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CHAPTER I — INTRODUCTION
1. AUThORITY AND PURPOSE

A comprehensive study for development of water and land resources
within the Red River Basin below Denison Dam in Oklahoma, Texas, Arkansas ,
and Louisiana was made in keeping with the basin-planning concept of
Senate Document No. 97. The Chief of Engineers was directed to expand the
scope of the study of Red River below Denison Dam authorized by resolutions
ot. the Committees on Public Works of the Senate and House of Representatives,
adopted September 12, 1959 and February 24, 1960, respectively.

A Coordinating Committee, with the New Orleans District of the Corps of.
Engineers as the chairman agency, was supported by representatives of

\Departn%ents of the Interior ; Agriculture; Commerce; and Health, Education,

~~d Welfare; the Federal Power Commission; and by representatives of the
Sea,~e~~of Oklahoma, Texas, Arkansas, and Louisiana.

- ,1,
Appendix flfl. Mineral Resources and Mineral Industry, was prepared by

the ‘*artlesville Office of Mineral Resources in partial fulfillment of an
assignment by the Coordinating Committee. Objectives of the appendix are
to report on the nature and extent of mineral occurrences and of the mineral
industry in the basin , and to determine the manner and scope of involvement
of mineral resources and the minerals industry in basin development plans.

2. SCOPE

Appendix VIII presents current and past mineral production data and
industry activities for the years 1958 through 1966. The potential of the
mineral resources, future technological developments, and resource depletion
are considered .

CHAPTER II — PHYSICAL ASPECTS OF THE RED RIVER BAS IN

3. GEOGRAPHY AND GEOLOGY

The Red River Basin below Denison Dam (lower Red River basin) covers
• about 29,500 square miles. All or parts of 56 counties in southeastern

Oklahoma, northeastern Texas, southwestern Arkansas, and northwestern
Louisiana comprise the area included in this study.

The lower Red River basin includes sections of three physiographic
provinces — Central Lowland , Ouachita, and the Coastal Plain. Figure 1
shows the physiographic provinces in the area covered by this report.
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Geologically , Paleozoic formations crop out at the northern end of
the basin in Arkansas and Oklahoma, and constitute the Ouachita and
Arbuckle Mountains (j

~).
l/ The formations at the surface consist prin-

cipally of the Arbuckle Limestone , Bigfork Chert , Arkansas Novaculite,
Stanley Shale, Jackfork Sandstone , and Atoka Formation.

The rocks of Paleozoic age extend to the south under overlapp ing
formations of Cretaceous and Tertiary age (tables 1 and 2).

The deposits of Cretaceous age are wedge shaped , thinning to a
feather edge to the north agains t the Paleozoic rocks and thickening
rapidly to the south. The Trinity Group , the lowermost group of the
Cretaceous System, consists princ ipally of sand , clay , limestone , and
conglomerate , and is as much as 5,300 feet thick.

The Woodbine Formation lies above the Trinity Group and is separated
from it by as much as 900 feet of the Fredericksburg and Washita Groups.
The Woodbine Formation is as much as 600 feet thick and consists chiefly
of sand and clay with interspersed lignite. In northeast Texas, units of
the Gulf Series overlie the Woodbine and, collectively , are about 3,700
feet thick (table 1).

The rocks of Tertiary age in the Red River basin include , in ascending
order , the Midway , Wilcox , Claiborne , Jackson , and Vicksburg Groups , and
sandbeds of Miocene age (~~ j) .

The formations of Tertiary age crop out in northeast-trending bands ,
dip to the southeist and east , and thicken down dip. The oldest rocks are
exposed in the northern part of the area; progressively younger formations
crop out in a southerly direction .

The formations of Tertiary age are composed of a heterogeneous sequence
of beds of lignitic sands, silts , and clays . Most of the beds are lenticular .

The Quaternary System alluvial deposits along the Red River are in the
nature of terraces formed at different stages of river development ; the
highest terrace is the oldest and the lowest (the present flood plain) is the
youngest. The older terraces serve as sources of sed iment recharge to the
floodplain deposits .

The alluvium underlying the present floodplain in the Red River is corn-
• posed of gravel , sand , silt , and clay and grades generally from silt and clay

at the surface to sand and gravel at the base. The thickness of the alluvium
in the floodplain ranges from about 60 feet in Grayson County , Tex., to about
100 feet in the vicinity of Alexandria , La. (j

~)

1/ Underlined numbers in parentheses refer to items in the list of references
at the end of this report .
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TABLE 1.--~eneralized stratigraphic column 1 Mesozoic and Cenozoic Strata~ showin~g
stratigraphic units

System Series Group Other units cited in text

Recent Alluvium
Quaternary

Pleistocene Terrace deposits

Miocene

Oligocene Vicksburg

Jackson

Tertiary Cockfield Formation
Claiborne Sparta Sand

_____________ Weches Greensand

W ilcox~’

Paleocene Midway

Nacatoch SandNavarro
_____________ 

Saratoga Chalk

Taylor Marl Annona Chalk

Gulf Austin Tokio Formation

Eagle Ford
Shale _______________________________

Cretaceous Wo&lbine Formation

Was hita

Fredericks-
Goodland LimestoneCominanche burg

DeQucen Limestone
• • Ultima Thule GravelTrinity Dierks Limestone

__________________ ________________ _____________ 
Pike Gravel

1/ Eocene and Paleocene in Louisiana.
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TABLE 2.--Paleozoic and Precambrian Systems represented in Red River below
Denison Dam

s stem 
Formations or groups Principal rock types represented

cited in text in systems

Pennsylvanian Atoka Formation Sandstone and shale.

Mississipp ian Jackfork Sandstone Sandstone and shale. Conspicuous
Stanley Shale chert in lower part .
Arkansas Novacul ite

Devonian Chert , shale , and limestone .

Silurian Limestone

Bigfork Chert and
• Viola LimestoneOrdovician Simpson Group Sandstone , shale , chert , l ime-

McLish Formation stone .
Oil Creek Formation

Arbuckle Group

Cambrian Limestone , dolomite , shale , and
inds tone .

Precambrian Granite.
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The Ouach i ta  and the C e n t r a l  Lowland provinces  are c ha r a c t e r i z e d  by
high r id ges of c h e r t  and sands tone  and int e rven ing  wide , f l a t  va l l eys
t rend ing  in a general  ea s t-wes t  d i r e c t i o n . A l i i t u d es  range  f rom about
600 f ee t  to about 2 ,700 f ee t  above sea leve l . The h i g hes t  po in t  is
loca ted  in the Ouach i t a  M o u n t a i n s  along the Arkansas-Oklahoma S t a t e
l ine (jj).

The Ouach it a  p rov ince  is bounded on the  sou th  by the  n o r t h e r n  marg in
of the  gu liwa rd -d i pp ing rocks of Cretaceous  age of the  C o a s t a l  P l a i n . A
s u rt a c e  of low r e l i e f  gene ra l l y s lopes  gu l fward  in the  Coas t a l  P la in .
S t r e a m s  have wide , ne dr l y f l a t  f lood p lains  bounded b y a ser ies  of terraces
which  in some p laces are more than 100 f e e t  h igher  than  the  p re sen t  s t r eam
c h a n n e l s . Up lands are i r r egu la r  and r o l l i n g  to h i l l y (j~ ).

CHAPTER III — MINERAL RESOURCES AND INDUSTRY

4 . SUMMARY

Produc t ion  of pe t ro leum , na tu ra l  gas , and na tu ra l  gas l i qu ids  generated
most  of the  value of the minera l  output  in the lower Red River  basin dur ing
t h e  period 1958-1966 ( t ab le  3) (fig. 1). Cement , sand and gravel , iron ore ,
and stone provided most of the r emaining tonnage and value  of mine ra l  pro-
duction within the counties and parishes of the basin (fig. 2).

The foll owing discourse relates the outpu t and value of individual
substances for the period 1958-1966. Source , extent of resources , and
f u t u r e  out look are considered . L i g n i t e  is evaluated for i t s  poss ible  f u t u r e
s i g n i f i c a n c e  in the mineral  indus t ry  of the  basin .

Present and future water problems of the mineral industry are mainly
tuofold: (1) Protection from encroachment by construction or resulting
conditions under the plan of basin development . An examp le of this is the
construction of a levee to protec t installations of the Okay plant of Ideal
Cement Co. on the east bank of Millwood Reservoir. (2) Availability ~f
water for use in the mineral industry. Water may be used pr i mar ily in the
extraction and pr ocess ing of raw mineral ma ter ial s such as dr i ll ing t h c
deposit , as part of the mining process , or washing the product to prepare
it for use or f u r t h e r  t r ea tmen t . Prepa ra t ion  of n a t u r a l  gas fo r  use as
f u e l  sometimes involves removal of na tural gas liqu ids. Water is also used
in the p roduc t ion  of oil and gas in the drilling process and in secondary
recovery  processes .
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The Bureau 1 s s t a t i s t i c s  of wa te r  use is a r e s u l t  of a national canvass
of the minera l  i n d u s t r y  concern ing  use of water  in 1962 (

~) (j~). 
Total

quantities of water used annuall y appear to be rela tively large for industry.
For examp le , the mineral industry used 29.6 billion gallons in Harrison
County, Tex., in 1962. However , the same year the mineral industry recir-
culated 29 billion gallons of water in Harrison County. The ac tual input
of new water needed to start and operate the sys tem was only 587 mill ion
gall ons . Eventual discharge from the water circuits of the mineral industry
was 254 mi l l ion gal l ons , resulting thus in a consumption or loss of 333
million gallons or 57 percent of the input of new water .

The total input of new water in the mineral industry of the Red River
Basin below Denison Dam was about 9.6 b i l l ion gall ons or 29 ,500 acre-fee t
in 1962. The area comprises all counties that lie within or even partiall y
withi n the dra inage basin. Both surface and ground water are included , but
not salt water.

The larges t input , about 1.3 b ill ion gallons , occurs in Pointe Coupee
Parish , La., most of which is outside the Red River Basin. Inputs of more
than half a billion gallons , but less than a billion gallons , were rep or ted
in Harrison County, Tex .,, and Bossier Parish, La. Inputs of a quarter to a
half bill ion gallons were required in Hughes County, Tex.; Columbia County ,
Ark.; and Webster , Cla iborne , and Avoyelles Parishes , La. The remainder of

• the counties and parishes in the Red River Basin had input requirements of
less than a quarter billion gallons . Ac tually the input s were les s than
1 million gallons in each of nine counties located in southeastern Oklahoma ,
northern Texas along the Red River , and the left bank of the Red River in
Arkansas .

Projec tion of water use to the future cannot be made directly, f or there
is no time series of industry consumption available in the Red River Basin.
Based on the amount of water used nationwide in the mineral industry in 1962,
pred ictions are that in 1985 the industry will have a national total input f lf

new wa ter equivalen t to 2~ to 3 times that in 1962. A threefold increase of
input water by 1985 would raise the mineral industry ’s requirements in the
Red River Basin to about 90,000 acre-feet per year. When compared with the
U.S. Department of Agriculture estimate of maximum requirements for irriga-
don water in the Red River Basin below Denison Dam of 447,500 acre-feet in
1980, 1 ,252 ,300 acre-feet in 2030, and 2 ,059 ,700 acre-feet in 2080, quan-
titie s of wat,er used by the mineral industry are very small .

Water pollution by the mineral industry within the Red River Basin below
Denison Dam has not been a problem. The States have stringent regulations
per tain ing to slud ge pi ts , salt water disposal , and other waste disposal

• problems of the petroleum indus try. Pollution from acid mine waters , dred g-
ing , and washing operations has been minor . The new water quality criteria

- ‘ developed by Texas , Oklahoma , Arkansas , and Louisiana should prevent develop-
ment of any further pollution problems related to the mineral industry .
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5. PETROLEUM AND NATURAL GAS

Petroleum, na tural gas , and natural gas liquids account for about 92
percent of the total value of mineral production in the Red River Basin
below Denison Dam. Texas and Louisiana are the principal oil , gas, and
gas liquids producers in the basin.

The composition of petroleum varies from dark heavy oils with few
volatile constituents to green and amber light oils consisting mainly of
easily volatile constituents. In its natural underground environment ,
petroleum is usually associated with hydrocarbon gases which pressurize
the liquid petroleum as it comes near the surface to a gaseous liquid
state.

Petroleum is used principally as a raw material from which gasoline,
kerosene , diesel oil , lubrica ting oil , fuel oil , and aspha lt are separa tely
ref ined ; organic chemicals are also derived for use in medicines , paints,
varni shes , and in making syn the tic rubber .

Petroleum is recovered from underground reservoirs through drilled
well s. When oil-bearing strata are penetrated by a dri l lhole, the oil
may flow to the surface if it is under considerable pressure underground
or may require pump ing. As the oil is removed from the producing field ,
the pressure generally declines , and wells that flowed originally may re-
quire pumping. When an oilfield nears its final pr oduction, 50 to 75 per-
cen t of the oil is st ill underground . Maintaining pressure in the reservoir
by re turning excess gas or water to the produc ing forma tion or flooding it
with large quantities of water serve to increase the total recovery of oil
from the field. The water pumped into the reservoir is usually sal ty or
otherwise contaminated . This also helps avoid pollu ting the fresh water
streams on the surface.

Crude petroleum is refined principally by dis tillation processes that
involve: (1) Simple dis tilla tion , usually called “skimming” or “topping~ ;
(2) vacuum distillation at subnormal distilling temperatures to avoid
damaging the dis ti l la tes, as for lubricating oils; and (3) distillation
under high tempera tures and pressures to accomplish destructive distillation
or “cracking” in the making of gasoline from heavier byproducts of crude
oil. Catalysts — substances that promote and accelerate chemical reactions
between other substances without being affected themselves — are used
ex tens ivel y in ref ining processes.
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• N atur .ul gas i s  flanui~abI e , usuall y light er than air , colorless ,
slightly sweet in odor , and corrnnonly under cons iderab le  p res su re  under-
ground . Impurities may alter the properties of the gas. Natural gas

• that bears appreciable quantities of hydrogen sulfide is “sour gas ” wh ich
is unsatisfactory for many uses unless the hydr ogen sulfide is removed .
Gases conta ining a r e l a t i v e ly smal l  propor t ion of gaso l ine  vapors are dry
gases , wh i l e  those w i t h  r e l a t i v e l y  large amounts are wet gases. Wet gases
wh ile underground are conmionly associated with oil , though the two may not
be produced from the same well. Gas collected and utilized from a producing oil
well is known as “casinghead ” gas . The extraction of natural gasoline and other
liquid hydrocarbons by collecting the vapors from “casing head” gas is an im-
portant byproduc t of the oil production in oilfields of the Texas-Louisiana
part of the Red River Basin . Natural gas is used principall y for domestic
and industrial heatLog purposes . A substantial amount is utilized in the

• manufacture of carbon black which in turn is used in manufacturing rubber
products. Small natural gas flames deposit black or soot on steel channels
from which it is removed at intervals . Natural gas is also used in the petro-
chemical industry with organic chemicals in making numerous products such as
plastics , and great expansion is taking place in the industry as a d d i t i o n a l
methods of breaking down and recombining the constituents of the gases are
developed .

Natural gas is transported almost entirely by pipel ine , but butane , a
liquid petroleum gas (LPG) for use in isolated homes , is transported in
pre ssure cylinders. Natural gas may he used directly as it comes from the
pipes or it mey be stored for short periods of time in large cylindrical
tanks , from which it can be distributed by numerous small p ipelines to local
consumers. The usual practice is to control the flow of gas from the wells
according to the demand . Where gas is collected as a byproduct of oil pro—
duction , the excess of the inn’nediate demand must either be stored or wasted .
Inasmuch as s torage above ground in large quantities can be prohibitive ly
expensive , the excess gas is usually oumped back into the underground reser-
voir from which it came. It thus helps to maintain reservoir pressure and
is also available for future us~ when need ed . Gas is also stored underground
in depleted reservoirs or speciall y prepared storage cavities , to be with-
drawn at a later date . Thus , the seasonal variations fri natural gas con-
sumption can be met by storing excess gas produced during the sunm~er months
and withdrawing it during the winter months when demand exceeds supply.

Nearness to  markets for many ye~irs was the chct ~ factor in de te rmin ing
whether natural gas would he C~r~~~ized . A network of crude oil lines , natural
ga s pipel ine s, and products pi pelines service the Red River Ba— in from its
beginning at Denison , Tex ., to  it s ei~d near the M L s s i ~~s~~p r i  River in Avoyel les

• Parish , La . The pipeline : distribute the oil , gas , or p r o d u c t s  to local  con-
sumers or to cross-country l ines f-’r shipment t o  the  Sou t hwes t , Midwes t ,
Northeast , and other parts ci t h e  N a t i on .
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6 . CEMENT

Cemen t p lants located in Ada , Okia., and Okay and Foreman, Ark., have
a combined capacity of 10.3 million barrels of cement a year . Portland
cement is the princ ipal product . Annual shipments of cement from the
th ree plants  average abou t 8 million barrels valued at $23 mill ion.  The
out look for expansion of the cement industry is excellent and production
should increase at a faster rate than that of the increase in population.

Cement has the property of hardening under water and acting as a
binder for enclosed substances and bodies. Basically, it is a mixture of
l imestone or dolomite , sil ica , alumina, and iron-bear ing minerals that has
been calcined to a clinker and subsequently ground to a fine powder. The
principal cements are “natural” and “portland.” Natural cement rock con-
tains limestone or dolomitic limestone with 15 to 40 percent silica , alumina ,
and iron oxide as an intimately mixed clay or interbedded shale. Portland
cement is a prepared mixture blended to about 75 percent calcium carbonate
and 20 percent silica, alumina , and iron oxide. Magnesium carbonate, sulfur ,
and alkalies may comprise the remaining substances. Raw materials (limestone ,
shale , silica sand , and some form of iron or iron oxide) are mixed dry or
ground wet, then calcined . The resulting clinker is finely ground to cement
to which raw gypsum is added to act as a retarder in setting. Portland
cements are tailored to meet certain constructional needs , by adding a
varie ty of additional substances. The additives to make masonry cements
are finely ground limestone and a plasticizer. Finely ground siliceous or
aluminous materials such as diatomaceous earth or shale , Cuff, and volcanic
ash will react with calcium hydroxide and gain cementitous properties. Such
sub stances , including f l y ash , are known as pozzolans , and the resulting
cements are pozzolan cements .

Cement is used principally in concrete for construction work. Highways,
foundations and superstructures of nonresidential buildings including indus-
trial plants , and dams are structures that rely on concrete as the basic
high-strength bulk building material. Military construction , sewers, water-
works, public utili ties, and oil well drilling create other important markets.

In recent years , the role of concrete in construction has changed
markedly. New techniques in casting thin-wall material , manufacturing orna-
mental precast concrete panels with exposed aggregate, and casting prestressed
concrete have created new facing as well as main structural uses. Lightweigh t
aggrega te wi th portland cement is also used in external , internal , and facing
construction.
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Reserves of raw material for manufacturing cement are as abundant as
• ordinary rock can be. Estimates made by the Arkansas Geo log ica l  Survey

and Bureau of Mines indicate that the area of outcrop of Annona Chalk in
Sevier and Howard Counties , Ark ., contains at least 700 million tons. There
are no e s t i m a t e s  of r h o  amoun t  of Sara toga  Chalk  or mar l  i n  o the r  Lormat ions
in Arkansas  that  m i g h .  ev e n t u a l l y be used to manufac ture  cement .

In Oklah oma , an east-west band of Cretaceous rocks crop out south of
the Arbuckle and Ouachita Mountains . The mos t important cement rock in the
area is the  Goodland l i m e s t o n e  of the Freder i cksburg  Group . I ts  outcrop
ex tends  from Love C o u n t y  t h rough  Mar sha l l , Johns ton , Atoka , Bryan , Choctaw ,
and McCur ta in  C o u n t i e s , Okia . In Texas , the Eagle Ford Shale and Austin
C h a l k  of the Upper Cretaceous are present in Grayson , Fannin , and Lamar
Couii ies (18) .

Technologica l  pr ab lems of the  cement i n d u s t r y  are gene ra l ly the same
throughout the Red River Basin , namely, that of produc ing cement of improved
q u a l i t y  a t  l ower cos t . These problems requi re  add i t i ona l  a t t e n t i o n  to im-
prove cost of grinding , mixing , fir ing efficiency, and greater automated
hand t ing of ma ter ial s.

Research is needed to de te rmine  the value of volcanic materials in
Wo odbine artd Tokio Formations and Stanley Shale for use as pozzolans .

7. SAND AND GRAVEL

Construction in the Rcd River Basin below Denison Dam requi red  an
average annual outpu t of 6 million tons of sand and gr ave l valued at  abou t
$9 million .

In 1966 , the principal producers were in Johnston and Pushmataha , Oki a.;
Miller and Sevier Counties , Ark .; and Webster and Catahoula Parishes , La.
Many l a rge  and small  plants produce washed and screened sand and gravel
throug hout the basin and their products are marketed for the most part within
the basin or in the adjacent reg ion.
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Sand and gravel  are unconso l ida ted  g ranu la r  m a t e r i a l s  r e s u l t i n g  from
a na tu ra l  d i s i n t e g r a t i o n  of rocks (jj. Commercial sand comprises a fine
granular  ma te r i a l  genera l ly  less than ~ inch in diameter  whereas gravel is
the coarser material , rang ing in size from ~ inch to 3~ inches. The sand

• in the lower Red River basin is composed pred ominan t ly of quar tz grains and
most of the gravel is composed of quartz , chert , or a mixture of silicates ,
though residual deposits commonly contain limestone , dolomite , sands tone or
other sed imentary rocks as the chief component . Sand and gravel  occur in
virtually all the counties and parishes of the Red River Basin--as alluvial
deposits in the floodplains and beds of rivers and smaller streams, in
terrace deposits above present stream levels , or as residua l or talus de-
posits . The talus deposits are composed mainly of gravel on the higher
sl opes. Inasmuch as sand and gravel are low-priced commodities , commercial
production is concentrated largely in deposits that are situated near markets.

Th e chief use f or sand and gravel is as f ine and coar se aggrega tes for
concre te  in cons t ruc t i on  of bu i ld ings , brid ges , dams, and similar struc tures ,
in paving , and as aggregates in bituminous mixes for highway and airport
construction . Large tonnages of sand and gravel are produced for use as
r oad stone on secondary roads . Minor quantities of sand are produced for use
as molding , grind ing, polishing , eng ine , filter , and railroad-ballast sand.

The outlook for continued high production of sand and gravel is favor-
able . Building and highway construction will continue to expand in the future
w i t h  a corresponding increase in demand for sized aggregates . Lightweight
aggregates and crushed stone are d i s p lacing sand and gravel to some extent
fo r  special  purposes . Economic and technical  problems include encroachmen t
by some suburban communities on the sand and gravel resource and established
operations . This r e su l t s  in r e s t r i c t i o n s  on fu r the r  expansion in those
localities , higher transportation costs , and the necessity of moving opera-
tions to sites farther from established markets. Rehabilita tion of worked-
out pits is required by law in some locali ties. Of the many technical pro-
blems confronting the industry , probably the most difficult to solve is that
of meet ing  the various r ig id  spec i f i ca t ions  of the consumers .

Desp i t e  the problems that  must  be overcome by the producers  in order to
meet competition , the sand-gravel industry has grown with the expanding con-
struction industry. The increases in price have been moderate , comparing
favorab ly with that of its principal competitor , crushed stone.

The increas ing  use of po r t ab l e  p l an t s  has become an impor tant  fac tor
• in the  i n d u s t r y ,  e n a b l i n g  the  small  producer to move his opera t ion  to deposi ts

nearer corstruction sites and to adapt his plant to production of aggregates
tha t will meet specifications . The marke ts for sand and gravel produc ts

• p repared  in permanent  and f i x e d  p lants  are  genera l l y we l l  es tab l i shed.

V

Vi i; -Ia

4,



~. IRON ORE

Ha large m a r k e t  to t  steel products in Texas and the favorable loca-
tio n of d epo—i t~ near l aree c i l f ie lds and gastields assure some future
i n t e r e s t  in East  le~-~ is iron ores.  Due to  the r e l a t i v ely low grade of the
ores and the lack of suitable coking coa l in the area, future plants
pr obabl y will utilize direc t reduction methods rather than the blast furnace
s m e l t  l u g  now emp h y i d .

The iron ore dep~ si1s of the lower Red Rive r basin in Texas are in the
northeast part of the State . The main iron ore-bearing area, which is
d~ signat~ d “North fl - i- - in ,” lies within the north par t of the eastern Texas
geosyncliuc , a tr ught ike structural feature that borders the Sabine uplift
on the northwest . The North Basin , except for the southern end , l ies be tween
Sulfur River and Cypress Creek which are easterly f l owi ng s treams tha t jo in
the  Red R i v e r  in  A r k a i i s o and L ou i s i a n a , r e s p e c t i v e ly.

The area containing Lhe i ron  ore depos i t s  of p resen t  economic value in
the  Nor th  Basin t r i uds sou t hwestward from the nor theas t  par t  of Cass County
i n t o  the  no r thwes t  p a r t s  of Marion County , the southeast part of Morris
Cou n t y ,  and the no r thea s t  par t  of Upshur Coun ty .  An area of about 15,000
acres in the four counties contains ore of commercial grade and an additional
6 ,000 acres con t a in s  lower-grade depos i t s .

The most abundant type of ore is limonite , or brown ore. En the North
Basin , the  ore occurs c h i e f ly in nodular  forms or as thin l en t i cu la r  bodies
tha t are distributed irregularl y through the weathered zone in the upper
p a r t  of the  Weches Greensand . The ore-bearing materia l  ranges from 5 to 30
feet in thickness , and the ratio of waste to ore is rarely more than 5 to 1.
The best ores occur near the outcrop of the Weches Greensand . Iron carbonate ,
or s ide r i t e , is p l e n t i f u l  in the ore beds , occurring as w h i t e  or gray , dense
nodules on thin beds at or near the ground-water level. The carbonate ores ,
as mined , contain less iron than the brown ores , but roasting to drive off
carbon dioxide will yield a produc t as high in quality as the best brown
ores.

All the iron ore produced in the North Basin is from open-p i t mines ,
and most of the ore requires beneficiation to make it suitable for use in
blast fu rnaces . V i r t u a l l y  a l l  the iron ore mined in the North Basin is con-
sumed in blast furnaces to produce pig iron.

Lone S ta r  S tee l  Co ., the major  producer , u t i l i z e s  ore f rom the v i c i n i t y
of D a i n ger f i e l d , Morris  C o u n t y,  where i ts  b l a s t  furnace  p lan t  is located .
Pellet ioed magnet ite from Missouri supp lements the local ore to allow cap~~ Lty
u-p erat ito of the blast furnace.

V

v T

* -~~~~~~~~~~ - —- - • • . - - . -  - - • • .  .-.— - - .- • ••--



P _-~~-•_ ~~~~~~~~~- - - ~~~~~~~~ -— rL~~~=~~~~~~~~~~~ r— — -  - -  •

The estimated iron ore resources of the lower Red River basin in Texas,
confined to the limonitic ores of the North Basin, contain 49 million tons of
measured ore and 117 million tons of indicated ore having an iron content of
40 to 45 percent (j~).

Iron deposits occur in northwestern Louisiana in sufficient concentra-
tion to be considered a potential source of iron ore. The area, approxi-
mately 20 miles wide by 60 miles long, trends northwesterly in parts of
Lincoln , Bienville , Claiborne , and Webster Parishes. Surface indications
place another deposit in the vicinity of Rocky Mount and Plain Dealing,
Bossier Parish.

The ir on or e exposur es wer e mapped , dr i l led , and sampled in a coopera-
t ive p rojec t by the Louisiana Geological Survey an~ Louisiana State University,
Geology Department during 1959 and 1960. As the result of this field work,
180 mi l l ion  tons of indicated ore and 135 million tons of inferred ore were
estimated. The ore deposits averaged 33 to 42 percent iron.

The iron ore deposits of Louisiana range up to 20 feet in thickness and
occur in the Cook Mountain Formation of the Claiborne Group , Eocene Series.
Most of the deposits occur at or near the tops of plateaus and ridges under
a clay loam overburden ranging from 2 to 20 feet thick. The iron minerals
ar e limonite and goethi te  overlying glauconite and sideri te.  Origin of the
limonite and goethite is probab ly the result of weathering of the glauconite :1
and siderite.

The iron-bearing area in Arkansas extend s from northeastern Lafayette
County northeast into Nevada County (j~). Minera liza tion has occurred in an
area of abou t 90 square miles , averaging 3 feet in thickness — the known
maximum thickness is 8 feet. Iron content ranges from 27 percent to 59 per-
cent . The potential tonnage of iron-bearing material in the area is about
100 mi l l ion  long tons with an estimated average grade of 30 to 40 percent .
The iron deposits usually are confined to or near the tops of h i l ls .  M m -
eralized zones occur in the Wilcox Formation in a belt  approximately 18 miles
l ong and 5 miles wide , t rending northeasterly.  The iron mineralization occurs
as nodules , fragments , and geodes and , in many instances , in well-defined
st ra t i f i ed  deposits that are interbedded with soft  sandstone and shale. Iron
mine rals are limonite , goethi te , and siderite.

The outlook for exploiting the iron ores of Louisiana and Arkansas in
the foreseeable future is poor. The market for steel products in the areas
does not jus t if y establishment of a steelmaking industry . Technologic gains
in benef ic ia t ing and pe l le t iz ing the Louisiana and Arkansas ore could improve
the outlook by making them competitive in cost with other iron ores.

VIII—16



• - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~
• 

~~~~~~
•
~

••
~ _ • •

~~
_ — - •

~~~~ • —-—- - ,-
~-_- .•---••--— • — -

- 
---

~~
--

~~
--  

_________________

9. STONE

St one in the Red River Basin below Denison Dam is largely confined to
limestone and sandstone , and occ urs mainl y in southeastern Oklahoma and
southwestern  Arkansas .

Limestone , widespr ead and abundant north of the Red River , i s quarried
extensively for use as aggregate , roads tone, agricultural limestone , and
locally for cement manufacture . The Goodland limestone of Cretaceous age
is utilized for concrete aggregate and roadstone in Choc taw and McCurtain
Counties , Okla . The Viola limestone of Ordovician age is quarried for use
in making cement in Pontotoc County , Okla. The Annona Chalk and assoc iated
shale of Cretaceous age are used as cement raw material in Howard and Little
River Counties , Ark.

Sand s tone is quarr ied f r om the Jackf ork Sand stone of Oklahoma and
Arkansas. Crushed sandstone for roadstone and concrete aggregate and broken
sandstone for riprap are the chief products.

The abundant limestone and sandstone are ample to supply cons truc tional
mater ia l s  for most f u t u r e  needs in the nor thern  half  of the bas in ;  these
rocks are the source of stone for the southern half of the basin which has
almost  no l imestone .

The use of sandstone and limestone in heavy construction will increase
in proportion to the expected general expansion of the industry. Crushed
l imestone for cement and aggregate wi l l  continue to be the prime market .

10. CLAY

The Red River Basin has large reserves of various clays , some of which
are used in large quan tities and others in small quan ti t ies for  special ized
uses . Clay is formed by decomp osi t ion or dis integra t ion of special rocks
through surface weathering , hydr otherma l al tera t ion , or chemical action by
subsurface waters. Feldspar and feldspathoid minerals and other aluminous
oilicat e minerals in igneous rock commonly yield clay when dec omposed .
C l a y ,  which  is a common matr ix  in sandstone and l imestone and c o n s t i t u t e s
from less than 50 per cent to almos t 100 per cent of shale , is released by
breakdown of cementing agents or by natural disintegration of the rock.

Commonly, clay denotes size of mineral or r ock par ticles being variously
de f ined as less tha n 1 to 5 micr ons . Clay also denotes an aggregate of clay
minerals (hydrous aluminum silicates) in which the particles are predominantly
of clay s ize , and the subs tance is commonly p lastic when wet. Clay-like
aluminum oxides and hydrates are commonly used in conjunction with or as a
substitute for clay .
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Shale is fine-grained , indurated sedimentary rock that consists partly
of clay and tends to form into relatively thin layers. Slate, a product of
intense compaction or compression of clay or shale, is a hard rock that can
be sp li t into thin slabs. Finely ground shale and some ground slate m ay
exhibi t clay-like plasticity when wet.

Various types of tile and other structural materials are manufactured
from clay in a wide range of specifications involving dimensional stability ,
strength , surface texture porosity, permeability, and appearance. The speci-
fications are attained by proper blending of clays.

Clay used for lightweight aggregate in the United States in 1966 amounted
to almost 15 percent of total clay sold or used by producers . Any clay ,
cru shed slate , and ground shale that vitrifies and bloats within a limited
temperature range when fired can be used. Impurities in clay and shale that
may cause bloat i ng and act as fluxes in vitrification are carbon , lime ,
magnesia , alkalis , alkaline earths , and iron su l f ide  and ox ide , and expelled
wa ter of hydra t ion. Expansion is induced by hea ting the cr ushed ma terial in
a rotary kiln or by sintering a pelletized mixture of clay and coal on a
grate that travels through a furnace. Bloating temperatures range from
1,9000 to 2,6000 F. Expanded materials are either crushed and screened or
simp ly screened to desired sizes .

Most lightweight aggregate manufac tured from clay and shale is used in
concrete block , precast and pres tres sed concre te, and as concre te aggrega te
in constructing multistory buildings . It is also used as loose insulating
f i l l , plas ter and stucco aggregate , roofing mater ial , ma terial for sep tic
tank drainage , mulching agent in horticulture , roadway aggregate , and for
re f rac tory purposes .

The clay industry in the Red River Basin area is well developed . The
types of industrial clays produced are kaolin , fire clay , ben toni te, ful lers
earth , and miscellaneous clays . Both the ceramic and nonceramic clay in-
-iustries are dominated by a few large producers , and the general trend has
been toward expansion of the larger concerns . Special clay industries , such
as r e f r ac tories , are controlled nationally by a few large companies.

Reserves of the various types of clays in the Red River Basin area are
considered large. Miscellaneous clays for use in building brick , t i le , sewer-
pipe , li ghtweight aggregate, and cement are virtually unlimited . Clays suit-
able for refractorjes are less available due to the specific properties a
fireclay must contain, but techniques for upgrading the refractory clays
will effectively keep the reserves ahead of demand .

Problems confronting the clay industry in the Red River Basin are essen-
tially the same as those of the clay industry in general. Intense competition

- . from other construction materials threatens and sometimes replaces struc tural
clay pr oducts such as clay brick and tile. Glass , metals , and conventional
and special concre tes are the pr inci pal competing products .

v i i i — 18



— 
~~~

—— ----—— —• -- - -- - • -- ------•----
~~~

• - -  - - -  
-~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - - - - - - 

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

F i r e  c l ay  and f ir e - c l a y - r ef r a c t or i e s  indus tr i es have the addi t ional
pr oblem of dep iction of high-grade fire clay deposits . In some are-as
where common clays are not readily available or where there is no demand
for refractorie s production , f ire c lay deposits are being dep leted through
use in c o n s t r u c t i o n  p r oduc t s .

P r o d u c t i o n  of clay s in general should continue in a gradual but upward
trend . rhe major  u scs  of clay in the Red River Basin area will be for
heavy clay products , portland and other hydraulic cements , lig htweight
aggregate , refractories , and filler .

11 . LIGNITE

The Texas and Louisiana portion of the Red River Basin has large re-
sources of lignite . Lignite , or brown coal , is a noncoking , immature
variety of coa l intermediate between the peat and bituminous coal stage (j~6).
The color may vary considerab ly from reddish brown to almost black in the
better qualities , but the streak is usually brown. Its luster varies from
du ll to b r i g h t , depending on the quality ; its texture and hardness likewise
are quite variable properties , being hard , f irm , and compact in the better
grades and soft in those less pure. The original texture of the woody
materials is generall y well  preserved , but in the better grades of lignite
this texture may be almos t completely obliterated .

The organic portion of lignite contains carbon , hydrogen , oxygen , and
nitrogen , the principal element being carbon. In add ition to these, there
are usually varying amounts of impurities such as sulfur compounds and in-
organic mineral ma tter . When lignite is burned , the sulfur compounds ,
usually present as the minerals pyrite or marcasite (FeS2) and commonly
occurr ing in the form of balls , nodules , lenses , flake s, crys tals , and
microscopic particles , are oxidized to the gas , sulfur dioxide , which gives
the bad odor so commonly noted in Louisiana lignites. The mineral matter
remains as the incombustible residue known as ash , which is composed largely
of compounds of silicon , aluminum , calcium , and ir on (j~).

When lignite is used as fuel , the heat ing value is of prime importance .
This value , recorded in British thermal units (B.t.u .), is less than tha t of
bituminous coal and usually range s be tween 5 ,500 and 7 ,500. When lignite is
dried before burning , the heating value is considerably greater which m di-
ca tes the amoun t of heat necessary to drive off the large amount of moisture
so commonly present in all lignites in ti-te natural condition .

The future of lignite production in the Red River Basin depend s mainly
on the utilization of lignite as a fuel for generating electricity . The
princ ipal competitor of the lignite—fired steam-electric plant is the nuclear
powerp lan t.
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12. BARITE , SALT, GYPSUM

Ba r i t e  (BaSO4) serve- a wide variety of markets. Chemical inertness ,
hig h density, and low cost make barite especially suitable for well drilling
needs which is by far its greatest use. Barite is also used as a filler or
extender in paint , inks , oilcl oth , linoleum, rubber , and other materials.
Bar ite is the raw material used in manufacturing lithopane and various barium
chemicals . Crushed barite is used by the glass indus try.

Reserves of barite in the Red River Basin are limited to the south-
western part of Arkansas , and those deposits are not currently mined because
technological pr oblems f orced cl osure of the opera tion. The deposits are
interbedded sand and gravel , loca l l y cemen ted by bar ite , which occurs in
upper parts of two low-ly ing ridges abou t 2 miles south of Lebanon , Sevier
County. The sediments are in the Trinity Group. The deposit , exposed by
bulld ozer trenches , hand trenches , and tes t pi ts, extends over 6 acres to
an average depth of 10 feet. One test pit penetrated 15 feet of the deposit .
A sample of the lower 11 feet in the test pit contained 25.4 percent barium
sulfate. A channel sample from a nearby trench carried 30.5 percent barium
sulfate. Development indicates that a total of 150,000 tons of sands tone
and pebble ore containing 10 percent barium sulfate is available. The barite
deposits are at the southwest end of a string of deposits that extend 12
miles north-northeast into Howard County. The deposits are about a mile
west of the Saline River.

Sal t (NaCl) is one of the most common nonmetals and play s a part di-
rec tly or indirec tly in preparation , processing , or production of almost
everything that man eats , drinks , touches , and see s. The United States has
virtually an inexhaustible reserve of salt despite an annual consumption ex-
ceed ing 31 mil l ion tons .

Winnfield salt dome in Winn Parish, La., accoun ted for  pr oduc tion of
about 80,000 tons of salt per year from 1933 to 1965. The mine became
f l o oded in 1966 and was aband oned. No other salt mine was operating within
the Red River Basin although 15 salt domes are wi thin or very near to the
boundaries of the Red River Basin.

Gypsum and limestone formation frequently caps the salt domes and is
quarried where the caprock is on or near the surface. In 1966 the only
significant quarry in operation was on the Winnfield dome.

• Gypsum reserves in the Red River Basin are large enough for many years
of operation at a rate greater than reflected by the curren t prod uct ion .

CHAPTER IV — GEOGRAPHIC DISTR IBUTION OF MINERAL
RESOURCES AND INDUSTRY

13. OKLAHOMA

The Red River forms the southern boundary of Oklahoma. The river flows
genera l l y eastward from Denison and leaves Oklahoma at the extreme southeast
corner of McCurtain County.
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Counties in southea~~terii Oklahoma included in t Ot Red Riv er Basin bel t-.
Denison Dam are- ALoka , Bryan , Choctaw , Coal , Hughes , J- .-hn ton , Latimer
Le Fl ‘re , McCue a in , Pitt sburg , Pontotoc , and Fusion. I

• Currentl y :~~h i L - d  re :.ource-s in & ruer ~~‘i ~o lue are p e t r o l t - . ::., h i l T r al

gas , ce men t  , sand ~I l t  Ti ravel , s t~~u~ , nat ural gas I q u i d —  , e I , and e - -~~~ I
(table ‘f )

Low—~ rade nc ,~~:,- f le  - ~ 1 c-~ - - L - - ; ar t  kn own a t  s~ viral c c  - 1 e m L I T  Johr i~-, t i i

and C o - i l  C o u n t ie s , a t Lhe c a s L e r n  cod ol t h e  Arbuck le M o o t  ins , and ~n the
Oti acl i i  ta Mount.’ in - i n  i o — r t h e a s  t er n  M c C u r t  a i i i  C o u n t  v • H -  - we v i  : , the • .c - its

~ T ie in ge n er a l  tot’ I L S - e m i n l t c - d  and/or t o ’  -ana l 1 1 e I T t i t u t e  r ~:h ~~t of
economic level opme i I

T h e  c c ’ f l t l ueO  f c - r ~~t ’ I e - ‘u l l  k L-r the currently e->:~ lo Led c ommodi tee -
in the -  lower Red Riv t r h i  in c o u n t  i c s  of Oklahoma is :o ci l e n t .  R t - s e r v e o  of
s t o ne , c l ay ,  sa nd a n d ~t r . i v c l  are a d e q u a t e  - . r  many y e t -  of eperalion .

a . P e t r o l e um ,  n o t  u r . i l  ga~ • nd n a t u r a l  gas L i q u i d s .  — — M ~~~L of the oil
f i e l d s  and g a s f ie l d s  in Oklah om a - i c  ou t s i d e  the b ou n d a r i e s  of the l ower Red
River basin . A small t- a.— t ie l d yields production near Durant in Bryan County.
Pontotoc County in ti l e n- ’rthwesLern end of the  s tud y area y ields s u b s t a n t i a l
oil and gas but , ul  lh  Lb  except ion of the Fitts field , the major oilfields
are in the norLhern part of the c w:Ly and mostl y outside the Red River Basin .
Major gasfields in the ‘rthern se-c ti as of Uughes , Pittsburg, and Latimer
CounLies are also - -uLside the northern boundary of the Red River Basin.
Humble Oil & Refining Co. operates a gas processing p lant near FitLsLown in
Pontotoc County. No ot:her p lants or refineries are within the boundar ies  of
the lower Red River b -t -4n in Oklahoma .

