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FOREWARD

This report presents an analysis of the hydroelectric generating
facilities installed in the McClellan—Kerr Arkansas River Navigation
System. Installed capacity of the federally owned projects in the system
totals 639 megawatts, and about 20 percent of the $1.2 billion invested
in the system is allocated to power. Power production by the projects
is marketed by the Southwestern Power Administration (SPA) and distributed
through transmission lines owned by SPA and private utilities.

The economic values of the power generated by the system has greatly
increased in the past few years. Annual benefits, based on the cost of
producing equivalent power from a coal fired base load plant and a turbine
driven peaking plant would increase the 14.2 mIllion annual power benefits
used in project justification to over $40 million per year.

Operation of the hydroelectric generation facilities provides annual
savings equal to more than three billion tons of coal; four million
barrels of oil; or about 26 million cubic feet of natural gas.

Hydropower projects are characterized by unique operational advantages
and disadvantages. The system can be operated to go on line at full
operating capacity almost instantaneously . The system can be shut down
as quickly as electrical loads vary, and the stored water serves as stored
energy. ThUs the hydropower system can be operated to accommodate diurnal
and seasonal variations in demand very efficiently. There are, however,
limitations placed on operational capability from operational restrictions
resulting from competing water uses and variable hydrologic conditions.
The marketing agency (SPA) must therefore contend with its characteristics
and limitations. Generally, purchase of power from thermal sources is j
required to balance the supply available from hydropower to fulfill con-
tracted obligations. During periods of operational restrictions (primarily
during low flow periods) considerable power must be bought from alternative
sources to meet contracts.

The period of record covered in this report includes a wide range
of hydrologic conditions, from periods of protracted excess flows such
as 1973 to periods of limited flows such as 1971, but not the most recent
experience of 1976 (a period of low flow). The report concludes that
the estimates of average generation used for project evaluation studies
were reasonably accurate.

The report also evaluates the financial payout from marketing the
power generated by the system. Net revenues available to payoff the
allocated construction costs were in deficit of $6.2 million thru 1974.
The reasons are complex, but center on cost allocation procedures,
enabling legislation ~~r federal power marketing and the basis for power
revenues. Comments from the Southwestern Power Administration suggest
that definitive conclusions may have to wait for a longer period of
experience with the project and that the issues are too complex to be
adequately dealt with in a report of this type. We agree that the report



does not provide a complete basis for diagnosis of all of the problemm .
Nor does it provide recoimuendations for solving the problems . It does ,
however , show the current picture of the current conditions attendant to
hydropower production and marketing, and offers some basis for comparing
these conditions to those that were assumed at the t ime the projects
were planned and designed.
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HYDROELECT R IC POWER GENERATION
AT THE

McCLELLAN—KE RR ARKANSAS RIVER NAVIGATION SYSTEM

GENERAL.

Description of Arkansas River Navi~ at ion Project .  The Arkansas River

Navigation Project  is part of the Arkansas River Navigation System as

defined by Congress in Public Law 91—649 , January 5 , 1971. The projec t  for

comprehensive development of the Arkansas River and tr ibutaries  was author-

ized by the River and Harbor Act of July 1946 as amended by Flood Control

Acts of 1948 and 1950. It provides for  a navigation route f rom the His—

sissippi River through Arkansas and Oklahoma to Catoosa , near Tulsa , OK;

the production of hydroelectr ic  power; addi t ional  flood control  through

upstream lakes and the related bene f i t s  of recreation and f ish and w i ld l i f e

enhancement. The navigation route begins at the confluence of the White

River and the Mississippi , proceeds abuut  ten miles via the White , through

the manmade Arkansas Post Canal , up the Arkansas River , and up the Verdigr is

River , to Catoosa , OK , a distance of about 448 miles.  The water ’lay was

navigahle to Little Rock, AR , in 1968, to Fort Smith , AR , in 1969 and nav-

igation was completed to Catoosa, OK, in 1970. That part of the navigation

route from the Mississippi River to Fort Smith , AR, was constructed by the

Lit t le  Rock Dis t r ic t  and from Fort Smith to Catoosa , OK , by Tulsa D i s t r i c t

of the Corps or Engineers .

