
arid drainage iu:provec-e :rt s . Headwater flood control protection will
be needed on about 15,250 acres in Arkansas for peak productivity
in this  area by 2080. This would allow for clearing 2,150 acres in
addition to the exist ing 12 ,500 cleared acres.

A combined Corps of Engineers and Soil Conservation Service
plan for these 15, 250 acres will have a f i r s t  cost of $2 ,503,000 and
will produce annual benefits of $388,500 at an annual cost of $l614,000 .
Detailed data on this plan are contained in the in t e r im  report , “Posten
Bayou, Arkansas ,” dated Carch ij6U , prepared by the U. S. Army -oogineer
loi s t r i c t , dew Orleans , an ,J in appendix XV , “Plan Formulation .”

Backwater stages in lower Posten Bayou will decrease when
the flow line of tne Red River is lowered. At that t ime , various
plan s could be developed to provide addi tional protection to the
area. Enlarged outlets , pump ing faci l i t ies, headwater retarding
structures , and a d i v e r s i o n  channel into Louisiana all are considered
as possible future improvements. ~tn expenditure of about $500,000
in about 2030 is consicered adequate to provide  the  required
protect ion .

:ypress Creek Basin. Texas--Arkansas—Louisian a. This
watershed covers if n - r o x i m a t e ly  3,520 square mi es.  Runoff  from
about, 850 squar e miles of the drainage area is controlled by the
Fer re li :  -n i u g e  Darn ( hak e 0’ the Pines )  on Cypress Bayou . Downstream
of ‘ i . ’ ic-rn , b l a nk .~ycre ss  and L i t t l e  Cypress Creeks join Cypress

eel ’or’e i t  eo t ’:rs ‘ac -lu Lake. James bayou , another major
srib~ t ary , drains -I re:’ ty  in to  Caddo Lake . Pischarges from Caddo
Lake are jo ined  b y Slow : from Black Bayou ari d are conveyed via
l’we~ v - - : , i l e  bay~~. ‘ o ‘ he  Red R i v e r  at Shreveport , Louis0- ,na .  Flood
con~ sn-l need : c-I - - : ,I i vi real :- t reano in the  basin are given below .

I t ~
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( 1) Celly—Blac o  bayous, Texas—Arkansas—Louisiana.  n - i r e  flood
c-I:. r n ’s::: h o e i s i ao u  Ttate P i g hway~~~~O to a point u - :-prox imntt e - iy

2 miles :rortrr of t i r e  Arkansas—Louis iana  state line comprises 12 ,200
acres , of which  8,600 acres are cleared lands . About 90 percent of
this area is comprised of fer tile , alluvial , Red River bottom land.
:.:ajor flooding occurs only during periods of intense rainfall and
n c - r i  be expect e- I  at r a she r  in:freque-nrt intervals ; nor m al ra infa lls  are
accommodated by an adequate outlet w i t h  connect ing laterals .  Flooding
n rc:: Red River  is prevented by e x i s t i n g  Federal and local works .
Pri::.ary flood damages are to agr icul ture  and l ives tock;  minor losses
‘i s— sus ta ined  by the  local road system : and throug h the rerout ing of
traffic. As the bottom lands along Red River are among the ro ost
productive in this re-d on , it is anticipated that future needs for
agricultural production will require a maximum output in the Kelly
Bayou Bas in .  A l i u wir e- - for ar eas unsuitable for future agricultural

F production , it is est imated that by 2080 about 9,500 acres will need
additional flood damage p ro tec t ion . This area comprises 8,600 acres
of presently cleared lands and some 900 acres of lands expected to
be cleared by 2080. Current average annual damages are estimated at
$214,000.

Of the four flood con trol plans studied , enlargement
of the exis t ing channel of Kelly Bayou or construct ion of the
authorized Black Bayou Reservoir were foun d to offer  the best means
for a l leviat ing the flood problem. Discussions wi th  the Soil
Conservation Service indicated that no increased land ut i l izat ion
benef i t s  would accrue to the improvements. The flood prevention
benef i t s  for e i ther  plan do not approach the annual costs , and neither
is , therefore , economically justified.