The producti on trend in petroleum and natural gas has been cenerally
upward during the past 5 years .

b. Cement, stone, and clay .--C ement processing h’r t h e  p lant at Ada ,
P intot oc County, requires a substantial amount of crushed l imestone and clay.
Atoka , Choctaw , and McCurtain Counties contain 1ime~~tone- quarries that furnich
c r u s h e d  rock  for  a4 p r e g a t e , r a i l road  b a l l a s t , r o o d s t o n e , ~nd r u - r a p .

Re serves c - f  I Lmestone , clay , and sands t tic - or e  vir ’cc I lv -n i m i  I ci i n
Oklahoma . P r o d u c t i o n  of cement and r e la te d  m I t t  j ab  w e l l  v - ny  W e t h  c -1t

struction a c t i v i t y  bu t  - . h iu l d  c on t i n u e  a ;ener liv up~~ rc t iend .

c • Sand a nd gravel . — —Operating sand and gravel pits :r~ e ‘.~ l o t t e d  as
near as possible to  he-ivy c o n s t r u c t i o n  s i t es . The p o r t a b i~ p l o t s  a re
sign ed for the lesT-c permanent type of cons rmm c t i n  ~ L O T ,
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TABLE 4. --R ed River Basin below Denison Dam, Oklahoma. mineral production
value by counties, 1966

Minerals produced in
County Value

order of va lue

At ok (1/) 
— 

Stone , petroleum.
Bryan $2,243 ,730 Petroleum, na tural gas , sand and

grave l , stone.
Choctaw (1/) Stone .
Coal 2 ,605 ,382 Petroleum , na tural  gas , stone.
Hughe 5,496 ,229 Petroleum , na tural  gas , sand and

gravel.
Johnston (1/) Sand and gravel , stone.
Lat ime 6,423 ,722 Natural gas , sand and gravel.
Le Fl ore 1,680 ,736 Natural gas, sand and gravel ,

stone , coal.
McCurtain 874,383 Stone , sand and gravel , petroleum.
Pittsburg 1,398 ,878 Natural gas, stone , sand and gravel ,

clays , petroleum.
Pontoto 20,697 ,308 Petroleum , cemen t, stone , sand and

gravel , na tural gas liquids ,
clays , na tural  gas .

Pushrnatah 1,421,340 Sand and gravel , stone.

Und istributed 3,394 ,049

1/ W ithheld to avoid disclosing individual company confidential data;
included with “lJndis tr ibuted.”
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The Kiamichi River in Pushmataha County is a major source of building
grav e l , paving grovel , r ai lr oad bal1as~ gravel , and f i l t r a t i o n  sand . Other
substantial producers of sand and gravel are  in Johns ton , McCur ta in , and
Le Flore Counti es . Sand is used in glassmaking and in molding , paving, and
building materia ls .

Reserves of sand are s u f f i c i e n t  to meet any f u t u r e  demand . Accessible
gravel is not so p lent iful. The prosperity and expansion of the sand and
aggregate industry depend upon future construction within the marketing
area.

Potent ial resources of high-grade glass sand in the Red River Basin in
Oklahoma are in the Oil Creek and McLish Formations of the Simpson Group in
Murray , Puntotoc , and Johns ton Counties (~~). 

Reserves of sand are large.
The sands are of sufficient purity for the manufacture of container and
plate g las s, and w ith beneficiation might be made acceptable for optical
quality glass . The basal Cre taceous  Trinity Sand extends eastward from
Johnston County to the Arkansas border , outcropp ing in Johnston , Atoka ,
Pushmataha , and McCurtain Counties . The outcrop of the Trinity Sand is
from 5 to 20 miles in width but deposits with sand suitable for the manu-
fac ture of glass are rare . Much of the Tr inity Sand is poorl y sorted and
contains clay and other impurities.

d. Coal.--Coal production from the Red River Basin is limited to
Le Flore County. Pittsburg and Coal Counties have had coal production in
the past , but operations currently are idle .

The coal districts in Oklahoma are cuts ide the Red River Basin with
one exception. The Coalgate-Lehigh District covers about 400 square miles
in Atoka , Coal , and Pittsburg Counties . Two coalbeds , the Lower Hartshorne
and the Lehigh , have been mined in the district . The coals from the dis-
t r i c r  a re  c l a s s i f i e d  as h i g h - v o lat i l e  b i t u m i n o u s .

R e s e r v e  data are not available for the Coalgate-Lehigh District . Pro-
duciion from the Red River Basin counties has trended downward for the past
10 years . The trend probab ly  will be reversed by supp lying new markets re-
suiting from recent developments in river transportation.

14 . TEXAS 

-The Red River tort-is the boundary line between TLO- rl s and Oklahoma and
part of the boundary  between Texas and Arkansas .

Texas counties included in the Red River Basin below Denison Dam are
Bowie , Camp , Cast - , D e l t a , Farin in , F r a n k l i n , Grayson , Gregg, Harrison ,

• Hopkins , Hunt , Lama r , Marion , Mor r i s , Red River , Titus , Upshur , and Wood ,
all loca ted in northeast Texas.

t.
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Mineral production from the counties has been princ ipally petroleum,
natural gas l iquids , na tura l  gas , and iron ore (table 5). In 1966 the
combined val ue of oil , gas , and gas liqu ids was $259 million. Total min-
eral production value from the basin counties was about $273 million.

a. Iron ore.--The ch ief metallic resource is iron ore — mostly
l imonite or brown ore and iron carbonate (siderite). Iron ore currently
is mined and used in production of p ig iron and s teel by Lone Star Steel
Co. in Cass County. Reserves of iron ore ir. the Red River Basin area are
40 milli on tons measured and 117 million tons indicated . These, of course ,
are adequate reserves for many years of operating , espec iall y since pel let ized
magnetite is imported from Missouri as a supp lementary raw material for the

~teelmaking. Iron ore production has increased during the past 2 years and
is expected to continue the upward trend .

b. Petroleum, natural gas, and natural gas liquids .--Oil and gas pro-
duction and processing in the Red River Basin portion of Texas is concen-
trated in Upshur , Gregg , Harris on , Marion , and Cass Counties Qj). A narrow
oi lf ield ex tends across the nor thern par ts of Hopkins , Frankl in , and Titus
Count ies. The East  Texas o i l f i e ld  covers southern Upshur Coun ty and abou t
half of Gregg County. Several smaller fields occur in Marion and Cass
Counties .

Petroleum produc tion in the area has been on a general declining trend
since 1958. The value of the output has decreased from $227 million in
1958 to $204 million in 1966. Produc tion of natural gas ha s been on a
general increas ing trend from $20 million in 1958 to $25 million in 1966.
Natural gas liquids output paralleled the natural gas increase.

The possibili ty that less oil will be found in the future is suggested
and cr ude oil production in the northeast Texas area probably w ill decreas e
f ur ther by 1975. The downward trend in crude oil output in the lower Red
River basin has resulted from a combination of economic and physical factors:
(1) Some fields have passed their production peak; (2) output and development
are subjec t to State regulation to prevent overproduction and to protect oil
reservoirs; (3) costs of finding new oil reserves are rising; and (4) the
oi l indus try is concen tra t ing i ts exp lora tory dr illing in more promising
parts of Texas and Louis iana , o f f s h o r e  areas , and in foreign countries where
oil often is easier to find and cheaper to produce .

Supp l ies of natural gas appear to be amp le al thoug h trend s in the
d omes tic oil and ga s indust ry caused a drop in the number of explora tory
wells drilled (~). 

Peak pr oduc t ion of na tural gas pr obabl y w i l l  be rea ched
about 1990.

4

.1
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TABLE 5.--Red River Basin below Denison Dam, Texas, mineral production
value by counties, 1966.!!

County Value 

— 

Minerals produced in
order of value

Bowi (a!) Petroleum.
Camp $3,176 ,600 Petroleum , natural gas.
Cass 14,842 ,324 - Na tural gas liquids , petroleum , na-

tural gas , iron ore.
Fra nklin 13,781,085 Petroleum , na tural gas liquids , na-

tural  gas .
Grayso n 27 ,798 ,085 Petroleum, natural gas, na tural gas

liquids , stone , sand and gravel.
Gregg 89,832 ,715 Petroleum, natural gas liquids , na-

tural gas .
Harr ison 18,630 ,930 Petroleum , na tural gas , na tural gas

liquids , coal , clays.
Hopkin 8,916 ,700 Natural gas , petroleum , natural gas

liquids , clay .
Hunt (a!) Natural gas , stone.
Mari on 5,037 ,156 Petroleum, na tura l  gas , natural gas

l iquids .
Morn (

~
/ Iron ore.

Red River 94,320 Petroleum.
Ti tus 11,851,160 Petroleum , na tural  gas.
Upshu 10,188,780 Petroleum, sand and gravel.
Wood 60,638,377 Petroleum, na tural gas li qu ids , na-

tural  gas , clays , sand and gravel.
Undis tributed 7,991,283

1’ Delta , Fann in , and Lamar Counties are not listed because no mineral
production was reported in 1966.

a’ Withheld to avoid disclosing company confidential data; included with
“Undistributed .”

h.
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c. Coal ( l igni t e) . --A f i rm in Harrison County mines and processes
l ignite to produce act ivated carbons (2). The only other l igni te mined
in Texas or Louisiana is in Milam County , west of the basin area , where
lign ite is burned by a thermoelec tric plant supp lying power for an aluminum
reduc tion works . Lower Red River basin area counties in which lignite has
been produced in the past include Hopkins , Ti tus , and Panola. Texas lig-
nite production peak of over 1 million tons was reached in the early 1920’s.
Output has since declined due to competition from oil and natural gas.
L igni te has been used as fu el in municipal and private steam powerplants ,
f or the manu fac ture of producer gas , and as household fuel . By 1946, al l
the mines in the State were closed , however , the two mines in Harrison and
Milam Counties again began operating in the 1950’s.

In the future the lignite deposits could become an increasing ly valuable
industrial resource. Electric power companies have leased large acreages of
lignite-bearing land s and plan to mine the lignite as this fuel becomes
competitive with natural gas.

The estimated resources of lignite in east-central Hopk ins Coun ty are
75 milli on short tans in beds averaging 6 feet thick, containing 40 to 50
percent volatile matter (~). 

In southern Titus County, es t ima ted resources
are 140 mill ion short tons. Workable beds of lignite average 7 feet in
thickness and contain more than 50 percent volatile n~rtter . Es timated
resources in southern Harrison and northwestern Panola Counties are 260
million shor t tons of 5 to 10 feet thickness o~ workable lignite seams, and
contain 40 to 50 percent volatile matter.

In the long-range view , increased production of lignite should offset
to some degree the decreasing output of crude oil that has been projected
f or the stud y area . The initial large-scale use of lignite resources un-
d oub tedly will be in connection with power generation . Other uses , including
the produc tion of gas and li quid fuel s from l igni te, might also become very
important before the turn of the century.

d. Stone, sand and grave~~ --The principal stone produced in the Red
River Basin of Texas is the Austin Chalk. The Austin Chalk , overlying the
Eag le Ford Shale in the southeastern part of Grayson County, is composed of
w h i t e , chalky l imestone and in terbedded layers of mar l  and clay that have
a to ta l  thickness of as much as 1,000 f e e t .  The Ector  and Gober tongues of
the  A u s t i n  Chalk  occupy pa r t s  of Fannin and Lamar Count ies . The Pecan Gap
and Anriona Chalks form a cont inuous  outcrop that extends across Lamar, Red
River , and Bowie Counties . Thickness of these chalks ranges from 1 to 120
fee t . Reserves of the chalks are s u f f i c i e n t  to meet any foreseeable demand .

• Sand and gravel deposits are widespread in the drainage basin of the
Red R iver . They occur as Recent floodplain  depos its , as terrace dep osi ts

- - , of P l e i s t ocene  or Pl iocene age along the major streams and their tributaries ,
as unconso lida ted sand and gravel deposits capp ing divides , and as Tertiary
or older unconsolidated formations .
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Deposits in flood p l a i n s , and to a greater extent in terraces , are
the principal source of sand and gravel fo r  c o n s t r u c t i o n  purposes.  Current
( 1966) product ion  is from Grayson , Upshur , and Wood Counties.

Reserves of sand and gravel have not been determined in detail but are
conside red amp le fo r  many years. Consumption will depend upon local re-
quirements which have increased considerably in recent years .

15. ARKA}ISAS

The Red River enters Arkansas in the southwest section , forming a part
of the south boundary between Arkansas and Texas. The river flows generally
eastward fo r about 40 miles and then makes an abrupt turn to the south ,
forming the east boundary of Miller County , then enters Louisiana as the
bounda ry of Caddo Parish.  The Arkansas counties included in the Red River
Basin are Columbia , Hempstead , Howard , Lafayette , Little River , M i l l e r ,
Nevada , Polk , and Sevier , al l  in southwes t Arkansas .

Mineral output from the counties listed , in order of val ue , is petroleum ,
cement, na tural  gas , na tural  gas liqu ids , sand and grave l , stone , gypsum,
clay , and slate (table 6).

a. Petroleum, natural gas, and natural gas liguUs.--O ilfields, re-
fineries , and gas processing plants in Hempstead , Miller , Lafayette , Columbia ,
Nevada , Ouachi ta, and Union Counties account for essentially all of the
pe troleum and rela ted produc ts in Arkansas (Ouachita and Union Counties are
east of the Red River Basin boundary). The area within the basin contains
bo th oil and gas. Much of the gas is “sour ” and must be processed to remove
hydrogen sulfide before it can be marketed . Consequently, a large quan t ity
of byproduc t sulfur also is produced . Byproduct sulfur plants are at McKamie,
Magnolia , and El Dorado. Five oil refineries with a total crude capacity of
91,000 barrels per calendar day operate in Union and Ouachita Counties , about
30 miles east of the basin boundary. The largest gas processing plant in
Arkansas is in Columbia County , three are in Lafayette County, and one each
is in Miller and Union Counties. Total capacity as of January 1, 1968 , was
432 million cubic feet of natural gas per day.

Production of crude oil has been on a downward trend since 1960 but in
1966 was still sufficient to comprise a third of the State ’s total mineral
production value.

The output of natural gas shows a stead y increase over the past  10 years.
Output value of na tu ra l  gas l iquids  (LP gases , natural gasoline , and cycle
products) averaged abou t $4 million per year during the 1958-1966 period.

• At the end of 1966 , the estimated proved recoverable reserve of crude
oil was 181 million barrels , 10 percent less than at the end of 1965. Reserves
of na tural gas li qu ids in south Arkansas gained 10 percent during the same
period .
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TABLE 6.--Red River Basin below Denison Dam, Arkansas, m in e r a l  p r o d u c t i o n
val ue by counties, 1966

Minerals produced in
County Value order of value

Columbia $30 ,492 ,031 Petroleum , natural gas liquid s,
na tu ral gas , sand and gravel.

Hempstead 173,360 Sand and gravel , clay .
Howard 6 ,046 ,143 Cement, gypsum, stone , sla te,

clays , sand and gravel.
Lafayett 16,848 ,222 Petroleum , na tura l  gas , na tural

gas liquids , sand and gravel.
Little River 13 ,584,212 Cemen t , s tone , clay s, sand and

gravel.
Mille 6,468 ,373 Petroleum , sand and gravel , na-

tural gas , na tur al gas liquids ,
clays .

Nevad 2,298 ,853 Petroleum , sand and grave l , na-
tural  gas .

Polk 223 ,507 Sand and gravel , c lays .
Sevi e 652 ,000 Sand and grave l.
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The outlook for the petroleum in south Arkansas is good desp ite the
decreas ing crude oil reserve . Additi onal oil and ga s pr oducing zones are
act ive ly  sought through exp lora tory drilling .

Columbia County ranks first in the State in annual production of
petroleum and natural gas liquids and second in natural gas output .
Eig hteen active and six abandoned oilfields are located in the county.

Major pipelines for the transmission of natural gas extend from northern
Louisiana to Little Rock, Ark., and pass thr ough Columbia County. Feeder
lines from local gasfields in Columbia , Un ion, and Lafayette Counties join
the main lines near Philadel phia and Macedonia in Columbia County.

b. Cement, stone, and c1~y.--The production value of cement and its related
raw mater :.als comprised about 25 percent of the total mineral produc tion value
in the Red River Basin in Arkansas in 1.966. Cement plant s are located at
Fo reman , L i t t l e  River County ,  and at Okay , Howa rd County.  Total pr oduc tion
value of cement nearl y doubled between 1962 and 1966.

The Annona Chalk of Cretaceous age is quarried over an extens ive area
and used in the two cement plants. Appreciable quantities of clay that mantle
and are interbedded with the chalk are recovered in quarry ing the Annona Chalk
at Okay and Foreman . The clay is a necessary constituent in the cement-
maki ng process . Reserves of chalk and cla y are very subs tan t ia l  and wi l l
supply the industry for many years.

The other princ ipal use for stone within the basin area is as concrete
aggregate and roadstone . Outcrops of the Jackfork Sandstone extend from the
Arkansas-Oklahoma border , across the northern parts of Sevier and Howard
Counties . Bed~ are relatively massive , gray, fine to med ium grain , hard ,
and quartzitic . The sandstone , which has a tendency to break from the out-
cr~ p in blocks , is relat ive ly hard and bri ttle , and is suitable for riprap
and crushed stone , Reserves which are considered a source for cons truction
materials  are vir tually unlimi ted .

Chalk , sandy chalk , and marl , abundan t and widespread in thick beds of
Cretaceous formations , are potentially valuable for utilization in cement
and ag r i c u l t u r a l  l imestone (17) . Removal of silica from Saratoga chalk by
flotation could open a vast new source of raw material for the cement in-
dustry.

Most of the clay output is used in processing cement. Miscellaneous
clay is mined near Hope , Hempstead County, for use in building brick . Re-
serves of clay for heavy clay products or for expanding into lightweight
aggregate are virtually Inexhau stible.
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C .  Gypsum.--In 1963 , Dierks Lumber Co . opened a wallboard plant that
utilizes gypsum from a deposit near the east-central part of Howard County.
The gypsum occurs in the De Queen Limestone Member of the Trinity Group.
Three f l a t beds of gypsum, separated by thin shale partings , have an average
total thickness of about 20 feet . Overburden consists chiefly of clay and
shale. Spec ific estimates of gypsum reserves cannot be made , bu t the gypsum
belt in Howard County extends some 17 miles eastward to the southeastern end
of Plaster Bluff in Pike County and total resources comprise many millions
of tons.

d. Sane and gravel.--Production of sand and gravel ranks high in the
mineral industry of the basin counties in Arkansas. All of the counties
have recorded output of sand and gravel , but Miller County ranked first in
tonnage and value of the output in Arkansas for 1966. The material is
available from alluvial sediments , Quaternary terrace deposits , and residual
gravel s. Extensive terrace deposits border Day Creek and have yielded much
gravel. Beds 3 to 10 feet thick are mined by drag line. Reserves appear
adequ ate f or many years.

The output of sand and gravel in Sevier County fluctuates sharply from
year to year as dred ging shif ts to different sites on Little River . Alluvial
gravel is also available in the valley of the Cossatot River . Reserves of
a l luv ia l  gravel of Little River , credited to both Sevier and Little River
Counties, are es tima ted at 25 mill ion tons . Closing of the Miliwood Dam
on Little River , east of Ashdown, inundated many of the gravel sites. Con-
struction of De Queen Dam and Reservoir on Rolling Fork Creek and Gillham
Dam and Reservoir on Cossa tot River may restric t na tural rep lenishment of
downs tream sand and gravel deposits.

Bedded gravel of Cretaceous age is particularly abundant in the south
half of Sevier County. The gravel is essentially rounded pebbles of cher t
and novaculite derived from the Ouachita Mountains to the north. Uses in-
d u d e road construction , railroad ballast, and concrete aggregate. Total
reserves and reserves of individual deposits of the bedded gravel are unknown
but large. Currently, the Pike Gravel Member , the Ultima Thule Gravel
Lent il , the Trinity Group , and the Tokio Formation are mined. The Pike —

Gravel Member is 20 to 50 feet thick throughout mos t of its extent. The
Ultima Thule Gravel Lentil thickens westward to more than 40 feet along the
Oklahoma-Arkansas border.

Thick sand beds in the Tokio Formation , cr opp ing out in 20-foot bluffs
in the south-central part of the county, are a po ten t ial source of silica
sand (~j). The sands of the Tokio Formation are mostly quartz with some
gra ins of f eldspar , and a few small black grains (probably of magnetite).
The high iron and alumina content precludes use of the sand in glass manu-
facture , bu t it may be usefu l for abrasive purposes , for  bond ing or molding
sand , and as runner sand in p ig iron casting .
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Much sand and grave l has been recovered in the last 40 years from
extensive deposits surrounding North Lewisville in Lafayette County.
Reserve s are pr obab ly extensive . In fac t , the widespread cover of thick
Quaternary grave l and sand hampers exploration and development of other
mineral deposits.

Three types of sand and gravel deposits are available in Hempstead
County: (1) Terrace deposits found in the uplands in the northern part of
the county and near Fulton in the southwestern part of the county are most
extensIve; (2) less extensive alluvial sands and gravels; and (3) sands and
gravels in the basal par t of the Tok-io Formation , in parts of the Nacatoch
Sand , and in the Wilcox Group which are the least extens ive.

Sand and gr avel is rec overed mos tly from bars and banks of Little
River . Principal production is from a sandbar in the north-central part of
the county by dred ge pump s. Total reserves of sand and gravel in Little
R iver Coun ty ar e larg e.

e. Miscellaneous mineral resources.--Several mines were opened before
the Civil War to exploit lead and zinc deposits in Sevier County, and inter-
mittent mining continued until 1906. Antimony ore was mined intermittently
from 1874 to 1947. The antimony mines and prospects are concentrated in
the north-central par t of the county. The future prospects for producing
antimony are not favorable because exploration and development costs prob-
ably would exceed the value of the ore that could be developed .

The Trinity Group in the general vicinity of Lebanon contains lenticu-
lar layers of asphalt ic sandstone in the section between the Pike Gravel and
the Dierks Limestone Members. The greatest th ickness  of the layers is
1 foot. The asphaltic sands of Sevier County have not been evaluated for
utility or quantity.

Iron ore has been mined in southwest Nevada County . Commercially
significant deposits are in an area 7 miles  long and 2~ miles  wide . Iron
ore zones occur in the Wilcox Formation . Goethite concretions within a
matrix of goethi te and clay occur in layers 1 to 3 feet thick. Some ore is
exposed but most is interbedded with clayey strata . Overburden is commonly
abou t 9 feet thick. Locally, the topmost iron-bearing bed is separa ted by
6 to 8 fee t of greensarid from an underlying ore zone. Iron-bearing nodules
or concretions in the lower zone are principall y unoxidized to partly oxi-

-
~~ dized sider ite . The ore s reportedly, contained an aver~.ige of 56 percent

iron, no phosphorus or manganese , and very little silica. Most of the ore
was shipped to Alabama for smelting and some was used in cement manufacture.
The iron oxides and particularl y iron carbonate , because of high purity, are

• considered potentiall y valuable sources of pigment . Deposits near Rosston
and Falcon constitute part of the iron resources of southern Arkansas.
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Abundant tuff and tuffaceous sand poss ibl y are usef u l  as na tural
pozzolans. An area just south of Lockesburg, Sevier County, has been
des ignated as the locus of a buried volcano of Cretaceous age. Phonolite
t u f f  and pumiceous o r t h o c l ase  t r a chy te  t u f f  from th i s  volcano and o thers
to the east are sp read wide l y throug h Woodbine and Tokio Format ions . A
belt of potential pozzolanic material runs east-west from Horatio to
Lockesburg across the center of Sevier County.

[6. LOUISIANA

Red River enters Louisiana near the northwest corner of the State and
flows south and southeastward to its confluence with Old River , about 8
miles west of the Mississippi River .

The parishes inc luded in the Red River Basin of Louisiana are
Avoyel les , Bienville , Bossier , Caddo , Catahoula , Claiborne , Concordia ,
De Soto, Gran t , La Salle , Natchitoches , Pointe Coupee , Rap ides , Red R iver ,
Sab ine, Vernon , Web ster , and Winn . The princ ipal mineral industry activities
in the Red River Basin of Louisiana are production of the mi.n~ ral fuels ,
petroleum , na tural gas, and natural gas liquids (table 7).

a. Petroleum, natural gas, and natural gas liguids .--Oil in commercial
quantity was discovered in northern Louisiana in 1906 near Caddo Lake when
an operator drilled to a depth of 1,556 fee t in the Upper Cre taceous rocks
of the Sab ine up lif t (jfl. After this discovery , oil development in northern
Louisiana was extended to Red River , De Soto , Sab ine , Claiborne , and Webster
Pari she s by 1935. Discovery of the additional fields resulted in a rapid
increase in rate of oil production. In 1966, the major oilfields within the
Red River Basin in Louisiana were , in order of outpu t, Caddo-Pine Island in
Cadd o Par ish , Cotton Valley in Webster Parish, Pendleton-Many in Sabine
Parish , Haynesville in Claiborne Parish , Lake S t. John in Concordia Parish ,
and Black Lake in Natchitoches Parish . Total production from these fields
in 1966 was 16 .5 milli on barrels of crude oil. Petroleum reserves in north
Louisiana totaled about 2 billion barrels on December 31 , 1966.

The p r o d u c t i o n  of na tu ra l  gas in most f i e lds  of nor thern  Louisiana is
assoc ia t ed  w i t h  tha t  of petroleum. Parishes with major production within
the Red River Basin in 1966 were Bossier , Webster , Bienville , De Soto, Claibor ne ,
and Caddo. Between 1960 and 1966, the value of natural gas production from
the basin parishes has averaged $82 million a year. Natural gas liquids
(LP gases, natural gas oline, and cycle products) are recovered in gas process-
ing p lants concentrated in Webster , Boss ier , Cla iborne , and Caddo Parishes .
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TABLE 7. --Red River  Basin be low Denison Dam, Louisiana, mineral production
value by parishes , 1966

Minerals produced in
Parish Value order of value

Avoyelles $4,472 ,578 Petroleum , na tural  gas , na tural
gas liquids.

Bienvill 10 ,546 ,687 Natural gas , petroleum.
Bossie 32,284 ,023 Natural gas , petroleum , na tural

gas l iqu ids .
Cadd o 32 ,960 ,711 Petroleum , na tural  gas , na tural

gas l iqu ids , c lays.
Ca tahoul 12 ,689 ,962 Petroleum , sand and gravel , na-

tural gas .
Cla ib orn 27 ,826 ,177 Petroleum , na tur al gas , na tural

gas liquid ..
Concordia 25 ,983 ,719 Petroleum , natural  gas .
De Sot 11 ,096 ,085 Natural gas , petroleum.
Gran t 473 ,310 Petroleum , sand and gr avel , na-

tural gas .
LaSall 23,130,740 Petroleum , na tural  gas , sand and

gravel.
Natchitoche 6,981,203 Petroleum , na tural  gas , clay s.
Pointe Coupe 14,679 ,283 Petroleum , na tural  gas , na tural

gas liqu ids , c lays.
Rapide 7,465 ,537 Petroleum , sand and gravel , na-

tural. gas , clays .
Red R iver 1,449 ,752 Petroleum , sand and gravel , na-

tural  gas . -

Sabin 16,136,833 Petroleum , na tural gas , na tur a l
gas l iquids .

Vernon 8,000 Sand and gravel.
Webster 33,773,362 Petroleum , natural gas , na tural

gas liqu ids , sand and gravel.
Winn 3,417 ,430 Petroleum , stone , gypsum , na-

tural gas , sand and gravel.