The navigation channel has a minimum depth of nine feet  with 17 locks and

dams (.12 in Arkansas and f ive in Oklahoma ) to assist in navigating the

420—foot  rise in elevation from Mississippi River to Catoosa. Minimum

5



channel w i d t h  is 300 f ee t  on the Arkansas Post Canal , 250 f ee t  oti the

Arkansas , and 150 fee t  on the Verd ig r i s .  Provis ion  was made to widen t he

Verd igr i s  channel  to a minim um width  of 300 fee t  when a s u f f ic i e n t

volume of t r a f f i c  makes enlargement of the waterway necessa ry .  A l l  b r idges

have been raised to provide a minimum ve r t i ca l  clearance of 52 f e e t  98 per-

cent of the time . All lock chambers are 110 feet wide and 600 1 e~t long.

L i f t s  range from 14 to 54 f e e t .  Seven major upstream lakes located in

Oklahoma are Keys tone , Oologah , Pensacola , Lake Hudson (Markham Fer ry ) ,

Fort  Gihson , Tenki l ler  Ferry , and Eufau la , all  of which provide f lood contro l

storage. H y d r o e l e c t r i c  power is generated at Dardanel le  and Ozark Dams in

Arkansas  and at Rober t  S. Kerr , Webbers Falls , Keystone , Pensacola , Lake

Hudson (M arkham F e r r y ) ,  Fort  Gibson , Tenkiller F e r r y ,  and E u f a u l a  Lakes in

Oklahoma . however , power has been deauthorized at the Oologah p r o j e c t .  Two

ad d i t i o na l u n i t s  ar e  being considered for  ins ta l la t ion  at Fort Gibson to

• supplement the initial installation of four units. Two of the upstream

lakes , PensacoLa and Lake Hudson (Markham F e r r y ) ,  were cons t ruc ted  b y the

Grand River Oam Authority, an agency of the State of Oklahoma ; both contain

f ede ra l ly  f inanced f lood—cont ro l  storage.  The other  upstream lakes were

constructed by the Corps of Engineers , and all cont r ib~ite s i g n i f i c a n t l y  to

• the operat ion of the McClellan—Kerr Arkansas River Navigat ion System.

The bank s t ab i l i za t ion  and channel r e c t i f i c a t i o n  work to control  meandering

of the Arkansas River and aid in the development of the navigation channel

is an important f ea tu re  of the overall proj ect .

6
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The es t imated  annual  b e n e f i t s  expected to resul t  f rom construc t ion

and operation of the project as a whole are shown below. The total

estimated cost of the project is $1.2 billion. Of this amount , approx-

imately $600 million was for project features in Oklahoma , and $600

mil l ion  was fo r  pro~ ect f ea tu res  in Arkansas.  The bene f i t—to—cos t  ra t io

for the project is 1.5 to 1 based on July 1970 price levels, an interest

rate of 2 1/2 percent  and a 100—year project  l i f e .

The es t imated average annual  bene f i t s  are as follows :

Savings in t ransportat ion charges $40 ,470 ,000
Value of power 14,838,900
Flood control 

- 
6,602,600

Channel stabilization 6,575 ,000 4
Water supply 828,900
Fish and wildlife 312,000
Recreation 2,297,000
Redevelopment 3,355,800

Total $75,280,200

Non—Federal interests are required to provide terminal and transfer

facilities for navigation and bear the cost of maintenance and operation

of all altered rail and highway routes , including bridges and appurten-

ances, and utilities and other existing improvements not Federally owned.

The map shown as plate 1 shows the key features and lifts involved

in the water stairway that makes navigation possible to the vicinity

of Tulsa. The first commercial load destined for Catoosa, OK, arrived

by barge on 18 January 1971, and consisted of about 650 tons of newsprint.
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Figure 1 shows a schematic s t r eam—flow diagram showing the re la t ive

locations of the p ro jec t s  considered in thu i s  r epor t .

Purpose. The purposes of this study are (1) to identif y the original

capaci ty  and energy estimates by project and compare these with current

capacity and energy , (2) to compare the originally selected power values

with current values, and (3) to examine the system of marketing power.

To accomplish the purposes the following items are covered: the power

aspec ts of each project are summarized; the costs allocated to power are

identified; the power generated at each project is listed; power values ,

including current values, are discussed; th e power marketing arrangements

and rates are displayed; and brief general statements are made about the

economic, soc ial , and environmental effect of hydroelectric power gen-

eration .