Possible improvement s to provide flood protect ion
that will be needed over t i r e  100—year study period include enlargement
of the bayou , diversion channels to decrease flows in the bayou , or
construction of the authorized Black Bayou Reservoir. It is estimated
that  these improvements will be j u s t i f i e d  by the year 2020 . The most
esonumima± plan could be -m o-nistructed for about $1 million .

(2) Frazier Creek, Texas. The maximum area subject to
flooding along the leng th of th i s  stream is estimated to be 16 ,000
acres , of which  1,500 are cleared. The watershed is mainly hilly
upland coun try,  with bottom lands varying up to 3 miles in width ,
heavily wooded , and traversed by a winding channel overgrown with
trees and br -o s h .  Soils have relatively poor agricultural potential.
Floods cover a large portion of the creek bottom lands about three
times a::.ually. Minor agricul tural  losses result to cattle and
pas tu r e t i-asses.  Other improvements suf fe r ing  damages are small
oilf’ield facilities , and one railway , as well as county and local
roads . because of the flooding problems and low soil fertility ,
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litt le u ’rie-’uL~ a r t !  10’!’ iu J ::o-nt e x ist s  wi’:!:. i - e l  ~w In!:..
There--f-n-re, ht- flood control needs for Fr a : : i - : i-  Ur ’ ’eo , -c-:, si-o- ri a’
the ss.all amoun t of ic-nd conversior : likely to occur , are- estim ate-a
to total about u ,500 acres by year 2080, an m a cre- one - el 1,000 Cn-r:n-
over e x i s t in g  cur, nitions.

idre  only p rac t icab le  solut ion to tir e flood problem
al-:-o Pracier Creek is channel improvement . Various size channels
were- aesigned and the benefits therefrom determined . The average
annual damages under e x i s t i n g  condi t ions  are about $5, 000 ,
essentially all of which could be prevented by enlargement of
Frazier  Creek. In addit ion , the enlargement would result in
increased land utilization valued at about $37,000 per year , for
a total annual bene f i t  of about $142 ,000. The annual cost for the
proposed improvements , however , is over $100,000. The plan , therefore ,
is not economically justified .

(3) Black Cypress Creek, Texas. This stream flows through
hilly uplan i country with mostly wooded bottom lands. The area subject
to overflow consists  of approximately 6 ,000 acres , of which  1400 are
cleared lands used primarily for pasture. The lower reaches of the
basin are subject to frequent flooding and have not been developed.
Flood damages are sustained by local roads and bridges with attendant
losses due to disruption of travel . Oilfield operations experience
some interruptions due to flooding of entry roads and machinery .
Agricultural  losses include damage to or destruction of farm equi pment ,
struc tures , and crops.  There are also minor cattle losses.

heoause of low soil fertility and the lack of local
in teres t  in: agr icu l tura l  production in this  area , fu tu re  flood
n o : ,t r n - l  : - ‘eds w i l l  be nominal . An estimated 1,000 acres , including
t h e  ~,00 ac res  of present ly cleared land , will need pro ’ ect ion by the
year 0 0d0 .

: r : ~-n-al flood damages are $6 ,500 wi th  $2 ,100 at t r i b ct a l le
to on ’ losses u r n -  $)r ,1400 to oilfield operations and local roads .
~hannrc-! ir- :provu ::er t. plans were devised to provide varying degrees of
protection . Resilo s flood protection , all of the plans would produce
land enhan cement b e n e f i t s .  Of all the plans studied , one to pr ov ide
protection from a 3—year frequency flood was found to be the most
practicable. Even this plan was not economically justified , however ,
since it produced annual b e n e f i t s  of only $2 1 ,000 , whi le  i ts annual
cost was over $31i 000

( d )  Cypress Bayou, i’exas. Th is stream is tortuous ,
unimproved , and overgrown in many locations by trees , saplings , and
underbrush. ~‘-~ost of the cleared land is utilized for pasture. The
area sub jec t  to overflow from the  record flood lies between Texas
Highways 37 and 11 and aggregates about 13,500 acres , of w h i c h  14 ,000
are cleared and 9,500 are wooded. Approximately 8,000 acres (2,500
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c l e a re r )  ‘ire locate: at-eve the proposed Titus County bc-mn: near U. C.
Highway - ‘(1. :-irt ’ rem:ai :iir e-’ 5,500 acres (1,500 cI’-:ired) are downstream
of the lamsi~- e - .  Considerable overflow durin.~ I eI’i-ois of ::‘di m, or
heavy rainfall cause flood ian:,ages of about $t ,000 ann .u’iin-y. Flood
damages are sustained by local roa ds and bridg es , and travel is
disrupted dur ing inundation: periods . Agricultural lcsses ‘ire- due
to reduced or des troy ed crop stand s and pasture and , in some cases ,
loss of grazing time . Other losses include the cost of novino
livestock to higher areas and losses from cattle drownin.gs .