I

V I I I — 3 3

_ _ _ _

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

~~~~~~
-

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

_ _ _ _ _



A ccordi n~- t o  the American Petroleum Institute , reserves of petroleum ,
natural gas , - m d  natural go— li qu ids on December 31 , 1966 , amounted  to

5. -f. b i l l i o n  b a r r e l s  of cr u d e  o i l , 83.7 t r i l l i o n  cubic  fee t of natural gas ,
and 2 .3  b i l l i o n  b z i r r c 1~ of natural gas l i q u i d s . Proved recoverab le  re-

~~-rves in the S t a t e  as a wh o l e  at t a i n e d  new h ighs  in 1966 d e s p i t e  record
p r o d u c t i o n  ra t : cs . R e se r v e  d a t a  i s  n o t  ava i l ab l e  f o r  s epa ra te  pa r i shes  or
s e c  L i o ns  01 the S t a t e . The ratio of r e ser v e s  to p r o d u c t i o n  in 1966 were
8 to I f o r  c rude  p e t r o l e u m , 16 t o  1 for  n a t u r a l  gas , and 31 to 1 for  na—
t u r a l  gas l i q u i d s . The con t i nued  s e a r c h  to r  oil  and gas , t oge the r  wi th
improved recovery  t e c h n i q ue s , shou ld  m a i n t a i n  the  p o t e n t i a l  proved reserves
at. ab ou t  t he  p r e s e n t  leve l d u r i n g  the  fo r e seeab l e  f u t u r e .

b. Sand and gr ave l . --Sand and grave l  composed main l y of c h e r t , quartz ,
and r e l a t e d  s i l i ca  rocks occurs  widel y in n o rth e r n  L o u i s i a n a  as P l e i s t o c e n e
t e r r a ce  and Recen t  a l l u v ia l  d ep o s i ts . In t e rms  of both tonnage and value ,
sand and g r a v e l  ( c o l i ec t i ve l y)  is the  s econd  most  i m p o r t a n t  m ine ra l  commod-
i t y  ( o i l  and gas being f i r s t )  produced  c ommerc ia l l y in the Red River  Basin
p a r i s h e s . The annual  o u t p u t  f rom 1960 through 1966 has averaged 2 .6 m i l l i o n
shor t  tons valued a t  about  $3.3 m i l l io n .  A predominant  p a r t  of the cur ren t
p r o d u c t i o n  of washed and screened p r oduc t s  is s ized grave l .

Commerc ia l  sand and g rave l w a s h i n g  and screening p lants are d i s t r i b u t e d
t h r o u g h o u t .  A major  par t  of the  ou tpu t  of sand and gravel  is  produced by
large--scale operations from deposits near the larger population centers of
Shreveport and ALexandria in Caddo , Webster , and Rap ides Parishes .

The sand and gravel reserves in the basin parishes are estimated to be
abou t 100 million tons . The mos t extensive deposits of mixed sand and gr avel
occur in Webster and Rap ides Par ishes .

c. Stone and gypsum. --Stone production from the Louisiana part of the
Red River Basin consists ~ { anhydrite mined in Winn Parish. The Winnfield
salt dome is overlain , in ascending odcr , by 300 feet of anhydr ite , 5 to 30
ic-ct of - -y ps - arn , and 50 t o  75 feet of crystalline limestone . The anhydri te
is quarried for use as concrete aggregate and roadstone. Minable reserves
in the area where the l imestone and gypsum have been quarried are sufficient
to sci - - tam operat i n s  for many years .

TI-c gypsum , exposed b y l imestone o p e r a t ion s , has be en q u a r r i e d  b ince
1950 for w e as a r e t a r d e r  in r o r t i a n d  cement;  about 1½ m i l l i o n  tons of
yp - - utn ha s  been mined . R e s e r ve s  are  not available but are be l ieved  ade—

q u a L ~ to s u s t a i n  the  eu r r e - a t  ou tpu t  for  many yea r s .

• ci . çj~~~.--N r L h e r n  L o u i s i a n a  con ta ins  an abundance of c l a y  in T e r t i a r y
and (~u I ~ em ory Forma t ion~ and w- rkable  d e p o s i t s  occur in most  of the  Red
R i v e r  B a s i n  p a r i s h e s . Common r e d - f i r i ng  c lay  is p redominan t , though semi-
r e f r a c t  ry h u f f - f i r i n g  c l a y s  occur  in some areas . One d e p o s i t  of sand y
k m  1 i n  h a . - h t -c  n found
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Common med b u i l d i n g  b r i c k  is f i r e d  f r o m  Wilcox clay in Bienville
P a r i s h  and N c m t c h i t o c h e s  P a r i s h  and f rom Recen t  alluvial clay in Rapides
Parish . Buff-colored fcmcebri ck is made from semi-refractory Wilcox clay
in Caddo Parish. Since 1948 , l i g h t w e i g h t  aggrega te-  has been produced at
Alexandria , Rapide s Parish , from alluvial clay.

A d e p o s i t  of sand y kaolin in the  n o r t h w e s t  corner  of Vernon Par i sh
h as been d e l i n e a t e d  by dr illi ng . The clay material , composed of highly
colloida l white c l a y  (45 p e r c e n t )  and w h i t e  sand (55 p e r c e n t ) ,  may be
suitable when blended with other clays for the processing of r e f r a c t o r i e s,
porcelain , and d i n n e r w a r e .  The depos i t  averages 10 f e e t  in th ickness  and
covers at  l e a s t  10 ac r e s .

The r e se rves  of semi-refractory and bloating clays in the productive
areas  have not  been d et e r m i n e d  bu t  are probabl y adequa te  f o r  more than 10
years a t  the  p r e s e n t  r a t e  of min ing . Reserves  of c lay  s u i t a b l e  for  making
common b u i l d i n g  b r i c k  are v i r t u a l l y un l imi t ed  in the Red River  Basin
pa r i shes .

e . S a lt . - -Sa lt  has been produced sporad ica l ly on a small scale in
n or t h e r n  Louis iana  s ince  1805 by evapora t ion  of b r ines , f rom b r ine  springs ,
and s h a l l o w  w e l l s . S a l t  domes are known to occur n o r t h e a s t  of the  Red
River in Webster , Bienville , Natchitoches , and W inn Par ishe s. Domes are
a l s o  known south  of the  Red River  in Rap ides , Evangeline , and St . Landry
Pa r i shes . A sa l t  mine , opened in the W i n n f i e ld  sa l t  dome in Winn Parish
in 1930, operated u n t i l  the mine flooded in 1966.

f. Ligjmite. --All of the exposed and potentiall y commercial lignite in
Louis iana  is r e s t r i c t e d  to the Te r t i a ry  Sys tem and crops out in the northern
half of the State . Most of the deposits occur in the Eocene Series , es-
peciall y in the Midway , Wilcox , and Claiborne Groups . The most important
de pos i ts , however , occur in the Midway and Wilcox Groups in northern half
of Sabine and N a t c h i t o c h e s , sou thwes te rn  Bienville , southern Bossier , Caddo ,
Dc Soto , and Red River Par ishes .

In genera l , the l i gn i t e  occurrences  in the  Midway Format ion  are  con-
centrated in Dc Soto Parish. The occurrences range from 1 to 4 miles west
of the Red River .

The mos t extensive and thickest of the lignite strata in Louisiana crops
d)ut in the Dolet Hills in the sou theastern part of Dc Sore  Pa r i sh , 12 to 15
mile- s sou theas t  of Mansfield (~~~). The bed is continuous between outcrops
in secs . 3, 4, 6, and 7, 1. 11 N., R. 11 W . ,  and sec.  2 , T. 11 N . ,  R. 12 W . ,
and sec . 26, T. 12 N., R. 12 W. The outcrops indicate that the stratum can
be t raced for a distanc e of about 6 miles in an oast-west direction and about
2 mi le s  in a n o r t h e r l y d i r e c t i o n .  Oil well logs indicate tha t the downdip
e x t e n t  n t  the bed to the south and west of the outcrops is at least 2 miles .
At  the o u t c rop , the l i g n i t e  is 6 to 7 f e e t  t h i c k , and ~ c l i  logs  2 m i l e s  f rom
I h i e -  o u t c r o p  indicate t h e  s t r a t um  is 4 to 12 feet thick .
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The bed di ps to t he south and west from the outcrop s resulting in a
thickening of the overburden in tha t direction. The sand section that
immediately overlies the lignite bed has a maximum thickness in a few
places of 125 fee t downdip.

In the early 1900’s, several attempts were made to mine the lignites,
but the operations were economically unsuccessful. The yielding nature of
the overlying sands made underground mining extremely d i f f i c u l t  because
much timbering support was necessary. Similar operations today would face
the same problems . Locally, strip mining would be more satisfactory. Strip

— mining would be limited to places where overburden depths were less than
• 100 fee t .

The information concerning the lignite deposits of Louisiana suggests
that it has little apparent use at this time. Louisiana has an abundance
of gas and oil which overshadows any possibility of the lignite being used
as a fuel in the foreseeable future. It may have importance in chemicals
that might be derived from it and , if this possibility materializes , l igni te
would be produced in large quant i t ies.

F ~
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S(M-IARY

\rcheolog ically , the Red River  has been most noted for being the
heartland of the Caddoan archeological area where Southeastern
cul ture  reached one of its peaks of achievement in late prehistoric
times . h ere , complex buria l  ceremonialism reminiscent of that of
leso-Anerica is evidenced . But the Red River Basin offers much more

of archeological importance. Over a span of some 10 ,000 years ,
Indian occupation occurred in al l  ecologica l zones and on most land
surfaces , at times rather intens ively ; the once widespread evidence
of this occupation s t i l l  remains as a recoverable resource.

Unfortunately, scientif ic  research in this area has been spotty
and in many cases centered on the mound and ceremonial centers of
the late prehistoric peoples . Around the beg inning of the 20th
century , George E. Beyer of Thiane University and Clarence B. ‘b ore
of the Philadelphia Academy of Natura l Sciences conducted separate
and unsystematic investigation programs into mound sites along the
Red River. ‘b ore is famous for traveling up the river by steamboat,
starting fran its juncture with the \lississippi and proceeding to 37
miles above Fulton , Arka nsas , record ing and prob ing over 40 sites .

The decades between 1920 and 1940 witnessed increased scientific
investigations, beginning with the work of Gerard Fowke of the
Snithsonian Institution. During this period Walker , Setzler and Ford
worked several mound groups near the mouth of the Red , with Setzler
adminis tering a WPA program of research in Louisiana . Spanning this
san e period , the University of Texas was conducting excavations in
the east Texas dra inages of the Red . As in Louisiana and Arkansas ,
the Texas work was almost exclusively confined to excavations of large
Caddoan mounds and cemeteries, all of which occurred relatively late
(Ca. 900-1500 A.D.). During the 1940’ s in Oklahoma , a series of
extensive camp and village sites wer e dug in I .eFlore and ‘- IcCurtain
Counti es , part of the basin area .

Recent impetus has been g iven to research in the bas in  by the
Inter-Agency Archeological Salvage Program . E~~cept for Louis ia na ,
where no Inter-Agency Salvage program s have been inaugurated to date ,
all other areas of the basin have seen archeological survey and
excavation in specific reservoir sites. The work is continuing and
has resulted in a cons iderable accumulation of broader knowledge
about the basin ’s archeological resources, including earlier , non-
ceremonial sites and complexes. Water devclopnent projects
investigated thus far inclede: ‘billwood and Gilham Reservoirs ,
Arkansas ; Texarka na , Pat ‘bayse , Cooper and Lake 0’ the Pines Reservoirs ,
Texas ; and Hugo , Pine Creek and Broken Bow Reservoirs , Oklah oma .
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A general picture of san e 10,000 years of Red River Basin
history is emerging. h owever , only a bare outline is known of
changes , interactions and influences, some of which, like the
introduction of agriculture and pottery, were to have far-reaching
effects . ‘leager and scattered evidences of the early hunters of
big game have been recovered . ‘bore is known of the occupation of
the basin by Archaic peoples ; evidence fran temporary camp sites
i’~idicates a greater use of surrounding natural resources and a
response to the slow but widespread climatic aix! ecological changes
which were occurring . Canparatively more is known abcut the
following Formative period which extends to historic times . During
this period increased population , seni-pernanent village life , and
a more stable and permanent food supp ly allowed for a complexity
of social aix! religious life . In this later period a great
diversification and elaboration is reflected thraighout the basin ,
with centers in the Alluvial Valley of the Red, the Caddo area of
the central portion of the basin , anu the Caddo-Plains area of the
Texas-Oklahoma portion.

For an area which holds the key to much knowledge of the
Southeast as a whole , it is surprising that more concern has not
been generated for the preservation or salvage of information .
Despite the amount of research being conducted by both professional
and amateu r investigators , the fact remains that these important
and non-renewable resources are disappearing at a greater rate than
can be recorded . The tota l loss is being augmented by pothunting,
agricultural practices , water developnent projects aix! indus trial
expansion .

The potential for archeological research in every area of the
bas in is tremendous, not only for solving chronolog ical problems of
h~ina n social developn ent but for important ecological problems as
well. A review of proposed projects included in the basin developnent
plan indicates that most have either known or potential archeological
or historical resources . Viewed against the background of previous
archeological work and the acceleration of site destruction in
general , the recovery or preservation of these non-renewable resources -:
should be an integral part of any comprehensive developnent plan.
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SECTION I - iNTRODUCTION

This assessment of the natural , a reheologlcal and historical resources
of the Red River Basin is bein g made with three objectives in mind : to review
the history and present knowledge of the prehistoric and historic occupation of
the Basin; to comment upon the potentialities of and necessity for salvage , pres-
ervation , development , and interpr etation of these particular resources; and
to evaluate the possthle problems and dangers to these resources inherent in a
water resources development plan such as Is being considered by varioi :s
Federal agencies and the States in the current stixly.

Since the days of Theodore Roosevelt , conservationists have championed
the cause of preservation and/or conservation of the Nation ’s natural resources .
“Save the Redwood Forest; Save the California Condor . ” The hue and cry has
had public appeal , and the public conscience has heeded the call . The conserva-
tionists have divided natural resources into two groups: those which , in the
course of natural events if left alone will reproduce themselves (like the Redwood
or the California Condor); and those which cannot reproduce themselves (at least
not within ‘reasonable ’ time periods - -like coal or natural gas). These two
groups have been termed renewable and non-renewable resources .

When viewed in these terms , the archeological and historical material
and information of the Red River Basin are non-renewable resources . Once an
Indian site is churned up by the plow or the pothunters; once a Civil War embank -
ment is included in a levee , its original nature and its cultural and scientific
value has been destroyed. Since these resources are often our only records of
past human activity , if some effort is not made to salvage and make permanent
record of the information in these sites , it is like tearing the pages from a
history book , a book only one copy of which remains . All that can ever be
known of the way of life of the Indians who inhabited North America before Euro-
pean contact must come from the ground; valid interpretations of the material
found in the ground can be made only through scientific excavations . Non-
scientific excavations or disturbances of the material in the ground by any
means , destroys this resource.

it is not within the realm of possibility to preserve every scrap of
broken pottery, or even every Indian site. It is within the realm of possibili-
ty to make every effort to salvage information and material when It is known
that they will be destroyed . The Inter-A gency Archeological Salvage program
was developed on this premise and has proved the worth of its endeavors many
times over in the past few years . The potential for Interpretation of the re-
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covered portions of this resource has not been fully developed , outside of
feder ally owned monuments , national parks , and other areas of chosen national
importance . Equally significant and ‘ appealing areas and information await
recognition and development on the local and the State level .

A ny Comprehensive Study should take into consideration the develop-
ment and interpretation of the significant portions of these non -renewable
resources - -our country ’s prehistoric and historic heritage .

The nature , kinds, and amount of information contained in this report
must be considered with the fact in mind that it has been prepared in six weeks ’
time. The four archeologists who provided data for their particular states ,
had , at the most , six weeks from the time they were asked to help, until the
report was to be received at the University of A rkansas Museum - -six weeks
to review and assess their area and to study the effect of the particular water
project3 proposed . The Comprehensive Basin study has been underway for
several years by the Corps ; it is unfortunate that the present study of the
archeological and historical resources could not have been inaugurated earlier
and made under less pressure of time . However , that the government agencies
recognize the importance of such resources by including studies such as this in
their planning is indeed encouraging. Despite the hasty nature of the review , we
feel it fills a definite place in the Comprehensive Basin study. A more detailed
analysis and review of each watershed in the Basin is being prepared and will be
deposited with the National Park Service .

IX -2
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SECTION II - NATURAL SETTING AND ENVIRONMENT

1. INTRODUCTION

There are two phenomena concerning the natural  resources and environ-
ment of the area encompassed by the Red River Basin as defined in this study ,
which are of significance and interest to an assessment of the area . The first
is that, al though there are no natural phenomena of National importance (such as
another Grand Canyon), there are locall y extremely important and significant
features which may be aff ected by a Comprehensive Basin development plan .
Pockets of floral communities and certain species of animals exist in restricted
areas , They are not of interest because they are ‘unique ” , but because they
are surviving remnants of the ‘ original ’ natural environment.

Cutting and draining, particularly in the bottom lands, have eliminated
certain natural environments; where these have been preserved , the trees,
flowers , birds , and animals which remain become ‘ curiosities ’ because they
no longer exist elsewhere in the area . There are two excellent examples of this
phenomena: in Beaver Bend State Park, McCurtain County, Oklahoma there is a
beautiful cypress forest; at Grassy Lake, a privately-owned preserve in Hemp-
stead County , Arkansas , there are numerous alligators as well as other unusual
plants and animals (see Section V) .

The cut over areas are in second and third growth; the drai ned bottom
lands and swamps are farmed or in pasture . The River itself , has chan ged its
channel many times . The natural habitat of many plants and animals has also
changed , caused them to disappear from the area . Little remains of the
“natural” environment as it was in aboriginal times when man had few tools
with which to “improve ’ on nature .

The second phenomena of interest is that , as a whole , the Red River
Basin remains a predominately rural area, supporting small farmers , cattle
raising, and lumbering . The area included in the Basin has but three urban
concentrations , two of them directly on the Red River itself: Alexandria and
Shreveport , Louisiana , and Texarkana , A rkansas-Texas . The remainder of
the Basin is distinctly rural in character. Its historic and recreational re-
sources constitute its principal attractions to outsiders .

Aside from these two factors , which hold for the entire Basin , the
physiography and local environmenta l of the Basin differs greatly as one pro-
ceeds from west to east - -from Denison Dam to the mouth of the Red River .
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2. PHYSICGRAPHY

The Red River Basin is whoLly within the Gulf Coastal Plain p1i~ si~~~raph1c

provinc - , i. ~~~ ; t  b r  ~ small portion of the area north of the River where the

Ouachita ~ .ountalii province extends from northeast to southwest into the Rasit .

In the Ouach .ca ?~ oun tain province , the tributary strean s of the Red run south in
relatively nar ro w , sometimes steep dissected valleys . In the northwest corner
of the Basin , in Cklah oma , t h & rc is a smal l  section of Cross Timbers count ry ,
where the fc arc rol l ing sandstone hills , densely covered with scrub oak growth .
North of the River in iklahoma and in Arkansas , the Gulf Coastal Plain topogr a-
phy is interspersed v.ith sections of natural prairie land . To the south of the
River in Texas, the ‘Blackland Prairie stretches from west to east, essentially

disappearing, however , where the major eastward-flowing tributaries (the
Sulphur River  and Cypress Bayou) have cut and eroded major  portions of the
Basin . East Texas . tL~en , is no longer flat park land , but rolling timbered
country.  The same is t rue  in northwest Louisiana , where streams , flowing
south i ato th e  Red , run through gently rolling forested land , the “hills ” of
northern Louisiana .

As the alluvial valley of the Red River is reached , in Louisiana , the
coun try ~s flat. The natural  levees and backswamps generally are covered with
timber--in fact, until the last few years , as little as 20% of the land in the al-
luvial “alley had been permanently cleared for agr iculture or settlement . The
lower portions of the Red crosses the wide alluvial plain of the i’.. ississippi
River . Just south of Alexandria the Red had deposited an unusual amount of
sediment , for at one time , when the !\ ississippi was in a channel far west of its
present course , the Red entered the l’~ ississippi in this area .

3. NATURA L GEOGRAPI-IY

Three major tributaries of the Red River are wholly included within the
basin; however, for the purposes of this report , the Ouachita - Black
drainage has been excluded. The

thrcc major waterways are the Little River in Arkansas , the Sulphur River in
Texas an ’i Arkansas , and Cypress Creek in Texas and Louisiana (where it is
called Twelvetn i le Bayou) .

The valleys of the streams extending into the Ouachita ~ ounta in province ,
or the bordering rolling hills , are usuall y covered with oak-hickory-pine forests .
The valleys of the Sulphur and of Cypress Bayou and other smaller tributaries
running fran-i the south to the north and east into the Red River generally flow
throug h t imbered country,  in wide terraced valleys .
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The gross differences  which can be seen in vegetation in the Basin as a
whole can be Largel y (though not entirely) accou nted for by change s in rainfal l  as
one moves from the western to the east e rn  portion of the Basin . In the western
portion , in Texas and Oklahoma , annual precipitation is slightl y over 40 inches:
when the four-s ta te-corner  area is reached , average annual ra infal l  reaches
50 inches or more , and the growing season averages 240 days (A pril -September).
In the eastern area ra inf al l  generally comes in the winter and spring, adding to
the excellent potential for abundant vegetation .

To the differences in cl imate , forest cover , and topography, can be
added considerable difference in the faunal  population , particularly prior to
settlement by Europeans . Bison were found In herds on the prairie and park
land of the western Basin: deer , bear , and puma and wolves roamed the forested
mountains . The wild turkey was common in the Ouachita N ountaths , and com-
mon small  mammals  still found today were abundant throughout the area
(squirrels , raccoons , opposums , rabbits). In the swampy backwaters and deep
forests of the central and eastern Basin , snakes of several poisonous and non-
poisonous varieties abound . Fish , too , are abundant , particularly in those areas
which have been artificially impounded . In the sou thern portion of the valley,
waterfowl are found by the thousands in season , for they cross the eastern and
central portion of the Basin on their migrations .

4 . ~ .ODERN HtJ ?.:AN GEOGRAPHY

As has been mentioned , except for the urban areas of A lexandria , Shreve-
port , and Texarkana , the Red River Basin has now and always has had , essential-
ly a rural  economy . Br.cause the river valleys were (and are) subject to periodic
overflow , little of the unterraced flood plain was used for farming in the past--
although now (espc~ ially in Louisiana)  much of this land and the back swamps as
well are being cleared and drained for soy beans and rice cultivation . Use of
the land for pasture , and of ~n forests for lumber and pulpwood is most common
in all of the Basin except as it narrows toward ~ s mouth in Louisiana , where
there are margina l communities of f i sherman-t ra ppers , and stock raisers ,

Back from thL flood plains , cotton f a rm i n g  was common - -of the planta-
tion variety in Louisj a .-ia , of the small  farmer  type in Arkansas  and East Texas -

The Arkansas and extreme southeastern Oklahoma portion of the Basin has
always been economically poor , although lun ~~r in~, and cattle raising are preva-
lent . In the past twenty years , howeve r , much land has been put into the soil
bank , and even the small  farmer is disappearing.

1k IX-5
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Industry is playing an increasingly important roLe in all areas of the
Basin . as lar ge f irms bring branch factories to the small  towns (especia lly
those with water resources avai lable ) .  Howeve r , possibly the fastest growing
“i ndustry in terms of the economy, is recreation , associated primarily ‘.vith
the development of water  control projects but also possibly because of loc r i l l v
attractive natural scenery as in Beaver Bend State Park in Oklahoma and Queen
Wilhelm inn State Park in Arkansas . Lake 0’ the Pines , Caddo Lake , Lake
Texarkana , and I’ illwood Reservoir are all impounded lakes providing recreation
facilities for rural and town populations alike , particularly for those who l ike to
fish .

Perhaps the greatest influence on the use of the land within the Red River
Basin is the development ~w Federa’ and State ac~encies . Changes are
already occurring in the economy, particularly in terms of reclaimed Land
available for agriculture , and in terms of recreation and resort facilities . As
the River is stabilized , the chance of floodi ng lessened , lakes created , and
channels made permanent , changes , as yet unforeseen , in the use of the land
may come. Since much work on the River itself has been completed in Louisiana ,
clearing operations are much in evidence along the alluv ial valley . Here
thousands of acres of former levee and back swamp lands already have been
conve rted for the production of beans .

Approximately 150 river miles of the Red River are to be eliminated with
the realigning of the channel- -this in itself is a major change in land use and in
the potential use of the River , its tributaries , and the Basin . TI’-’ advantage s
and potentialities for human use of the resources of the Basin is great; the pres-
ervation of equilibri um for the floral and faunal populations must be kept in mind :
and the consequences of environmental changes to all ecological relationships
withi n the Basin must not be ignored .
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SECTION III - HISTORY OF ARCHEOLOGICAL WORK

1. INTRODUCTION

There is a startlingly similar ring to the history of archeological re-
sea rch in various parts of the Red River Basin. Indians occupied the Basin for
at least 10, 000 years , at times rather intensively , and yet scientific research
on this area has been spotty, and almost entirely centered on the mound and
ceremonial centers of the late prehistoric peoples .

There are two consequences of this particular history of scientific investi-
gation: the entire span of 10, 000 years of prehistory is only vaguely known ; and
some important sites which would have filled gaps in our knowledge are now
gone--into the river , under a levee , churned by the plow or the relic hunter s
shovel. For an area which holds the key to much knowledge of the Southeast as
a whole , it is astonishing that more concern has not been evident for the preser-
vation , or at least the salvage of information about this particular area of North
American prehistory.

2. FIRST PHASE , 1890-1920

The first Indian sites to be investigated in the Red Rive r Basin were
large, obvious , mound sites at the mouth of the Rivr :  and further upstream near
Natchitoches. George E . Beyer of Tulane excavated in a few mounds between
1895 and 1898, but m ade no attempt to locate village sites (Beyer 1895).

Shortly after the turn of the century, Cla:cnce B. Moore , of the Phila-
del phia Academy of Natural Sciences , went by steamboat up the Red River to
approximately the present Oklahoma border , visiti ng and excavating in a number
of sites along the way. Moore ’s steamboat was equipped for an archeological
expedition, and hr carried his crew with him . He, too, concentrated on obvious
India n mounds and located their associated cemeteries with a metal probe . He
left a record (Moore 1912) of the burials that he recovered , and particularly fine
accounts and drawings of the more artistic -lrnf3cr’, ~~~ ~c ‘~~ u a l l v  ‘~~~itcd and
described only a very small number of sites in the valley . His was not a system-
atic sur ie’- , but a selecting of sites which would yield artifacts . His descriptions
of mounds and cemeteries on the Great Be nd ~n Arkansas are the ii.~st for that
area .

It is interesting to notc , at this point , that throughout Moore ’s publica-
tion (as in his other works in other areas of the southeast) he make s constant
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reference to the fact that relic hunters were causing extensive destruction of
sites all along the River .

Inspired by Moore ’s find ings , the M useum of the American Indian in New
York City , sent M . R.  Harrington to southeast Arkansas in 1916. it was intended
that he continue where Moore left off , investigating the mound sites on Red River ,
but he reached Fulton , Arkansas when the Red was in flood and as a consequence
most of his twenty months in the field were spent to the north and east of the
Great Bend and ju st outside of the Basin as defined in this study . His 1920 publ i-
cation , however , added considerably to our knowledge of the prehistory of the
area , and his description of the Mineral Spr ings site near Nashville (which is
in the Basin) was invaluable to later studies .

3. SECOND PHASE , 1920-1940

The decade of the 1920’s brou~ n Smithsonian archeologists to Louisiana ,
to investigate in the same areas that Beyer had first worked - -around the mouth
of the Red and near Natchitoches . Gerald Fowke , working in both village and
mound sites , excavated a number of sites (Fowke 1928), but again did not in-
vestigate the area between Mark aville and Natchitoches , nor further up the Rive r
towards Shreveport.

For most of the southeastern United States , the Great Depression brought
a flurry of archeolog ical activity due to the immense labor force available . The
prehistory of the Basin benefited by this fact , but only to a limited degree and In
certain areas , I . e. the mouth of the Red , southeast Oklahoma , and to a lesser
extent , East Texas . Walker , Setzler , and Ford worked in several Large mound
groups at the mouth of the Red. Walke r alone moved out of the lower portion of
the valley to excavat e at the U. S. National Fish Hatchery site at Natch itoche s
and to publish on late prehistoric ceramics from the area (Walker 1932 , 1935 ,
1936) . Setzler came to the Mark avil le area in the midst of the W . P. A . oper -
atio ns . Local legend has it that Walker could not eat ‘Caj un food nor imbibe
enough to suit the natives. Lot siana at that time was a hot bed of local parti -
san politics and such gourmet talent was necessary to the furtherance of local
diplomatic relations and archeolog ical research as well. Setzler was well
equipped to administer the W . P. A . program. His excavations at the Ma rk sville
site itself led to furt her work in that area by his crew leaders (J ames A . Ford ,
Stewart Neitzel , and Gordon R.  Wi lley). Setzler (1933a , 1933b , 1934) and Ford
and his associates (1940 , 1951 , and 1952) laid the groundwork for a relatively
detailed chronolog ical framework of occupation for the area , but this was limited
in scope to the Red River mouth and the adjacent areas of the Lower Mississippi
Valley .
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In other parts of the Basin, the 1930’s saw a considerable increase in

investigations . Ford , the first  to survey the area between Natchitoches and
Shreveport , recorded a number of village sites ( 1936), but his attention soon
shifted back to the mouth of the River (Ford and Quinb y 1945). Further up the
River , in Arkansa s , local amateurs were beginning to be active , amateurs who
published on their work (Lemley 1936 , Dickinson 1936). These two reports on
work at the Crenshaw site , a large ceremonial center in the River va l ley itself ,
served as a major source of information on the late occupations around the Great
Bend of the River for many years .

Beginning in 1930 , the University of Texas sent crews into East Texas
almost every year until the Second World War. Floods seemed to have disturbed
most of the sites along the Red itself , so the work was begu n along the middle
and upper drainage of Cypress Creek , and later was shifted to the middle Sulphur
River and finally the Red . Two sites excavated during this decade of work , pro-
duced significant bodies of data: the Sanders site at the mouth of Both d ’Arc Creek
in northwestern Lamar County (Kriege r 1946: 171-199), and the Hatchel site
northwest of Texarkana on the flood plain of the Red in Bowie County (Suhm et a l .
1954: 203-204) . The Hatchel site was extensively excavated with a large W .P. A .
crew.

As in Louisiana and Arkansas , this work in Texas was almost exclusively
confined to excavations of large Caddoan mounds and cemeteries , all of which
occurred relatively late in terms of the occupation of the Basin (ca. 900 - 1500
A .D .) .  The work seemed bent on first  acquiring specimens , and only second-
arily on recovering coherent information on the prehistoric occupations . Pearce ,
in a summary of the first season ’s work by the University of Texas ( 1932b: 5 1-52)
emphasized that in 1930 alone more than 1, 000 specimens were brought into the
laboratory . Landowners , were , in fact , compensated two dollars for each
vessel found , a practice which caused difficulties in later years because it pro-
duced inevitable confusion between commercial wor th and scientific worth .

Althoug h this work in Texas was variable in quality and lini~ted in useful-
ness , it did (like that in Louisiana) produce results which Krlege r was able to

- 
- use in definin g a series of burial complexes which still represent most of what

we know about this part of the Red River drainage (Kriegc r 1946: 205-216;
Suhm et al.  1954: lF ~1-227) .

Recorded investigation into the prehistory of the Basin north of the Red
in Oklahoma began during the second decade of what we are calling the Second
Phase of research. Beginning in 1935, H. R .  Antic , working for the Oklahoma
Historical Society, investigated and reported upon several sites (including a
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small shelter) in Potontuc County, at the northwest edge of the Basin (i\ntle
1935a , 1935h , 1939). It was \\ . P.A . activity, howeve r , which gave the f i r s t
real boost to knowledge of prehistoric occupation in southwest Oklahoma , and

in 1940 , 1941 and early 1942 a considerable amount  of work was ioj n in that
portion of the State ij icluded in the Ba sin. A series of extensive ~aIup ~nd vi l lage
sites were dug in centr a l  LeF lur e County (Ncwkum et 1940 , Proctor j957,

Sharrock 196 1)); two vi l l age  sites , ~ oc with a mound , were exca~ at~ d in central
t~ cCurtain County (Bell and Baerreis [951; 53-56), and both historic and pre-
historic sites were excavated in western Bryan County (Kassel 1949 , Bell and
Baerreis 1951: 43-44 , Ray 1960).

In contrast to this scientific work , site destruction , particularly in the
cemetery sites which were known to produce pottery vessels , was heightened
during the Depression , because of the market value of these artifacts . Sites
throughout the Basin were uns ystemat ically looted , causing untold amounts of
dam age . Pearce , working in Texas , noted (1932a: 687) that :

The prevalent ~Lpression has Set tenant farmers, commercial

pothunters , and even unemployed geologists from the closed
down oil fields to digging into and destroying our precious
records of the past. This is going on in a way and to an extent
that is heartbreaking to any bona fide archeologist.

4 . THIRD PHASE , 1940-1967

Other than the work by Krieger , based on the Texas excavation of the
1930’s, our knowled ge of the late prehistoric , or Caddoan , occupation in the
Central portion of the Basin is largely the result of work by non-professional
archeologists , begun ju st before the beginning of World War ~l.

Under the leadership of Dr . Clarence H. Webb (a physician), a cult ural
sequence for the northern Louisiana area of the Red has been firmly established ,
based on considerably more work and detail than either the sequence in the lower
Red valley or that in Texas (Webb 1940 , 1945 , 1948a , 1959 , 1961 , 1963, Webb
and Dodd 1939a , 1939b. 1941). Dr. Webb was also the first person to investigate
and report on Paleo-indian and Archaic occupations anywhere in the Basin , his
work being done along the Red River s tributaries in the hills of northwest and
north central Louisiana (Webb, 1946, 1948b).

Once the W .P.A . work came to an end with the Second World War ,
scientific archeological work by professionals in most areas of the Basin came
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to a standstill. Following the end of the \ \a r , interest in the pr eh ist ory of the
area was renewed . In 1947 , Bell worked at the Scott site in LeFlorc County,
Oklahoma (Bell 1953), and in 1948 , Krieger directed work at the Battle site in
Lafayette County , Arkansas (Krie ger 1949).

The real impetus to archeological research in the Red River  Ba sin came
with the establishment of the Inter -A gency A rcheological Salvage Frn~~~am ii’.
proposed federal reservoirs . Except for Louisiana , where no Int er-A gency
Salvage programs were inaugurated , all other areas of the Basin have seen
archeological survey and excavation in the specific areas which will  be (or in
most cases , now have been) flooded by reservoirs . Thi s work is continuing
at the present time and has resulted in a considerable accumulation of knowledge
of the archeological resources in the Basin , despite the fact that these projects
must confine themselves within the reservoir l imi t s .

Two of the first  projects in the Basin , begun in 1952 , were the survey
of the proposed Millwooci Reservoir in southeast A rkansas , carried out by Jelks
and Moorman from the River Basin Survey office in Aus t in , Texas (Jelks 1954),
and survey and testing in Texarkana Reservoir (Jelks 1961). Since that time
most major reservoir areas in Texas , Oklahoma , and A rka nsas have been
surveyed and salvage work eithe r completed or in progress . This Inter-A gency
Salvage work can he summarized briefl y as follows :

Texas: In the Red River valley itself , reconnaissance has been carried
out by the University of Texas at two small water control projects : a private
power reservoir in Grayson County (W .A.  Davis et a l .  1963) and the Logan -
Slough Watershed Project in Lamar County (Jelks 1965). Southern Methodist
University carried out survey and limited excavations in Pat Mayse Reservoir
on Sanders Creek in 1967 (D. Lorrain , personal communicat ion) .  In the Sulphur
River Valley, there were limited excavations by the University of Texas in 1959
in the area of the future Copper Reservoir (Johnson 1961: 234-268) and the work
by Jelks in the basin of the Texarkana Reservoir . In Cypress Creek valley
there was excavation by the University of Texas in the basin of the Lake 0’ the
Pines - -then called Fcrrells Bridge Reservoir--in 1957- 1958-1959 (E.  M . Davis
1958 , Jeiks and Tunnell 1959 , W . A . Davis and E . N . Davis 1960 , E . N~. Davis
~nd Gipson 1960 , F . M . Davis and Golden 1960).

Oklahoma: Survey and limited testing in proposed watershed and flood
control projects began in 1960 and was done either by amateurs or by the I n i —
vcrsity of Oklahoma. Hugo Reservoir was surveyed and a few sites were tested ,
in eastern Choctaw County (Lawton 1960 , 1962); and Broken Bow Reservoir in
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cast central MeCurtain County was surveyed (V~yL koff ~ ) .  ~~ cope with the
increasing problem of salvage archeology in proposed rcsL~tvo1r and watershed

areas , the Oklahoma River Basin Survey Project was oig.in&zcd in 1962 to act as

a contracling agency for this work. Surveys have been carried out in ñ i i c  Creek
Reservoir (W yckofi 1961), and Frogvillc Watersh ed Project (Basti’’ l9e’~ ), ar ~~
a resurvey of Hugo B :se i you ( ‘Vvrk o ff 1967). IntLusive ~‘x c a v a t o a i S  h:1V~. been
carried out in Elrok ’n How 0 C L  i vuir (\~vckoU 1965, 1966. ~9ô6h, ~9c7a , 1967h),

and in Pine Creek l~escrvui r (~‘arr 1966).

Arkansas: Beginning in )‘16[ , the University of Arkansas NIuSLU ’lI , began
test excavation in ,\iillwood Reservoir , based on the recommendations made by
Jelk’s survey. W ork was carried out there each year until the reservoir flooded
late in 1965 (Hoffman 1965a, 19656, 1967; Thomas 1966). In addition, the
National Park Service did -i 

~~ i isons work in the reservoir area , at the Mineral
Springs Site (Bohannon , 1966), an d n ride a survey of Gillham Reservoir (Wilson
1963).

During this period of tcuviry in two-thirds of the Basin area , the
Louisiana portion has been relatively neglected. Some recent work has surveyed
for historic sites (\\illiams 1961. 1962: Gregory and Webb 1965) clustered in the
vicinity of Natchitoches. Webb continues to be the most active person in Louisi-
ana archeology , and archeolo gists at Northwestern State College have initiating
some small scale surveys and excavations but are hampered by la ck of funds .

Outside of the federal reservoir areas , archeological work since the War
has been carried out to a considerable degree by amateurs, and to a far lesser
degree by professionals . Organized societies of amateurs in Texas , Oklahoma ,
and Arkansas, have not only done a considerable amount of good archeology, but
have been of inestimable service to professional work where salvage fu nds were
not available. The informa tion accumula ting from this source of work is filling
in gaps which might otherwise remain blank.

5. PRESENT STATUS OF ARCHEOLOGICA L WORK

Salvage archeology , as the term implies , works against time to save
what can be excavated from the ground in two , three , sometimes as many as
five seasons of work before a reservoir is flooded . All archeological info rma-
tion and materials which will be covered by the lake waters cannot be salvaged ,
so a choice must be made , and the choice is usually made to ‘salva ge ’ the most
significant or the most important sites . Less often it is possible to have the
ti me and opportunity to choose sites to be salvaged because they will , hopefully ,
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provide some answers to certain problems . The situation is complicated by the
fact that the flood plain of rive r valleys were often not as popular for village sites
because of frequent flood--although this is by no means always the case . No site
investigated under the Inter-A gency program has been excavated as intensively
as were many of the sites worked on by W .P. A . crews . The re was both time
and plenty of labor then; now there is usually little of either. In the literal
sense of the word , salvage archeology never excavates a site in a reservoir
area , it only tests . As a consequence , althou gh the situation is somewhat better
now than it was in the 1930’s, we still are largely ignorant of the village life of
the prehistoric inhabitants in the Red River Basin.

Despite the amount of research made possible through the Inter-Agency
Sal vage Program , and despite the work outside of reservoir areas by knowledge-
able amateurs , the fact remains that sites and information are disappearing at
a greater rate than they can currently be recorded . Throughout the area,
destruction of sites by pothunters and untrained persons continues (Wood 1963a).
In point of fact, the antiquities of much of this area have been unexplored except
by citizens bent on week end relic collecting. In recent years this loss of infor-
mation has been greatly augmented by the accelerating pace of site destr uction
caused by agricultural, urban , and industrial expansion , water development
projects (particularly in Louisiana , but also those over which the Inter -A gency
program does not have control), highway construc tion , to say nothing of many ,
many other projects which arc changing the face of the land .

We would do well here to reiterate the point made in the introduction
Archeological and historic sites constitute a non-renewable resource. Once
destroyed without record , they cannot be recreated . The public has a righ t to
the information contained in these Sites , and the need for systematic investiga-
tion in the Red River Basin is considerabl y more desperate today than it was
when Clarence B. Moore complained about extensive pothunting in 1912. After
35 years of continuing destruction , by various means, the situation has now
become truly acute.
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SECTICN IV - S U M M A R Y  CF HISTORY AND PREH I STORY

1. INTRODUCTICN

A summary of the human ecupation of the Red River  Basin can best he
viewet~ by setting it in th e  pers pect ive  of prehistory in North Am er ica  as a whole .
Speaking in very general t e rms  there arc three continent-wide cu l tura l  stages:
Pa leo- lnd iar i , Ar chaic , and Formative . Archeologically, the Palco-Indian stage
is characterized ~~~i North America by large , ski l l ful ly made projectile points
used for hunting big game. The flaking is often done by a distinctive parallel -
flaking technique . an ( l  in some areas a channel or flute was removed on each
side of the projectil e point .  In son e parts of the United States , these points
are quite early in t ime (older than 10, 000 years ago), and have been found as-
sociated with bones of an imals  now extinct , such as mamn oth and long-horned
bison . In many areas these distinctive projectile point flaking traditions lasted
until as recently as 4 , 000 B .C. ,  when geographical conditions and animal life
were much the same as they arc today . The Palco-Indians were nomadic hunters ,
following herds . They undoubtedly traveled in very small groups , but the y
eventuall y spread over the whole conti nent .

The Archaic stage was also characterized by a nomadic way of life , the
wandering groups essentially living off the land . However , the variety of tool
types , w a s ni u e h g r c 1 t e r d u r I n g this stage , and there are more sign s
of gathering and grinding of seed and berries , and other exploitation of plant
foods. Groups were probably larger than in the Paleo -Indian stage , and seem
to have retu rned , perhaps at certain times of the year , to favorite (or favorable)
camping areas . This stage ended at different times in different areas: in parts
of the southeastern United States it ended between 1000 and 500 B. C., but in the
Great Basin it continued into the 20th century .

The Formative stage was characterized by a livelihood based on a
combination of agriculture and hunting, with groups now living in permanent or
semi-permanent village s . A griculture , the major difference between the
Formative and Archa ic stages , had spread north from Mexico . Pottery and the
bow and arrow are also primarily associated with this stage . The Indians of
the Red River Basin were living a Formative way of life when the Europeans
first appeared , established in villages and obtaining their subsistence by grow-
ing corn , beans , and squa~ i , and by hunting game .

The following summary of human occupa tion in the Red River Basin will
be presented in terms of these three general stage s, as well as touching upon
the opening of the historic period .
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2. PA LEO-INDIA N

Evidence that these early hunters of big game were in the Red River area
is present , but it is meagr e and scattered . Surface finds of projectile point
types associated elsewhere with the Paleo -Indian have been found in a few places
in the Basin , mainly outside of the alluvial valley of the Mississippi , in the up-
lands or ter races of the Red River ’s flood plain . In northwestern Louisiana a
recent intensive study of artifacts in the possession of local collectors and others
( Gagliano and Gregory 1964) has revealed several types of Paleo-Indian projectile
points , and has suggested the presence of some local varieties . No actual Paleo-
Indian sites are known in the Basin , although one site in northern Louisiana is
currently being excavated which contains tools of one of these possible local
varieties of the Paleo-Indian tradition (C. H. Webb , personal communication) .
None of the finds have ever been made in association with extinct mammals in
the Basin as has been the case further to the west .

3. ARCHAIC

More is known of the occupation of the Basin by A rchaic peoples , although
here again , ev idence is scant as compared to the later Formative cultures . This
is partly due to the nature of the sites - -temporary camp sites rather than semi-
permanent village s . The dart points used by these people for hunting are found
all over the Basin , and this kind of artifact , along with other stone tools are
common in the collections of amateurs . Scientifically excavated sites , however ,
are few and far between- -in fact , excavated information on Archaic occupation
most often derives from the lower levels of sites upon which later Formative
peoples also l ived .

As was mentioned in the initial statement in this Section , the Archaic
stage ended at different time s in different parts of the continent , and this same
statement can be made for the Basin itself. Near and into the area of the
Ouachita M ountain province, the Archaic group continued to live by hunting and
gathering probably well into the Christian era , while in Lou’siana pottery
making and possibly agr iculture had been introduced into at least the southern
portion of the State prior to that time. Some of these differences, and cha nges
in the tool assemblages in the different areas can be accounted for by slow but
widespread climatic and therefore ecologicai changes occurring throughout the
southeast . Different adaptations were made in different areas to these changes ,
and to the influences felt by local groups from neighboring areas .
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‘~‘veral sites in ( ‘kiah orn a iud T.~xas have revealed Large 
enough nu~~scrs

of a variety of Stone tools that it is obvious that people were rnaki i g greater use
of the natural resources around them , and producing a greater vari ety of obj ect ’—

Sonic wt ’r~ hury:ng their dead in a fl~xcd posi
tion, and In addition to chipped

stone tools for hunting and processing ni hides and mcat. they weie prod~ e

ground rn~ polished tool-~ is well , such as axes and ecits . ProjectH’~ point

types indicate that th cx~ was a relationship of some kind between S uf li c  of the

Archaic groups in ~‘kl’ihoma and Arkansas and similar groups on the 
Grea t

Plains .

In northern Luu iaian .l , hut outside of the Basin area itself , is one of the
most interesting and unusua l  Archaic  sites known in America - —the Poverty Point
sit e. The tune period of its occupat ion is contemporaneous with Archaic occu-
pati ons el ’~~whcr . arid it va~ pr i mar l l~ a non-pottery making, and perhaps
largely n on- agr i cu l tu ra l  people who lived there . But this site was , nevertheless .
a large vi l l age (not a r t - r ~ p or . irV L a m p  site) ; there must have been a r e la t ive ly
complex social organizat i on hecause there are earthworks at the site which are
not known elsewher e in the \ . I - ~s i ’ -~~lppi valley until much later in t ime ; and
there is a tremendous variety of ut i l itar ian obj ects , as well as a sophisticated
and highly a r t i s t i c  lapidary industry present at the site . Very slowly evidence
is coming to ligh t of similar artifacts on an Archaic time leve l in other parts
of the lower Mississippi valley, and into the hills of north central Louisiana
within the Basin . There are no sites yet known in the Basin itself which reflect
more than a weak influence from this large village , and it seems to have had no
effect on what must have been contemporary Archaic sites in the Basin in Texas
and Oklahoma. Th~.. eni~~na of the Poverty Point culture ’ of northern Louisiana
is one of many fasc inat ing problems to be solved in the Basin area .

\ ri pic o~ an argumentativ ’ nature (to archeologists) in the Basin ia that
of the d iv id ing  line between the Arch a ic  and the beginning of Formative times .
It is easy enough to say that when pottery is found on a site , people were living
i~ thc Forr~ ativc stag - . This i’— a very arbitrary and easy line to draw , h ut it

becoming evident tha t  it is an unrealistic one . There is good evidence in
southern ~ rkansas and especially in the Ouachita Mountains of southeast Okla-
homa that  potte ry was being used by peoples who were living essentially by
hunt ing and gathering. This ‘t ransi t i onal”  period , between Archaic and
Format iv e stages is poorly dr. fined and provides the basis for Hoffman to state
that the Archaic  end s ’ in southwest Arkansas somewhere between 1000 and 500
B . C . ,  and for Wyckoff  to state that the stage “ends ” in southeast Oklahoma
somewhere herween A . D . 500 and A . D. 700 . Such disparitie s in opinion exist
only part l y hccau s~ of differences in the definition of terms , but are pr imar i ly
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the result of there being so little information available from excavated sites
upon which to base f irms conclusions .

4 . FORMATIVE

As is indicated in the introduction to this Section, the Formative Stage
brought some sign iiicant changes to the way of life of the aboriginal inhabitants
in North America . In the Red River Valley, new ideas came into the area ,
probably from the North and East as well as up the Mississippi Valley which
caused a basic change in the subsistence patt ’~rns of the Archaic peoples . None
of the changes were abrupt or drastic , but occurred very gradually, possibly
over generations . The rate of change is difficult  to detect archeologically; the
ground reveals onl y change s in the inventory of material goods , and differences