Because of the history of flooding in the area , only a
small percentage of the flood plain has been utilized for agricultural
purposes . Other factors retarding agricultural development include
exorbitant costs for woodland clearing and draining and the
predominance of poor soil types with low agricultural potential.
Furthermore , most of the exist ing croplan d parcels are not of
sufficient size to be conducive to large scale mechanized farming .
Access is limited by the presence of many natural channels , sloughs ,
and depressed areas . Because of these undesirable features and
despite an ever increasing demand for overall food production , it
is believed that only 3,200 acres or about 30 percent of the available
woodland will be converted to agricultural use by year 2080. Therefore ,
the anticipated total (2080) needs for flood damage reduction amount
to 7,200 acres , which includes the 14,000 presently cleared acres ,
plus 3,200 acres of anticipated future development .

The major feature of’ the plan found to be most
practical is a pilot channel . Natural erosion would enlarge this
small channel to the desired ultimate cross section . This plan would
eliminate about 80 percent of the present flood damages and would
make possible the conversion of some 3,200 acres of woodland.
Benefits  accruing to the plan amount to $148,000 annually , consisting
of about $5,000 of flood prevention and $143,000 of land enhancement.
The annual cost of the plan is $187,000; therefore , economic
justificat ion is clearly lacking .

(5) Little Cypress Creek, Texas. The area subject to
overflow from the maximum record flood extends from the head of
Little Cypress Creek near the U. S. Highway 71 crossing to the
vicinity of the Louisiana and Arkansas Railway crossing at
Jefferson , Texas. The affected area covers 31,000 acres , 6,500
of which are cleared . I~ost of the cleared land is in pasture.
The streambed is tor tuous in nature, and in many places overgrown
by small trees , saplings , and underbrush. Medium or heavy rainfall
causes considerable overflow with annual damages amounting to about
$21 ,000 . Floods damage local roads and bridges and cause losses in
agricultural production . All of the 6,500 acres of cleared land
require some additional flood protection . Because of the flood
threat , only a small percentage of the flood plain has been ut i l ized
for agricultural purposes. It is estimated that about 140 percent

IV— 28 

— -  ~~~~~~~~~
- - - -



(8 ,000 acres ) of thre - available woodland will be converted to
agricul tural  use by the year 2080.

A plan was developed that would eliminate about 80
percent of these 1-arra ages and in addit ion provide about $96 ,000 of
land enhancement b e n e f i t s  on some 12 ,800 acres.  The plan cons is t s
mainly of enlarging ti-re existing channel of Little Cypress Creek .
Although total annual ben ef i t s  of this plan are $ll14,000, the annual
cost of $200 ,000 prohibi ts  implementat ion of the plan at th is  time .

(6)  Twelvem ile B~you (Upper Caddo Levee District),
Louisiana. There are approximately 9,1400 acres (3 ,600 cleared)
subject to flood ing due to ponding of interior  runoff  dur ing periods
of high stages in Twelvem ile Bayou . The prob lem derives both from
headwater flood flows which  ori ginat e in the Cypress Creek Basin
above the j u n c t i on of Black Bayou and fran . high backwater stages
from the Red R ive r .  Floodgates which normally drain leveed areas
may be closed for extended periods , ponding considerable interior
drainage runoff . Damages wi th in  the Upper Caddo Levee loop amounting
to about $10,000 per year are primarily agricultural with additional
losses being sustained by residences , farm buildings , and the local
road system. Oilfield operations experience some interruptions
due to flooding of access roads and , in some cases , machinery and
equipment are damaged. Additional flood protection is needed on
all of the presently cleared lands .

Several factors in dicate that the need for flood
protection will increase in the future . The affected area is near
the city of Shreveport , Louisiana , and urban development toward this
watershed is anticipated. Furthermore , the land is fer t i le  and
topographically favorable to development . Because of the desirable
character istics of this  area , about 3,500 acres , or 60 percent , of
the available woodland will probably be c leared and converted to
other uses by year 2080. Therefore , anticipated needs for flood
damage reduction equal the present 3,600 cleared acres plus the
ant ici pated clearing of 3,500 acres or a total of 7,100 acres.

The only practicable solution to the ponding problem
would be pumping faci l i t ies  to evacuate the impounded runoff . The
cost of installing and operating the pumps is high and economic
ju s t i f i c a t i on  at th i s  t ime is clearly lacking . However , at a later
dat e , when lowering of stages on Red River has been accomplished
by the authorized plan , pumping faci l ities to evacuate headwater
runoff would be a practical method of flood relief. The cost of
thes e pumping fac ilit ies , which should be economically justified
aroun d 2050 , would be about $2 ,500 ,000 . This project is , therefore ,
included in the long—range plan of development .

Other studies were made to determine the j u s t i f i ca t ion
for improving a levee along the east bank of the bayou jus t  above

• 
- Shreveport , Louisiana (West Agurs Levee). It was found that
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s t rengthening this  levee to provide a higher degree of protection
would provide annual bene f i t s  of $17 0 ,000 at a f i r s t  cost of $282 ,000 ,
wi th  an annual cost of only $13,000. Details of these studies are
shown in appendix XV , “Plan Formulation . ”

Incorporation of a non—Federally constructed levee
along Twelvemile Bayou into the Federal levee system has been requested
by local in teres ts .  Based on available information , costly
modifications would be required to bring this levee to Federal
standards , and based on current estimates , the expenditures would not
be justified. The levee has withstood several major floods , however ,
and conti nui ng cons idera tion should be given to the possibility of
incorpora t in g  it into the Federal system .

(7) Middle Bayou and McCain Creek, Louisiana. Flooding in
this  basin results from headwater flows in Middle Bayou and McCain
Creek , together with backwater from Twelvemile Bayou and Red River .
Lands subject to overflow encompass an area of some 3,000 acres within
the Red River alluvial flood plain. About 1,500 acres of this area
are cleared. Open lands in this basin are partially used for native
pasture . During periods of flooding , roads , bridges , and oilfield
machinery are damaged , oilfield operations are interrupted , and
agricultural  losses are incurred. It is anticipated that by 2080 ,
the city of Shreveport will have expanded to include all of this area.
Therefore , the total future need for flood protection includes all
lands in the basin or 3, 000 acres. Channel improvements by local
interests in the upper reach have been effective in lowering flood
heights and reducing flood duration to a few hours. Recent field
investigations indicate that flood losses are small and are confined
to the nat ive pastures that lie within the very narrow overflow
limits adjacent to the stream. Economic justification for additional
improvem ents in this upper area was lacking , primarily because of
the shape of the flooded area (long and narrow), and the inord inate
length of levee required for each acre protected.  It is unlikely
t i-nat flood control improvements for this upper area will ever become
economically justified. However , it is likely that some residential
developments will take place in the area; in fact , pressure for  such
development is already in evidence. It would appear that  the negative
prognosis for the development of economically feasible flood control
improv e - ru e -r a t s  in the area should be recognized in long—range planning ,
and that appropriate consideration should be given to conforming
futur e development to this reality .

In the lower reaches of the basin economic justification
for levee construction is marginal at this time . It appears that
protection will, however , be economically justified in the reasonably
n ear future. An early request for detailed , independent consideration
of this area under section 205 of the Flood Control Act of 1962, as
amended , is -a nt i c i p a t e d .
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v . Brush Bayou, Louisiana. ~‘wo flood control projec ts hav e
been cn-nastructed along this stream which serves as a drainage outlet
for a portion of the city of Shreveport , Louisiana. Studies made for
th is  report indica te  that continued expansion of the city will support
fu r the r  improvement in.  t he  f u t u r e , and a channel improvemen t rroj ec t
with a cost of $100,000 has been included in the long—range plan .
Add itional information which has become available only recently
indicates that the arced for thai s project may develop within the
early—action time frame . it is anticipated that studies will be
initiated at an early date under the continuing authority of Section
205 of the Flood Control Act of 1962, as amended , to determine whether
cons t ruc t ion  should be undertaken within the next 10—15 years .

w. Loggy Bayou Basin,  Arkansas-Louisiana.