in ways of living brough t about by concentrations of populations in villages .
The idea of pottery was probably introduced first into the area of the mouth of
the Red River from the East , for it is known to have appeared in the Atlantic
Coast considerably earlier . The advent of agr iculture is less easy to identify ,
but must be partiall y assumed from the settled village l ife--some permanent
food Supply must have been available .

Increased population , semi-permanent village life , and a more stable
and permanent food supply allowed for a complexity of social and religious life
which wos not possible to the hunting and gathering peoples of the Archaic . An
elaboration in the kinds and amount of material goods was possible , and it is
upon the occurrence of these objects that archeologists depend for most of their
interpretation of development and change of the various groups who occupied
the Red River Basin. This diversification and elaboration in the Formative
Stage is reflected in the Red River Basin in the kinds of sites found there and
in the artifacts associated with them . In addition , different cultural traditions
arose in different  areas of the basin--different traditions which are all , none-
theless , based on semi-sedentary village life . It is possible , therefore , to
discuss the Formative Stage in the Red River Basin in terms of three different
areas: the Alluvia l  Valley of the Red River , the Caddo area , and the Caddo-
Plains area .

In order to be able tc.’ discuss the differences which appear in the arche-
ological material  from each of these three areas , archeologists have given
different names to the regional developments and eLaborations over time and
space . No political or tribal ~eIationshi p is suggested when two sites are said
to be of the Tchefunte culture , for example; this just means that the traits
found on these two sites are more similar to each other than they are to sites
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of the I chula or Baytown culturL . It must be remembered also that most of the

information we have for the various groups in the Red River Basin during the

Formative Stage comes from ceremonial .~ites or cemeteries .

a. Alluvial Valley . Through the \~~~~. P . A - work , reviewed ear l ier , at

the mouth ot the Red River , a hr e i iu lngi c - i l  sequence was established for the
Lower NA is si ss ippi  Valley . The ~~ne -~ ot the cultural groups distinguished as
a result of these excavations wer~- (from oldest to latest): Tchefurite , Marksville ,
Troyville , Coles Creek , P laqueniinc , and Historic . Sites near the mouth of the
Red arc some of the first in the a l l u v i a l  valley to show evidence of pottery . In
fact , some Tchefuntc sites seem to diffe r from the late Archaic groups only in
the respect that a well-developcd ceramic complex was added to a basic Archaic
stone tool inventory .

The Mississippi River was - b~ i usly a great artery of communicat ion ,
and certainly ideas and influences v.t -r e fe l t  all up and down its course . The

~ .arksville culture , for example , shows a marked relationship to the Hopewell
culture which is only slight’y earlie r in t ime in the Ohio River Valley . This
influence , possibly even a colonization from one group to the other , is shown
by similarities in elaborate burial practices and mound building, and in well-
made distinctively decorated pottery, as well as othe r ceremonial and non -
utilitarian objects . The importance of the Marksville sites located at the mouth
of the Red cannot be overemphasized , for it well may be that here is the largest
single concentration of sites of this culture in the Mississippi Valley . More
problem -orientated excavation should reveal the extent and nature of contact
between these people and those living in the Ohio Valley.

The Troyville and Coles Creek people , again differentiated and defined
upon differences in treatment of the dead and sty les and decoration of pottery,
are found over a wider area in the alluvial valley , and a major Troyville Site
occurs well up the Red River , at the Fredericks site in Natchitoches Parish.
Enough archeological work has been done to suggest that influences from Mexico
were being felt at the end of Troyville or beginning of the Coles Creek period--
particularly evident in the appearance of truncated , flat-toppe d mounds upon
which religious structures were built , and the advent of well developed agri-
culture . Just exactly when these two traits appeared and from where and how
is a subject of considerable controversy among archeologists working in the
area a controversy which can only t-’~’ settled , or at least toned down , by more
research.

By the time of the Plaquemine period , some of the elaborate ceremonial-
ism of the earlier periods had disappeared , but there are definite indications of
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influences, probably even trade , with groups living further up the Red River
valley above Natchitoches . Distinctive pottery types and decorative motifs
show tlij s influence well , but very little is known of the occupation of the lower
Red River val ley during this time period , because no Plaquemine site has been
adequately investigated as yet in this area .

b. Caddo Area . The central portion of the area considered in this study
of the Red River Basin is known archeologically as the Caddoan area (Fig. 1).
Nearly all the sites in this general area seem to represent the ancestors of the
Caddo tribes who were still living here when the first Europeans appeared on
the scene . The establishment of a chronological sequence of Formative Stage
cultures for the Caddo area is not as firm as is that in the alluvial valley, but
certain changes have been observed which make it possible for the archeolo-
gists to talk about early Caddoan groups (Gibson Aspect) and later Caddoan
groups (Fulton Aspect) .  With in each of these arbitrary and generalized time
periods archeologists have recognized localized areas of related villages---
which may or may not represent tribes --which are also given names . These
groupings are based mainl y on differences in artifact styles , but again , arti-
facts which come from ceremonial and cemetery sites , rather than from village
sites .

There were pottery making groups in thi s area prior to the establishment
of what can be recognized as Caddoan , but the relationship of these groups to
Caddoan groups is not well understood . The arti facts front  these pre-Caddoan
or Early Ceramic sites indicate influence from Marksvi l le  and/or early Coles
Creek groups dowr river , as well as possible influence from pottery making
groups to the north. The origin of Caddoan cultur e itself is one of the major
problems of the prehistory of the Red River Basin and is as yet unsolved . As
we know it now , the Caddo cultu re seems to have dropped out of the blue , full
blown as it were , with developed ceremonialism and a social organization which
provided the man power (or women power) for building large ceremonial mounds .
This picture is certainly an i i i u s o - a  r esu l t ing  from inadequate research. Many
of the early Gibson Aspect traits resemble contemporary styles in the Missis-
sippi Valley, and some resemble styles in Mexico; much of the stonework is the
same as is found in preceding Archa i c  and earlier c e r a m ic cul tures . How and
why the d istinctive Caddo compicX of traits forr ri ed , we h a — .c as vet li ’~le idea .
The information is wait ing in the ground .

The heartland ’ of the Caddoan culture is along the Red Rive r in north-
west Louisiana and southwest Arkansas . The major ceremonial  centers of the
Gibson Aspect , and there are several , occur only in thi s area . There are
ceremonial mound s , built for burial or for putting a ‘t r i icture  upon , away from
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this heartland ’ but none of the large complex mound groups are found anywhere
in the Basin except around the Great Bend of the Red. There are almost none of
them left that have not been extensively damaged by pothunting. These ceremoni-
al centers date from around A .D .  900 to A.D.  1300. It is interesting to note ,
however , that Gibson Aspect people also were building single ceremonial mounds
along the Re - i  River well ir~o the prairie country, in both Texas and Oklahoma.
The Caddo wer e basically a woodland people , and these western sites apparent-
ly represent a penetration into the prairie along what was essentially a woodland
habitat of the river valleys .

Information on the growth and spread of Gibson Aspect peoples is meagre
and what is known has not been well tied together as yet . There are , for example ,
two ceremonial centers of Caddoan culture along the Arkansas Rive r in east
central Oklahoma , far from the major concentration of occupation on the Red.
Work in soutLaastern Oklah om a shows very little occupation in early Gibson
Aspect timet~, aid in th3 Sulphur and Cypress valleys in Texas small Gibson
Aspect sites are known to exist but almost none have been excavated . It may
well be that in these small village sites , as yet uninvestigated , lies buried the
c’ue to the origi .i of Caddoan culture .

Fulton Aspect sites also occur in large numbers in this heartland ’ of
the Caddoan ‘irca , ‘nd there seem to be more of them than of the previous
Gibson Aspect sites , although here again , this statement may be based purely
on a lack of complete investigation of Gibson sites . Certainly one thing is
obvious--the Fulton Aspect people did not build large ceremonial centers , or
even large ~ere~5i aaial mounds . They did not practice the same form of elabo-
rate ceremonialism as the Gibson groups, although ceremonialism of some
sort Is indicated in burial of the dead with abundant grave goods during this
period . In fact , more Fulton Aspect sites are known probably because of this
very fact-- large numbers of fine pottery vessels can be found in these cemne’-
teries , ~nd they arc being looted at a great rate .

There are several regional subgroups of the Fulton Aspect , and
relatively ~~eaking, a good deal of archeology has been done on Fulton Aspect
sites in southeast Oklahoma and northeast Texas as a result of River Basin
salvage work.  It is known that these sites date no earlie r than around A .D.
1350 and thct they extend into historic times . While these people did not build
ceremonial mounds as did the Gibson Aspect people , it has recently become

• evident that th2y did build small mounds over burned structures- -structures
presumably ceremonial in nature . Some of these mounds have been excavted
in Lake 0’ the Pines , in Texas, in McCurtain County in Oklahom a , and in
Miliwood Reservoir in southwest Arkansas .
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A lthough burial practices differed n different localized areas , the
general way of life of the people was probably the same throughout the area
(although this has not been verified archeulogically as yet), if we may j udge
from the accounts of the European who appeared Ofl the scene at the end of
the 17th century.

c . Caddo-Plains . As is mentioned above , there are definite mdiciitionS
that the horticultural Caddoan Indians had expanded their terr i tory into the
prairie lands in the western portions of the Basin. Scattered sites have been
found on the south side of the Red Rive r in Texas , and several late Gibson sites
have been excavated on the north side of the River in Bryan County, Oklahoma .
The relationship of these groups with the Plains Indian groups just  to the west
is poorly known . The Wich ita , relatives of the Caddo , were known in the
western portions of the Basin .in historic t imes . ~Vh at the dynamics of the move-
ment of these groups was , and whether the influence and movement was from
west to east or east to west is yet to be determined .

It is obvious , however , that the western portion of the Basin is the least
well-known of the th ree areas discussed , and resea rch would reveal important
movement of ideas or groups between those Indians whose cultural t rai ts  were
oriented toward an eastern woodland ecology, and those who were or ien ted
toward the prairie plains .

5 . HISTORIC -

When and where history begins and prehistory ends is usually not a cut
and dried question . European objects can appear in the inventory of an Indian
site without there having been any actual contact between the two peoples .
Shortly after the Spanish reached Mexico , horses began to trickle up into the
North American plains; news if not objects must have reached the Indians in
the Red River Basin area by the same routes that influences from Mexico had
been felt for several hundred years . Presumably Cabeza de Vaca ’s presence
was heard of , and in fact he may have traveled into the western portion of the
Basin in the late [520’ s (Covey 1961: 18-19).

It is difficult to precisely follow the routes of these early explorers , but
general routes can be estimated . The DeSoto expedition , following the death of
its leader , tried to reach Mexico overland . This party , under the leadership
of Moscoso , went well into present day northeastern Texas in 1542 , before
giving up the attempt and returning to the Mississippi . Swanton (1939) believes
that Moscoso and his men crossed the Red River near present day Shreveport ,
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where the Spaniards reported agricultural  villages of the Naguatcx , a Caddo
tribe.

Following these brief encounters , the Basin area slipped back into pre-
history ” for almost a hundred years , although European trade goods were ap-
pearing in the area by A . 1) 1600 by which time there were Spanish settlements
near the Rio Grande . There is abundant documentary evidence for widespread
native trade across Texas from the Rio Grande to the Caddo country in the 17th
century (Swanton 1942: 35ff; Kelley 1955).

The end of the 17th and the beginning of the 18th century finally brought
th e  B~ sin into t h c  ful l  historic record , as both the French (from the east and
southeast) and the Spanish (from the southwest) began to trickle into the area .
The frontier between the Spaniards in Mexico and the French in Plississippi
crystall ized ilong the Neches and the Red Rivers , most significantly perhaps ,
near Natchitoches . In 1714 , Louis Juchernau de St. Denis founded th western
extension of French Louisiana there , and nearby the Spanish established an
administrative post at Los Adeas . The Caddo found themselves the objects of
continuing political , military , and commercial maneuvering. This area on the
P d River in central  Louisiana holds some of the most fascinating pages of
history in the struggle between two European nations for holdings in the New
World . The ground still holds much of this story. There arc , however ,
beginning with the account of the LaSalle party through this central portion of
the Basin in 1686 (Swanton 1942: 38 ff) ,  many useful records of the countryside
and its inhabitants .

There are se veral k nown Ind ian sites of this period which indicate the
nature of the material  traded to the Indians , and the change in some of their
customs as a result of contact with the Europeans . An historic Tunica village
is located near the mouth of the Red River , which was occupied around 1706
(Ford 1936: 131). Glass beads , guns , lead shot , a halbred blade and other
European and Indian objects have been found at this site (thc Angola Farm site).
In 1719 Bernard de Ia Harpe built a post on the south side of the Red in what is
now Bowie County , Texas (possibly at Roseborough l ike (Har r i s  et al . 1965:
359)). This post was in the territory of the Kadohadacho , of whom the Nas-
sonites (Nasoni) were a component tribe . As has been mentioned , sometime
in this era Wichita groups were coming into the area , and in the 1700’s they
became the principal middlemen in the trade between the then flowering Southern
Plain equestrian groups (Comanche , Kiowa , and others) and the French and wood-
land Indians to the East.
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European and American appearance in the northern portions of the Basin
came much later than in Louisiana and Texas . Influences were felt , nonetheless ,
and by the 1770 ’s , the Kahahadacho villages in A rkansas had been abandoned be-
cause of smallpox . By 1820 a short-lived American Factory and mi l it a ry  post
was established at the mouth of the Sulphur River in Arkansas; and by th i s  t ime
southeast Oklahoma was occupied onl y by hunting parties from fur ther  west
Oklahoma , or Indian Territory, has its own unique ‘historic Indian ’ s i tes ;  t he
Basin portion saw the settlement of Choctaw groups in the 1830’s , groups which
had been moved fro m the lands in Alabama and Mississippi .

In summary then , up to around 1720 there was only scattered and inter-
mittent European influence in the Basin. After that date , up to 1803 and the
purchase of Louisiana territory by the Americans , there was considerable con-
tact , mostly commercial and military (and some missionary) activity in support
of trade . By the late part of the 18th century, Indian groups in all parts of the
Basin were suffering a marked population decline . Between 1803 and 1830 , the
native Indian population was sharply reduced , and the Basin saw the movement
of numbers of groups from the east into Texas and Oklahoma , as pressures
from settlers forced them from their  homelands further east .

Unlike the French and Spaniards , the Americans who moved into the
area were not scattered official military and commercial representatives of
powerful nations located elsewhere . They were common citi zens bent on settle-
ment and direct exploitation of the land . In general , they were not interested
in indian trade as a commercial venture ; in fact , they were little interested in
the Indians at all . By 1840 all Indian groups had been moved to Oklahoma .

Our review ends here, when the historic documentation of settlement and
growth of the Basin can take over . It would seem interesting to note that since
the beginning of Formative times , the valley of the Red and of its major tribu-
ta ries has seen a constant and sometimes concentrated occupation of peoples ,
the knowledge and history of which will be affected by long range Basin develop-

ment plans of the Federal a~ encies and the States .
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SECTION V - A SSESSMENT AND RECOMI~.- AENDATIONS

A . ARCHEOLOGICA L AND HISTORICA L RE SOURCES

The general summary of the history and prehistory of the Red River
Basin indicates that there has bce~ continued occupation in the area for at least
10.000 years . But details are scant , An adequate knowled ge of this unique
cultur2 history is critical to our understanding both of this particular segment of
human history and to our comprehension of the forces and factors at work in
human cultural  development throughout the southe I stern [‘ nited Sta tes .

Occupation over this 10, 000 year span occurred in all  ecological zones
and on all land surfaces , although some were more favored during one period of
history than another. This stud y has shown that many fictors are changing these
land surfaces , and thereby destroying the particular “resource ’ which lies buried
in the ground, Not onl y is this a nonrenewable resource , this archeological and
historical information , but it is one that , when properly preserved and inter-
preted , has great public appeal.

1. KINDS OF SITES IN THE BASIN

a. Habitation. Camp or village sites of the Indians doubtless are the
most numerous kinds of sites in the Basin , but are the least well-known or
documented . Nothing is known of Paleo-Indian daily life , and it is presumed ,
from evidence further west , that these big game hunters never remained long
in one spot . The possibility of finding a campfire here or there is slim but not
impossible , for Paleo-Indian and Archaic hunters seem to have frequented the
same advantageous camping (or hunting) areas often. The wandering Archaic
hunters and gatherers returned frequently to favorable camping spots , so that
accumulated debris reveals considerable information on their way of life .
Archaic camp sites are usually found on the terraces and uplands, away from
the lands subject to flooding, but near a constant source of water . Such
scattered sites are known to occur from the prairie lands in Texas and Oklahoma ,
to the southern portions of the rolling hills of northern Louisiana . Almost all of
these sites are known only from surface collections , except for testing of several
camp sites on terraces above the narrow flood plain of the proposed reservoirs
of southeastern Oklahoma.

In the northwest corner of the Basin , in Pontotoc County, Oklahoma there
occurs another kind of habitation site . In these hilly areas , the Indians of
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Archaic and eai’ly Formative times lived in the shelter of overhanging bluff s .
Several such inhabited shelters have been reported in that area , but none occur ,
as far as is known , iii the Ouachita Mountains.

Ou tside of a l luv ial valley it self with the advent of agr iculture , sem i-
permanent  and permanent villages came ’ into being not only on the terraces , but
occasionally (perhaps only as scattered farmsteads) in the flood plain . In the
alluvial valley of the ’ Red and the Mississippi Rivers there was little flood free
land , and vi l age s arc scattered along the natural levees close to the streams
or what arc 110w ( I d  s!oughs . Village sires of agr icultural or horticultural
people contain considerable debris and information concerning everyday life of
the inhabitants , It is often possible to find , not only broken pottery and tools ,
but also evidence of house patterns , storage pits , and similar features . No
village site in the Red River l3asin has been extensively excavated ; portions of
village arc~ s issociatc~l with mound s  were investigated during the W . P .A . wor k
at the mouth of the  R iver and in the Texas and Oklahoma work , but these are but
a drop in ‘in ~iccai1 e~~mp.ired t’i the number of village sites which have not been
explored ~ t a l l .

1Ii~tor ic hi d i , in and white sett lements are found on the natural  terraces ,
and sometime : the’ flocd plain - -close , at any rate , to the navigable waterways .

b . Burial sites . When people congregated in villages, and population
increased , burial areas (or cemeteries) are often found In association with
habitation areas. Sometimes graves were dug under individual house floors;
sometimes ,i separate area away from the houses was set aside for burial. The
number of people in Archaic camp sites was small , and although burial was
usually near the l iving area , they were fewer in number than with village sites ,
and the refore less frequentl y found . The vageries of preservation of skeletal
material  are also a consideration , of course , The agriculturalists usually
placed material good s with their dead , and even though the bones themselves
may have di:;integratc’d, the pottery, pipes , tools , and ornaments remain . The
Archaic people seldom placed artifacts with their dead .

c . Mounds. Artificial -mounds constructed by the Indians following the
Archaic are found throughout the Basin . They occur in or close to the valleys ,
on terraces , ~nd less occasionally in the uplands . Some mounds were used for
burial , some as the bases for ceremonial structures , and some for both; recent-
ly it has been discovered that some mounds in very late prehistoric times were
built over burned structures . Some mounds were relatively small, some were

extremely large , reaching a height of 30-40 feet. Some early mound s, built for
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one purpos e by one group of people , were used by later neop le for
another purpose.

d. Ceremonial centers. Fran the tim e that agr icu l tu ra l peonle~began congregating in villages , and more canplex social and reli~~ious
practices developed ceremonial centers grew up which serv ed as
“ccmnunity” centers for surrounding villages . At these centers are
usually found several mounds (of vary ing sizes and sanetimes a rranc~ed
around a p laza) , several burial areas , and sometimes v i l lage  debr ic
and house patterns . These centers of the Coles Creek and Caddoan
peoples are scattered along the alluvial valley fran the mouth of
the Red to jus t west of the Great Rend . None occur in the Basin
area iii (‘)klahan a , awi only one or two occur in Last Texas .

e. h istoric Indian sites. Fran the time of the f i r s t  penetration
of Europeans into the Mississi pp i valley , European material  can he
found on Indian sites . The Indians seen by the f i rs t  Europeans
(the French) were no longer bu i ld ing mounds , but thei r v illage l i fe
was much the same as that just pr ior to White contact--with the
addition of sane Europea n trade i tems . W ith French settlement in
the alluvial valley (at Natchitoches in 1714) , and the establishment
of the Span ish provincial capito l at Los Adaes . European and Ind ian
goods and traits are fou nd interm ixed on Ind ian village sites in a
good part of the Basin . In the western portion of the Basin , Caddo
and Wichita villages are found in which the European influence is seen.
Thes e historic Ind ian villages are found in the sam e kinds of locations
as are earlier lrxlian sites, although often , as White settlement
irx reased, sane Indian sett1~ nent moved closer to these sources oftrade goods and supply.

f .  h istoric White sites. Except for the administrative and
missionary settlements in Louisiana there was little White settlement
in the Basin during the the 18th century . h owever, sane of the
earlies t and mos t important historic sites , important to the whole
opening and develoi’inent of the southwest are located within the Basin
area . Without exception the 18th and early 19th century sites are
on the Red River which was the mainstream of catinunication with the
outs ide world , as far as the Europeans were concerned . Later
caivnunities wer e located away fran the River which could wreak sixth
havoc in flood time . In fact, the Louisiana portion of the Red Riv er
valley contains one of the most diverse concentrations of historic
Europea n sites in the nation: French , Spanish , and American influence,
sett lenent , and interaction ar e all to be found in this portion of
the Basin.
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2. THE ARCHEOLOGICA L AND HISTORICA L POTENTIA L

in terms of recovery of information about the human occupation and use
of the Red River Basin , the pote~- ,.ial is great . Whi t is known now of this 10 , 000

years of history gives only a bare outline of change s, interactions , and influences ,

some of which , like the introduction of agriculture and pottery , were to have far
reaching effects .

There are presently huge gaps in this chronological picture. This is due
to two principle factors : prior to the inte r -A gency Salvage Pr ogr am , the sites
which were investigated were the large ceremonial centers and burial areas

which generally produce quantities of artifacts . The Inter-A gency Salvage
Program brought to light other kinds of sites , but again within sharply delimited
bounds, for such sa lvage work is confined to the limits of the reservoir areas .
A s a consequence sites located in the uplands , away from the flood plain , or
away from construction activity altogether , have generally not been investigated .
The potentiality for archeological research in every area of the Basin is tremen-
dous. not only for solving chronological problems of human social development ,
but for important ecological problems as well . For example , the western
portion of the Basin represented in prehistor ic times (as it does now) the ecotone
between the southeastern woodlands and the southern plains. The establishment
of Indian horticulture along the streams of this border region and the functions
of this activity as an economic base may well be related to the world-wide
climatic changes which are known to have been occurring during the past 1, 000

years . In addition , relationships between different groups of people living in
the Basin at the same period of time (and at any given time In the history of its
occupation ) are extremely important to the understanding of each successive
cultural development . The relationship and influences of the cultures of the
Mississippi Valley with those in the heartland ” of the Caddoan culture area
have only been suggested by research to date ; the infl uence of Plains culture
f rom the west has barely been touched upon. On a large r frame, it has been
suggested by some that influences from Mexico came through this area in pre-
historic times , and certainly if any answers to this puzzle are to he found in the
Red River Basin , as well they might , they would have a ‘n aj or  inf luen c e on
the in te rpretation of the preliis tory of the whole United SLates .

In historic times , the role of the Red River in the developm ent of the
United States was certainly considerable . The Frenc h settlement at Natchitoches
(1714) literally opened up the interior of the Louisiana Purchase , and the Spanish
provincial capitol at Los Adae s initiaX~d the first contacts between the Spanish
and Colonial America . After Louisiana passed into American hands , traders
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moved up the Red River , following the path of the Frenc h and Spanish ,
to open up the southern Plains  and the present state of Texas .

Knowledge of this long time span of hunan occupation of the valley
is slipping away , hut the possibility of preserving large quantities
of information and in sane cases the more s ignif icant  or typical sites
thanselves mus t not be overlooked . Where destruction will occur
because of Basin develorinent work of any kind , it goes almost without
saying that survey for location of prehistoric and historic sites is
an absolute necessity . This mus t be followed by testi ng and occasiona l
large scale excavations. Preserva tion or reconstruction of sites or
portions thereof on or near these developuent projects is another
matter , hut one of cons iderable worth. The ~1arksville s ite , where
so much W .P .A. work was concentrated , near the mouth of the River ,
is one of the cerarionial centers which has been saved from further
destruction by the State as a part of the State Park Sys tan . At the
present time there is no Caddoari cerenonial site (no Caddoan s ite of
any kind , for that matter) which has been preserved or developed in
any way . Several occur close to proposed areas of Corps or Soil
Conservation Service develop~ent . If no effor t is made to preserve
then , we may salvage sane information , hut there will he no examples
for future generations to learn fran and enj oy .

The location and preservation of historic Ind ian and white
settlenents is of equal interest and importance. The location of
san e of the early French settlenents in Louisiana are known , but
none have been ex tens ively investigated ; and sane, which are well
docunented historically, have not been located. The amount of
information awaiting recovery in these sites is unquestionably
cons iderable , and would constitute an invaluable addition to the
docunentation of the period , one about which all too li t t le is know .

The possibility of canbining preservation and interpretation
of this country ’s past with recreation facilities normally assoc iated
with water development projects is one which will  pay great dividends
in terms of public interest--public interes t in both water developnent
and the past. It has been denonstrated over and over again in this
country , that the Genera l Public is extrenely interested in the pas t ,
and will visit in great nunbers interpretive exhibits aid restored
buildings , canmunities , or sites . The public is more appreciative
of this heritage , more concerned with its preservation , and has more
leisure time to enj oy it now than ever before . The information
potentially available in the historic and preriistoric sites in the
Basin belongs to everyone , and no one individual or cooperate body
has the rig ht to destroy that information without an effort  being
made to see that the public has access to this part of our past .

V
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3. PROBLEMS 

-Th&.re ~r seve ral problems of greater or lesser magnitude concerning
the recovery i i  tnt erpretatio -i f what remains of the evidence of the occupat ion

of the Red R iver  Basin. Greatest of these as destruction of sites . W~ule t h i s

destruction has been going on for at least seventy-five years , it his actually

accelerated in the last ten year~ .

The Coles Crt~ek .i~id Caddoan ceremonial mounds and bur ial areas have
suffered most . It is in these sites that the most arti stic of the prehistoric art -
facts are to be found , often in considerable quantity , in one Caddoan grave it is

pos sible to find anywhere from two to twenty pottery vessels , pottery and stone
pipes , projectile points , ear spools , celts , beads - -a happy reward for the relic
hunter . We know most about the location of the se sites , and the kinds of materi al
they contain , hut little about the method of construction of the mounds or assoc i-
ation of bur iai areas or burials not in mound s with the village L ife . The number
of enth usiastic collectors is now considerably more than the number of cere-
monial sites , and the number of such sites which have not been severely damaged
can be counted on one hand .

Added to this destructive enthu siasm ts the fact that througho ut the south-
easterii United States there are persistent reports that gold is to he found in
Indian mounds (either the gold that DeSoto was looking for , or that he found and
buried because he couldn ’t take it all with him~).  No one has ever found gold in
an Indian mound , but the belief still holds fi rm.  It is a relatively com mon
featu re , particularly out of the all uvial val ley, to find a la rge hole dug through
the center of a mound to subsoil . Such holes , of course , are likely to destroy
structural informat ion , or to intercept and destroy portions of bur ia ls .

Mounds on flood plains often have farmhouses built on then to be above
the floods . Mounds that have not been so ‘protected in the bottoms are
generally leveled either because they are nuisances to fa rming operations , or
because they are a convenient source of fill for roads or levees . Even more
f requently , mound s, especially the smaller ones are simply plowed ove r until ,
after many yeara , there is nothing left .

Burial areas are perhaps an even more popular source of artifacts for
relic hunters than mounds , perhaps because there is not as much dirt to move
as In a mound , ndivlclual Caddoan and Coles Creek burials often contain
numerous artifacts , and fi nding a cemetery Is indeed a bonanza for the collector
In recent years some collectors are realizing the usefulness of maintaining
records of buria ls and th eir associated material , so that some good information
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is available on thi s one particular aspect of Indian li fe . The number of buria l
sites which have been excavated by modern scientific methods in the Red River
Basin can also hc counted on one hand (see Thomas 1966: \ Iro lr 1964; E . N
Davis and Golden 1960 , as examples).

Where burials are .,hallow , plowing and erosion has destroyed m any .
Mule farming didn ’t do too much damage; modern Cal ifornia plows can turn  a
whole cemetery upside down in an afternoon , The sa me is true , of course , of

villa ge sites . In fact , fa rming operations have been the greatest destructive
agent to village sites . Both A rchaic camp sites and village sites in plowed
fields are usuall y picked over by collectors for the whole projectile points and
other tools which may be fou nd on the surface . This type of activity causes
only superficia l damage , hut the vast majority of these sites await scientific
excavation.

The fact that farming oper ations generally churn up at least the upper
portions of village debris deposit , is a coin with two sides - -difficult for the
archeologist to call a choice on. If there has been no distrubance through
fa rming, if land is in pastu re or timber - -the sites may not be discovered;
when they are found because of farmin g operations , they are al ready di sturbed.
On the rolling hills of east Texas and northern Louisiana , in the mountains at
the southern portion of the Ouachitas , in the scrub oak Cross Timber country--
sites doubtless are present but are as yet unknown . Whenever archeological
reconnaissance has taken place , in a determined and systematic effort to find
sites in reservoir areas , on al most all areas of the bottom lands , terraces ,
natural levees and uplands sites are found . Even the alluvial valley has
problems of location of undisturbed ” Sites- -for sedimentation and floodin g
have covered sites deeply in places , and it is only the water development and
channel work which is reveal ing their existence.

A major problem in assessing the potential of the archeological and
historical resources of an area in which considerable development work is in
progress , is that so much work could he done , needs to be done , and construc-
tion schedules leave too little time . Given nothing but a scientific problem
before him , the archeologist would give hi mself several years to excavate one
lar ge village or ceremonial site . There has never been an instance in the Red
River Basin when this has been possible . Salvage archeology must sample and
work ahead of th e construct ion schedule.
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B. RECOt’v.MENDi~Tl(- NS C O N C E R N I N G  A R C H E O L O G I C A L .  i \N D

HISTORICA l. RESOURCES

1. INT~ () DUCT R )N

The revLew~ ~nd recommendations which follow a re as specific as it is

possible to he at i h i  rne as to what salvage work should he d~ ii~~ and v.’hcre an~
what effect proposed projects wi l l  have on archeological and h istorica l  sitc -~ . It
is obvious that where survey work has not been done t h at  is b .i ic .~cc:ss uy .
Levee building and channel straightening are equally destru ctive of i n o rmatio n
as are flooding of bottom lands . It is equally obvious that no rc~~ mmen ’Jat ions
can be made as to opecific s ites which could best be developed for preser ’.’ation
and or interpretation , until an area su rvey of each local p roj ect has been made .
There is no project in the Basin where this does not need t u he done , and no
area where there is ala oxcellent potential for the recovery, prcsc :vation , and
interpretation of thi~ , a fascinating segment of human endeavor adjust to the
environment .

However , not only hum an history and adj ustmcn i  irnist ~ ;- I rr .ken into ac-
count . The change s wh ich comprehensive water development phn~ i i~~vit ab 1~
make in the ecology of the country can be adjusted to by modern riaan--th.~ f auna l
and floral populations have a more difficult time . Changes in th~ir habi tat  ‘n
bring extinction; a lit t l e planning can preserve them , not only to t~ c !cir~ fit of
the balance of nature , but for the enjoyment of the human popu lation who have
air -conditioners and frozen food to aid in their own adjustment j r or ~~~s .

2 . EVALUATION OF Tl-~ BASIN’S RESOURCES IN TEXA S
by E. Mott Davis

a . Red River .  N~uch of the information reported here dLrivc~ fr  .n a
recent reconnaissance of a portion of the Red River valley by R . K . I -~ r r~s ~
Southern Metho di st Un i vers ity ( Harr is ms .) .  Between Dcnison TThm -and eas tern
Fannin County there nas been almost no archeological act i-Jity on the south side
of Red River . It is know n , however , that there are A r cL i c  ~itcs on the
terraces of trthutary valleys (W . A . Davis et a!. 1962).

In Fannin County,  on Bois d’Arc Creek , Archaic sites arc known and
some of them have a smal l  proportion of Paleo-Indian poiats . None of them
has been studied . One early Caddo ceremonial mound , th~ Harliog si~c , wa s
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formerly on the first terrace above the i~cd River flood plain in northeastern

Fannin County . it was t~~ ted by an archeological field party (E. N-j . Davis 1962)
and has since been leveled to improve the drainage in a peanut field . The work
the re produced indications of an ear ly penetrati on of Caddo Indians up the Red
River valley into the prairies , possibly around A .I—). 1300 . At least one non -
mound Caddo site is known on the same terrace two milt s to the cast.

In Lamar County , the valley terraces of the Red and its tributaries have
Archaic camp sites as well as sites of the Gibson and Fulton Aspect Caddo and
the historic Wichita.  There are a number of Paleo -Indian points found on the
Archaic sites . Recent excavations by Southern Methodist University in the basin
of the Pat Mayse Reservoir on Pine Creek (D. Lorrain , personal communication)
indicate that there was a late Paleo-Indian occupation there , as well as occupa-
tions through all the later periods into historic times . Unfortunately, neither
the reservoir construction schedule nor available funds permitted extensive in-
vestigation . Several mound sites are known along Red River , notably the
Sanders site at the mouth of Bois d’Arc Creek (Kriege r 1946: 171-199) which
was occupied in early Caddo and historic Wichita times . The Womack site near
Garrett ’s Bluff on Red Rive r (Harr is et al . 1965) is a historic Wichita site close
to the eastern ed ge of the range of that prairie people in the seventeenth and
eighteenth centuries . The situation in Lamar County , then , indicates an early
penetration of Caddo people westward , followed some centuries later by an
eastward or southeastward movement of Wichita . It is possible that the earl y
westward movement of the Caddo along the valley played some part in the
development of the later Wichita culture.

The only systematic excavations in Lamar County have been brief
projects at the Sanders and Womack sites , and the recent limited excavations
at the Pat ~v1ayse Reservoir.  An aicheological reconna issance of Logan-Slough
Creek watershed which led to the discovery of two Archaic sit e~- (Jeiks 1965) is
the only survey of a Soil Conservation Service watershed pr oj ect which has yet
been made in the Texas portion of the lower Red River basin.

In Red River County, fewer details ar-c known about archeological Sites
than in Lamar County . Ar chaic aitea are ~now~. on thL - ~adcd valley terrances ,
there being an extensive one dion g Big PIi1e Creek ne~ r ~~~~~~~~ Surface finds
on this site indicate there was probably some Paleo-tndia~ occupation there ,
earlier than Archaic times. At least tour Caddo mound sites have been recorded ,
the one best known being the Sam Coffman (or Kaufman) site , a late prehistoric
and early historic mound , burial , and village site part of which is being de-
stroyed by the Red River (Harris 1953). There ~re three important historic
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A nglo-American sites along the river: the original site of Paris , abandoned in
1844 , In the nor thwest corner of the county ; the site of Jonesborough , at the
present commun ity of Davenport; and Pecan Point farther downstream . Jones -
borough and Pecan Point were the first Anglo-American settlements an Texas .
They were important river crossing points from about 1815 on , and Jonesborough
was a r iver  pert until the rive r meved to a new channel in 1843 .

Members of tb Dallas Archeological Society have worked at the Sani
Coffman site , but otherwise no systematic work has been done on the Red River
in Red River C ounty . Southern Methodist Un iversity is planning an excavation
at Sam Coffman in the near future .

In Bowic County , no systematic archeological survey has been carried v’

but it is known that Caddo sites are common . This was the territory of the
P’~adohadacho confederation in early historic times . Three m iddle prehistor ic
and late prehistoric C-iddo sites , in particular the well-known Hatchel mound
(Suhrn et al .  1954: 203-209 ) were dug on the Red River flood plain northwest of
lexarkana in the 1930’ s , and other Caddo and Archaic sites are known to be in
tho vicinity . There are reports that some sites have been dumped into the I~
in the course of r iver control projects . One historic site is known , on Rose -
borough Lake , which may be the site of La Harpe ’s 1719 post .

Of the Red River valley in Texas below Denison Dam , it can be said in
general that wherever archeological reconnaissance has taken place along the
main valley and the valleys of its southern tributaries , sites have been found
ran ging from Archaic (and perhaps Paleo-Izxllan) times into the days of the
Spaniards , French , and Anglo -Americans . Any engineer ing work along the
southern tributaries of the Red River will affect evidences of this history .

b . Sulphur River. Archeological knowledge of the Sulphur River basin
is ilmited to the Cooper Reservoir basin near its headwaters , the Texarka na
Reservoir basin near its mouth , and a short stretch of its m iddle course .
throughout , there appear to be sites ranging from Archaic into Formative tim~• ’~
Archeological salvage in the Cooper Reservoir basin produced evidence of
A icha ic  and Formative materials (L .  Johnson i961: 234-268). An early Cadue
sue has been excavan€J by member s of the Dallas Archeological Society farthe r
o~ -~. istr~ am (Gilinore and Hoffrichter 1964). Along the middle Sulphur , Titus
pocus ( Fulton Aspect Caddo) sites are known (Goldschmidt 1935), and there are
also Archaic sites and signs of some possible Paleo-Indian sites . In the Tex-
arkana Reservoir basin , sites of Archaic and Caddo peoples underwent limited
sa lvage excavation an l9~~2 (Jelk s 1962) , and even today relic hunters and amati~ 
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;irLheoli L’isT-, continue to find Caddo burials eroding out of the banks . There is
every indication that any sign ificant engineering work along the Sulphur will af-
ft  ~~ i archeological Site - .

e . Cypress Creek . The basin of the Lake 0’ The Pines was th~ scene of

the most cxtLnsivc archeological salvage work that has s far t a k e n  place in the
Red R i v e r  h sin in l exas . hut ever~ there the ex c a J a t l n n :  were l~mitei~. In addi-

I 1 ) f l  burial g-rounds were excavated in the Cypress basin in the 1930’s, and other
information on burials has been accumulating f rom the  work of a few amateurs ,
fr ( ’r ~A studies of th L collections of relic huntcrs , and from some reconnaissance
in the vicinity of Caddo Lake on the Louisiana border .

The basin of Cypr L - s  Creek , from its headwatei~ ‘o Caddo Lake, is

very rich a rcheo log icn l ly .  The rr-iost numerous known sites are burial grounds
of the Titus Focus , around A . L~’ . 150u . Some smal l-mound Sites of the early
Titus Focus were found on the valley floor in the Lake ( - ‘ The Pines basin . No
one had known that such sites existed in this area before the Lake 0 The Pines
salvage work. There may well he others near by. Archaic sites are also
known on the uplands at thc edge of the valley . A few bu r i a l s  with European
trade goods have been found in the northern part of the Cypress basin near
Atlanta (SWim et a!. 1954: 225-27) .  All  around Caddo Lakc arc’ archeolog ical
sites , including more than one mound site , which represent both the Gibson and
Fulton Aspects . A rise of even five feet in the lake level would probably affect
a number of these sites. Some of them have already been extensively damaged
by relic hunting. There are reports that Indian pottery vessels have been fished
up from the shallow lake bottom , and one assumes that these vessels represent
Indian occupation of the valley before the lake was impounded by the Red River
raft . If such sites ever could he investigated , we might learn something about
the age of Caddo Lake .

To jud ge fro m the work in the Lake 0’ The Pines and the mater ials
found in and around Caddo Lake , the creation of a navigation channel along
Cypress Creek is al most certain to affect prehistoric sites . In additi on ,
hi storic sites will be affected , beca use it was up and down this stream that
goods flowed in the early days of settlement of northeastern Texas . The early
river ports below Jefferson and the port facilities at Jefferson itself deserve
some investigation . For four decades Jefferson played a key role in the opening
of a hinterland which extended west for two hundred m iles , to Dallas and Fort
Worth , and it is worth recovering some of the information that is to be found by
detailed Investigation of the hundred -year-old ruins along the bayou at the edge
of the town .
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3. EVALUATb JN oF T H E  BASIN’S RESOURC ES iN OK LAHO MA
by Lion U . \\ yckof l

a Boswell Dam and Reservoir, Choctaw County. There has been no
archeological survey ~‘r xcavations within the confines of the proposed Boswell

Reservw r so it i in i~ 1~~~tb 1c to make any conclusive statements on the locale’s

archeological pot ential . There nas been very little archeological study in this
portion of the Grand 1i’airie province so even an estimate on such potential may
be grossly wrong. r~ haic and early Caddoan (Gibson Aspect) sites are known
from work in eastern Choctaw county (Bell and Baerreis 1951: 48-53; Lawton

1960 and 1962); i i  might be suspected that such cultures may be represented in
the Boswell locality , this reservoir area must be surveyed before its con-
struction . Such work w i l l  determine the nature of sites present and whether any
such sites meri t  exca ‘ati~ n .  in terms of archeological research , this  locali ty

should be im portant i s~ ’~cral respects: potent ial Plains cultural  influences to
the east during p iuhi~ tu ric times , data on the possible extent of early and late
Caddoan cultures , and the nature and extent of prehistoric and early historic
cultu ral sequencc -’ in ti le Grand Prairie .

b. Broken Bow Dam and Reservoir, McCurtain County . An archeological
survey of this r e scr .t  is was conducted in 196! at which time a series of 56 pre-
historic sites was found (Wyckoff 1961). Limited test work that year was the

basis for reconunending varying degrees of excavations at six sites . Actual ex-
cavations commenced in 1964 and were again continued in 1967 , resulting in
seven Sites rece iving varying amounts of salvage work. These excavated sites
contained occupations relating to several phases of the Archaic tradition, to
late Gibson and early Fulton cultures of the Caddoan tradition , and to early
historic , Choctaw culture (see Wyckoff 1965, i966a, l966b, 1967a, and 1967b).
A time range of around 6,000 B.C. to A .D. 18(0 is indicated .

Most of the excavated sites were open camp or village locations situated
on terraces next to streams; all of these sites will be inundated when the dam is
completed . There were , however , two sites which had series of small , sub-
structure mounds; both of these sites are believed to date around A .D . 1400 .
One of these sites , Woods Mound Group (see Wyckoff 1967b), is on a pictur-
esque bluff which will he along the edge of the lake . Except for its isolated lo-
cation , Woods Mound Group could easily be developed (excavated mounds
restored and stabili zed , etc.) into a scenic park with an informative , Interpre-
tive exhibit .
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c. Clayton Dam and Reservoir, Pushmataha County . An archeological
survey has not been conducted with the Clayton Reservo ir locale . Such a survey,
and its associated testing, must be conducted to allow some preliminary state-
ments on an area that is otherwise a void in prehistoric study . Such a su rvey
will fo rm a basis for any recommendations of salvage work which will in turn ,
hopefu lly , provide a framework of the archeology of the locale .

There have been some archeological studies in the Ouachita Mountains
(see Bell 1953; Williams 1953; Proctor 1957; Sharrock 1960; Shaeffer 1965: 87-
97), and these works have indicated intensive and extensive occupations of
people oriented towards hunting and gathering. Sa1va~e work In the Clayton
Reservoir may amplify our understanding of the extent and nature of such occu-
pations and cultures in this mountainous province .

d. Hugo Dam ~;nd Reservoir , Choctaw County. In 1960 , an extensive
archeological survey was completed in this reservoir area . This survey re-
sulted in the locating of Q4 sites of which 15 were recommended for salvage
excavations (Lawton 1960) . Most of the sites in thi s area represented small ,
lithic working stations and temporary camp spots , but more intensely occupied
camp and village sites were also present . The cultures manifest are primarily
Archaic (Lawton 1960 and 1962) and early Caddoan (Lawton 1960), but a few
early Choctaw sites are also prese nt . Surface collections from the Archaic
sites suggest that an extended time spa n (5 , 000 B. C . to A . D. 500 ?) may be
represented .

Salvage excavations for this reservoir are planned within the next two to
three years and should provide a useful summary of the prehistoric cultural
sequence , of va rying land use by prehistoric peoples(the early Caddoan sites
tend to occur mainly on sandy terraces which parallel creeks), and , perhaps ,
of the reason for the apparent lack of late prehistoric (A .D . 1400 to 1600)
cultural remains .

e. Lukfata Dam and Reservoir, McCurtain County. There has not been
any previous archeological study within the confines proposed for the Lukfata
Reservoir . An archeological survey, with associated testing, must be under-
taken to allow decisions about further salvage work and the nature of the arche-
ological record in the area .

Sites with late Caddoan (Fulton Aspect: McCurtain Focus) occupations
have been dug on Glover Creek but in an area five or six miles south of the
proposed reservoir locale (see Bell and Baerreis 1951: 53-61; Wilson 1962) .
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Surface collections from the Glover area also indicate A rchaic sites with occu-
pations relating to several temporal phases . This is a fa irly wide valley area
with sandy terraces , a topographic situation which , in adjacent river valleys .
has demonstrated intensive utilization during early and late Caddoan times .
Archeological work in the Lukfata area should provide useful , additional data
on the nature and extent of these Caddoen cultures and may provide evidence
concerning a transition f rom early to late Caddoan cultur e~s . There is also
considerable likelihood that early (A .D. 1832-1850) Choctaw homesteads may
be found in this locale . -

f . Pine Creek Dam and Reservoir , M cCurta in and Pushmat aha Counties.
An archeological survey was conducted in this area in the spring of 1963 (Wyckofl
1963) . This survey located 30 sites with Archaic , early Caddoan , and late
Caddoan cu ltures being represented .

A rcheological salvage excavations were undertaken at four sites in
August and September of 1964 and in August of 1965. These excavations re-
vealed excellent stratigraphic sequences of occupations dating from around
6, 000 B.C. to perhaps A . D .  1500 (Barr 1966: 1-84; Rohrbaugh 1967). These
occupations were usually temporary in nature . This reservoir locale is
typified by a narrow valley with little terrace development; this lack of good
terraces apparently was the cause for rather minimal occupation during the
Caddoan cultural period (circa A .D. 1100 to 1500) . All of the excavated sites
will be flooded once the reservoir construction is completed; these sites will
thus not lend themselves to future recreational -educational development.

Alth ough none were excavated , there are some early Choctaw sites in