(1) Bayou bos ca-n- , Red Chute Bayou, Flat River system,
Arkansas—Louisiana. Cpcn csmp e-tion of a present ly authori z ed flood
control system in this basin :, -in ustimated 146,000 acres will remain
subject to periodic in -n-r. na ’ie -n and will suffer average annual flood
losses of abou t $1 ,000. Of ’  t n is 46 ,000 acres , about 33, 000 ( 8 ,000
cleared), primarily in -: the upp er  reaches , will be exposed to infrequent
headwater inundation while ::early 13,000 acres (6,000 cleared) will
be flooded occasionally by backwater from Red River .

Lands within the basin are composed of Red River
alluvial bottom land which are fertile and highly productive .
Development of’ the basin , until now , has been hampered by flood
and drainage problems . By 2080, additional protection from backwater
flooding will be needed on about 8 ,000 acres. This need is included
in those shown on the Red River Main Stem. Protection from headwater
flooding will be needed on the 8 ,000 acres of presently cleared land ,
plus 5, 000 acres of anticipated woodland conversion .

Numerous plan s of’ improvement were developed to reduce
the average annual flood damages that will remain when the presently
authorized project is constructed. Improvement of Loggy Bayou , a
levee along Red Chute Bayou and Flat River , and reservoirs were studied
but in no case did the benefits approach the costs. No flood control
improvements , therefore , are recommended for this area at this time .

Two areas in this basin appear to be particularly well
suited for further development and require additional flood protection.
One area is along Flat River in the vicinity of Bossier City , Louisiana.
By about 2020 , urban development will have progressed to the point
where additional local drainage and pumping facilities will be required.
Possible alternatives include channel improvement and upstream flood-
water retarding structures . About $500,000 is considered adequate to
cover the cos t of whatever plan is chosen .
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The other area likely for development is below the
ccn ai ’i u e - r a c e  on ’ nc-you hodcau and Log~~’ bayou. This land is highly
fertile ana l n - u n - j ib be- brco - h:t into production as soon as works to
reduce- stages on the Re-I River have been initiated . The most
in-gIn- :rl plan: ci’ p r o t e c t i o n  appear s to be a loop levee on the we-st
si lo of’ Loggy Bayou . Ca rl . work will cost about $1,500,000 and
w i l l  i r -u n i a L l y  be economically justified by about the year 2005.

( 2 )  Bayou Dorcheat, Arkansas—Louisiana.  The flood plain
of i- c-you Dorcheat in Arkansas and Louisiana above the Lake iiistineau
Dam aggregates some 52,000 acres , including 1,700 acres of open land ,
2,200 acres of gravel pits , 1,800 acres of wooded campsites , and
-3,500 acres of oilfield lands . As the greatest part of the bottoms
is relatively flat and drained only by a small , overgrown channel ,
flood ing is experienced several t imes each year. Improvements subject
to damage include strip gravel mining operations , oilfield operations ,
homes , camps and other buildings around the edge of Lake Bistineau ,
local roads , and highway and railroad crossings . Average annual
damages amount to about $314,000.

Due to the excessive frequency and duration of flooding ,
very little of the Bayou Dorcheat bottom land has been devoted to
agricultural production. Other factors tending to retard development
include the inaccessibility of much of the area , excessive moisture—
holding charac teris t ics  of the soils , the high cost of woodland
conversions arid attendant drainage installations , and the marginal
productive capabilities of the soils . Despite an ever—increasing
demand for overall food production , it is believed that because of
these adverse conditions only some 2 ,500 additional acres , or about
5 percent of the available woodland , will be converted to agricultural
use by year 2080. Therefore , total future needs in the Bay ou Dorcheat
Basin , including the existing flood control need of 114,200 acres , are
estimated to be 16,700 acres.

Improvement of the channel of Bayou Dorcheat was
investigated , but th e benefi ts  resulting from t his plan were mi nor
compared to its cost. A levee along Bayou Dorcheat was studied , but
t he -  he-ne-fits it would produce , though significant , were not of
sufficient magnitude to justify its construction . Single— and
multiple—purpose reservoir plans also were developed . The cost of
single—purpose flood control reservoirs , or the inclusion of flood
control stor~i,-e in muitiple—purpose reservoirs, was far greater than
th e- benefits such reservoirs would produce.

x. Bayou Nicholas (Coushatta), Louisiana. Bayou Nicholas
drains an area of’ approximately 5 1/2 square miles , including the
town of Coushatta. About 300 acres of alluvial bottom land in and
adjacent to the town are protected from Red River overflow by a
levee system ar-nd floodgate. Under present condit ions , average annual
flood losses resul t ing from ponding of ra infa l l  during high stages
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y. Campti—Clarence ~-j’ea, Louisiana. A Federal flood control
project was re c e n tl y co::ni~ 

- ‘ ed in this area. ‘l ire nin ’n -j : - r t  cons i s t ing
of a ring levee and floodgate system , will protect some 29,500 acres
(20 ,000 cleared) of alluvial bottom lands franc Red Ri ’er overflow .
Of this total , about 6,100 acres (1,000 cleared ) will be subject to
infrequent  flooding by ponded runoff dur ing periods when hig h stages
on the Red River necessitate the closing of the floodgates. Included
within the area sunject to residual flooding (6,100 acres) are some
2,700 acres (1,000 - I - s c - i - e d )  along Bayou Bourbeaux which  remain exposed
to relatively minor i-aeadwater overflow losses.

The alluvIal b o t t o m s  in this basin are highly productive
and readily lend t h ren - aselves to higher u t i l i za t ion. Maximizat ion of
agricultural  output wil l  require the  installation of addit ional
flood control work ,u for protect ion on ~n ie 1,000 present ly  cleared
acres , plus 2 , O t I  acres of s:C icipa ted  woodland convers ions .

With t i r e -  au thor ized  flood control improvements in p lace ,
remaining flood damages wi l l  be only a~ ut $500 annually . Construction
of two pumping plants would e-lirrioa e these damages and provide about
$10 ,000 of increase-u land u t i l i z at i o n :  benefits. Since the annual cost
of installation and operation is about five times the average annual
benefi ts , the plan is net ec nomically justified at this  t ime . By
about 2020 , est imated increases in agr ic-ol tura l  development of this
area will r’ak€- necessary a higher degree of’ flood protection , and the
project is inc lu i ’ -d :. the l ou- z— ra nuge -  plan of development .

z. Cane River—Kisatchie Bayou, Louisiana. The flood plc-ira of
son - 3i ,000 acres (15 ,000 cleared) includes most of the lands lying
west of lanae River between the towns of TC.~ ohez and Galbrai th in
Louisiana. This area is inundated by headwater overflow from rain—

• storms in the hills of th e Kisatchie bational Fores t and by rather
infrequent backwater flooding from high stages on Red River. In
the latter instances , the area has remained f looded for as long as
2 months . damage-n- of abe-ut $52 ,000 are s-n-stained annually. Ex isting
Federal and local flood control  works have n :at e r i al ly  reduced overflow
problems caused by Red River ; however , headw ater flooding in bot h
streams remains a problem .

Because of the excessive frequency and duration of flooding ,
agricultural damages have been extensive , with losses to crops ,
pasture , and li ’;estock.  Some damage is done to farm buildings ,
hous es , small co::,n - rcial establishments , highways , local roads , one
rai lroad , and uti~~ities . Agricultural development of the area has
been drasti ”aliiy r’-’ I u : e - :  and expansion has been kept to a minimwn . 

- _ __ __ _ _  _ _ _ _ _
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As part of the fertile E’~d El-ser alluvial bottoms , th i s
land is readily adaptable- for’ cor:version to higher utilization uses
from existing woodland and unirna çn ’e- -t e-l pasture as evidenced inn a
nearby protected area , where  I-xtensive land clearing has taken
place over the past few y in’s . Additional flood control is needed
on the 18,000 acres of presently cleared lands arrd will be needed
on an additional estimated 8,500 acres by 2080.