this locale . One of the more interesting of such sites is Alikchi which , in the
Choctaw constitution revision of 1857 , was made a county seat of the old Choctaw
nation (Gibson 1963). Alth ough the site of Alikchi will not be flooded by this
reservoir , there are few surface features which could be restored and developed .

g. Tuskahoma Dam and Reservoir, Pushmataha County. There has been
no archeological survey or salvage excavations in this reservoir locale , and
data on the archeology of the area is meager . Amateur archeologists in the
vicinity of Talihina have surface collections which point to several phases of
A rchaic occupations . In general , these collections are similar to the Fourche
Maline Focus material reported (Bell and Baerreis 1951: 19-27; Newkuxnet 1940 ;
Bell 1953; Williams 1953; Proctor 1957; Sharrock 1960) for LeFlore county
which is to the east . Choctaw settlements are probably present too; the nearby
town of Tuska homa was the capitol of the Choctaw nation in 1834 and from 1883
to 1907 .

kX ’- 38



— - - - —— -  ~- - .- -,--—  

A survey of the Tuskahoma Reservoir must be conducted prior to con-
struction. Such work will  provide data on the nature of the cultures and their
sequence and may indicate a need for further salvage work before inundation .

h.  Waterfa ll -Gi lford Watershed Project, McCurtain Coun ty. There has
been no archeological survey of this watershed area but some sites are known
for the locale . There are only surface collections from these sites , but these
collections suggest the presence of camp and village locations relating to Archaic
and late Caddoan (Fu l t on Aspect) cultures as well as early historic homesteads
(Shawnee or Choctaw ) .  ~~ound groups have not been reported for this locale
but then an intensive survey has not been conducted . It is probable that early
Caddoan occupations are present ; if such components could be found their nature
would be very interesting. A survey and possible salvage work needs to be -

undertaken in this area .

i . Whi tegrass -W at erho le  Watershed Project , McCurta in and Choctaw
Counties. There is no informat ion on archeological materials in this specific
locale. Some inference could h . drawn from sites found along the Kiamichi
River which is a short distance to the west (Bell and Baerreis 1951: 48-53;
Bastian 1967). Sites along the Kiamichi consist of Archaic camp and workshop
areas and small villages with earl y Caddoan affiliations . There is considerable
likelihood that early Choctaw homesteads occur in this locale . Th is project
area should be intensively surveyed prior to any construction .

j .  Lower Clear Boggv \~atershed Project, Atoka and Bryan Counties.
There is no archeological information directly relevant to the area encompassed
in this watershed project. Sites with Archaic and early Caddoan (Bryan Focus)
occupations might be expected since such sites do occur in the western part of
Bryan county (see Bell and Baerreis 1951: 43-48: Bell 1958; Ray 1960: Wyckoff
1964). It is likely that earl y historic Chickasaw settlements and homesteads
may also be in the area (Kassel 1949). This project area needs an intensive
archeological survey . Salvage work may provide important information on
Plains -Caddoan area relationships as well as on prehistoric and early historic
man ’s utilization of the area .

k.  Caney Creek Watershed Project , Atoka County . There is no arche-
ological information on this area , and such data would be very important and
interesting. An intensive aicheological survey is needed ; such work may reveal
occupations comparable to the Archaic , early Gibson , and early historic Chicka-
saw components found along the Red and Washita rivers to the southwest (see
Bell and Baerreis 1951: 43-48; Kassel 1949; Bell 1958; Ray 1960; Wyckoff 1964) .
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1. ~~~~~ Blue River Watershed Project , Johnston and Pontotoc Countle8.
Archeological data for this locale Is rather meager . Bluff shelters in southern
Ponrotoc county have contained rock paintings (of unknown affiliation) as well as
refuse of hunting-gathering people of the Archaic tradition (see Antle 1939;
Borhegyi 1955) . Extensive prehistoric lithic working areas (cultural affiliations
uncertain) have been reported (Evans 1958) for southwestern Pontotoc county .
In the historic period of around 1840 this area was a part of the Chickasaw na-
tion , and settlements relating to the Chickasaws could be expected. Needless
to say, archeological studies in this locale should be usefu l ~‘nd informative .

m . Caney-Coon Creek Watershed Project, Aroka and Coal Counties.
There is no archeological data for this locale . Such data is needed , and an In-
tensive survey should be conducted. Prehistoric and early historic cultures In
this province are poorl y known; studies could provide much useful information
concerning prehistoric and early historic man ’s utili zation of the southern
portion of the Cross Timbers region .

n. Delaware Creek Watershed Project, Atoka County. A gain , arche-
ological information is lacking for this locale . While A rchaic and possibly
later cultures may have used the area , an accurate assessment of the arche-
ology cannot be given until a survey and , possibly, salva ge work have been
conducted .

o. Leader-Middle Clear Boggy Wate rshed Project , Atoka and Coal
Counties. Information directly pertinent to the prehistory and early history in
this local is lacking. An intensive survey is merited and could provide data on
the cultural sequence as well as on prehistoric and early historic man ’s rela-
tionship to the ecology in this border area between the Grand Prairie and the
Cross Timbers .

p. Upper Clear Boggy Watershed Project, Coal and Pcntotcc Counties.
There ha ve been no archeological studies conducted in this particular drainage
locale , but prehistoric lithic workshops and Archaic cultural materials have
been reported (Evans 1958; Antle 1939) f rom adjacen t v crnit ies . An Intensive
survey should be undertaken in this drainage area , and it may provide informa-
n o n  of the nature and sequence of cultures that weie once present .
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4. EVALUATION OF THE BASIN’S RESOURCES iN ARKANSAS
by Michael P. Hoffm an

a. Red River Levee and Bank Stabilization. This work is nearly complete
so com ments concerning its potential site destruction are dated . The Red Rive r
is notorious foc its meanderings and it has destroyed or partially destroyed
several important Caddoan sites since Moore ’s 1912 work . Sites like the Friday
site , the Foster site , and McClure are examples . At the Haley site , Mound A
(the temple mound) is now incorporated in a levee . Evidently another mound
which Moore mentioned was destroyed in levee building. The whole area to be
stabilized or built over with levees should have been surveyed . An initial study
conducted with the aid of topographic maps and aerial photographs along with
detailed plans of the work to be done would have been valuable . At the present
time sites like Friday and Foster which are still being affected by the action of
Red River should be e::cavated bcfore they are completely lost .

During 1967 a ¶129 .000 coutract for bank stabilization on Swan Lake has
been let. Swan Lake is one of the many old channel lakes of the Red River. Its
southwest ban~; has a high natural levee of land on it that should be walked for
site location3 . The ‘..~esr end of Swan Lake is less than one half mile from the
Egypt site , an important Caddoan ceremonial center.

Some 1967 channel work will be done at Spirit Lake near the Battle site .
The University of Arkansas Museum has some Caddoan pottery vessels which
state “Spirit Lake , Arkansas ” as thezr proveni cnce, but from where in this large
lake area is not known . A topographic map shows the upstream end of Spirit
Lake (where the work will go on) is lowland and probably no site is located there .
However a short check through walkin g the surface is suggested .

b. Garland City. Work is going on at the present time to realign the
Red Ri ver channel and protect the railroad and highway bridges at this location .
Probably no further archeological work will be required because a topographic
map shows that the land there is low and already considerably disturbed by
river improvements .

c. Maniece Bayou. Channel and bank stabilization work on Maniece
Bayou is in progress at the pres~~t time and is scheduled for completion in
September 1968 . The Bayou is a meandering stream which flow s westward in
the Red River bottoms in Lafayette County . Along portions of the stream It is
bordered by an old terrace . One site is known from this terrace , the Cap Black
Ridge site (3LA3) which seems to have Middle and Late Archaic and early
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Formative occupations . Plans should be obtained for the Maniece Bayou work
and the area intensively surveyed .

d. McKinney Bayou. Levee and outlet channel construction are projected
along McKinne y Bayou which flows southeastward into the Red River in Miller
County . This Bayou goes through the heart of the Red Rive r valley and when plans
of the construction are obtainable the country should be surveyed . A good deal

of the present day land around the Bayou is in deep woodland and survey would be
difficult but the possibility of finding an unknown Caddoan or earlier site would
make it worthwhi le .

e. Posten Bagou . A plan to dive rt Posten Bayou in Arkansas (along the
A rkansas-Louisiana state Line) is projected . No sites are known along the Bayou
but diverting its flow to the Red River in Arkansas would mean a lot of earth
moving and jud ging f rom topographic maps , some of the channel excavation
would be through fairly high bottom land where sites unquestionably exist so the
area should be surveyed to locate them .

1. Millwood Reservoir. A good deal of archeology has already gone on
in Millwood Reservoir and it has produced at least the beginn ings of a sound
archeological sequence there . The most pressing need for continuing archeo-
logical work in the reservoir is the survey of public use areas , all of which are
located on high ground that presumably would have been attractive to aboriginal
inhabitants .

g. Dierks Dar i and Reservoir. The Dierks Dam and Reservoir on the
Saline R i v e r• w i l l  affect an area of about 3000 acres . The land to be flooded
is a portion of the Basin which faJi s within the Ouachita physio~raphic province
and the location and excavation of sites endangered by this reservoir wit l contri-
bute to our archeological knowledge of this interesting region . No formal survey
work has been conducted in connection with this reservoir although a local
amateur archeologist has attempted to locate some sites there . The area is
extremely difficul t to work in because it is all heavily timbered and roads are
almost non-existent .

h. GiUham D~m and ReseTvoir. The Gillham Damand Res~ ,-~voir on th~
Cossatot River will cover 1370 acres. The reservoir has been surveyed ( Wilson
1963a and 1963b~ and excavation based on Wilson ’s recommendations will take
place in the summer -~f [967 . Public use areas have yet ta be surveyed .
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i. DeQueen Dam and Reservoir. The DeQueen Reservoir will be located
on the Rolling Fork River and will cover , at the top of the flood control pool , an
area of about 4000 acres . No formal archeological survey has taken place at the
reservoir but it should occur in the near future . Like the Dierks Reservoir
almost the whole area to be flo oded is in heavy woodland and survey work will
be difficult .

j .  Walnut Bayou. A Corps of Engineer ’s Project on Walnut Bayou to
clean and divert its channel was finished in 1962. As the project has been
finished for five years , no archeological work is recommended .

k. Bayou Dorcheat. A reservoir which may be built on Bayou Dorcheat
in Louisiana would extend some distance into Arkansas . Almost nothing is
known of the archeology of the Bayou and certainly if the reservoir is to be built
a survey of its archeological resources should be undertaken and sites endan-
gered should be excavated . The Bayou flows through rolling hills and one would
expect Archaic and earl y Formative sites along its banks .

5. EVALUATION OF THE BASIN’S RESOURCES IN LOU ISIANA
by Hiram F. Gregory

a. Posten Bayou Project. A number of prehistoric sites are known from
this area . The Byram Ferry Site (Moore 1912: 525-526) is located very near
Posten Bayou, but on the Red River itself. Moore reported two mounds here but
subsequently one has been bulldozed down. A local amateur salvaged one burial
with Haley Focus-like Caddoan ceramics (C. H. Webb , personal communication
1967) . This site could provide much needed information on the relationship of
Louisiana Caddoan sites to those in southwestern Arkansas . Also a number of
Archaic sites and one Bellevue Focus site are reported from the hills west of
Posten Bayou . A minimal recommendation for this area would be an archeo -
logical survey with attendant salvage excavations .

b. Caddo Lake - Black Bayou - Twelve Mile Bayou Projects. This area
has a large concentration of prehistoric sites , which have yielded surface ma-
terials ranging from P~leo -lndian almost to historic occupations . The hills
fla nking the lake and the islands in it are the location of several large sites.
Consequent ly almost any work on Caddo Lake will affect sites . Three sites
are located in the immediate vicinity of the Caddo Lake dam (Webb 1959: 8-9).
One is on a hill adjacent to the present darn . This site and its neighbors should
definitely be investigated . A careful survey of the project areas should be con -
ducted and attendant testing and excavation Is recommended in the light of the
concentration of known prehistoric sites .
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Local collectors also pay close attention to the hills along Twelve Mile
Bayou and Paleo-Indian tradition points have been reported there. It therefore
seems impera tive that project planners also pay attention to the area .

It should be borne in mmd that these areas are very close to the city
of Shreveport , actually provid ing that city with its municipal wate r supply,
and that this places it almost within the limits of the largest urban center in
northern Louisiana . Also It is in easy driving range of Bossier City, Shreve-
port ’s urban neighbor with its large military installation , Barksdale Air Force
Base . Due to its location , this area would seem to be an excellent area for
building a series of parks with boat launches and other facilities . It would also
be a fine area for a series of interpretative exhibits on the history and pre -
history of the area concerned . There are parish parks on Csddo Lake , but
others ~~ uld be useful. These parks could be extended onto Black and Twleve
Mile Bayous as well .

c. Bayou Dorcheat Reservoir Project. Due to an almost complete lack of
survey , either professional or amateur , the bottom s of the Bayou Dorcheat area
are an archeological terra incognita. Recent activities by local amateurs have
brought to light several large m iddens in that drainage , but none have been
adequately investigated . Local agencies have been requesting a survey of the
area to be contained by the project . Aid has been requested from local , state ,
and federal agencies , but to date no financial aid has been provided .

The relationship of sites in this area to those In the alluvial plain of
the Red River and the area of southwestern Arkansas is extremely important .
A minimal recommendation would be a survey of sites with testing and some
salvage archeology . In the light of strong local Interest in prehistory, It might
be logical to place a number of interpretive exhibits in this area . Due to the
proximity of this area to the expanding Shreveport-Bossier City area , some
recreationa l facilities should be considered here as well .

d. Cypress Bayou Proj ect. This area is practically unknown archeo-
logically although Dr. Webb (personal communication 1967) notes a tiumber of
A rchaic to Bossier Focus sites in the immediate vicin ity . Additio nal surveying
and testing are desperately needed here to clarify the development of the Caddo
area. Local agencie s ,~~pecially the Soil Conservation Service District
board have again requested aid in conducting surveys and othe r archeological
investigations of these areas , To date no such action has been taken.

As this area is again very close to the Shreveport-Bossier City urban
area it would seem reasonable to build both recreational and oducatlonal areas
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near this project. Should surveys and salvage be conducted the local people will
demand that interpretations of local prehistory and history be made available
here .

The recreat ional  faci l i t ies  here will serve Ruston and rv.inden , Louisian a
as well as ‘he urban a r i a s  fur the t  west .  Consequently a minimal  recommenda-
tion for this pi ajec t w u ld be archeological investigations and some r ecreat ional
facil ities .

c . Red C h u t o - L y~~y Bayou Projects . This area has a numbe r of irnpor-
t ant  a r eheo lu e i r , i l  r e sources , ranging from the Archaic  to Bossier Focus Caddo .
One of th est . si t s . the ~~~~ ii Sinner site , I ;~ay have connec tions with the Poverty
Poin: cul ture ai-id an rh~~ , the Pease site , is a definitive site for Boss ier Focus
Caddoan d ev e l o p  1 c I t~’ (C . H . Webb , personal communicat ion 1967) . Loggy
Bayou drains La~~ Jil t in c,iu wh~ i e ~~( 101 4i si tes have been recorded by local
amateurs in rhc last ye i and therL.~ t~~~ little cease! to doubt that this wealth of
sites is not Jupli cate l furth. r 0 o s t r e a r n  Care must  be taken to survey this
area and to aivige an~ im portant site .

f .  East Point Project. This area has beer. om;J. part ially surveyed ,
mainly by Dr . Clarence Webb of Shreveport . .\uorc listed one sm:e , Sunnyland
Plantation , near here on Red R i v er  (~~oore 1912). Dr. \...bJ in~ h i s associates
later tested this mound and think it a Gahagan -Alto component ~itc (C. H. Webb,
personr i communication 1967) . Addit ional ar ch c L . .ocal mnv e~ t i e a t m o r i s are
strongl y recommended.

g. ~~~~~ Pierre rc~c~~ . This former Red i ’m v r ehaniR is  ~‘~rv im-
por tan t f rom bo th an ar c h  olo~~ i i  arid h~st~ i c i l  ~~c i m ~J~ tn t .  A mem ber cf
important archeological sites are recorded . Ti~ 

is! ro mr :‘.it eh .cne~ Pari sh
m a y  be one of the largest Archaic sites in northwesa. n Lou~ . i c : i a  ond \k

(~ 9(~5) has repor ted on a number t A i t r  Focus C 1C~~~ n ~~~ii ~~~~~ on the spp ci portion
of the stream where it hits Wallace Bayou and Cham m rr , L a k e — . TP~~ reiction-
ship of these valley margin Alto sites to more rivermne ceiftrs Li~o (Thhaga~ has
long been ~‘n archeologic al problem. The ~nh of c l a r t f v i n ~ . l :s C r . ’ck -A!to re-
la tionships also involve s sites along Bayou Pierre .

A.~ this area was the coast for French settlers f~ cci Natchitoches and
Spanish families moving from Los Adacs it hec .mes one af the or c i of the
United States wh (r~ docu reed sites m i  Franco-Hispanic . se t t lement  can be
sough t (D ’An t on i  l ,

~t5 ). These settlers intermarried , both with them selves
and Caddo neighbors , anc: founded numerous rural a~ m~lnm k ratrers 2r
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‘rancherias: although many were of French descent their ties were to Spanish

Texas . It was in this neighborhood that tribes like the Adacs and Yatasee fiaall y
located (Webb 1963: 146-147) . Att empts to locate these sites should be made .

Further down Bayou Pierre, near its junction with Red River , the first

A merican Indian Factory was built shortly after the Louisiaoa Purchase .
A p O S S  u r I c  m r~ represcnting this factory and an American military camp
of the Wa~ of 1812 period have been located at Grand Ecore near the j unction of
the two streams. These sites should both be investigated .

Grand Ecore bluffs , just south of the Bayou Pierre on Red River , would

make a fine par i~ area . These bluffs show indications of occupation ranging
from Indian times to a steamboat la nding town of the Civil War period. Large
numbers of southern and northern troops were billeted here during the Civil War
and remnants of Civil War earthworks are still seen at the site . This area ,
near the city of Natchitoche s and already a tourist center , should be developed
as an interpretive exhibit area . Recommendations for this project should Include
exhibits at Grand Ecore and an archeological survey of the area.

h.  Bayou Dupont Watershed Project. This area , ~~~ C~x~~nd Ecore and

Bayou Pierre , is very important from an archeological viev~po mimt . It contain s
the site of the presidio and mission at Los Adaes established by m c  Spanish in
17 20. Excavations in progress at the Los Adaes Park site document the occupa-
tion of this area by both Indians and Europeans between 172 ) aid i820 . This
site seems to represent the mission to the Adaes and the site of a later Spanish-
American community occupied as late as 1820. The site of the presidio is still
indefinite , but it must fall within the limits of the project under construction
here . The importance of these sites to the history and archeology of the south-
eastern United States cannot be overestimated . Numerous rancherlas satellite
to the major sites also have not been located , but are of extreme importance
archeologically. The Los Adae s Park is owned by Natchit oches Parish , but
other than a grassy meadow , a poll uted well and a historical marker it is un-
developed. No interpretive exhibits exist nor any facilities for visitors to the
site .

Sites other than those mentioned above ranging trom Iaieo-lndian to
nistoric times have been reported . Two of these , the Freem an site (l~owke
1928) and the Wilkinson site (Ford i936) are threatened by flooding. Every
effo rt should be made to survey this area for both historic and prehistoric sites .
Exhthits and further excavations at the Los Adaes Park as well as some recre-
ational facilities there would also seem attractive .
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i. Cane River Project. This stream , a former Red River channe l , is
now a dammed ar~.~a which forms a long lake . Improvements along this old
channel system will definitely endanger a number of known archeological sites.
Unfortunat ely most of thc excavated Glendora Focus (historic) components are
on this system; the Fish Hatchery site at Natchitoches , the Southern Compress
and Oil Mill ~t Natchitoche s. and the Lawton Gin site j ust below Natchitoches
are all on the bank line of Cane Hiver . An additional historic site , Fort St.
Jean Baptist ’~ (1714) at Natchitoches , is about to be replicated with local funds .
linfortunatcly the actual site of this French frontier post has not been identified ,
but according to both maps and historiographic materials it was on the bank of
the Cane . Dredging and bank line earth moving may uncover portions of this
settlement. Additional work on all these sites would be of extreme value in
terms of our picturc of the French colonial occupation at Natchitoches and their
neighbors at the rime of contact . Interpretation of Fort St. Jean Baptiste would
be an invaluable asset to the local region .

Also present along the Cane River are a number of sites of French
homesteads built between 1776 and 1850. Some of these sites are occupied by
the original plantation houses and/or the less pretentious houses of the region s
petits paysans. To date no archeology has been done on these later sites .
Exca~~tion s ~e:e v;~ u Id doubtless. give us much information about French ,
English, Spanish , and American ceramics in the transitional period in which
the Louisiana Territory passed from European to American hands. This in-
formation would be extremely valuable in aid ing the interpretation of historic
sites in the American West . Attempts to salvage these sites if they are to be
affected would seem requisite .

Older prehistoric sites are also known in this area. Some of these sites ,
like the Fish Hatchery #2 site at Natchitoches , pose a special archeological
problem. The Fish Hatchery #2 site was buried under two and a half feet of
sterile overburden deposited by the Red Rive r subsequent to the site ’s last
occupation. These deeply buried sites probably account for much of the enigm a
concer ning the Lack of villages in the alluvial plain of Red River. Usual survey
techniq ues w ill probably miss these sites . There is absolutely no surface ex-
pression nor can they be detected on aerial photos of the area . Rather than see
these undisturbed sites lost to earth moving activities special funds for their
rapid salvage must he set aside and the archeologist must be ready to act should
the contractors uncover another such site . Additional work at the Fish Hatchery
#2 site would also he a probability as It is on the Cane River bank line . Con-
siderable additional information concerning the Haley-Beicher -Bossier Foci
could be gleaned from this site alone .
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As this area is alread y very popular with tourists , primarily for its
antebellum homes , it might be well to plan some archeological exhthits in this
area . The Natchitoches National Fish Hatchery with two separate components
would seem a logical place for interpretive exhibits .

Recreational areas are already maintained here by the Parish and State .

j.  Bayou DuGrappe-Rigolettes (Row Gul~y). This area should be care-
fully surveyed for historic sites and Indian sites as well . The American State
Papers note a large settlement in this area of French-Irish and Indian families .
These sites obviously relate to the Colfax Ferry site on Red River and would
help to document that site further . To date no work has been done in this area .
Sites ranging from Archaic to historic should be here , but none are reported .
A careful survey and necessary salvage seem to be a minimal recommendation .

k. Kisatchie Bayou Project. This project will cover a number of
terrace surfaces which are known to have Archaic and/or Paleo-Indian sites to
the west and east of this reservoir . As no archeological reconnaissance has
been conducted in this area it seems requisite that a survey be made .

The Cotile Bayou area , just north of Kisatchie Bayou or Creek , has some
known Coles Creek-Alto-Bossier sites and a local collector has a Baytown Plain
pipe excavated from a deeply buried midden where these streams join the Red
River alluvial valley.

Work in this area seems in order and possibl y an interpretive exhibi t or
two could be planned as this area provides the major recreational facility for
the military installation , Fort Polk , at Leesville , Louisiana .

1. Bayou Rapides Project. This Soil Conservation Service project is
finished and no evaluation of its historical or archeological resources was
made . The stream known as Bayou Jean de Jean is nearby , however - This
stream was the locale sett led by a band of Choctaw and Biloxi in the 1760’s.
Any work near this stream ’s junction with the Red River will doubtless uncover
the remaining portion of this site; it is badly pothunted by local treasure seek-
ers . No other recommendations other than concern for the Bayou Jean de Jean
areas need be made here . Doubtless a number of sites have already been
destroyed in the area , but no estimate can be m ade as a survey was not made .

m. Campti to Clarence Levee Project. This seemingly simple project
has invol ved at least three known sites to date . There are three middens
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located in the eastern portion of this project on Saline Bayou: the Lemotne,
Roshto , and Chivary Dam sites all in Natchitoches Parish. The levee rights-of-
way have cleared and destroyed portions of the Lemoine and Roshto sites . These
sites seem to be on the Coles Creek-Alto time levels. Both are riverine
middens with abundant surface materials. A large area of ~oth these sites re -
mains . The Chivary Dam site is a spoil situation in the bottom of Bayou
Bourbeaux. This spoil will be eroded away w~ien the levee system planned is
finished . This deposit represents a Bossier-Beicher and Troyville site that was
graded away to build Chivary Darn several years ago . This spoil contains an
abundance of sherds and bone .

A minimal recommendation for the Campti-Clarence area wouLd be test-
ing of known sites and an additional survey of the area involved in both the levee
project and the Red River channel plans .

n. Red River Navigation and Bank Stabilization Plan. The Red River
region as a whole will be affected by this larger Arm y Corps of Engineers project.
As the aims of this project are quite different from those of the Soil Conservation
Service they deserve a different treatment here . In the first place the six locks
scheduled for the Louisiana portion of the river are all in areas not adequately
covered by survey at this point . Also the areas where the channel of the present
active stream will be realigned are not adequately surveyed either. To date
there has been no systematic survey of Louisiana archeology . Attempts at get-
ting funds for this sort of thing have all met defeat , both on the state and federal
level .

Obviously a number of sites will be affected by the present plans but the
present study can do no more than list known sites and make a few recornmenda -
tions . How many sites are actually in the area is not known nor do we have any
idea how many archeological remains lie buried in the bed of the river. A
number of known sites are known to have been eroded away by the stream and
others are presently being eroded . Dredges in certain areas of the Red River
valley might yield archeological remains . However , it should suffice here to
note the loss of these sites , as sites so near the river are bound to be damaged
by the presently planned activities .

In the immediate vicinity of Lock and Dam No. [i s  the Moncla Mound , a
nice Marksville - Troyville I~ riod mound . A portion of this mound has already
been destroyed by existing levees and any additional work in this area will proba -
bly affect it. Any work on the lower Red River should include the salvage of
this site .
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A number of siteS also are known to either exist or have exieted along
the Red River below this point. C. B. Moore noted the L’eau Noire Bayou site
in Avoyelles Parish , a Plaquemine Period mound with burials , and the Keller
Place in Pointe Coupe e Parish near the Old River Locks Project (Moore 1912:

• 489-492). Additional work on the Plaquemine Period would be invaluable but it
is feared that the Keller Place site has been destroyed . No attempt at survey
or salvage was made for the Old River Project.

Al so in this vicinity are the Saline Point sites and the Norman Landing
site (Moore 1912: 495 -501). These are all important Marksville Period sites .
Recently a local poi.hunter has been busy digging at the Norman site , but the
other sites are still relatively intact .

Above Moncla the river has never been surveyed . W.P. A . surveys by
James A . Ford dealt primarily with the areas of site concentration and for this
area these were Marksville Prairie , Catahoula Lake and Lake Larto (Ford
1936: 32) . Moore also reports a dearth of sites for this area (1912: 507-508).
Moore seems to have concentrated on the area around the Red River mouth and

F listed only two sites between there and Alexandria: thc Johnson Place and the
Rodriquez site . The former site is a Troyville-Coles Creek site and the
Rodriquez site yielded a number of red jasper beads and heavy !x”lnt s. This site
may well represent a late Archaic or Poverty Point component site . 11 the site
is still extant additicnal work there would seem imperative.

The strip of river from Alexandria north is slightly better known . At
Alexandria there exists a portion of Bailey ’s Dam , a structure built by Union
naval engineers to facilitate the retreat of northern forces down the Red Rive r
during the War between the States . This is but one of many Civil War sites in
the valley and ~. number of wrecked ships are reported , especially between
Alexandria and Natchitoches , LoLisiana. One has definitely been seen at low
water near Montgomery Landing. Any channel activities will definitely destroy
these sites . The loss of Bailey ’s Dam would seem Irreparable.

At about Mile 100 on the realigned channel , on the west bank are the
Colfax Ferry and Bayou Jean de Jean sites. These 1763-1820 contact sites are
very valuable resources . The Colfax Ferry site has suffered considerably from
the depredation s of pothunters , but a sizable portion of it is intact. That the

• Bayou Jean de Jean site is mainly m idden is a fortunate accident . On the bluffs
here is also a large French cemetery started in the 1760 ’s also. It , too , has
been badly looted by treasure seekers .
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From the mouth of Cane River to Grand Ecore Bluffs no sites are known
along the active stream . Most known sites are back , on the older abandoned
channels like the Cane River. However , there are doubtless a number of sites
here and an attempt at survey should be made before the channel area is worked
on.

A mound formerly existed at Campti (Bayer 1899) but it is now eroded
completely away by the river. Traces of this site should be sought as it seems
to have been a late burial site representing Fulton Aspect Caddoans . No Sites
are known along the active channel between here and Coushatt a , but only because
the area is still wooded and no attempt at survey has been made .

Just above Coushatta a trace of the Gahagan site remains . A portion of
one mound and a thin midden deposit buried under alluvium can still be seen .
However, the portion of the site excavated by Moore (1912: 511 -524) and Webb
(1939: 92-127) are all in the river now . Any bank stabilization is bound to
destroy the remaining portion of this Important site . More work is recommended
for the portion of the remaining site .

The Briear Bend site worked by Moore (1912: 510-11) is still extant , but
no other Information is available about it. This area is all in woods or pasture
at the present time.

From this area to Shreveport , Louisiana are scattered a number of
rather important sites , the most important of which are contained in our dis -
cussion of the East Point to Loggy Bayou and Bayou Pierre Projects . However ,
three sites: Taylortown , Sunny Point (Moore 1912) and an historic Coushatta site
are in this area . The latter site is well documented , but has not been found .

Webb (1959) lists a number of sites in the alluvial valley between Shreve-
port and Belcher , Louisiana . A number of these sites have already been dis -
cussed in the Black Bayou and Caddo Lake or Posten Bayou Project evaluations .
The most important site here is probably the Mounds Plantation site near Dixie ,
Louisiana . This large Alto Focus site with its Coles Creek component would
possibly be damaged by the channel operations . it should be carefully con -

• sidered for salvage or other investigation . The park area noted on the Corps of
Engineers ’ plan would be near there and a possible interpretive exhibit could
put that area to good use.

Other sites in this area include the Belcher , Kelley Bayou , Huckaby ,
Thompson Mound , and Cd-37 sites all of which could conceivably be included
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in the immediatt area of the project planned . These are the most definitely
well organized Caddoan sites in Louisiana and any loss of Information here would
be grievous . Additional work is recommended for this whole area , that is the

• Shreveport t o Hosston . Louisiana , reach of the Red River.

Ab VL the latit ude of Hosston , Louisiana , local amateurs report several
sites , but present information cannot be any more definite than that . The situ-
ation described for the Posten Bayou Project will probably be representative for
this reach of the river as well .

In the light of the comparative dearth of i nformation on sites in the Louisi-
ana portion of thi Red River valley , and the Importance of those that are known
and reported , it .-eems imperative that these recommendations end by advising a
detailed archeologicil surve y of the entire valley of that stream . This survey
should begin near where the Red Rive r enters Louisiana and cover all the project
areas In its alluvial va lley. Additional surveys of borrow pits and access routes
to parks, locks and dams , and other areas to be affected are also deemed neces-
sary. On the basis of this survey more detailed information as to kind and
nature of sites should lead to a salvage program . This plan of action is needed
desperately before thi state of Louisiana loses some of its most important arche-
ological and historicai sites .

C. NATURA L RESOURCES AND RECOMMENDATIONS

In the course of this study , we have emphasized the natural setting in
which the human inhabitants of the Red River Basin have lived . The factors
which can cause destruction (or “extinction”) of the evidence for this human
occupation , can be equally destructive to the natural environment. The non-
renewable natural resources of the area , such as oil , iron-bearing gravels ,
geological outcrops containing evidence of former plant and animal life in fossil
form , all axe matters which must be considered in basin development , but which

• are outside the scope of this particular paper . These are resources which are
useful , in some cases vital , to us in the 20th century , but with which the pre-

• historic and early historic inhabitants had little concern . This fact does not
make them the less important ; it only makes the present authors less qualified
to speak about them .

Other resources , however , which form a part of our present environ-
ment as it did that of the Indians, constitute an important element In our under-
standing of how people lived in the past , as well as our understanding and
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enjoyment of the present , Certainly as the present population of the United
States grows, this natural environment is changing. In many respects we control
our environment , and this control can be and has been an extremely destructive
device . With no thought to the consequences , both human and animal populations
have been exterminated . This extinction can be so far removed from its cause
that most of us are unaware of the possibility - -lumbering, for example , or
draining of swamps , can eliminate animal and plant habitats practically over
night . We are at the point where some thought must be given to preservation of
some areas , not only for the “balance of nature ” but for the sake of future goner -
ations . The potentialities of development or the “non-disturbance ” of various
areas of the Basin , in relation to the overall development plan , are as grect in
this realm as in that of the archeological resources . We reiterate that there
may not be a Grand Canyon in the Red River Basin , but there are unusual and
unique areas in the Gulf Coastal Plain and Ouachita Mountain provinces which
may be drastically effected by elimination of natural flooding, and by drainage ,
to say nothing of inundation . The appeal of such preserved areas to the general
public can be witnessed anywhere in the country where such areas exist- -on a
large scale , this is exactly the appeal of our National Park System.  A few
examples will help poin t out the potential - -both for possible elimination of these
natural resources if they are not considered in the planning stages , and for their
preservation and development in relation to a Comprehensive Basin plan .

The rich bottom land forests of the Red River valley in McCurtain
County , Oklahoma , and the five southwestern counties of Arkansas are beautiful
examples of the value of well-developed wetlands, and the unique fauna and flora
now present there,exist because much of the area has not been cleared or drained .
One of tl~e best examples of bottom land woods is in Beavers Bend State Park in
McCurtain County , where there is a beautiful cypress swamp. Indeed , the
famou s “big tree ” there is reported to be the largest cypress in the world . This
area contains the only cypress woods in the State of Oklahoma , the only rich
breeding populations of wood warbiers in Oklahoma , and the only palmetto .

In Arkansas , the nearly extinct red wolf population. which once occupied
all of the Gulf states (Canis major) still remains in the bottom lands of the

• Ouachita and most possibly the Red Rivers . The animal is becoming increas-
ingly ra re because of the destruction of its bottom land habitat by drainage and
cutting. The Mountain Lion (Felis concolor) has been almost exterminated in

• this area , although one was killed tn Shreveport very recently . The fact that it
is now unusual is attested to by the acquisition of this animal’s skin by the
museum at Louisiana State University .
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In Hempstead County , Arkansas , very near Miliwood Dam itself , there
is a large privately owned preserve of thousands of acres of bottom lands . It
is possible to take a boat through the shallow waters in this area and see virgin
cypress swamps where , in A pril and May, thousands of waterbirds nest: Little
Blue Herons, Snowy Egrets , Great Blue Herons , Black crowned Night Herons ,
Purple Gallinules , Common Gallinules , Pied-billed Grebes , Least Bitterns.
This is the second largest rookery for nesting herons and egrets in Arkansas .
The owners of this area , which is called Grassy Lake because of the many
stands of thick high southern wild rice which grows there , have protected it
from surrounding land use practices , and thus preserved an example of a type
of habitat which formerly was widespread in the southern and eastern parts of
the State and in northern Louisiana . Alligators still exist here as a relict popu-
lation , and an unusual and strictly southern (Gulf Coast) swamp orchid
(Habenaris quinqueseta (Michx .) Sw.) has been found on half -submerged logs .

In Polk County , Arkansas , in the Ouachita Mountain area and within the
northern edge of the Basin , Rich Mountain contains one of the richest floral
associations in temperate North America. Receiving over 60 inches of rain
per year , Rich Mountain qualifies as a true rain forest. Two species of
salamanders (Plethodon ouachiti and Plethodon caddoensis) are endemic to this
small area and occur nowhere else in the world ,

The ox-bow lakes of the Red River Valley in Arkansas support high
populations of valued game animals such as mink and muskrat . Wood ducks
nest here in abundance . The Paddlefish (Polyodon spathula), which formerly
was abw~dant in the larger streams , is now so reduced as to need protection
if it is not to become extinct.

These examples could be repeated over and over in all areas of the
Basin . They are examples of natural resources the existence of which depends
upon the undisturbed natural habitat. Any disturbance to this habitat must
take into consideration the consequences to these resources .
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APPENDIX X

HYDROELECTRIC POWER

SECTION I - INTRODUCTION

1. SCOPE

A logical market area for hydroelectric power developed in the
Red River Basin below Denison Darn was determined and factors related
to power marketing were analyzed. This analysis included past power
requirements and estimated future requirements in the market area
for the years 1970, 1980, 2000, and 2020; existing power supply facil-
ities, scheduled changes in existing facilities; and additional gene-
rating capacity, including hydroelectric capacity, required to meet
the estimated future demands in the market area. In addition to the
presentation for the market area in its entirety, similar data ap-
plicable only to preference power users were extracted by the market-
ing agency and presented separately.

2. OBJECTIVES

The objective of this appendix which includes a presentation of
existing power supply and the need of additional power supply sources
to serve the estimated future power requirements , Is to determine if
the potential hydroelectric development in the Red River Basin below
Denison Darn is feasible and would be usable in serving the estimated
future power loads in the market area while adhering to the long-range
basin plans for developing the water and related land resources.

. RELATIONSHIP TO OTHER APPENDIXES

This report on the Red River Basin below Denison Dam deals with
a multiple-purpose development of the remaining undeveloped water and
related land resources in the basin. Hydroelectric power develop-
ment in the basin is primarily associated with multiple-purpose reser-
voir development and is therefore subject to priorities of water use
as well as to economic and financial considerations. It follows that
close coordination with project purposes described in the other ap-
pendixes is necessary.
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1~. PREPARATION AND COORDINATION OF APPENDIX

The inventory of power resources and needs In the market area
was compiled by- the Fort Worth regional office staff of the Federal
Power Commission with specific data for preference power users being
supplied by the Southwestern Power Administration. Screening of
potential hydroelectric projects in the Red River Basin below
Deni son Darn and study of projects for power in the basin plan was
the Joint responsibility of the Tulsa and New Orleans Districts of
the Corps of Engineers . There was conaiderable exchange of ideas
in all phases of the compilation, particularly in the selection of
projects for the 10- to 15-year program. Participants included
representatives of the States involved, the Corps of Engineers,
Southwestern Power Administration, and the Federal Power Commission.
Although the Report is dated June 1968, a cutoff date of December 31,
1965 wae used in this Appendix for load experience and for projects
in operation. Selection of projects for Immediate consideration was
made within the limitations imposed by other basin developments.

5. TYPES OF POWER DEVELOP!4~~tS CONSIDERED

a. Conventional plants. Studies of tk~ deveL.pment of addi-
tional hydroelectric power in the basin centered on the inclusion
of power as a function In niiltiple-purpose reservoir development.
The available power heads and streamfiow patterns preclude consid-
eration of economical development of single-purpose hydroelectric
plants. The inclusion of power in a nultiple-purpose development
depends on its economic and financial feasibility, applicability
to the area power load, and adaptability to the requirements of all
water uses.

b. Reversible unit Installations. A power installation with
a combination of conventional and reversible units was considered
at one site. The results are highly encouraging .

c. Pumped-storage installations. Six aites met the criteria
for pumped-storage hydroelectric power development. All these sites
were screened a~d the results ii~ Icated that detailed studies were
warranted. These studies were made for two of the sites, with sig-
nificantly higher heads, wi th favorable results for one of the sites.

X-2
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SgCTION II  - DE SCHI }~r ION OF POWER MARKET AREA

6. Gr~.NERAL DE SCRIPI ’ION OF MARJK~~ AREA

Power supply areas as estabLished by the Federal Power Commission
for power market surveys , hydroelectric power need and utilization
studies , an.~ other analyses of power supply and requirements comprise
geographical areas substantiall y representing the electrical service
areas of major electric utiLities. Usually a power supply area en-
compasses a ~ombination of ut~iities that operate in close coordina-
tion under a common holding company or under other pooling arrange-
ments. In the development of the National Power Survey, power supply
areas were combined into coordination study areas to facilitate
studies of extra-high-voltage transmission , coal-field steam-electric
geriera ing stations , the more adequate utilization of hydroelectric
capacities , and other oroad factors affecting the future develo~~ent
of the electric utility industry .

Coordination Study Area K; which includes Power Supply Areas 25,
29, 33, 34 , and ~5; is a logical combination of power supply areasinasmuch as it substantially represents the area covered by the South-
west Power Pool and associated systems. Through varying degrees of
coordinated operations, these systems share reserves , provide mutual
assistance in emergencies , stagger construction of new generating
capacity, participate jointly in the financing and construction of
large sized units , construct long EHV transmission facilities , jointly
arrange large seasonal diversity interchanges, make maximum utiliza-
tion of peaking hydroelectric capacity , and improve service reliabil ty.
Coordination Study Area K, therefore, is the logical market area for
future hydroelectric power development in the Red River Basin Below
Denison Dais. Plate 1 shows the location and extent of Coordination
Study Area K.

Study Area K in itself represents an adequate and suitable market
for determination of needs for future hydroelectric capacity that may
ne constructed in the Red River Basin Below Denison Dan. The export and
import of electric power made available by seasonal load diversity with
TVA and by both seasonal load diversity and hydraulic d~versity between
the Missouri River and Arkansas-White-Red Basins are recognized in need
and utilization studies. Other exports and imports affecting Study
Area K are approximately offsetting.
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7. ADJU STMENT OF MA RK1!~P AR EA FOR PREFERENCk PCYsIER
USER S THROUGH THE MARKETING AGENCY

Congress, which authorizes the construction of Federal multi-
purpose projects, has provided a preference in the sale of hydro-
electric power from such projects to certain types of power users.
The princ ipal “preference” power marketing agency in Study Area K
is the Southwestern Power Administration (SPA). It is considered that
hydroelectric power producec at the multiple-purpose projects in the
Reu River Basin i~elov Denison Dam can be marketed to “preference

”
power users anywhere within the interconnected service area of SPA,
and is not ltrnite~ to marketing within the basin. This marketing
area in~1udes both the area served by the SPA transmission system
and areas in whicx i SPA service may be provided through system inte-
gration contracts with others.

The marketing area for preference power users for the Red River
Basin Below Denison Darn, shown on plate Ia , consists basically of
Coordination Study Area K , excluding that part which is in Mississippi
and excluding all of Kansas except Kansas City and that part of the
eastern one-fourth that is south of Kansas City; but including the
north half of Missouri for service principally to cooperatives.

3. POPULATION IN THE MARKET AR EA

S The population in the power supply areas comprising Coordination
Study Area K, the designated market area, is an important factor in
electric energy consumption and according to the July 1960 Census is
as follows:

Population iii Thousands of Persons

S Power
Supply
Area Farm Non-Farm Total

25 303 3,787 4 ,590
-
- 

29 247 882 1,129
33 452 2 ,855 3,307
34 282 1,184 1,466
35 213 1,678 1,891

Coordination
Study Area K 1,997 10,386 12 ,383

Population estimates prepared by the Bureau of Census were adapted
to power supply areas and utilized extensively in the deve1o~ nent of
the electric load forecasts prepared for the National Power Survey
which are a basis of the load forecasts presented in this report . Ac tual
and estimated farm and non-farm population as related to other multiple
purposes in the Bed River Basin Below Denison Dam c~~prehensive study
are presented in the economic base study prepared principally by the
Corps of ~~gineers , U. S. Department of Agriculture , and Bureau of Mines.

1.
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Concentrations of population and industrial loads centralize elec-
tric loads in various areas. These load centers are often located
along major water routes and at tidewater. The principal load centers
in Study Area K, along with their actual 1960 and estimated 1970 and
1980 megawatt-load requirements including 12 percent reserve, are as
follows :

Power Capacity Requirements (us,)
Supply ( Peak Load plus 12% Reserve)
Area Load Center Area 1960 1970 1980

25 Jackson , Miss. 325 704 1,4014
Little Rock , Ark . 6144 1,395 2 ,782
Monroe, La. 226 1489 976
New Orleans , La. 9614 2,035 14 ,161

29 Great Bend , Kan. 272 538 952
Topeka, Kan. 393 773 1,378

33 Oklahoma City, Okla. 771 1,624 2,766
Shreveport, La. 588 1,243 2,117
Tuisa, OkIa. 637 1,344 2,296
Fort ~nith, Ark. 237 1493 851

34 Springfield , Mo. 394 805 1,456
Wichita, Kan. 1436 995 1,803

35 Baton Rouge, La. 511 1,429 3,191
Beaumont , Tex. 1408 1,1146 2 ,556
Lake Charles , La. 263 732 1,636

9. EC0N~ 4IC F EATURES OF THE MARKET AREA

The comprehensive economic base study, as noted previously, pres-
ents a detailed analysis of the many factors which affect the multiple-
purpose river basin develo~mient. Presented herein are some of the eco-
nomic highlights that affect the electrical load growth in the desig-
nated market area. The energy requirements for farms ranged from
3,532 kwh per customer in PEA 25 to 6 ,509 kwh per customer in PEA 29
in 1965 . This variation is closely related to the product ivity of the
soil, the type of farm, climate, characteristics of the farm population
and price of competing fuels. Non-farm residential electric energy
consumption in 1965 ranged from 3,909 kwh per home in PEA 29 to 5,261
kwh in PEA 35. Recent gains in residential consumption can be attrib-
uted to increasing acceptance of all types of refrigeration, air con-
ditioning, and heating equi~inent , as well as to more extensive use of
other appliances. Electric energy consumption per con3nercial outlet
ranged from 20 ,998 kwh per customer in PEA 34 to 26 ,392 kwh per cus-
tomer in PEA 35. Commercial utilization of electricity per customer

V
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is affected by the present high saturation of air conditioning , diver-
sification of retail outlets , the advent of shopping centers , the ex-
pansion of electric cooking, and increasing recreational activities.

The industrial develoI~nent and associated electric growth in
Study Area K has been principally affected by the phenomenal growth
of the petrochemical industry along the Gulf Coast where plentiful
raw materials , water , pipelines, low fuel costs , lower construction
costs , lower labor costs , and water transportation are available.
Petroleum refining is growing moderately but is substantially stable .
The continued develoiinent and diversification in chemicals and plas-
tics presents a bright future, patricularly in the southern portion
of Study Area K. The growing need for pulp and paper is expected to
enhance electric load growth due to the primary and secondary influ-
ences of the develoj~nent of new paper processing industries in the
forested regions of Study Area K. The mineral industry in many areas
provides a growing demand for power although in some areas the de-
posits are marginal or limited . It is not expected that the light
metal industries will greatly expand future electric Load growth due
to the limited supplies of bauxite for the aluminum industry and the
general practice of self-generation in the magnesium industry .
Growth is expected in the aircraft industry, space industry, and in
food processing, cement, fertilizer, and small appliance industries.

~ 
:‘

X- 12

_ _ _ _  -~~



__________________ - .  
:;~~~~

- -
~~~ 

—5-.,---5—-----5---.

~ii~CTI0N III  - PAST AND ESTIMATED FUTURE
POWER REQUIRE74ENTS

10. STUDY AREA POW~H REQUIR~~~NTS

a. Annual power requirements. There is presented in table 1
historical and estimated future data on energy for load, peak demands,
an I annual load factors for the power suppLy areas encompassed by
Coordination Study Area K. It is to be noted that the peak demand
for Area K increased f rom 2,390 mw in 1950 to 13,070 my in 1965.
~stimated future loai growth as developed for the National Power Sur-
vey , issued in 19614, is expected to reach ~~,900 mw by 1980. This
esUmate has been trended to the year 2020 for the Red River Bas in
Be~~w Denison Dam comprehensive study and the expected load at this
time is estimateu at 102 ,1)00 mw.

Table 1 also aernonstrates the decrease in annual load factors
between 1950 and 1965 due principally to the advent of residential
and commercial air conditioning . This trend appears to be reversing
at this time and moderate increases in load factors are expected in
the future due partly to load building activities of the electric
utility industry .

The estimated power requirements shown in t able I are closely
related to many of the economic factors of the market area. The
power requirements are developed by classes of sales and combined
into a total area requirement. The classes of service projected sepa-
rately are farm , non-farm, residential , commercial, industrial , irri-
gation , street lighting, electrified transportation , other sales , and
losses. Expected farm usage is related to trends of cash receipts
from farm marketings, expected trends in numbers of farms, and consid-
eration of the types of farms, including commercial farming. Resi-
dential load projections, in addition to being closely related to
population, are determined on the basis of the appliance saturation
factors, average annual energy consumption of appliances and other
home uses of electrical energy.

Area economics, such as income guidelines , provide correlative
data in establishing residential growth. Commercial sales projections

- - are mathematically related to population projections and past trends
of energy consumption . General area deve1o~iient guides help establisc
future expected commercialization . Industrial projections are predi-
cated on a jud~ nent basis after careful consideration of the value of
mineral products, mineral reserves, value added by manufacture , in-
dustrial growth , electric loads as reported by the electric uti l i t ies,
and the area potential for future industrialization.
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Pos.sr &na~a1 Anm~a1
Supp ly ~~~rgy Peak Load Peak P.ek LOad Peak
Ar.. for I~~~ D~~~.d Factor Moath for Load D~~~~ Factor ~~~~~

(alflloit kvb ) (~~) (a.t11ioi~ kvh ) (.v) (% )

1950 1955

25 5,~36 995 62.Ii Sept. 10,332 1,886 62. 5 Sept.
29 1,~~7 5 .l  Dec. 2 ,l~37 519 53.6 Aug.
33 3,8h6 751 51.2 Aug. 6,911 1,1s77 53.ii Jely

1,955 379 56.9 Dee. 3,38k 672 57.5 Aug.
35 2 ,696 h61 66.! Sept. h ,liSS 793 6l~.i Aug.

Ar.. I 15,J~02 2 ,890 60.8 27 ,519 5,3~7 58.8

1960 1965

25 13,222 2,668 56.0 July 21,~~9 l~,318 55.7 July
29 3,563 793 51.2 Aug. 5,235 1,196 50.0 Jely
33 10,1456 2 ,353 50.6 July 15,833 3,6142 I~9.6 Jely

5,017 1,056 514.1 Aug. 7,265 1,570 53.0 J aly
35 7,*9 1,1462 61.9 J*ly 13,285 2 ,31414 61~.7 July

Ar.. I 140,207 8 ,352 ~~.8 62 ,667 13,070

1970 1960

25 30,600 6,390 55.0 Aug. 60,000 11,610 59.0 Aug .
29 7,320 1,580 53.0 Aug. 12,850 2 ,770 53.0 Lug .
33 22~360 ~,0OO 51.0 AU. 37,850 8 ,1470 51.0 Aug.
314 10,14140 2 ,250 53.0 Aug. 16,200 3,920 53.0 Aug.
35 22 ,350 14,080 62.5 Aug. 50,000 9,130 62.5 tug.

A rea K 93,270 19,300 55.2 178,900 35,9~Z 56.7

2000 2020

I 1462 ,000 93,000 56. 7 Aug . 9(ii ,000 182 ,000 56. 7 Aug.
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‘ihere is preseritcu on figure 1 a graphical representation of
the a~t .aI. and estimated future classified sales projections from
1950 to 1980 with the total requirements extended from 1980 to 2020.
The ‘ all other” category Lnc ].udes irrigation and drainage pumping ,
electrified transportation , Street lighting , and other minor uses.
These data are related to historical trends that have been recorded
by the Federal Power Commission since annual electric utility re-
porting was initiated prior to 19140. The future trends are predi-
cated from historical data with careful observation of the various

F area and economic factors disc~ ssed in previous sections . Considera-
tion is given to other sources of energy and their price relation-
ships. Table 2 presents tabular data supporting figure 1.

TABLE 2

STU DY AHA~A K - CLASSIFIED SALES

Year
1950 1955 1960 1965 1970 1950
— 

( UTion~~~~~ 
— —

Farm 860 1,32 1 1,507 1,783 2 ,285 3, 150
Irrigation and Drainage

Pumping 12 71 214 163 262 370
Non-Farm Residential 2 ,1453 5, 039 9,364 15,737 23, 290 146,500
Commercial 2 ,673 4 ,1412 7, 432 11,576 16 ,170 28,0140
Industrial 6 ,391 12 ,031 15, 419 214,277 37, 670 76 ,14140
Street Lighting 143 250 379 552 8141 1,540
Electrified Tran s-

portation 58 147 36 7 6 0
All Other 708 1, 1140 1,557 2 ,641 3 ,396 5,570

Total to Ultimate
Customers 13,303 24 ,311 35, 958 56 ,736 83 ,920 161,610

Losses 2 ,099 3, 208 14 ,249 5,95 1 9,350 17,290

Required 1~iergyfor Load 15, 1402 27,519 140 ,207 62,687 93, 270 178 ,900

Year
2000 2020

(million kwh )
Required ~~ergy

for Load 1462 ,000 9014 ,000
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~~. Monthly power requirements. The estimated 1980 monthly energy
requirements , peak de mand s , and load factors in the market area are as
follows :

Load
Month ~~ergy Requirements Peak Demand Factor

(million kwh) (%) (mw ) (% annual) (%j
~~

Jan . 114 ,250 3.0 25 ,9140 72.3 73.8
Fe’~. 12 ,350 6.9 214,660 68.7 72.0
Mar . 12,890 7.2 23,2140 614.7 714.5
Apr . 12 ,530 7.0 214,250 67.5 72.1
May 114 ,310 8.0 28 ,370 79.0 67.8
June 16 ,210 ~ .1 33, 1410 93.1 67.14
July 13 ,230 10.2 35, 400 98.6 69.14
Aug. 18,610 i8.14 35,900 100.0 69.7
Sept. l~~,370 9.2 33,690 93.3 67.5
Oct. 114 ,570 8. 1 28 ,600 79. 7 68.5
Nov. 13,530 7.~ 26,1440 73.6 71.1
Dec . 114 ,950 3 . 14 28,1140 78.4 71.4

Annual 178 ,900 100.0 35,900 100.0 56.7

Air condi t ioning loads cause a peak season of power require-
ments in June , July,  August , and September and the annual peak de-
mand usually occur s in the f i rs t  week of August. Daily peaks occur F
in the early afternoon as sho~in on the weekly curve illustrating the
operation of pumped-storage projects. Growing loads will create a
demand f o r  large amounts of peaking capacity which hydroelectric
plants are admirably suited to supply . A few plants having large
amounts of storage can be operated at annual plant factors as low as
five percent , provided water can be used as needed dur ing the peak -
load season.

ii. . PRE~’ERENC E POWER USERS R~~U IRi~24ENTS

a. Ann ual power requirements. The historical and estimated
future annual data on energy for load , peak demand s , and load factors
for the preference power users portion of the load encompassed in this
stud y ( the counterpar t of table 1, for the total Area K load) is
presented in table ~~:j ~~

X~ 2l
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C u; p 1 1 id Il i~ r -~c~~~ r Month
1i- I~ . -~ e 1 11 i - ir  kw ~,)  l — w ) ____________________________

15~. 1 1 -  ~~, l1c  -~~-; 53~~ q Auc’.
2k? ~1. July

3 3 - .5 .7 Au, ’ .
1 3 5 3  3 3  1 ,51 3714 ~~~~

14 1, 333  7 . 1  ~~~~~ Au,’ .
15 90 8 7 2 6  ‘ ‘1. 8 Aug .

Tot.~l ~~~0j

1 A ’ .17 1,331 2 92  54 . ’ Aug .
1, 5 7 7  1 43 6  4 1 . 3  Ju1’i

3 4 7  13 4 6. 1  lu , ’ .
‘~~~~~ 33 1 , -~~~) 4 5 7 1 4 6 . 7 J u l y

‘1’. 1 ,7~ 7 77) 46.9 Aug.
35 E~ 11 2 82  .1.1 July

7 ,:€~. 1,786 145~~9

1 ,5 4 3  ‘7/ 53.8 Aug.
2 , u I  lb 4 1.8  Au , ’ .

‘i3 5 Ju ly
1362 33 ‘,252 559 46.1’ Au,’.

4 1 , ’ i J ~ 1 3 3  47 .)  A uv..
1, 6’. ; 1  - . . )  ;ur .

il. -- , -3 -- 7 ,2 -3

1, ’)  ‘ 7 7  3.5 luc’ .
25 2,3’€ ‘‘7 41.0 Au,’.
11 57 14 ‘46 2 ~u1v

1 ~~~4 33 2 ,~~~ ‘7 7 45.2 Au~ .
IS. 1,2’12 ‘ 4 4 2  144~~7

35 1 ,577 4 36  ‘41.7 Au ~~.
11-St-il 10 ,295 7 ,6 3 3  14 44 1

U ~~~7 1 ,777 137 51.1 July
25 2 ,557 700 ‘.1.2 “ j r .
7! 60 14 148.3 July

1365 3 2 , 1 9 2  738 46 .2 Aur .
24 1, 913 442 ‘7 . 14 Au ,’.
lb 1 ,777 1488 ‘.1.’. A ug .

Tut u 10,369 2,789 ‘.5.0

151.17 2 ,6-3 7 5 3 3  2 . 0  A Ug .
3,615 750 55.0 A u~~.

78 17 53. 0 A - j r .
~~~7 3 31 1, 330 9 ) 5  51 .3  A u ~~.

2 ,4 55 530 53 .0  Au g .
35 2 ,6 53  1485 6 2 . 5  Au~~.

15 , 3 3 3  3,237 5’. 3

-.1~’ 4~~4 7 3  g65 - 3 . 3 A - , , .
25 6.730 1,133 ~‘4 .. 7 Au g .
29 123 :5 Au,’.

1 )80 33 6,323 1,1415 ‘— 1.0 Au, ’.
•314 3,070 855 53. 0 Aug.
35 5,370 180 ‘-2. 5 Auc’.

Tot-il 76,980 5,540 ‘- ‘1~~ 3

711 -10 T n t - i ]  ~77 7  12 ,620  5!- .’

7 77 1 -1  : t, 1  1 1 7 ,113 22 ,610
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Toe projection to 1980 is based on a composite of the load growth
oy clasi ’ of service for each power supply subarea (as established by
the Nat[onal Power Survey ) in accordance with the 1964 Load Growt h
Forecast of the Federal Power Commission. The composite trend was ex-
tended to the year 2U~0. The over-au result is shown graphically on
the chart , f igu re ~~~~ Table 2a presents tabuiar data supporting
f i gu re  L u .

TABLE 2a

CL.A8UIFLED SALES - PR~ ’Sk2~NCE POWEF USER S

Year
1958 1960 l~62 1964 1965 1970 1980

(miiIT~~ kwhT —

Farm ~~~23 1 ,886 2 ,263 2 ,727 2 ,875 3, 640 5, 100
Residential  L , i2U 1,387 1,663 2 ,006 2 ,156 3 , 260 6 ,520
Commercial ] ,iUd 1,373 1,614o 1,353 1,958 2 ,910 5, 120
Industrial l,L71 1,427 1,687 2 ,128 2 ,358 3, 170 5 ,980
All other 3141 li.22 507 607 6314 890 1,460

Losses ‘~c) 669 802 964 1,007 1,520 2,800

~~ergy for load 5, 309 7, 1614 8,568 10,285 10,938 15,390 26,980

Year
2000 2020

&iergy for load 62 ,700 112 ,300

In l9bO the preference power user loads , in the marketing area
considered , represent about 21 percent of the capacity and 18 per-
cent of the energy shown in table 1. Because of the difference in
class of service being considered , the load growth of the prefer-
ence power users is at a rate less than that for all power users in
Study Area K. The preference power user portion of the Load is ex-
pected to drop to about 15 percent for both the capac ity and energy
in 1980 , and to about 12.5 percent by the year 2020.
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u. Monthly power requirements. The estimated monthl y varia-
tions ~n energy requirements , peak deman ds , and load fac tors of the
preference power user load for 1980 are as follows :

Load
Month ~kiergy Rej ui rements Peak Demand Factor

(mi l l ion  kwh ) (% )  (my ) (% annual)  (%)

Jan. 2,- )1 7.5 ~,755 67.8 72.5
Fe~~. i ,)i’ 7.1 j,i00 ôb. -3 77. 0
Mar . i ,~ 4’~ 7.2 3,705 bô.9 70.6
apr. 1,97U 7.3 3, 83L1 69.1 71.4
May 2 ,~~(5 .7 4 ,155 75 .0 67. 1
Jun e 2 , LUu cl.9 4,890 83.3 68.2
Jul y 2 ,860 10.6 5, 1405 97.6 71.1
hug . ~~,330 10.5 5,540 100.0 68.7
3ept . ~ ,590 -T ) .6 4,915 3c3.7 73.2
Oct. 2 , 1’35 11.1 14 ,345 78.4 67.6
Nov. 2,050 7.6 4 ,060 73.3 70.1

2 ,130 7.9 14,035 72.8 71.0

Annual Ot , - T
~ 10u.0 5,540 100.0 55 .6
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3ECTI IV - iXIST ll~G P~vJriR SUPPLY FACILITIES

12. STUD Y AI~~A K 1~7M0.k ~ FAJI .LT IE S

a. U t i l i t y ~i y - ;L e ms. in Coordination Stud y Area K , the desig-
nated market for z,~urue1c- tric capacity in the F~ed River Basin below
Der.ison Dam , most of the princ~ pa1 electric utilities are members of
the .~uuthwest Reg iona L C .ro~ip wh ich  is one of the four parts of the
Interconnect.eu System Group covering the midwest and southeastern
United States. The Southwest Regional Group is a voluntary non-

— 
contractual organization of some 55 electric utilities from the
i~eb raska-South Dakota state Line to tne GuLf of’ Mexico arid from New
Mexico to central  M i o s i s s ip p i .  The Group sets pol ic ies , procedures ,
and operating re~ uiat~ ons for tne members. W it h i n  tLe Southwest
Regiona l Group , the Southwest }-‘ower Pool and assoc iated systems ,
comprised of 17 investor-owned and 8 non-investor  owned systems , has
a service area of approximately 350,000 square miles and includes all
of the princ ipa L e1e~ tr

i c utilities in Study /-4rea K and two systems
in Study Area L , Neuraska. A l~ st of the members in Study Area K
is as follows:

Middle Sooth Utilities & Ark-Mo Power Company !/
Arkansas Power & Ligni. Company 2/
Louisiana Power & Light Company 2/
Mississippi Powe r & Light Company 2/
New Orleans Pub iic  Service, Inc . 27
Arkansas-Missouri Power Company

Gulf States Utilities Company 2/
Central Louisiana Electric Company 2/
Southwestern Power Administration 76/
Public Service Company of Oklahoma 2/
Oklahoma Gas & ~-S.ec tric Company 2/
Southwestern Electric Power Company 2/
Grand River Dam Author i ty
Arkansas Electric Cooperative Corp.
Western Farmers Electric Cooperative

The ~npire District Electric Company 2/3/~/
Missouri Pu blic Service Company 3/ 4/
Kansas Cas & Electric Company 2fj r
The Kansas Power & Light Company 3/
Western Light ~ Telephone Company
Central Kansas Power Company
Missouri Utilities Company
City Utilities of Springfield , Missouri
Assoc iated Electric Cooperatives, Inc .

N.W. Electric Power Cooperatives , Inc . 5/
Central Electric Power Cooperative 5/

- 
3 

Northeast Missouri Electric ~~wer Cooperative 5/
M&A Electric Power Cooperative 5/

- -- Sho-Me Power Corporation ~/KAM O Electric l ower Cooperative 5/

fFootnotes are on foLLowing page)
X-~ l
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1/ Generally known as the Middle South Integrated System pool .

~/ Component of the South Central Electric Companies pool .
3/ Component of the MiB8~ lri-Kaneas Pool, which also irx ludee

the Kansas City Power & Light not listed above.
4/ Component of the Missouri Integration Pool, which includes
— 

the Kansas City Power & Light not listed above.
5/ Component of the Associated Electri c Coop.

~ / The Misa~uri Integration Pool covered by Footnote 14 has an
— 

agreement with SPA covering hyd.ro peaking capacity, etc.

The Southwest Power Pool maintains headquarters in Little Pock ,
Arkansas. The pool was created In the early part of World War II
to provide an adequate and continuous supply of electric power and
energy for civil and defense requirements. Within the Southwest
Power Pool, the Middle South integrated system, as noted above ,
coordi nates planning, Interchanges econoi~y energy, exchanges firm
power and energy , provide s emergency assistance , and coordinates
maintenance schedules. A central dispatcher at Pine Bluff , Arkansas,
schedules hourly generation on the integrated system based on incre-
mental cost and losses by the use of an automatic dispatch computer.

The Missouri Integration Agreement has been negotiated, whereby
478,000 kw of hydroelectric peaking capacity from White Rive r
hydroelectric projects is marketed by the Southwestern Power
Administration under long-terts contracts to Associated Electric
Cooperative ( see six ABC members noted In above list) arid three pri-
vately owned electric utilities; I.e. Kansas City Power & Light Com-
pany, Missouri Public Service Company, and the Empire District
Electric Company . The Missouri-Kansas (Mo-ican ) Participatl3n Agree-
ment , as noted In footnote 3 of the above lIdt , Is a forms.]. pooling
arrangement whereby large new generating units will be constructed
on a participation arrangement and 345-ky transmission will be made
possible by the resulting savings. The participants’ system re-
serves may be adjusted to a 10 percent fixed mlninum base under the
contract . Contractual arrangements have been created whereby peak-
ing hydro generation available f m m  SPA will be Integrated Into the
systems to the considerable advantage of all, participants.

As was noted in footnote 2 of the above list , the 11 members of
South Central Electric Companies ( SCFX~) have negotiated for a sea-
sonal diversity exchange with TVA beginnIng with 1435 ~~ in 1965 and
increasing to 1,500 m~.i by the winter of 1968-1969. It is the intent
of all parties to ut i l ize  diversity to the rnax I~~im extent and to
take full advantage of the Associated EHY transmIssion for other
system operating savings. SCBC has a headquarters in Little Pock,
Arkansas , for scheduling of power flows , loss determinations, reserve
analyses, and other studies. Public Serv-t cc Company of Oklahoma and
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Southwestern Electric Power Company are members of the Central and
Southwest Corporation system but free interchange with the other
two members of the system in Texas (West Texas Utilities Company
and Sentral Power & Light Company) is prevented by restrictions im-
posed to maintain the intrastate status of several Texas companies.

The larger electric utilities operating in the confines of the
Red River Below Denison Dan, as shown on the attached transmission
map, Plate - , are the Southwestern Electric Power Company, Louisiana
Power and Light Company , Central Louisiana Electric Company, Arkansas
Power and Light Company , Public Service Company of Oklahoma , Texas
Power and Light Company , Southwestern Power Administration, and the
City of Alexandria, Louisiana.

Coordination Study Area K is blanketed ~y a grid of transmis-
sion lines utilizing a mixture of 69-, 115- , 138- , 161- , and 230-ky
facilities. In the Red River Basin Below Denison Dam, the South-
western Electric Power Company, Central Louisiana Electric Company,
Gulf States Utilities Company, and Public Service Company of Oklahoma
operate a network of b9- and 138-ky facilities as an integral part of
the Southwest Power Pool. Louisiana Power & Light Company and Arkansas
Power & Light Company , also a part of the Southwest Power Pool, oper-
ate 115-ky lines in the Basin. The Southwestern Power Administration
operates l3d-kv facilities to the north and south from the Denison
Project. Texas Power & Light Company operates 69- and 138-ky facil-
ities in Nortneast Texas although these facilities are not elec-
trically interconnected with other utilities in the Basin. There is
now developing throughout Study Area K a new system of 345- and
500-ky transmission facilities.

1.
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R~~ RIV EP NEL~~ D~24ISON LAM YL~~WT LIST

U t i l it y
Plant Mv Cap~ c~ ty Abb revl-N No. Naae and Type ~t iOn0

AJOIANSAS
15 Couch , i~~rvey 188.0 St RAPt

WJISIANA
2 Alexandria No. 1 2 1.5 St AL~~3 Arsenal H i l l  170.0 St SO~~— 19 Lieberaan 277.3 St SOEP

26 Mi ndeD 13.8 IC I4IJD
29 I4atchitocbeo 10.~ IC NATC

~~3 St NATC
14 Springlill ‘9. 3 St iK1~
53 AlexandrIa NO. 2 97~~- t AL~~

~ UA1P)4A
S Broken Nov 2.3 St ~LJI
57 Wright City 1.5 St I)~~ I
67 Broken Nov 85.0 Ny USA R ~/

22 ClarksvIl ie  1.0 CC TF,P~.
27 C~~~ erce .2  IC C~~~
33 Da ingerfield 32.9 St LOSS

I H P C  86 Lone Star 50.0 St SO1.P

/ 
122 River Crest 112.5 St TAP!.
168 Valley 199.0 St TAP!.
173 Wi Lkes 180.0 St SOAP
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The installed and dependable capacity of electric utility gene-
rating plants in service in Coordination Study Area K as of
Dece7nber 31 , 1Y65, is shown in the following taule :

TABLE 3

COORD INATION STUD Y A REA K

INSTALLED AND D~PENDA~3L~ CAPACITY OF UTILITY GEN C~ ATING PLMfl’S
De’.ember 31, 1965

Pow..lr

~upp1y Internal
Area Gas ‘I’urbir~e ~~Iro Steam Combustion Total

~nstaUed Capacity - (kilowatts)

25 73,700 852 ,340 4,313,671 223,335 5,463,046
29 1,250 2,910 1,274,674 257,395 1,536,228
33 l06,7O~) ~415,5O3 3,440,819 139,453 4 ,102,472

2~,75O 223,600 1,329,372 96,105 1,673,327
35 0 0 2,839,030 105,376 2,944 ,406

Area K 2O5,4’..~t) 1,494 ,350 1/2/ 13,198,066 821,663 15,719,479
Dependable capacity - (kilowatts)

25 71 ,950 845, 000 5 ,295 ,104 208,542 5,420 ,596
29 1,250 1,500 1 ,369 ,662 246,937 1,619,349
33 102,450 397,100 3,543 ,800 126,587 4,169,937
34 25,750 204,900 1,376 ,880 91,Ob]. 1,698,591
35 0 2,728,894 93,574 2,822,468

Area K 201,403 i ,4~3,5oo 1/2/ 13,315 ,jSO 7’6,7Ol 15,730,941

1/ Total capacity includes small hydroelectric plants: i.e., Osceola,
Lowell , Niangua , Dams 1 and 3, Boversock Mills & Power Co., Rocky
Ford , Marysv ille , and Lake Eucha (totals are 11,553 Icy installed
capacity and b,503 Icy dependable capacity) which are not included

~n the total dependable capacity used in future monthly load
curve analyses t,ecause of their small size and are not included
in .ables 5, 1~~, 7, and 8.

2/ Taum Sauk pumpeu-storage plant with rated capacity of 350,000 Icy is
marketed outside Study Area K and is excluded from this table.

.4.

X-37

3’



Of the above tota l , 84.6 percent of the dependable capacity is
steam-electric , 9.2 percent is hydroelectric , 4.9 percent is internal
combustion , and 1.3 percent is gas turbine driven capacity. The
largest generating units in service as of December 31, 1965 (manu-
facturer ’s rnaxinlum nameplate rating), were Louisiana Power and Light
Company’s Little Gypsy No. 2 rated at 420,750 Icy and Arkansas Power
and Light Company’s Robert E. Ritchie No. 1 with a rating of
359 ,040 kw. As a result of the developing EHV grid and growing loads,
larger units are under construction and scheduled as discussed later.
The James River Plant of Springfield has the largest steam-electric
generating units located in the White River Basin and had an in-
stalled capacity of i43,ooo Icy in 1965. Missouri Utilities Company,
M&A electric Coop., and the Cities of Poplar Bluff, Jonesboro ,
Thayer , and others operate smaller generating stations throughout
the basin.

Gas is the principal fuel for steam-electric generation in
Study Area K although the use of coal is increasing in Missouri,
eastern Kansas, and northeastern Arkansas. There are at the present
time no commercial nuclear plants in Study Area K (or the basin) but
a commercial nuclear plant of approximately 800 megawatts is
scheduled for constniction in Study Area K outside the basin. An
experimental nuclear reactor project is under construction near Fayette-
yu l e, Arkansas. Large conventional outdoor gas-fired steam-electric
generating units comprise the principal current and future power supply
and. thus provide the logical alternative for evaluation of hydro-
electric facilities in the basin.

b. Industrial plants. Throughout Coordination Study Area K ,
a large number of industries own and operate their own generating
plants. The installed capacity for industry-owned generation in the
area as of December 31, 1965 amounted to 1,796 my of steam-electric
capacity, and 268 mw of diesel-electric capacity for a total of
2 ,064 my .  Total generation during 1965 was 13,995 million kwh.

By far the largest of the industry-owned generating plants is
the Kaiser Aluminum Company primary aluminum reduction plant at
Chalmette in Saint Bernard Parish, Louisiana, which had a 1965 in-
stalled capacity of 398,000 Icy steam and 103,200 Icy diesel , and a
1965 generation of 4,094 million kwh. The alumina plants of Alcoa
at Bauxite, Arkansas, and of Kaiser at Gramercy and Baton Rouge,
Louisiana, had a total installed capacity of 77,750 k-u, and a 1965
generation of 537.7 million kwh.

A number of large pulp and paper industrial generating plants are
located in the forested portions of the study area. International
Paper Company’s Pine Bluff plant in Arkansas is the largest with an in-
stalled capacity of 97,880 Icy and a 1965 generation of 565 .9 million
kwh. International Paper has other large generating stations at plants
located near Camden , Arkansas ; Springhill and Bastrop, Louisiana; and
Natchez, Mississippi; Gaylord Container Corporation, Olin Mathieson
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Chemical Corporation, and Georgia Pacific Corporation have generat-
ing plants near Bogalusa and Monroe , Louisiana and Crossett, Arkansas.

A number of large refinery and chemical generating plants are
located in the area, particularly along the Gulf Coast and lower
reaches of the Mississippi River. The Dow Chemical Company ’s Plaque-
mine , Louisiana plant has installed generating capacity of 110,000 ku
and generated 1,019.3 million kwh daring 1965. The Pittsburgh Plate
Glass Company has two plants in the Lake Charles , Louisiana area with
installed generating capacity of 90,000 kw and a3,680 Icy with 1965
generation of 636 milLion kwh and 236 million kwh, respectively. The
Texas Company and Socony Mobil Oil Company have large refineries at
Port Arthur and Beaumont , Texas, respectively, incl~ iing generating
facilities. Other chemical and refining facilities with generation
are concentrated in the Beaumont-Port Arthur-Lake Charles and Baton
Rouge areas.

Other industrial plants engaged in the manufacturing, processing ,
or production of sulphur , sugar , lumoer , other forest products, salt,
cement, and lime, have their own generation at many locations due
princ ipally to the advantages of utilizing steam in processing.

In the Red River Below Denison Dam there are a number of
industry-owned generating plants. The largest plant is the Lone
Star Steel Company’s 32,375 kw steam-electric station at their steel
mill near Lone Star, Texas. Other plants with their ~wn generation
are engaged in the manufacturing or processing of cement, window glass,
forest products, sewer pipe and petroleum and gas products.

Industry-owned generation is not a part of the public power sup-
ply but is given consideration in projecting future electric utility
load levels.

c. Interarea transfers. By far the largest interarea transfer
to be considered between Study Area K, the tesignated. market for the
Red River Basin below Denison Dam hydroelectric power , and adjoining
areas is the seasonal diversity exchange scheduled between the South
Central Electric Companies (sc~~c) and the Tennessee Valley Authority
(TVA). The 11 companies organized as SC~C operate as a part of the
Southwest Power Pool and operate in the States of Arkansas , Oklahoma,
Louisiana, Mississippi , Missouri , Kansas, and Texas. These ut~ lities
all have a decided summer peak, principally resulting from seasonal
air conditioning loads. TVA , on the other hand , has a high winter
peak load attributable princ ipally to electric heating. By the win-
ter of 1968-l9b9, the exchange of seasonal diversity will provide
the delivery of 1,500 mu of seasonal diversity capacity to TVA from
the SCEC companies in winter and the reverse in summer. Two 500-ky
lines from the TVA area connecting to an extensive SCEC grid of 5J0-
and 345-ky lines provide the necessary EHV transmission to deliver
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the scheduled interchange. An interarea transfer of 1,500 mu between
Study Area K and Study Area F ( TVA ) is therefore utilized in the 1970
power requirements and supply analyses. Studies are now in progress
toward an expansion of this exchange to 2,500 mu during the early
years of the 1970 decade . Indications are that this more extensive
exchange will be feasible and the power requi rements analyses for
1980 therefore reflect a 2,500 mu interarea transfer between Stud y
Areas K and F.

A 161-ky interconnecting tie line passing through Maryville in
northwest Missouri has been placed in service between Southwestern
Power Administration operating in the Arkansas-White-Red River Basins
and the Bureau of Reclamation Eastern Division, Missouri River Basin
Area and is described in the preference user section which follows.
Within the limitations of the transmission capacity and generating
capability, excess hydroelectric energy available during flood periods
and at times of other required releases such as for navigation, ex-
cess energy may be transferred between basins having the effect of
storing water for later production of usable energy. Similarly, hy-
draulic benefit may be obtained when adverse hydro conditions occur
in either area. With this interconnection, the Southwestern Power
Administration system and also the Missouri River Basin system is now
considered as having an additional 25 mu of power available for cus-
tomer service.

In addition to the above seasonal diversity power exchanges,
there are a number of contractual firm power commitments affecting
utilities operating along the boundary of Study Area K, particularly
that portion bordering on Study Area I. These contracts are generally
offsetting, subject to rather frequent revision , and are therefore not
included in the long-term analyses of power supply and requirements.

d. Retirements. The retirement of generating units involves
many operating variables and may be greatly influenced by one prin-
cipal factor such as space in the plant building . Actual operating
experience gives an indication of what to expect. Older machines are
usually used for peaking and standby service after having been dis-

~1aced from base load service by more efficient and larger uni ts .
Equipment retired in some cases i~’ not immediately dismantled since
the cost of removal may exceed its salvage value. In other cases ,
sites for station locations have become difficult to find and some-
times unavailable at any reasonable price. Under these circumstances,
older units are removed to provide space for never, more efficient
and larger units. Many retirements in the past have been on the basis
of aging, physical condition and high operating cost. In the future,
it is possible that unit size and obsolescence will be deciding fac-
tors as small units become less important with system capacity doubl-
ing approximately every ten years. Power pooling by EHV interconnec-
t ions will tend to promote ear lier retirements of units.  In general,
the retirement age of generating units is assumed to be 35 years in
the development of capacity available. Retirements subseq~cnt to 1980
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will involve the mooern type of high- pressure high-temperature equip-
ment with critical metallurgy and complicated cycle arrangements.
This type of equipment nay be subject to lower life expectancy -

pos:ibly 30 yearS;.

e. ~cheduled additions. Extensive and adequate advance plan-
fling is essential in order to meet in the most economical manner the
rapiily growing future re luirements for electric power. Increasing
plant .;ize ha3 L~een a natural step to reap the advantages of econo-
mies of scale in capital cost , operation and maintenance. The corn-
oination of increasing power demands, decreasing number of excellent
site~~, ant ~HV interconnections result in a trend for developing
Larger units . These 1arg~r units have contributed to the increase
in temperature and prc33~ rr of throttle steam into the super-
critical range.

Listed betow are known units (300 rrw or l arger ; which are be-
in~ olanned in ~tuuy i&rea K:

Major Scheduled Additions to
Fuel ~lectric Generating Capacity in Study Area K

Installed Date in
PSA Utility Plant Capacity Service

(my)

25 Mi3sissippi Fur .  & Lt. Co. Baxter Wilson ~l 500* 12/66
25 New Orleans Puu. .vc .Co. ,Ine . Michoua ~3 500* 4/67
25 Arkansas Power & Light Co. Robt . ~~. Ritchie  #2 500* 1/68
25 Louisiana Power & Light Co. Little Gypsy ,

~3 500* 12/68
25 Arkansas Power ~ Light Co. Lake Catherine ~~ 500 12/69
2~. Louisiana Power ~ Light Co. N inemile Pt. ~4 550* 12/70
j~~ 

Public Ser. Co. of QIcla. Southwestern ~3 310 5/67
33 Oklahoma Gas & ~lec . Co. Horseshoe Lake ~~ 

L~l5 5/69
33 3outhwestern Public Ser. Co. Wilkes #2 345 1970
33 Public Ser. Co. of Okia. Northeastern ,~2 450* 1970
~1. Kansas Gas ~ i~lectric Co. Gordon Evans #2 368 4/67
j )4 Mi’S.)U2~. Piblic Gervice Co. Sibley 

~3 340* 3/69
35 GuLf Jtates U t i l i t i e s  Co. Sabine ff3 410 11/66
35 Gulf States U t i l i t i e s  Co. Willow Glen #3 530* 11/68
35 Gulf States Utilities Co. Nelson ~~L4 530* 11/69

*Super ~r it i ca 1  steai~ conditi ons

A st u i y of the possible critical period operation of nydroelec-
tr i c  plants on the estimated load shape in Study Area K for the year
l-~7~ indicates that, hydroelectric capacity appears to saturate the
peak port ion of the load; however, as the load grows, it will be pos-
ible to provide additional peaking capacity to meet this growing

uegment of the load.
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13. P~*YERENCE POW~~ JiERS FACILIT~~S

a. Thermal resources of preference power users. Table ja pre-
sents a summation of the existing generation facilities of the pref-
erence power useru encompassed in this study. There are 126 gene-
rating plants, of w.~ich 115 (91 percent) ..elong to municipalities.
Three-fourths of the plants are below ~U mu in size and princ ipally
use interna l comhu .~t ion engines.

TABLE -~~~~

CAPACIT Y OF GENERATING PLA NTS
OF PR~~~EREN CE POWER USERS

December 31 , 1965

Power
Supply Internal
Area 

- 
Gas Turbine Steam Combustion Total

installed Capacity 
- 

(kilowatts)

l5&17 0 386,280 28 ,9o~ 415 ,185
25 22 ,000 207,354 197 ,229 426 ,583
29 0 () 5,529 5,529
33 0 209,o50 120,320 329,970
34 3 240,250 78,222 318,472
35 0 299,679 90,519 390,198

Total 22,000 L ,31L3 ,2l3 520 ,72L~ 1,335,937

Dependable Capacity 
- 

(kilowatts)

394 ,700 27, 140 421 ,840
25 20,0~- 203,650 184,949 413,599
29 0 4 ,830 4 ,830
33 u 222,500 108,559 331,059
34 0 238,750 73,326 312,076
35 0 307,550 83,335 390,885

Total 20,000 1,~72,l5O 432,139 1,874 ,289

Twelve municipalities, using additional internal combustion
units to supply their load increase, have developed internal com-
bustion plants larger than 10 my; noteworthy and unusual in this
group is the 30-mw plant of Ponca City, Oklahoma. Eight munici-
palities have supplemented their internal combustion plants with
steam plants, and eleven depend entirely on steam generation.
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There are only two gas turbine plants owned by municipalities
in the study area. Houma, Louisiana, has supplemented its 20-mw
internal combustion piant with a 12-mw gas turbine; and Nonroe,
Louisiana operates 10-mw gas turbine generation in connection with
its 9u-mw steam plant .

Although only 21 percent of the plants are steam plants, they
contain about 70 percent of the total generating capability.

u. Exchange contracts. There are no major exchange contracts
among the preference power user group. However, during short-term
periods of excess or need , several power users have made temporary
power uisplacement arrangements to meet temporary shortages with
power from distant plants having excess capability.

A major part of the power marketing to preference customers by
the Southwestern Power Administration (SPA) is accomplished through
contracts with, and facilities of, companies and generating and trans-
mission cooperatives. These contracts include interchange, peaking
power sales, energy purchase and/or wheeling arrangements; and require
principally, peaking power from the SPA system.

c. Purchase contracts. At the end of 1965 the preference power
uaers owned sufficient generating plants to supply approximately two-
thirds of the 2,788-mu total load. The other one-third of the power
was obtained by purchases from private utility companies and from
State and Federal agencies.

Sufficient plant additions have been scheduled so that the pref-
erence power users will have capacity to supply almost 90 percent of
their requirements in 1970. However, because of lack of intercon-
nections for full utilization , some of this amount would not be uti-
lized in 1970. The actual supply probably will more closely approxi-
mate 75 percent of the load. The other 25 percent will be purchased
from companies and from State and Federal agencies.

plant additions have not been scheduled further than 1971 and
cannot readily be forecast at this time. They will be influenced to
a large extent by the power that is available for purchase, the trans-
mission interconnections that are available, and the economic feasi-
bility of purchasing power.

d. interarea transfers. SPA has a 161-ky interconnection with
the Missouri River Basin system of the Bureau of Reclamation . Because
of the hydraulic and electrical load diversities between the two areas,
this line increases the marketable capacity available in both areas.
This line has been used for the transfer of more than 60-mu of power.



e. Plant re tir c :Acntu .  For the purposc n t n is  stuny it has
been assumed that any rt~t ir e m e n t s  of units n the plants of prefer-
ence power users wuUL (I necessarily be replaced oy an equal amount
of new generation . Ihe only plan t changes considered in the data
tabulations are the plant additions already scheduled.

i .  Scheduled au d i t  iofl3 . [he ~na or plant  additions (100 mu or
more ) being planneci by ~..he preVerctice power users are shown below.

Major Scheu -ileu Aiuitiono to Fue l ~ 1ect r ic  Generating
Cep aci ty  of Preference  Power Use r s

Installed Date in
PSA Utility Plant Capacity Service

(mu)

15 Associateci 1-’ Lcc . Coop ~: ) rna~ l u l L , Mo. i50 12/66

15 Associated n ec . - .  
~~~~ Thomo s Hill , Mo. 250 6/69

25 Arkansas ~ie . Coup Augusta , Ar ic . 117 7/66

25 Arkansas :~1ec . Coop Camden , Ark . 125 1970

33 Western Farmers ~~~~~~~ Mooreiand , Okia. 135 1968
Coop

34 Springfield , Mo. .pr iri ~;ficld , Mo. 105 1970

35 Alexandria, La. Plant No. 2 100 1971

14. EXISTING HYDR O~L~CThIC RE.~0URCn~S

a. Pro~ects in the ~ed ~civer Basin below Denison Darn. In
Study Area K there arc twenty-nine existing hydroelectric projects
with installed capacity of - ,~ :7,4u kilowatts includ ing those
projects under constr’ction and t hose ~efLnite1y scheduled . Seven
of these projects are located ~n the lccii Hiver Basin below Denison
Dam (includes those in the Ouachi a n l i v e r  Basin). These seven
projects have a combined insta l Leu capacity of 368.8 mu. Five of
the projects are Federa l and are operated by the Corps of Engineers.