Several methods for sati sfyi ng the flood control needs
were considered. These included channel enlargement , levees , channel
clearing arid snagging , and single— and multiple—purpose reservoirs .
Only the multiple—purpose reservoir which , in addi tion to storage
for flood con trol , contains storage for irr igation and water supply ,
was found to be econom ically justi f ied . The proj ect would have a
total f i rst cost of i~20,50O ,000. Annual costs would be $1,321,100 ,
and annual benefits would be $2,~ 914 ,00O , of which $502,000 would be
for flood control . Details of this reservoir plan are contained in
appendix XV , “Plan Formulation .”

Drainage improvements on Cane River Island were investigated
and found to lack economic justification . It is estimated that by
about 2015, the installation of pumps to evacuate the impounded
runoff will become economically justified and such a project is
included in the basin long—range plan of development .

aa. Bayou Rapides (Rapides Island), Louisiana. Drainage on
Rap ides Island is ef fec ted by two means : a floodgate and pumping
station located at the bayou ’s ent ry into Red River and a relief
floodgat e whi ch permits excess flows to be diverted into the Bayou
Cocodrie system on some occas ions . Use of the rel ief floodgate,
however , is subordi nate to the needs of the Bayou Cocodrie system ,
and in most storms , the gate must be closed. The presently installed
pump , when used as the only means of evacuating ponded overflows , is
of insufficient capacity to prevent damaging floods . Some 16,000
acres (10,000 cleared) are subject to inundation when stages on Red
River pr- -d ude the operation of the gravity outlet. A major portion
of this are-a is used primarily for agricultural purposes . England
Air Force Base is locat e-i in the area, and the city of Alexandria
has expanded on to t i e  east ern end of the island wi th  residential,
c snrmcrc i e-~ , an n i n a i u a s ’ r ’ ia l  improvements.

ro tect  i- :rr f r e-m h e - I  R ive r  overflows is afforded by a levee
a~ ou~ t h e  m a i n ~ s te r n , .

i r c u e  s-sl ls  - a r- : -zery f e r t i l e  and hi gh crop yields are
• -c- t a i : .~ b~ e- , ~-irce- ‘ r c - t s  of woodland have been cleared in the last

h- ca - se. area us  ‘i - i j a cent  to  the city of Alexandria and is
aireau~,- ’ xp ’~r i en c in g  suburban  development . Because of the potential
f -or h i~’n ’ - r -  a ’ l l i,’at i - n  c e- t h i s  area (both urban and ag r i cu l tu ra l ) ,
it is p - ,; mnc ’:t’- 1 that ‘tii of tine area will need additional flood
co n t r e -~ c - n a - I  drainage works  ty  year 2080.
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l r :~ en:ly - - I ’ l e - c t i v e  method to e - l l n : i rr c - t ’  t t a e  fiondinc is the
irst-a : ct ion of p u r p n -  to on vey the water into the Fed biver woe-u
ex i s t in c  out le ts  are- i n .u p e -r a t i v e .  Instal la t ion of t h e  p-uuip i n:g
f ac i l i t i e s  is naut ec-or.onaicn -aily justified at this in.e- t o t  w i l l  become
f e - a s i b l - . by about 200 1- . The cost of’ such c-Ia ir ~o t a l n a t i o n :  is e s t im a t e d
to be $75 0,000 .

Lb . Bayous Dc Grappe—Rigoletie, Louisiana. Aprr::’n inrately 16,000
-acres at ’ cleared land in t h i s  basin current ly r t-~~, i r e  u i d i ti o n al  flood
pro tec t ion . By 2080 , th is  need is expected to  i n c r e - a s e  to 2 5 , 000
acres .  The Soil Conservat ion  Service has bevel n-i e-i a ~ Ian: that will
relieve- floodirro i n :  t h i s  area. For deta i ls  of tOe -  p l a n , , see appendix
V , “ Up s t r e a m  ,-J ater shed Protection , Use , l ianac enr ’-nt , -~~ n- aev-~-lopment . ”

I l .  F~~~ll I LAi~ IIJFOR i-iATlOl J REPORTS

There are s ca t t e r ed  urban areas in the basin where f lood plain
informat ion  reports  would be helpful to local agencies in es tabl ishing
preventive measures  that  could result in l imit ing certain flood
damages . The Oorps of’ Engineers , upon request , assists State agencies
and local governments throughout the nation by preparing flood plain
information reports outlining flood condi tions , and providing technical
assistance in ‘n-se of the data.
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