- - Two projects are private l y owned. All. of these projects are listed
in table ~~ .

x-45



~~~~~EDhI ’~ i’A3E~~ LA.NK..N0T FIL1~)

— 
• a._ _ ___ — — —

. .~ M

TA BLE 14

h~XI STING HYDROELECTRIC PROJECTS IN RED RIV ER BASIN BELOW DENISON DAN
December 31, 1965 ~j

Installed Capacity - (mu) Average
Under Definitely Dependable Annual

Plant Existing Construction Scheduled Total Capacity ~kiergy
(my ) (million

kwh )

Denison 2/ 35.0  4/ - - 3~ .Q 4/ 27.0 
~J 123.5 14/

Broken Bow ~/ 
- 100.0 - 100.0 

— 

36.0 129.0
Blalkely Mt.3/ 75.0 - - 75.0 65.0 1 ,5.9
Carpenter 37 cb .0 - - 56.0 59.0 103.3
Re~~e1 3/ 9.3 - - 9 .3 10.0 49.0
De Gray~~J - 68.0 - 68.0 62.0 911 .1
Narrows 3/ 17.0 8 .5  - 25.5 21.0 29.1

Total 192.3 176.5 - 368.8 330.0 680.9

1/ Includes projects under construction .
2/ Located in Lower Red River Basin.
3/ Located in Ouachita River Basin portion of Red River Basin.

~/ One-half of totals are tabulated since one-half of output is
considered to be available for Texas (Study Area J).

Five of these are Federal projects, constructed and operated by the
Corps of &lgineers , with operation of the power plants subject to in-
structions as listed subsequently , by plants. These five projects are :

(1) Denison , with installed capacity of 70.0 mu in two
35.0 mu units which were placed in operation in 19145 and
1949. There are provisions for an ultimate installation
of five units with a total capacity of 175.0 mu. One unit
is scheduled by the Southwestern Po wer AdminIstration (SPA)
into its system and the other unit is scheduled by Texas H
Power and Light Company under contract with the SPA.

(2) Broken Bow , under constr ~:r t ;  on , with tentative in-
service date of 1969 . The power plant, with installed
capacity of 100.0 mu in two 50 .I~-ruw un i ts , wi l l  be operated
in accordance wi th  loading instructions from the SPA .

(3) Blakely Mountain, with installed capacity of 75.0 mu
in two 37.5-mv units , began c~~~ercial prod uction of power
in 1955. The power plant is operated according to load ing
instructions from the Arkansas ~-~ uer and L .  Company. 

~
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contract wi th  t t~c SPA , the company schedules generation
from the plan t as needed for its system and in return
the SPA withdraws a contractually specified amoun t of power
f r om the company ’ s system at other points .

(14) DeGray, under construction with scheduled completion
dur ing 1971, will include a power plant of one 140.0-mw
conventional unit and one 28.. -mu reversible unit. There
are provisions for an add~tIor a1 conventional unit. It
is  contemplated that the power plant will be operated in
the sane manner as the Blakely Mountain plant.

(5) Narrows, placed in operation during i ° ;j. The initial
installation is 17.0 mu , two B.5-mu units , with space for
a third 6.5-mw unit which is scheduled to be placed in-
service during 15b6. The power plant is operated in
accordance with loading instructions from the Southwestern
~1ectric Power Company arranged contractually by the SPA.

The Carpenter and Remmel projects are tandem power projects
owned and ope rated by the Arkansas Power and Light C~ r: ~an~ under
Federal Power Cormnission license No. 271. The Rerruii el p~ ant was com-
pleted in 19214 with three units and total capacity of ~.3 mu. There
are provisions for two additional units. The Carpenter plant was com-
pleted in 1932 with installed capacity of 56.0 mu L r ;  two 2~ .O-mw
units. There is space for one additiona l unit . The plants are ope-
rated by the Arkansas Power and Light Company far peaking purposes
on the interconnected system of the M~~d~e South 

i
~t~ lities .

There are no ~e1~ nitely scheduled hydrc- pro.~ects n the Red
River Basin below Denison Darn at this t ime .

b. Pro~ects in other basins In Study I rca K. The rema ning
22 hydroelectric p r e ~:tc -ots;Jc of the ~~ i:  f , ver  Basin and within
Study Area K are ~Js~ ed with some of their per t in e n t  data in
table ; 5, 6, I L -  7.

I
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TABLE 5

SXISTING HYDROELECTRIC PROJECTS IN W}LITE RIV~~ BA SIN
December 31, 1965

Average
Installed Dependable Annua l

Plant Capacit~r Capacity Energy
(mu) (mu ) (million kwh)

Beaver 112.0 112.0 172.0
Table Rock 200.0 200.0 495.0
Ozark Beac h 16.0 - 94. 14.
Bull Shoals 340.0 3140.0 785.0
Norfork 7U . 0  70.0 196.0
Taum Sau.k 2/ 350.0 - 2/ -

Greers Ferry 96.0 9b.O 
______

Total 1,184.0 818.0 1,931.4

1/ Dependable capacity limited by high tailwater during, and
following, flood periods.

~/ Project is physically located within Area K, but generation
is marketed on system of Union Electric Company outside of
Area K. Rated capacity is 350 mu. Name plate is 1408 mu
at unity power factor .
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TA BLE 6

EXISTING HYDROLLLCTRIC PROJECTS IN ARKANSAS RIVER BASIN
December  31, 1965 1/

Ins talled - apacity — (mw ) Average

inder Defini tely ie~ enda b1e Annual

Plant Exis tinZ 3)nstruction Scheduled Total Capacity Energ~
(mw ) (million

kwh)

Keystone - 73 .0 — 73 .0  70.0 22 8 .0
Pensacola BC .4 - - 86.4 85.0 330.0

SaUna — 133 .3 390 .0 520.0 520 .0 2/ 520 .0  3/
Markham Ferry 108.0 — — 108.0 110.0 190.0

F~ rt Gibson 45.0 — — 45.0 45.0 190.5

W ebber s Falls — 60 .0 — 60.0 66.0 213.3

Tenkiller
Ferry 34 .0 — — 34.0 28.0 114.5

Eufaula 90.3 - — 90. ) 88. 0 317 .0
Robert S.

Kerr — 110 .0 — 110.0 110 .0 450.0

Ozark — :00.0 — 100. 0 100 .0
Dardan elle 93.3 31. 0 - 12” . 3 2~~. O 613. 0

Total 456.4 5-~l.O 330 .0 1,347.4 1,346.0 3,604.3

1/ Includes projects under construction and definite~ v scheduled.
2/ This installation ~ii1 be accomplished in four st ages , 13 0—~sw each ;

130—mw defini tely scheduled for 1968 and the three remaining stages
planned for 1071 , 19~~” , and 1977.

3/ Based on 1,000 hr./yr. operation. iu~ p ing an-i generating cycle
efficiency will be 76.2 percent.

T A B i L  7
E X I S T I N G  H Y D R 0 E L L C : P i c  P RS J E C TG W I T H I N  STUDY AREA K
OTHER THAN IN WHITE,  ~~D, OR ARKANSAS RIVER BASINS

Decembe r 31, 1965 1/

I n s ta l l e d  Capacity - (row )

Under Defini tely Dependable ~~~~~~
Plan t Exis t in g Construction Scheduled Total Capacity Lu

(mw ) (nil o~
kvb)

Neches Rive r Basin
Sam Rayburn 52.0 - — 52.0 49.0 116.8

~issouri  R ive r  Bas in
Stock t o n — 4 5 . 2  — ~~~~ 44 .0 55.0
Kays inger

Bluff 160.0 — 160.0 160.0 2~~~.O

Total — 205.2 — 205.2 204.0 337.0

Sabine River ~iasin
Toledo Bend — 80.0 - 80.0 80.0 205.2

Total other  —

basins 52.0 285.2 337 .2 333.0 659.0

1/ Includes projects under c on s t r u c T~Ton .
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TABLE 3

D iPEt~J)ABL E HYDROELECTRIC CAPACITY, EXIST ING,
UND~IH CONSTRUCTION 2 AND SCHEDULED IN STUDY AREA K

Dependable Capacity (mu )
Exist ing Scheduled Scheduled Total

Plant 12-31-65 1966-1970 1971-1980 1980

Rea R~ver Basin
Denison 27.0 i/ - - 27.0 1/
Broken E~ow 

- 86.0 - 8 6 .0

Blakely Mountain 65.0 - - 65.0
Carpenter 59.0 - - 59.0
Remmel 10.0 - - 10.0
De Gray - - 62.) 62.0
Narrows 14.0 7.0 - 21.0

White River Basin
Beaver 112.0 - - 112.0
TEble Rock 200.0 - - 200.0
Bull Shoals 340.0 - - 340.0
Norfork 70.0 - - 70.0
Greers Ferry 96.0 - - 96.0

Arkarzs’is River Basin
Keystone - 70.0 - 70.0
Pensacola 85.0 - - 85.0
Sau na 130.0 390.0 520.0
Markham Ferry 110.0 - - 110.0
Fort Gibson 45.0 - -
Webbers Falls - - 66.o 66.0
Ten~cil1er Ferry 28.0 - - 28.0
Eufaula 88.0 - - 88.0
Robert S. Kerr - 55.0 55.0 110.0
Ozark - - 100.0 100.0
Dardanelle 93.0 31.0 - 124.0

Missouri River Basin
Stockton - - 44.0 44.0
Kaysinger Bluff - - 160.0 i6o.o

Neches-Sabine Basin
Sam Rayburn - 49.0 - 49.0
Toledo Bend - 80.0 - 80.0

Total 1,4142.0 ~o8.o 877.0 2,827.0

1/ ~~e-ha1f of capacity is tabulated since one-half of output
is considered to be available for Texas (Study Pxea J).



c. Summary of hyd roelectric projects in Stud y Area K. The
tota l -~ependabie capacity of existing , under construction , and def i-
n i t ely scheduled hydroelectric projects in Study Area K is
2,827,000 kw and the total average energy is 6 ,875.6 million kwh .
The analyses of future monthly load curves in this report do not
include the Sau na and Webbers Falls projects.

With the above notec exceptions , the load curves reflect the
dependaule capac i ty of existing and under-construction projects to
uc marketed in Area K.
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SECTION V - NEED FOR ADDITIONAL CAPACITY

15. STUDY AI~~~ K

The fol lowing t a u l e  9 show s power requirements , power supply,
ar~-~ additional ca~ ac i ty  needed in ~tuay Area K for 1965 , 1970 , and 1980.

TA~-iL~- 9

~iiDiTIONA L. DEPENI)ABLE CAPACITY TO
SEPPLY ;.;TIIdATEU ELECTRIC UTILITY L~~D3 IN STUD Y AREA K

(megawatts)

~2~2
Capacity ~equirements
Peak Demand 13 ,07~i 19,300 35,900
Reserve Requiremen t (12%) 1 ,568 2 ,316 4 ,310

Total Capacity ~e-~~ i red i4 ,(~3b 21,616 40,210

Capacity Available
Exist ing Fuel-~~1ect rt c  1~ -31-65 1~~,2i~2 14 ,2b2 14 ,282
Less Estimated J~etirements 0 934 1,460

Net Fuel-Electric 14,282 13,348 12,822
Existing Hydroe1ectr~c 12-31-65 1,442 1/ 1,442 1/ 1,442 1/
Scheduled Additions to Fuel-Elec . - 9,273 9,273
Scheduled Additions to Ilydro - 508 i/ 1,385 i/
Imports of Firm Power 1448 l,52~ 2/ 2,525 ~JTotal Capacity .~va L 1ao1e 16,172 26,096 27,1447

Additional Capacity Required (1,534) (4,480) 12,763

1/ See ‘able 8.
~/ SCEC-TVA Seasonal Capacity Agreement. Hydroelectric capacity

diversity from NPS Study Areas I and L estimated to be 25 mu.

~/ 3C~.C-lVA capacity diversity estimated to increase to 2,500 isv
oy L9’30. Hydroelectric capacity diversity from NPS Study
Areas I and L estimated to be 25 mu.

The preceding table , which allows a reserve requirement of 12
percent , shows a surplus of capacity of 1,534 mu in 1965 and 4,480 my

• in 1970 and a deficiency of 12,763 mu in 1980. A major part of this
deficiency in 1980 will be met by future steam-electric generating
capacity. The tabulation demonstrates the large and growing need for
additional generating capacity in the future, some of which may be met
by conventional and pumped-storage hydroelectric capacity. The Federal
Power Coimnission ’s National Power Survey of 1964 was not extended be-
yond 1980 and adequate details are not available for extending the
above table beyond that date for this report.
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1 .  PR~iFERENCE PG.4ER USERS

Part 11 of :;ection III described the power needs of the pref-
erence power users (tabulated in table la ,. Part 13 of Section IV
discussed the existing thermal-electric power supply of the pref-
erence users (tabulated in table 3a), power exchange arrangements,
and major planned plant expansions. The Federal hydroelectric proj-
ects data inc lud t~u in table (including that part of the capacity in
the State hydro projects committed to the service of preference users),
is combined with the above information to develop the estimated addi-
tional capacity that will be required oy preference power users in
L93i: shown in table la.

The capacity retained by the companies, listed in table a under
“Less HydroeleLtric to ‘ompanies ”, is considered essential use of
hydroelectric power in supply ing total electric service to preference

- 
power users.

TABLE ja

ADDITIONA L DEPENDABLE CAPACIT Y REQUIRED
TO SUPPLY EST IMATED PREFF.RENC H POWER USER L0~D(megawatts)

Capacity Requirements
Peak Demand 2,788 5,540
Reserve Requirements ( 12% ) 335 66~Total 3, 123 6 ,205

Capacity Available
Existing Fuel Electric
(Dependable 12/65) 1,874 1,574

Less Retirements - -

Scheduled Additions to Fuel
( Electric ) - 1,151

V V -Exist in~ Hydroelectric (liepenhable
12/ 65)  1,373 1,373

Scheduled Addi tions to Hydroelectric - 785
Less Hydroelectric to Companies 2/ -286 -576

Total 2 ,961 4 ,607

Additional Capacity Required 162 1,598

i/ 1)65 data is used in the f irst  column in this tabulation inas-
much as the 1965 load data is the latest actual data used in
the base for pro,.~ecting the power requirements for preference
power users to 1980 , 2000 , and 2020.

2/ Hydroelectric capacity retained by companies under arrangements
whereby transmission and off-peak energy is supplied by companies.
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17. PORTION OF FUTURE LOAD WHICH COULD BE SUPPLIED
BY PC111’ENTIAL HYDROELECTRIC PROJECTS

a. Advantages in hydroelectric projects in
supplying future load.
(1) General. Hydroelectric plants have several important

advantages over thermal plants. They neither consume water, nor do
they heat the waters of rivers and streams as thermal plants do with
the possibility of causing thermal pollution; and they do not con-
tribute to air pollution. The maintenance costs of hydroelectric
plants are relatively low , and in many cases the plants can be de-
signed for automatic or remote control operation . The ability to
start quickly and change power output rapidly makes hydroelectric
plants particularly suitable for carrying peak loads.

When hydro peaking capacity is added to meet load growth,
system energy costs are greater , as a rule , than they would be if
base-load thermal units were added instead . However , this differ-
ential becomes negligible over the life of the project due to the
displacement of the alternate thermal plant from a base-load posi-
tion when the thermal plant Is new to a peaking position during the
later years of its useful life.

(2) Multiple purpose projects. Sites for the economical
developnent of single purpose hydro plants in Study Area K are vir-
tually non-existent. There are a number of factors which contri-
bute to this situation. Technological advancement is producing a
continuing decrease in unit cost of steam-electric develo~ nent s, the
competing alternative source of electr ic power. Thus , hydroelectric
develorinent is being subjected to increasingly heavy challenge in re-
gard to economics. Another deterrent is the awareness in recent
years of the shortage of water in long range plans for resource de-
ve1o~ nent . This has resulted in a low priority for hydroelectric
power in the planned use of water storage . Therefore , the future
develojmi ent of most hydroelectric power Is dependent on the addi-
tion of this function to a project which might be constructed for
other primary purposes.

Im many cases the deve1o~ nent of hydroelectric power provides
such other associated benefits as recreation , f ish  and wildlife en-
hancement, flood control, and cooling water for thermal-electric
plants and industrial plants. P.~ ny multiple-purpose projects would
not be economically justified without the inclusion of power as one
of the project purposes. The favorable characteristics of hydroelec-
tric power and the frequent multiple use benefits associated with
its developuent provide strong incentives for utilizing the remain-
ing potential of our water power resources wherever they can be de-
veloped on an economical basis. Peak loads usually occur in months
coincident with peak water supply needs in this area arid where water
supply withdrawals are made downstream from the powerhouse make the
inclusion of hydroelectric power more adaptable to projects in
which water supply is of paramount Importance.
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(~~) Peaxing operations. Peaking capacity is generally
understood ~o mean that part of a system ’s generating equipment
whicn is operate~i intermittently for short periods during the hours
of highest daily , weekLy, or seasonal demand . Variations in power
demands are causes ~~i many factors , but usually the maximum load s
result from weather extremes superimposed on the more normal peaks
associated with the living habits and work schedules of the popula-
tion served and cnara ’teristics of the industries inc Luded in the load.

Rydroetc~tr uevelopments in Study Area K are -iesigned to
operate largely during the hours of peak power loads. The annual
cost of prov iding peaking capacity by installing additional units
in hydroelectric plants is less , in most cases, than the cost of
ad.oitional capacity a . alternative sources. Also the ability to
start quickly ans ch~n.;~ power ~.)utput rapidly makes hydroelectric
plants particulariy suitable for carrying peak loads and for assist-
ance in the supply of spinning reserve. Hydroelectric plants having
seasonal or annual storage frequently have their operations scheduled
to serve loads during only the months of highest peak demands on the
system . Plants having only sufficient storage for dail y operations
are used daily during the hours of peak load.

The growing need ~or peaking capacity is resulting in plan-
ning for lower p Lant factor operations. However, the effects of
such operations, with the accompanying high discharges of water for
short periods of time , must be carefully studied to be certain that
they are consistent with the over-all basin development. ~~e hydro-
electric plant in Study Area K has been planned and constructed to
operate at an annual plant factor of about five percent to meet parti-
cular system needs. Operated primarily for peaking power at low
plant factor , project sites previously considered infeasible of de-
velopment may be found to be economical as the need for add itional
peaking capacity develops .

b. Potential hydroelectric resources.

From past studies mad e at various t imes under varying conditions
of cost , a backlog of potentiaL sites for hydroelectric power devel-
opment in Study Area K has been catalogued . The total, for conven-
tional and pumped-storage installations , is 14,087,400 kw , of’ which
7,958,000 kw are in the Red River Basin as listed in table 10.
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TABLE 10

RYDROSLECTRIC P(Y1’ENTIALS IN RED RIV ER BASIN

Installed
Project State P8* Capacity Remarks

(my )

Gainesville Tex.-~~la. 33 5Q .Z~ ~/Dougherty C~ la. 33 25.0
Durwood C*cla. 33 20.0
Denison Tex.-(*la. 33 52.5 2/ Additional capacity at existing project.

!/ Durant C&la. 33 7.5
Boewell Okia. 33 7.6 Authorized without power.

i/ Tuskahoma Cila. 33 1,000.0 Pumped storage.
i/ Choctaw Ckla. 33 450.0 Pumped storage .

Jack Fork Cia . 33 1,300.0 31 Pumped storage.
1/ Clayton Cia . 33 1,000.0 3/ Pumped storage.

Buck Creek Cia. 33 12.0
1/ Upper Antlers Cils. 33 100.0

~J Hugo Cia . 33 900.0 Authorized without power . Potential includes
850-mw pumped storage.

~~ 
Caney Mountain CIa. 33 18.0
Pine Creek Cia. 33 86.0 Authorized without power.

~J Lukfata Cia. 33 32.0 Authorized without power.

~J Sherwood Cia . 33 1,600.0 ~/ 100-mw conventional , 500-mw reversible units ,
1,000-mw adjoining pumped •torage .

Broken Bow Cla. 33 700.0 Pumped storage. Additions to under construction
conventional power plant.

!/ DeQueen Cia. 33 14.0 Under construction without power.

~J Giliham Ark . 33 430.0 Under construction without power. Potential
includes 380-mw pumped storage .

Dierks Ark . 33 13.5 Under construction without power.
Fiddle r ’s Creek Ark . 25 20.0
Carpenter Ark. 25 28.0 Additional capacity at licensed project.
Eeemel Ark . 25 6.6 Additional capacity at licensed project.
Rockport Ark . 25 8.0
Caddo Gap Ark. 25 2.3
De Gray Ark. 25 40.0 Additional capacity at existing project.
Riggs Bluff Ark . 25 6.0
Kirkland Ark. 25 4 .0
Benton Ark. 25 25.0

Total 7,958.0

Located in Red River Basin Below Denison Dam .

~/ ~~e-half of potential capacity is tabulated since one-half of output
is considered to be available for Texas (Study Area J) .

3J Based on preliminary studies and field reconnaissance.
10- to 15-year plan includes 600-mw conbination of conventional and

reversible units. Potential pure pumped storage of 1,000-mw remains.

t
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It is to se recogn~~ eu that fur ther stud y as to the usability
of potential Red F~iver ~as~n bei- :w Denison Dam hyd ro on the Study
Area K Load w i l l  necessary since there are other potentials locat-
ed w it ldn  Stud y Area K j A t s i d e  the oasln ~o-~ndar~ es. Als o , the mar-
keting agency for po’.’er generate’~ at fede ral ly constructed projects
must give preference in market ~ng such power to cer ta in  customers .
Accoraing l y ,  each hyuro~~c tr.~ ~~sta~lati~ n def~rdtely proposed ~iy
a Federa l constru t ion a~ er~cy must  ~e i n d i v i d u a l ly examined as to
both economic ann financial feasibility prior to authorization and

V a L s D  pr~~~r to c n~~ r~~c t i Qf l  to aetermine wr ~et~ er ~ r not suitable
marketing arrangemer~t~ un l e r  the preference c l a ~ se can oe nego-
tiates.

Other pot~~ t i . I s  i t~ er cas ins w i t h in  it uuy  Area K are
shown .n taLles I :~-~ - . ~ne~ e potentials incluci e ful ure aadi-
tional 2apa cLt~, ex~ u pL’-tri’S , a~fD-Drized inactive ~~~~~~~~~~~~~~~

and sIt e s  that ~av~ been : - r e ~~Led aLin found to warrant further con-
s i d .’~rat~ on under a~~- r - ~~r i a t e C- ri t L u r ~D V D X ~ ec onomics and site de-
velo~~ient f~~r utne r ~-urp~ses. It is emphasized that this list of
p otert ial  p ro J ec t s  is t~ot to be considered as f.rm since muc h adu ~-
t ior al  ~~~ ~y would oe re-~~ired uasec n moae n - lay procedures ,
cJnd t~~un c , ~tr~c i costr t o  deve~ -c~-- ~i ~e~.so~taci accurate listing .
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TABLE 11

MYDROk1Ix rRIc POTENTIALS IN WHITE RIVER BASIN

Installed
Project State PSA Capacity Remarks

(my )

Grandvie’w Ark . 25 18.0
Galena Mo. 3~ 1~ 43.0
Ozark Beach Mo. 34 24 .0 Additional capacity at licensed project. —

Cot ~r Ark . 25 33.0
Buffalo City Ark . 25 30.0
Compton Ark . 25 1,000.0 !/ Pumped storage . (ki proposed Buffalo

National Scenic River.
Point Peter Ark . 25 700.0 

~~ 
Pumped storage . (ki proposed Buffalo

National Scenic River .
Gilbert Ark . 25 87.0 Includes 31.0-mw reversible unit. (~proposed Buffalo National Scenic River .
Lone Rock Ark . 25 90.0 ~/ Authorized for flood control. (ki pro-

posed Buffalo National Scenic River.
Norfork Ark . 25 70.0 

~
j  Additional capacity at existing project.

Optimus Ark. 25 500.0 
~J Pumped storage .

Marcella Ark. 25 1,000.0 
~J Pumped storage .

Wolf Bayou Ark. 25 180.0
Clearwater Mo. 34 28.0 ~~isting project for flood control

and water supply.
Blair Creek Mo. 34 120.0 Cxi Ozark National Scenic Rivervays.
Doniphan Mo. 34 60.0 Cxi Ozark National Scenic Rivervays.
Wlldhorse Ark . 25 13.0
Hardy Ark . 25 52.0
Water Valley Ark . 25 25.0 Authorized without power. Cxi pro-

posed National Scenic Rivervay.
Bell Foley Ark . 25 24.0 Authorized without power.
Millers Point Ark . 25 600.0 

~~ 
Pumped storage.

Judsonia Ark. 25 18.0

Total 4 ,715.0

~/ Based on preliminary studies and field reconnaissance.

~/ 
Alternate plan provides for run-of-river powir plant with

22-mw capacity.
10- to 15-year plan includes 85-mw addition .
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3 Y 2ELECTP:0 i’c~0ENT 1 AL I~ 3 ~~)DY AREA K

~ T~1ER THAN W r3 ITZ OR RED RIVER BASINS

X n s t all e 1
Croj’c~ i~~e K c.ipacity “enr arks

(rnw)
Ar kansv River ,~ s
Kaw ~~~~~~ 33 75.~ r~~ ect authorized without power.

Oolopah ~~~~~ 
13 12.0 Project  constructed with power deferred.

C h ew e :  0k0-~. 1’ 42. 3
,4rdte -

~~ ~~~~ 33 b f l . 0 Purnped s tora ge.
N i 1 r o~ ~~~~ 25 14.0 Existing project for f lood control

and water  suppl ’f .
V e ar . Ar~ . 25 500. 0 Pum ped storage

J~ V t ;l 1,0 -fl. 0

1. ~ r a n o iS~~~ 1ver 13.3510
R o w l a n d  Oo urc0 Mo. 25 35.0
.~app a oe l l o  ‘ o. 25 7 .5 E x i s t i n g  flood control  and water

______ 
supply project .

112.5

Yazo o River  23a51n
Ar k a b ut la  H i s s .  25 12. 0 Ex i s t ing  f lo od con trol and wa ter

sup p ly pro j ec t .
Sard is 25 15. 0 Ex i s t i ng  flood contr ol and water

supply project .

~0r en a da ‘ l iss.  75 5. 0 Ex i s t ing  flood control an d water
_______ 

suoplv oro~ect.

To~~ l 32.0

Missouri River basin
Porrrne de Terre ~o. 311 16.8 E x i s t i n g  flood control  and water

supply prolect.
R i c h ia n d  ‘- ‘o. 314 25.0
A r l i n g t o n  ‘j o . 34 30.0

Total  71.8

Bi g Black River  tha s i n
Youngton (Edwards)Miss. 25 2R .0

Kansa s Ri ver 6~sin
~lilford Kan . 29 ~3.0
Tuttle Creek (an. 29 20.0
Topeka Kan . 29 20.0
Tecurnseh Kan. 29 15.0
Lecornptan (an .  23 15 .0
Eud ora Kan . 29 25.0

Total 138 .0

Ne ches R ive r  Ba s in
Rocklan d Tex. 35 13.5 Authorize d — inactive.

• Darn “A” T.~x . 35 2.7 Authorized — inactive.
Darn ‘B” Tex. 35 2.9 Existing flood control and water

supply oro~ect.

Tota l  19.1

Sabine Ri ver Bas in
Bon Wj er  Tex .  35 20.0  Project  located below Toledo

Bend Darn

Total Other Basin s  1 , 4 111 . 4
8.
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c. Estimated lVoad shapes for 19~ 0, 2000, and 2020.
(ii 5tudy Area K. Figures 2 , ~, and 4 show - for the peak

month of August - the possible critical. period operation of hydro-
electric plants on the estimated load shapes in Study Area K for
the years 1980, 2000, and 2020. These load shapes are projected
from the National Power Survey estimates to 1980. The estimated
load shape for the peak week in 1980 is shown later in this sec-
tion of the report under the discussion of puxnped-storage hydro-
electric plants, Study Area K load.

.1
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(2)  Preference power users. The estimated Load-Duration
Curves for the total loads of the preference power users for 1980 ,
2000, and 2020 are shown as figures 2a, 3a, and 4a. The estimated
load shape for the peak week in August 1983 is shown later in this
section of the report under the discussion of pumped-storage hydro-
electric pLants , preference power users load.
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d. Hydroelectric capacity utilization.

(1) Convent i onal hydroelectric plants.

(a )  Study Area K. Hydroelectric generating capacity,
either existing or under ‘onstruction , as shown in t able 8, Is
represented on f igures 2 , ~, and -~~ as solid areas , except as noted
elsewhere . The dotted areas on these curves represent the maximum
ancunt of hydroelectric capacity that could be utilized at 20 per-
cent plant factor during August . Also show n are curves (f Igure 5)
indicating the maximum hydroelectric capacity utilization at various
August plant factors ranging from five to 30 percent in Study Area K
for the years 1980, 2000, and 2020. These curves are based on the
load duration curves illustrated in figures 2, 3, and 1~• These
estimates of the maximum ancunt of hydroelectric capacity which
could be applied to future loads are conservative in that no hydro-
electric capacity is shown in the peak five percent of the load.
Even so, the amount which can be applied to the load is much
larger than the potential capacity which has been listed in tables
10, 11, and 12.
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( b )  Preference power users. SPA as the principal mar-
keting agency for Federal hydroelectric power in this area, has a
marketing program which is designed to require principally peaking
power from the hydroelectric projects. The hydroelectric energy is
supplemented by off-peak thermal energy either supplied into the SPA
system or generated In the system of the customer. Thus the over-all
load shape on the SPA system does not parallel that of the preference
customers, but is more of a peaking curve. Under this marketing pro-
gram SPA is able to use hydroelectric capacity to supply loads of
preference customers at approximately 30 percent load factor.

Applying SPA ’s marketing criteria to the preference
power user load curves in figures 2a, 3a, and Zi.&, the amounts of hydro-
electric capacity that can be used. In the various years of the study
to supply preference power user loads has been determined as shown in
table 13.

TABLE 13

HYDPOELFL’TRIC CAPACITY THAT CAN BE USED
IN SUPPLYING PREFEP~~CE USER LOAD

(megawatts)

Total Hydro for Total Load for
Preference Preference Hydro for Hydro Existing Potential Fuel

Year Load Users 
— 

Area Use Usable Hydro Hydro Electr ic
V~J

1980 5,5140 2,0140 ~/ 580 2 ,620 2 ,160 Li-60 3,500

2000 12,620 3,620 !4/  970 14,590 2,160 2,1430 9,000

2020 22,610 6 ,1410 14/ 1,711.0 8,150 2,160 5,990 16,200

i/ Hydroelectric power to companies under existing wheeling and
energy purchase arrangement s in exchange for service to pref-
erence users , and under an existing pooling arrangement with
a company for service of one defense industry.

2/ Federal projects , Inc luding capacity under cor~ truction, and
State project capacity serving preference power users .

3/ Hydro projects assumed usable by marketing agency in supplying loads
of preference customers at 30 percent load factor In summer peak
month . Hydro energy, for service to preference cuBtomers , is
supplemented by private and public thermal energy where neces-
sary to meet the total energy requirements.

14/  Hydro projects assumed usable by marketing agency in supplying loads
of preference customers at 25 percent load factor in summe r peak
month.

Uk
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F~r ~~~~ this  amount is 2 ,620 mw. if the total hydro-
electric plant capacLty expected to be available in this area in
1980 (table 3), n l y l ,~,4b3 mw are in multiple-purpose Federal hydro-
electric projects. Therefore it is concluded that all multiple-
purpose Federal ny~ r~~~hV tric projects that have been found econo-
mically and finan c~ a i 1 y feasible in the basins in this area could be
u t i l i zed by lt~lD uy t r e  m a rke t i ng  agency on preference user load,
and/or to serve to com panies or cooperatives under exis t ing wheel-
ing and energy pu.r V -r1u = ;e  arrangements in exchange for service to
preference customers.

(2 ) Pumped-storage h,ydroe lectr ic plants.
(a)  Study Area K. There are a number of possible

sites for adjoining pumped-storage hydroeiectric development but there
are limitations on the amount of such capacity which c:uuicl be applied
to future loads. Figure U illustrates operation ol p-.J:pe1-storage
hydroelectric capacity in the pea.k week of 1980 u~ iri~ a min imum of
generation . This would he normal operation since , for economy, no
more pumping would be done than necessary to supply loads and to
keep the upper pond full for reserve. The energy generation indi-
cated for the peak day is equivalent to six hours generation at maxi-
mum capacity. Some plants have been constructed at sites to provide
only enough storage for six hours generation and nine hours pumping
(assuming the commonly accepted ratio of 3 kwh pumping to 2 kwh
generation). However , in areas of the Southwest affected by pro-
longed drouths and heat waves sufficient usable storage in the fore-
bay should be available to provide operating flexibility , additional
reserve, and applicatior. on lengthening daily peak loads. Therefore
the expected normal requirements of ~-h o’ir daily generation shouid be
supplemented with an additional 2 hour s of full load generation to
develop an 3-hour generation day for a five-day week , thus providing
a 2-hour daily reserve . These considerations would dictate the in-
stallation of 16 hours of forebay storage capacity in a weekly cyc le
of generation . The operation üî the conventional hydroelectric plants
in the peak week is not ill-os trute l , but the i~~~~.j 3 t  load durat i~ ui
curve for 1980 (figur e 2) shows all loads aiove 27,500 mu being tar-
n e d  by some combination of hydroeLectric and fue~ -eLc-:tric capacity,
and on this basis the weekly curve shows that . some week-end ~ynroe1ec -
ti-ic generation would be required . If necessary to conserve water at
conventional hydroelectric plants , some of this generation could be
supplied by the pumped-storage :iiants and these plants c-yoici oe -at~• at 20 percent monthl y plant factjr , the same as as suxr e— ~ for the f-~ture
potential conventional hydroelectric dants.

It is highiy advantageous in the ~~veiopm~~ t of pumpeu-
storage hydroelectric capacity that this capacity be phys~caii y locat-
ed near a major load center and related in size to the electric ~~uu
In that particular area . Concentrations of load are u:ial.i’~ surround-
ed by the 3 up p o r t i r z ~ stcarn-elc tnin generation ‘4h ich represo-itr  a
source of pumping n~ rgy for area pompeci - stc ra~ - - :ai- 1 i~ ies.
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(b )  Preference paver users. Based on the .u ry
data shown In tabl e 13, and on application of pu mped-st ore4e on the
peak week load-distribution curve (figure 6a) and the peak irrnth
load-duration curve, It is concluded that the 1980 loads of the
preference power users In the ares will be sufficient to utilize
approximately SOC my pumped-storage capacity, In addItI~ n to the
capacity of the ailt.ple-purpose Federal hydroelectric projects
now existing or under construction (Included In table 8).

e. &~ism*ry of future loads which can be supplied
by hydroelectri c power generation.
(1) Study Area K. A su~~~ry of the port ion of the future

load which ccj d be suppic~d by potential hydroelectric project s ut
20 percent August load factor is as follows:

(millions of kilowatts)
Total Fuel- Tots]. Existing Potential for

Year Load Electric Hydro Hydro 1/ Added Hydro 2/

1980 35.90 29.142 6.148 2.24 14.2 14
2000 93.00 76.52 16. 148 2.2 14 114. 214
2020 182.00 150.12 31.88 2.24 29.64

1/ Including capacity under con.struction or scheduled, except Saline
(0.52 millIon kw) and Webbers Falls (0.066 mIllion kv) .

2/ Of these a~~unts the following could be in adjoining pumped-
storage hydroelectric capacity:

Year Millions of Kilowatts

1980 2.67
2000 6.92
2020 13.514

narizing, by 1980 the load, shape is expected to be
able to accommodate potential new hydroelectric capacity amounting
to 14,2140 r~~ of which 2,670 

—•  could be pumped-storage hydroelectric
capacity as illustrated. by the curve of the peak demand during the
esti mated peak week. This 2,670 ~~ include s a total of 520 ~~ for
the Sa.lina project now under const ruction and leaves 2,150 tmJ of
new pumped-storage capacity for development by 1980. SImilarly,
for the year 2000, the load would scco~~~date new hydroelectric

• capacity totaling 114,2140 i of which 6,920 ~ (including the 520
my no~ under construction) could be new pumped storage capacity.
For the year 2020, correspondi ng figures would. be 29, 6140 my and
13,5140 su ( including the 520 a, now un&r construction). The
future need for conventions ], hydroelectric capacity is gre ater than
the sa,unt avai lable from the tota l, of all the potential sites.
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(2)  Preference power users load. The an~unts of hydro-
electric power that can be used in supplying loads of preference
power users in the study area in the years 1980 , 2000 , and 2020
are su~~~rized in table 13.

Table 13 has been developed by ~Lpp1ic&tiOfl of hydroelec-
tric power on ~~~ preference power user 1L &d curves, using certain
] I miting cr iteria. As explained earlier under the discussion of
hydroelectric capaelty ut’lization, convertional plants, the ~~r-
k” ing arrangements of SPA make it possib: e to use hydroelectric
c acity to supply prefer~’nce user load at approximate Ly 30 percent
plant factor. Inasuiich as the marketing a.~ency has basically a
hjd.r oelectric system, hydroele2tric power has been applied at the
peak of the lead curves. In determining t~’e total hydroelectric
capacity that ~an be utilized, the power that is delivered to the
companies for Areb u~” , in return for service to preference users ,
has been inclu ied and nsider~d as an essential u~e of hydro-
electric power for service of preference us~rs load.

The amount of hydroelectric capacity determined as usable
by such criteria is conservative , since provision for su pplying
reserve from hydroelectric resources has not been included.

X-99
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SECTION VI - CRIT ER IA AND INV ECTIGATION S

16. CRITERIA FOR SCREENING AND HYDROELECTRIC PROJECT DEVELOR4EJfI’

a. Conventional hydroelectric projects.
(1) General criter 1 a. The project formulation studies gave

cons Lderation to the nydroelectric power potential at all reservoir
sites. Preliminary factors that had a direct bearing on the scope of
consideration were: the head that could be developed at each site;
the ~‘low avai1abl~~; the volume of storage available and any restric-
tive operating rtles. The h~’ad that could be developed and the
storage available at each site were determined from topographic maps.
The water avail.aLle for conventional hydroelectric power production
was determined from stream fl ow records. These records were adjusted
to reflect ex isting and author ized reservoir storage as well as exist-
ing and potential diversions. From the data gathered , mass inflow
curves and flow-duration curves were developed at each site that gave
preliminary indications of potential power production. These curves
were used to determine the gross minimum yield that would be avail-
able at each potential hydroelectric power site frosi the contributing
drainage area. The flow values thus determined were used in the pre-
limthary appraisal to determine plant capacity for all. peak power in-
stallations. Average flows for determining average annual energy
values were obtained from analysis of flow duration curves.

(2) Specific criteria.
(a) Firm capacity and energy. The most critical pe-

riod of record for the storage in question was used to determine the
prime power a~taih~bLe. Prime power is that amount available over the
critical period , from that portion of the yield allocated to power
generation , with proper adjustment for reduced head due to peaking
operation.

(b) Average annual potential energy. The stresanflow
period of record , adjusted to at-site conditions and for upstream de-
velo~ nent a- nece~sary, was used in the cietermination of average annual
hydroelectri~ energy potentially available at reservoirs under study.

(c) Power drawdown storage. The power dravdo~m or
storage was ~ased rl the conservation storage provided for other reser-
voir purposes. In general and when possible the maximum economic
ratio for pc~’.’~r was produced where the minimum head (during the peak
load season) was at or near critical head , i.e. where the capability
at minimum heaa was equal to installed capacity.

(d) 1~ated head for hydrauLc turbines. For design of
hydraulic turbines, the rated head was based upon the average head
during the critica t hydro period. The rated head is considered to be
the head at which the turbine output at po~.nt of best efficiency equals
the rated generat r c’tpactty in kilowatts.

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



(e) Plant factors. For screening type studies as
made for this report, the plant factor during a critical. year was
generally assumed to be 10 percent based upon the assumed depend-
able cap acity (minimum during peak load season). This determines
the installed capacity to be considered and can later be confirmed
or revised as a result of more detailed studies.

(f) Installed and dependable capacity. The min imum
peaking capability, based on the minimum head available during July
and August of the critical period, was considered to be dependable
capacity, based on the f irm energy available for the specif ied
monthly plant factors.

On the basis that the hydroelectric power plants would
operate in a large, interconnected system, unit size was not re-
stricted by marketing conditions or replacement requirements.

(g) Power values. For screening purposes, at-market
values of ~l5.5O per kilowatt and 2.2 mills per kilowatt-hour were
used for capacity and energy, respectively. These at-market alter-
native steam-electric capacity and energy costs are composite figures
and represent an average of alternative at-market costs in Power
Supply Areas 25, 29, 33, 34, and 35 (Kansas, C?.lahoisa, southern
Missouri, Arkansas, Louisiana, western Mississippi, and eastern Texas).

(h) Economics for screening. Preliminary designs and
cost estimates were prepared for the power facilities selected for
each site. Estimates of costs for each of the power plants, includ-
ing their hydraulic and electrical equipment, were determined from
generalized cost curves showing average costs for existing hydro-
electric installations. Cost estimates for the intakes, waterways
and outlet facilities were prepared in the office of the U. S. Corps
of thgineers , Tulsa District. For comparative purposes , the con-
struction period was assumed as 3 years for each site and intere8t on
the amount of the increasing investments in each year was assumed to
be the prevailing rate for 1-1/2 years. For determination of annual

• charges in the preliminary investigations, interest , amortization and
interim replacement charges were taken as 5 percent of the investment
for power facilities. This figure was oased on a low-risk interest
rate and was considered sufficiently conservative for use in the pre-
liminary investigations. Operation arid maintenance charges for the
power facilities were taken as $0.34 per kw. Only those screened
projects with a benefit-to-cost ratio of 0.80 or better (based on a
100-year amortizati.on period) were given consideration for further
study.
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b. Pumped-storage hydroelectric projects.
(1) General criteria. Pumped hydro-storage is unique among

methods of hylroelectric generation in being dependent upon other
power sources for energy supply. It functions as an energy accumu-
lator which stores low-cost off-peak energy by using it to pump water
from a lower to a higher reservoir from which it may be returned
through its turbine to generRte power during peak periods when it
has capacity as well as ener~y value. Thus, a prerequisite for such
development is t~ e availability of low incremental cost off-peak
energy for the np ng or charging cycle.

Reauced equipment cost brought about oy the development in
recent years t~ie r’~ver~ib]e pump-turbine unit , permitting the pump-
ing ana ger rntin~ oserations to be combined in a single machine, has
contributed s~~nificantly to t~re economics of pumped storage in-
stallations.

(2 ) Specific criteria.
(a) Head limitat ion. The investigations for pumped

storage hydroelectric site’~ were limited to the sites with not less
than 150-foot hee l between the upper and lower reservoirs.

(b) iiaily and annual plant factors. For screening
purposes, a ten percent. cnuua l plant factor was assuired . It was fur-
ther assumed i hat the normal operation would consist of 6-hour daily
generation , L days per week , with provisions for an added 2 hours per
day reserve. (~~ ‘~ ieLtion V- l7-d-(2).)

(c) Jtat~on eff~ciency. Over-all plant efficiency was
assumed to be (5 per~.~ent .

(d) Useable forebay storage. The weekly cycle of
b-hours norrra L d e i ’  g?neratior! lus a 2-hour daily reserve requires
forebay storage -~ fficient fer i hours ~‘f .~eri eration .

(e) Power values and pumping rates. :-~wer values used
for scr’en~ng the potential pumped-storage sites were those noted in
Secti~~ v I - L i - a - ( 2 ) - ( g ) .  preced ing. These values were considered to
be adequate for screening purposes.

( f )  geonom ics for screening. Estimates of costs for
• use in screen i ng “ere made in a manner similar to the criteria out-

Lined in Seci ion JI-l3-a-(2)-(h). It should be noted that at the t i.me
ot’ screenirw stud~~s the prevailing interest rate was 3-1/8 percent.
Substitution of the current rate of 3_l/Li. percent would not alter the
results of the screening studies.

‘ii
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19. INVESTIGATIONS CCt.940N TO ALL PLANS OF DEVELOWEWT

a. General. All hydro-pover projects fall into one of two
classes; either run-of-river or storage . The run-of-river power de-
velopment uses the flow of the stream as it occurs and utilizes minor
storage capacity. Power development at navigation dams is considered
run-of-river even though the flow required for lock filling is re-
leased intermittently. Hydro-power development from storage may be
classified as either conventional storage or pumped storage. Conven-
tional storage power development requires a reservoir of considerable
capac ity so that surplus stream flows may be conserved for use during
periods of low flows for power generation. Pumped storage power
development requires two reservoirs , one at a higher elevation than
the other for use as a forebay while the reservoir at the lower eleva-

— tion is used as an afterbay. Power is generated during periods of de-
mand by the transfer of water from the higher reservoir to the lower
but low incremental cost off-peak energy must be available to pump
the water back to the higher reservoir.

The basic data required to determine the hydro-power capability
at a site are the observed or computed stream flow , an estimate of
water losses , a tail water rating curve , reservoir area and capacity
curves and a profile of the stream.

b. Stream flow and critical hydra-period. Observed stream flow
data are obtained from publications of the U. S. Geological Survey cr
other sources. The flow record for the stream at the nearest gaging
station is corrected to give the flow at the proposed site. It may be
necessary to prepare a synthetic flow record for streams that do not
have an adecjuate period of record . The period of record must include
the most probable dry period that can be expected for the area. A
tabulation of monthly and annual stream flows is prepared so that the
dependable storage available may be evaluated .

The tabulation of stream flows will reveal the minimum amount of
water available for power generation over an extended period of time.
The minimum water available will occur near the end of a dry period of
several years ’ duration.

c. Water losses. The major losses of water from power storage
- - includes seepage through the foundation and abutments of the dam , leak-

age through the power plant , and evaporation loss from the reservoir.

For concrete dams , founded on rock , seepage may be considered
negligible. For earth dams, an allowance of from 1 up to as muc h as
10 c .f . s .  is recommended , unless the foundations are unusually per-
meable, in which case the figure to be taken for seepage loss should

• be obtained from the soils branch of the field office. Leakage los-
ses through the power plant vary, depending on the number and size of
turbine units , the load factor , and the head . For estimating purposes,
an average loss of about 5 c.f.s. per unit can be assumed. Gross
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evaporation for the reservoir area may be obtained from pan records
in the locality or nay be computed by using a formula with the needed
basic data obtained from Weather Bureau stations in the vicinity.
The formulas for computing evaporation from water surfaces are based
on the vapor pressure gradient between the water surface and the air
above the water , and the wind velocity. The gross evaporation fro.
the reservoir area as determined from computations o- observations
should be corrected to include the effect of precipitation on the
reservoir area.

These water losses should be applied to the observed stream flow
data or computed regulated flow to obtain the net yield of the stream
available for power generation.

d. Read relationships. (~re of the basic elements in the devel-
o~~ent of a hydroelectric project is the head that can be developed.
The higher the head, the lover the cost per kilowatt for the power
plant and hydraulic and electrical equipeent. The topography at the
demaite , the extent of relocations of highways, railroads and utilities
that would be required , and the effect on the c~~~unity life in the
area, ail have a bearing on the height to which a dam could feasibly
be constructed. The gross head is the difference in elevation between
the still water surface in the reservoir and the elevation of the tail-
race. The net or effective head is defined as the gross head minus
the friction losses in the conveyance of the water from the reservoir
to the entrance of the spiral case.

The effective head on run-of-river plant s is usually small and
may appro ach zero during periods of high flow that inundate the con-
trol veir. Conventional storage power plants , prop erly sized for
stream flow, can always maintain an operating head . Where the stream
flow is not sufficient to maintain the storage pool , pumped storage
hydroelectric plants may be used, terrain permitting. Consideration
must be given , however, to the recharging or pumping cycle of the
pumped storage plant.

e. Tailvater conditions. The discharges assoc iat ed with full-
load operation for peaking purposes creates a higher elevation in the
tailrace than do part-load discharges of continuous operation . Thus,
with a relatiwely stable headwater elevation , the available head for• peaking will be less than that for continuous power generation .

At any dam vh~re clear water from the reservoir is discharged
• into a river channel which is composed of soft material , the material

is picked up and conveyed downstream resulting in the stream gradient
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below the dam being progressively altered. This effect may be accel-
erated by the fluctuations of flow inherent to paver production.
Over a period of time this degradation of tailvater may amount to
several feet with a resulting increase in effective heed.

f Area-capacity tables. Reservoir area and capacity curves
were prepared for each site that was given preliminary investigation.

g. Power generation schedules and energy distribution. H.yd.ro
power is used essentially for peaking purposes with the majority of
the hydro energy available on an annual basis used during the sumeer
heavy load months. Pumped-stora ge plants will oper ate only when
there ii a need for peaking power which will normally be in the peak
load months. When not generating for load the pumped-storage projects
will, be vital for reserve and reactive power .

h. Plant factor and annual generation. Plant factor may be de-
fined as the percent of time the plant operates. For screening type
studies, the plant factor may be assumed to be 10 percent based upon
the assumed dependable capacity. This will determine the installed
capacity to be considered and this ‘will later be confirmed or revised
as a resul t of more detailed studies. The plant fac tor multiplied by
the installed capacity times the number of hours in a year gives the
annual firm generation.

i. Economics assumed in screening of site developeent. In the
formulation of a hydro-pover project , it is required that the average
annual power benefits exceed the average annual costs of the hydro-
electric power project. The following criteria are used for deter-
mining benefits and coats.

(1) Benefits. Average annual hydro-pover benefits are
based on the alternative coats of produc ing steam-electric power by
means of an investor-owned and -financed , large , efficient thermal
plant .

(2) Coats. The total allocated annual coats for hydroelec-
tric paver are the separable pover costs plus the part of joint costs
allocated to power. These costs include interest and amortization on
the project investment costs over a period of 100 years at 3-1/14 per-
cent interest; operation , maintenance , and replacement cost; end
annual costs of pumping energy when applicable. These allocated costs
are generally determined by the Separable Costa- R~~aining Benef its
method of allocation. In determining the cost allocated to power by
this method , it is necessary to estimate the alternative cost of
power and the separable cost to power.
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Annual separable power cost is equal to the annua l cost of
the multiple-purpose project that includes power minus the annual
coat of a similar project with power omitted. The cost of both proj-
ects must be based on comparable financing and at-site hydroelec-
tric power.

Annual alternative power costs are used as R Limit on bene-
fits in connertion with cost allocation . Under the present policy,
these costE. are generally the unit power values furnished by the
Federal Power Commission and are based on alternative thermal power
computed on the same basis as for benefits ex:~pt Federal f inanc ing
is used and taxes and insurance are excluded.

(3) Comparability test. Another test in determining
whether hydroelectri nower shoii.ld be included as a function in a
multiple-purpose project is set forth in letter ~NGCW-PD to SWD
dated 15 June 1962 , which states that where hydroelectric power is
a proposed function of a Federal project the limit on the separable
coat of its inci.usioz. would be based on the cost of alternative mea-
sures serving the same need computed on the exact basis used in com-
puting the cost of the project hydroelectric power function. The
separable costs of hydroelectric power must be no more than the cost
of alternative steam-electric measures to serve the same need and
financed on a comparable basis. Cost computations are to be on the
seine basis as those used in determining alternative costs for cost
allocation.

(ii ) Financial Feasibllity. Another requirement in making
decisions whether hydroelectric power should be included as a proj-
ect function is that the marketing agency can recover the annual
cost allocated to hydroelectric’ power from the sale of power from
the project. Current criteria require that costs allocated to
power (using a 100-year economic life) be amortized during a 50-year
period for repa~nent purposes. As previously indicated , the alter-
native cost used in cost allocation as a limit to benefits is based
on a hypothetical large, efficient, steam-electric plant with financ-
ing comparable to that for a Federal hydroelectric plant; that is,
an interest rate ~f 3-1/It percent and with taxes and insurance ex-
cluded. I n most ca~~s this procedure results in a lower allocation
of joint coct.s to the power features of multiple-purpose projects
than would nave been allocated under earl!er criteria.
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SECTION VII - PROJECT SCREENING

20. 1NDIVtDUAL 31Th PLANS SCREENED

a. General. Hydropower was considered In the p reliminary inves-
tigations of all dan sites. This investigation included authorized
projects, projects under construction , all projects in the framework
plan, and a review of existing reservoirs. Where preliminary investi-
gations gave evidence of the possibility of inclusion of’ hydropower,
either convent ional, pumped storage , or both , the costs and benefits
incurred at each site were computed. At those sites adaptable to
either mode of development, costs and benefits were computed for each
development . It readily became apparent that many of the sites did
not lend themselves to the development of hydropower due to low heads
or lack of adequate storage. In addition , an analysis of the basin as
a whole showed that either present or future water supply needs, both
in-basin and trans-basin, may require the entire dependable yield of
some of the streams.

b. Conventional hydroelectric power. Eleven reservoir sites met
the preliminary investigation crlteria~~f adequate flow , adequate stor-
age available and adequate head for conventional hydroelectric power
development. These sites were then screened for benefit-cost ratio
and comparability with steam-electric costs. These sites are listed
and the data is summarized in table lit. Although Hugo Reservoir on
Kiamiehi River is included in the table, hydroelectric power develop-
ment is not recommended at this site because of the comparability ratio,
and provision for future power is not recommended because of future
water supply requirements. Due to the low benefit-cost ratios, only
Sherwood Reservoir is reconunended for conventional hydroelectric power
development.

c. Pumped-storage hydroe lectr ic power. Eight sites met the cri-
teria for pumped-storage hydroelectric power development. This criteria
specified that: (1) a head of at least 150 feet be available between
the upper and lower reservoirs; and (2) sufficient usable storage could
be developed in the upper reservoir to allow at least a daily cycle of
generating arid pumping . The sites and the screening data are summa-
rized in table 15. All sites were screened for the capability to de-
liver 6 hours machine capacity generation at the rated head. All sites
screened had preliminary benefit-cost and comparability ratios that
would indicate detailed studies were warranted; however, significantly
higher heads could be developed at the Clayton Reservoir and the Tuska-
borne Reservoir sites. Since forebay storage equivalent to 16 hours of
generation was desirable in a weekly cycle operation , studies were made
considering this requirement for both the Clayton and Tuskahoma sites.
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TABLE 114

S~I~MARY OF CONVENTIONAL HYDRO-POWER SCREENING STUDIES

Power Total Coinpara-
Drainage Storage Head Available Installed bility

Project Stream Area Available (feet ) Capacity B/C Ratio

/ 
(sq.mi .)  (a c. f t . )  max. m m .  (kw )

Upper antlers I(iaaichi River 1,119 1,090,000 152 1214 90,000 0.55 0.28

Caney Mountain Little River 315 352 ,100 98 6~ i8,00o 0.142 0.22

Finley Cedar Creek 172 210,020 71# 50 7,400 0. 21 0.10

Durant Blue River 6149 172 ,000 69 147 7.500 0.214 0.13

Bosvell Boggy Creek 2 ,273 2 ,680,000 99 69 73,000 0 • 21 0.11

skahc~na Kiamichi River 3147 707 ,800 92 61 18,800 0.25 0.13

Clayton Jackfork Creek 275 331,700 75 50 12 ,900 0.17 0.09

Buck Creek Buck Creek 97 122 ,1140 195 1141 12,000 0.70 0.37

liartley Cossatot River 93 195,700 189 126 14 ,200 0.34 0.17

Hugo Kiamichi River 1,709 1,352,200 85.5 57 50,000 ~/ 0.8

Sherwood Mountain Fork River 6oi 843,800 181 l~7 600,00 ~/ 1.6 1.1

~J Not available .

~/ Inte~~e1 project with 100,000 kv .~onve~tioma1, 500,000 kw reversible.

TABLE 15

SUMMARY OP PUMPED STORAGE HYDRO- POWER SCREENIM) STUDIES

Rated Cnapara-
Installed Generating Length bility

Reservoir Stream Capacity Head of Conduit Investment B/C Ratio
(my) ( f t . )  ( f t . )  (mill. $)

Clayton Jackfork Creek 1,000 915 2 ,1430 173.6 1.6 0.9

Broken Bow Mountain Fork River 700 1465 2 ,300 88. 44 1.6 0.9

SKerwood Mountain Fork River 1,000 718 6,180 107 .14 1.6 0.9

Gillham Coasatot River 380 327 1,100 53.5 1.5 0.9

Hugo Kiernichi River 850 368 5,500 195.5 1.2 0.7

~~skahccta ~/ lUamichi Ph-er 1,500 1,030 9,000 183.14 1.6 0.9

Tuskah~~a 
~~ 

lUamichi River 1,000 1,0149 5,820 115.8 2.2 13

Sherwood Mountain Fork River 1,000 718 6,180 107.1 1.6 0.9

~,/ Forebe~ located in Sec 33, T2N , R21E, on tributary of Black Fork; 10,000 acre-feet .

~/ Porebay i~ located in Sec 19, T2N , R23E , on tributary of Kiamichi River; 19, 000 acre-feet availab le
in f oreb.y.

S
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SEX~TION VIII - EX IS’TING PRO.rECTS AND PROJFX~TS
Sr~JDIED FOR BASIN PLAN

21. EXISTING HYDROELECTRIC STATIONS IN REID RIVER BASIN BElAY.!
DENISON DPJ4

There are 29 existing hydroelectric projects in Study Area K
with an installed capacity of 3, 237.14 mw including those projects
under construction and scheduled for construction. Seven of the
hydroelectric projects are located In the Red River Basin below
Denison Dam - two in the Lower Red River Basin and five in the
Ouachita Rive r Basin . These seven projects have a combined
installed capacity of 368.8 mw - 135.0 rnw in the Lover Red River
Basin and 233.8 mw in the Ouachita River Basin. Five of the
projects are Federal and are operated by the Corps of Engineers.
Two projects are privately owned. All of these existing projects
are described In Section IV-1it and list2d in table it of this appendix.

22. MODIFICATION OF AUPHOPIZED FLOOD CONTROL PLAN TO INCIIJDE
EYDRO-P(MER

Preconstruction planning studies of the anthorized projects
in the Red River Basin below Denison Dam were made regarding
feasibility of including hydroelectric power facilities. These
studies were made under authority of a resolution adopted 6 January
1961 by the Senate Public Works Committee which authorized a study
to determine the advisability of u~ difying the general plan forflood cont rol on the Red Rive r for the purpose of providi ng additional
facili ties for the production of hydroelectric power. The results
of these studie8 indicated that inclusion of hydro-power facilities
in Pine Creek and Giliham Reservoirs would not be warranted in that
the incremental non-power coat of an enlarged project would not be
justified by the incremental non-power benefits. The remaining
projects st idied did not meet economic justification based on the
comparability ratio. The comparability ratio was computed by
comparing the separable cost for hydroelectric power with an alternate
cost based on a Federally f inanced a~.eam-electrIc station with Federal.
transmission and interest rates.

23. TIMING OF PROJECT D~WELOPME~T

The actua l. peak demand of 13, fl(O mw in 1965 in Study Area K ii
• expected to grow to 35,900 mw in 1980 as estimated in the National

Power Survey of 19614. This ectimate has been extended to the year
2020 for thi s study at which time the peak is expected to reach
182,000 ~~i. In 1980 the August energy requirements for the area load
are expected to be 10.14 percent of the annual requirements. The
annual peak demand is expected to occur in August with the maxi~ .im
monthly demand in March repre senting 61,..7 percent of the annual peak
demand .
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An analysis of the existing and expected future power supply
in Study Area K , indicates that there was a surplus above reserve s
of l,53~1 my in 1965, and ii ,1.80 my in 1970 and an indIcated need
for 12 ,763 my of additional capacity by 1980. A major pert of
thi s deficiency in 1980 vili be met by future steam-electric gene-
rating capacity , but the growing loads viii. create a d~~and for
large amounts of peaking capacity which hydroelectric plants are
best suited to supply.
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SECTION IX - PROPOSED PLAN OF DEVELOR4.ENT

214. FOR CONSTRUCTION WITHIN 10-15 YEARS

a. Tuskahoma Pumped Storage Project. The Tuskahoma pumped storage
project consists of four 250 my p~~p-turbine units operating under a
rated net head of 1,0149 feet . The project was developed on the basis
that the plant would be operated on a 12 percent annual plant factor
with a 75 percent over-all efficiency. Normally the plant would operate
on a weekly generation of 30 hours . The proposed project Is an adjoin-
ing t ype develolmient which uses the authorized Tuskahoma project as an
afterhay reservoir.

The forebay reservoir, backed up by a 2147-foot high dam , would
have a usable capacity of 19, 000 acre-feet between elevat ions l~ lO
and 1750. This storage would provide the equivalent of 16 hours of
continuous generation , inc luding seepage and evaporation losses and
would produce 50 feet of drawdown . The drainage area above the darn
site would be about 800 acres while the area at the top of the operat-
ing pool would be about 590 acres. Five feet of’ freeboard , adequate
to store the entire 214-hour rainfall during the spiliway design flood,
would be provided above the top of the power pool. With the turbines
operating at the rated head, the discharge would be about
13,100 cfs which would be in excess of the peak inflow of the spiliway
design flood. Pertinent data are included in table 16. The top of
the dike at the upper end of the forebay would be set three feet below
the top of the darn to act as an emergency spillway if the outlet works
would be inoperative when a spillway design flood occurs. The spilled
water would pass into the Tuskahoma Reservoir.

Either a penstock or pressure shaft could be used between the
upper and lower reservoirs. Preliminary investigations indicate a
vertical shaft connected to a, 27-foot diameter steel-lined tunnel
would be more economical .

A powerhouse located at the foot of the mountain in the periphery
of the authorized Tuskahoma project would house the four 250 mw pump-
turbine units. -

The authorized but not constructed Tuskahoma Dam and Reservoir
would be enlarged and used as an afterbay for the proposed pumped
storage project. Daily fluctuations in water surface in Tuskahoma
Reservoir during operations would be less than two feet. Pertinent
data on the authorized and the proposed modification of Tuskaboma
Reservoir are included in table 17.

• Operating five days a week for maximum weekly generation of 30
hours would require six hours daily generation. The average annual
plant factor would be 12 percent. A 75 percent over-all efficiency
would require about 8 hours of pumping to replenish storage in the
upper reservoir. The forebay storage has capacity for 16 hours gene-
ration should loads require greater than 6 hours daily generation.
Deficits in daily pumping, up to a total of 57 hours, could be re-
plenished over the weekend.
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The proposed forebay reservoir and power facilities would not
require relocation of any existing roads or structures. The neces-
lazy ~~dification of the authorized Tuskahoma Dam would require the
additional purchase of 1,800 acres of land . The overall relocation
plan for the authorized reservoir area would be essentially the sa~~
as the authorized plan with the exception that the south bank access
road would be realigned to provide access to the powerhouse and
canal.

The average annual generation would be 1,051 million kilowatt-
hours. The separable first cost of construction is estimated at
$108,700 ,000 . Anxaaal cost s, including interest and a~~ rt ization ,
separable operation and maintenance, separable major replacements,
engineering studies, and pumping cost are estimated at $8,l711.,1400.
Average annual benefits , credited to hydroelectric power, total
$17,996,900. The total annual benefits of $17,996,900 compared
with the total annual charges of $8,i714,1400 based on a 50-year
p eriod of analysis show a benefit-cost ratio of 2.2. With the
limit on the separable costs baaed on the cost of alternative
measures serving the same need the comparability ratio would be
1.16. The economic analysis is su~~ ariz ed in table 18.

A study by the marketing agency, Southwestern Power Adminis-
tration, of the Tuskahoma Pumped Storage Project resulted in a
proposal that the first two units be installed by 1980-81 and the
last two units by 1982-83.

~
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TABLE 16

PERT INENT DATA
TU~~Ah’.1~1A PUMP~~ ST~~AGE PROJEC”r

Forebay Reservoir - Hilltop
Maximum W.S. Elevation 1750.0

Minimum W.S. Elevation 1710.0
Capacity (1710-1750) acre-feet 19,000

Afterbay Reservo ir - Tuskahoma Reservoir
Top Flood Control Pool, elevation 653.0
Top Conservation Pool, elevation 643.5
Top Inactive Pool, elevation 610.0
Tailwate r , elevation 611.0

Penstock and Shaft
Total length , feet 5, 820
Diameter , feet 27

Head Loss , feet 140.0
Type of Turbine Francis
Station Capacity, megawatts 1,000
No. of Units and Capacity, each 4-250,000 KW
Gross Heads , feet

Maximum 1139
Rated 1069
Minimum iOli6

Net Heads, feet
Maximum 1099
Rated 10149
Minimum io06

Discharge, c.f.s.
Maximum through turbines 15,700
Rated head 13 ,l00

Average Annual ~ iergy ( 12% P.F.) ,  kmwh
Generation 1,051
Pumping (75% efficiency) 1,1401

4
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TABLE 17

PHYSICA L FEATURES AND ENGINEER ING DATA
TUSKAHOMA DAM AND RESERVOIR

Authorized Proposed
Feature Plan Plan

LOCATION
Strean Kiamichi River Kiamichi River
River mile 118.5 118.5
Drainage area, square miles 347 3147

GENERAL ELEVATION , FE~I’, M.S.L.
Top of darn 6714.0 676.5
Top of flood control pool 6149.5 653.0
Top of conservation pool 639.5 6143.5

RESERVOIR STORAGE , ACRE-FEE~T
Flood control 138,600 1140,000
Conservation 231,000 251,500
Inactive ~J4OO 35,500
Total 3714,000 427,000

RESERVOIR AREA , ACRES
Top of flood control pool 15,400 16,780
Top of conservation pool 11,600 13,000

DAM
Type Earthf ill Earthf ill
Length of embankment , feet 6 ,770 8,010
Maximum height , f eet 96 98.5
Crown width, feet 32 32

DIKES (dam extension)
Crest length 230 250
Ma ximum height , feet 3 5.5
Crown width , feet 32 32

ALBION DIKE
Crest length 3,900 3,980
I~aximum height , feet 25 28
Crown width, feet 10 10

- 
- SPILLWAY

Location (valley-saddle-abutment) Saddle Saddle
Type Uncontrolled Uncontrolled
Net crest width 200 200
Crest elevation, feet, m.s.1. 611.9.5 653.0
Discharge at maximum pool, c.f.s. 55,800 63,800

0tJTL~T WORKS
Type Gated conduit Gated conduit
Number and size 1-16’ dia. 1-16’ dia.

I ‘ Low flow (pipes) 1-214” l_214tt

Water supply (pipes) 1-24” l~214”

CHANNEL CAPACITY, C.F.S. 7,000 7,000
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TABLE 18

TUSKAliC~A PUNP)~~ &Z(1A&E PROJECT
SUMMARY OF ECONOMIC ANALYSIS

Amount

1. ALLOCATED C06~S FOR PCTiJER
a. First cost $108,700,000
b. Investment 115,766,000
c. Annual charges (50-year an&lysis)

Interest and amortization, 3-1/4 percent 4,673,500
Operation and maintenance 255 ,000
Major replacements 23,600
Pumping costs , 1,401 million kwh at 2.3 mills 3,222,300

Total annual charges 8, 1714,1400
d. Annual benefits

1,000,000 kw capacity at $16.00 16,000,000
1,051,000,000 kwh av. annual energy

at 1.9 mills 1,996,900
Total annual benefits 17,996,900

e. Benefit-cost ratio 2.20

2. C()(PARABILITY ANALYSIS
a. Alternate cost for power

1,000,000 kw capacity at $7.50 $ 7,500,000
1,051,000,000 kv~z a-v . annual energy

at 1.9 mills 1,996,900
Total alternate cost for power 9,496,900

b. Allocated cost for power
Investment 115,766,000
Annual charges ( 100-year analysis) 7,1472,600

C. Cc~parabi1ity ratio 1.16
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b. Sherwood Reservoir and Modified Broken Bow. Sherwood Dam
vo~z1d be located on the Mountain Fork River at river mile 14 14. 14 near
the upper reaches of the Broken Bow Reservoir. The project pur-
poses would be generation of hydroelectric paver, recreation, and
fish and wildlife propagation , with generation of paver the pri mar y
purpose . The Sherwood Project would have an installation of one
conventional power unit of 100,000 kilowatts and five r eversible
power units of 100,000 kilowatts each operating under a rated net
head of 155.0 feet . The project was developed on the basis that the
Sherwood power plant would be operated on an 8.6 percent annual plant
factor with a 75 percent over-all efficiency.

Sherwood Reservoir, backed up by a dam about 238 feet high ,
would have a usable storage of 8144,000 acre-feet between elevation s
761.0 and 795.0. The average net head for the critical period would
be 159.0 feet . With the six turbines operating under the minimum
net head, the discharge would be 58,000 c . f .s.

The modification to the existing Broken Bow project would con-
sist of reallocation of power and flood control storages. The usable
power storage in Broken Bow would be 223,200 acre-feet between eleva-
tions 590.0 and 606.0. Broken Bow would operate on an ll. li percent
plan t factor .

The Sherwood pumpback units would normally be operated five days
a week for a maximum weekly generation of 30 hours and would require
six hours of generation daily. A 75 percent over-all efficiency
would require about eight hours of pumping to replenish storage in the
Sherwood Reservoir. The average annual plant factor for the system of
reservoirs would be about 10 percent . The Sherwood plant would have
dependable capacity of 690,000 kilowatts (115 percent of installed
capacity) and would provide an additional 114 ,000 kilowatts of depend-
able capacity at the Broken Bow plant . The aver age annual generation
at Sherwood would be 730,200,000 kilowatt-hours and aver age annual
generation at Broken Bow would be increased by 8,14.00 ,000 kilowatt-hours
as a result of Sherwood .

Storage would be provided , about 109,700 acre-feet , above the
power pool in Sherwood Reservoir for flood control. The flood control
benefits for the system would remain the same as Broken Bow Reservoir
operating alone.

Based on preliminary studies , Sherwood Reservoir would have an
uncontrolled limited service spil].way, 600 feet in length, about
one quarter-mile west of the right abutment. Two penstock tunnels ,
each 111.5 feet in diameter , would be constructed through the righ t
abutment . The outlet works tunnel would be a 17-foot diameter conduit
used for diversion of flows during construction. The outlet works tun-
nel would have a low-level intake and would enter the penctoc k ju st

4.
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downstream of the intake structure. Flows would leave the pen-
stock through another outlet works tunne l downstream of the embank-
meat sad would be dumped into the tailrsce to the left of the power-
house. The outlet work s tunnel would have a valve near the exit ,
in addition to gates in the intake structure, to prevent releases
when the penstock is being used for power generation .

Based on preliminary estimates , the first cost of const ruction
of the Sherwood Reservoir project would be $154,400,000. The annual
charges, including amortization and interest , operation sad mainte-
nanc e , major replac ements tad engineering studies , and the coat of
pumping to replenish power storage , is estimated at $8,884,900. An-
nual benefits are su~~~rized in table 19.

TABLE 19

SH~~W00D MULTIPLE-PURPOSE PROJECT
SUMMARY OF ANNUAL B~~EFITS

Hydroelectric Paver
At Sherwood

Dependable - 690,000 kw e $15.50/ky $10,695,000
~ iergy - 730.2 million kwh * 2.1 mills/kwh i,5~.3,5O0

Average Annual Benefits at Sherwood 12 ,2~6 ,k00
Added at Broken Bow

Dependable - 14,000 k w S  $15.50/ky ~~l7,0OO

~ iergy - Ii .8 million kwh S 2.1 mills/kwh 17,700
Averag e Annual Benefits Added at Broken Bow 234,700
Total Annual Hydroelectric Power Benefit e $12 ,1i 63 ,100

Recreation 1,681,000
Fish and Wildlife 19,000

Total Annual Benefits $114 ,163,100

The total annual benefits of $])~ ,163 ,100 compared to the total
annual colt of $8 ,884,900 shows a benefit-cost ratio of 1.6 for the
Sherwood multiple-purpose project. Pertinent data for the Sherwood
Reservoir with Broken Bow modification, as related to power , are
listed in tmble 20 and a rn ary of the economic analysis of power
for the combined projects is given in table 21. The benefit-cost
ratio for power is 1.66 and the comparability ratio is 1.06 .
Financial feasibility ii under study at this time .

4
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TABLE 20

SIERWOOD RESERVOIR WITH M(~)D’I)~~ BR(ICER B(~1

~~nnrr DATA
Broken Bow Broken low
Authorized )~~dified

Broken bow Reservoir
Top of dam, elevation 645.0 6145.0
Top of flood control pool , elevation 627.5 627.5
Top power & water supply pool, elevation 599.5 606.0
Bottom power & water supply pool, elevation 559.0 590.0
Flood contro l storage , acre-feet 450 ,000 350,000
Power & wate r supply storage , acre-feet 470,000 223,200

Sherwood Reservoir
Top of den, elevation 819.0
Top flood control pool , elevation 798.5
Top paver pool , elevation 795.0
Bottom power pool , elevation 761.0
Flood control storage , acre-feet 109,700
Power storage, acre- feet 814.14,000

PCMER DBYEL0PII~~IT AT SHERWOOD RESERVOIR

Installed capacity, kw 600,000
Dependable capacity, kw 690,000 ~JTeilwater elevatio n , feet 611i .o
Head loss, feet 5.0
Gross beads, feet:

181.0
Minimum 147.0
Average during critical period 164.0

let heads, feet :
Ilaximum 176.0
Minimum 142.0
Rated 155.0
Average during critical period 159.0

Generating units:
Type end size (kw ) 1-Conventional 100,000

5-Reversible 500,000

~~.ximum discharge through
turbine s, c . f. s.  58,000

Average annual generation kmwh :
Conventional 110.0
Reversible 5 12% P.F. 620.2

Average annu al pumping ener gy , kmwh (75% efficiency)
Reversible 5 12% P.F. 826.9

Penstocks:
Length , f..t 700
lumber and diameter , feet 2 S 41.5

~J Units capable of continuous generation at 15% overload .
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TABLE 21

SHERWOOD AND MODIFIED BROKEN B~ J
5-~mzary of Economic Analysis (Power C~1y)

1. ALLOCATED COSTS FOR P(IJEP
a. First cost $127,618,000
b. Investment 139,592 ,000
c. Annual charges ( 50- year analysis)

Interest and amortization 5,585,800
Operation and maintenance 609,500
Major replac ements 358,900
Pumping costs , 826.9 million kwh at 2. 14 mills 1,9814,600

Total annual charges 8,538,800
d. Annual benefit s W 114,127,200
e. Benefit-cost rat io 1.66

2. C()IPARA BILITY ANALYSIS
a. Alternate cost for power

Broken Bow (86 ,000 kw under construction )
allocat ion $ 890,100

Sherwood (plus Broken Bow additional) capacity
7011,000 kw at $7.50 5,280,000

Sherwood (plus Broken Bow additional ) average an-
nual energy,738.6 3/ million kwh at 2.1 mills 1,551,100
Total altern ate cost for power 7,721,200

b. Allocated cost for power
Investment 139,592,000
Annual charges (separable - 100-year analysis) 7,293,1100

c. Comparability ratio 1.06

!/ Includes proposed Sherwood ( 600,000 kv) sad under-construction
Broken Bow (100 ,000 kw), involving reconciliation of two
different rates of interest.

~~ 
Includes power benefits from table 19, plus $1,664,100 power
benefits at under-construction Broken Bow project.

3/ Includes 730.2 million kwL~ -for sherwood (620.2 reversible and
110.0 c~Qnvent i(~1a1 ) , and ~3• 1~ mi llion kwh for Broken Bow
ix dificat t on .
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25. LONG RANGE PLAN

a. General. The screening studies for development of hydroelec-
tric power in the basin considered physical sites , both conventional
and pumped. storage as listed in t ables lie and 15, includirg those that
did not qualify for the 10-15 year plan but merited inclusion in the
long range plan. The projects showing the most potential for future
hydroelectric power development are shown below.

b. Conventional hydroelectric pro4ects.
(1) Upper Antlers Dam. This darn, located on the Kismichi

River , would have favorable heeds and storage for power production.

(2)  Caney Mountain Dam. This dam, located on the Little
River, would also have favorable heads and storage for power production .

(3) Durant Dam. The Durant Dam, located on the Blue River,
would have favorable heads, flows, and storage for power production.

(4) bock Creek Darn. This dam, located on Buck Creek, would
also have favorable heads and storage for power production.

(5) Hugo Dam. Hugo Dam is presently under const ruction on the
ICiami chi River. Provisions for power were eliminated in pre-const ruct ion
planning studies because the aepa rable costs for including power in the
project exceeded the cost s of a comparably financed alternative. However,
the potential of the site warrants inclusion of power in the long range
plan .

(6) Pine Creek Dam. The Pine Creek Darn is presently under
const ruction on the Little River. Power was eliminated from the
project in pre-construction planning studies because est imated revenues
would be less than allocated power facilities investment and operati ng
costs plus marketing agency costs. However , the potential of the site
warrants inclusion of the project In the long range plan.

(7) Lukfata Dam. Lukfata Dam is an authorized project to be
located on Glover Creek. Provisions for power were eliminated, in
pre-construction planning studies because the separable coats for
Includ ing power In the project exceeded the costs of a comparably
financed alternative . However , the potential of the site warrants
inclusion of the project in the long range plan.

(8) Dierks Dam. Dierka Dam is presently under const ructi6n
on the Saline River. Provisions for power were eliminated in pre-
construction planning studies because the separable costs for Inc ludi ng
power in the project exceeded the costs of a comparably financed
alternat ive . However , the potential of the site warrant s inclusion of
the project in the long range plan .

‘I .,
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(9) DeQueen Dam. The De~ueen Dam is presently under construc-
tion on the Rolling Fork River. Provisions for power were eliminated
in pre-construction planning studies because the costs for including
power in the project exceeded the costs of a comparably financed a].-
ternative. However, the potential of the site warrants inclusion of
the project in the long range plan.

(10) Gillham Darn. The Giliham Dam is presently under con-
struction on the Cossatot River. Power was eliminated in pre-con-
struction planning studies because estimated revenues would be less
than allocated power facilities investment and operating costs plus
marketing agency costs. However, the potential of the site warrants
inclusion of the project in the long range plan.

c. Pumped storage hydroelectric power.
(1) Clayton Reservoir. The mountainous country around the

authorized Clayton Reservoir on Jackfork Creek contains several sites
for potential forebay reservoirs. Because of the future need for
peaking power and the potential of the site, this project is included
in the long range plan .

(2) Broken Bow Reservoir. The under-construction Broken
Bow Reservoir on Mountain Fork River is included in the long range
plan for pumped storage hydroelectric production because of the
potential of the site.

(3)  Sherwood Reservoir. Several potential forebay sites
exist near the proposed Shervo~~ Reservoir on Mountain Fork River.
This project is included in the long range plan because of the future
need for peaking power and the potential of the site.

(Ii) Gillham Reservoir. The authorized Gillhazn Reservoir
on Cossatot River is included in the long range plan because of the
future need for peaking power and the potential of the site.

( 5 )  Hugo Reservoir. The authorized Hugo Reservoir on
Kiaznichi River is included in the long range plan since the poten-
tial for production of hydroelectric power exists at the site.

X-l32

- - --