The scope of the study is l imited to those p ro jec t s  including power as a

functional purpose and constituting an integral part of the McClellan—Kerr

Arkansas River Navigation System. The following projects are considered :

Mainstem projects ,

Dardanelle

Ozark

Robert S. Kerr

Webbers Falls

9
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PENSA COLA
86.4 MW

HUDSON
(Markham Ferry)

100 MW

KEYSTONE
70 MW

FORT GIBSON
45 MW

0 
1

WEBBERS FALLS
66 MW

TENKILLER FERRY
34 MW

EUFAULA
90 MW

I
ROBERT S. KERR

• 110 MW

*OZARK
100 MW

DARDANELLE
124 MW

Arkansas River
SCHEMATIC STREAMFLOW DIAGRAM

Hydropower System 
0

Figure 1
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Ups t ream projec t ,

Keystone

Trib utary projec ts,

Eufaula

Tenkiller Ferry

Fort Gibson

Oologah

Of the above listed n ine projects , installa tion of the authorized power

genera ting facilities has been deauthorized at one , Oologah , leaving

ei ght projects for study in some detail in this report.

Two other tributary projects which produce power are the Hudson and

Pensacola projects located on the Grand River. The projects were built

and are opera ted by the Grand River Dam Authority and have Federal flood

control storage capacity included in the reservoirs. Also , add itional

power is prod uced by the Grand River Dam Authority at the Salina pumped—

storage project on the Salina Creek , a tributary of the Grand River.

Significant quantities of power are generated and marketed annually from

this group of projects. They are not Federal power projects , and for

this reason were not studied for this report.

System operations. The projects considered in this report are physically

interconnected in two ways. The first interconnection concerns stream

• flow. The table on plate 1 shows that Keystone , Pensacola , Tenkiller .

11
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and Eu fa u la pr ovide a sign i f i c an t amoun t of storage space in the

reservoir ex clusively for power operation . During moderate to high r iver

discharges , this storage is filled to the extent practicable. During

subsequen t periods o f low na tu ral f l ows when power generat ion would be

m i n i m a l , wa te r  is released to increase power generat ion at the  p r o j e c t

and at downstream power i n s t a l l a t i o n s  as diagrammed on f i g u r e  1. This

proced ure constitutes system operation of the power resources , and

permits generation of substantial amounts of power throughout the year ,

whereas such powe r genera tion might otherwise be l imited to local rises

on the streams .

In add it ion , seven upstream lakes provide flood—control storage. This

storage is in addi tion to power storage , and is used only during peri ods

of hi gh flows. The projects with flood—control storage include Keystone ,

For t Gibson , Tenkiller Ferry , and Eufaula , as well as Oologah (power

deauthorized), and Markham Ferry and Pensacola of the Grand River Authority.

Par t of the flood flow is re tained in the “flood control” storage in the

reservoir to lower flood stages (and damages) downstream. As soon as

prac ticable , the wa ter in the flood con trol storage zone is released to

make the storage space available for subseq uen t f l ows whi ch could cause

flooding. Thus , the use of flood control storage tends to reduce the mag-

ni tude of hi gh streamfl ows , but extends the duration of periods of moderate

flow. Ordinarily, this process of temporari l y storing flood flows for

later release increases the amount of water available for use in generating

12
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hydroelec tric energy . Because of the need to evacuate flood—control

storage as soon as poss ible , the additional energy resulting from the

release of tempo rar ily stored floodwaters is normally available only

during the immediate post flood period .

Desp ite the fact that Pensacola and Lake Hudson (Markham Ferry) projects

are not Federally owned , a por tion of the storage spa ce tha t ha s been

pr ov ided a t Federal expens e is reserved for  f l ood con trol purposes.

Under Sec tion 7 of the Flood Con trol Ac t of 1944 , the Corps of Engineers

is responsible for developing rules governing the use of flood control

storage provided at Federal expense. According ly,  the Corps has developed

a p lan of flood control regulation for Pensacola and Lake Hudson to

coordinate their flood control operation with the operation of other

projects in the system. The Grand River Dam Authority operates the

projects according to th is p lan dur ing periods when f l ood con trol storage

must be utilized .

The foregoing cons tit u tes opera tion of the in terconnec ted reservoirs to

secure effective flood control. The same group of interconnected

reservoirs together with the mainstem low—head dams are operated as a

d if f e r e n t kind of sys tem , that is , a system to secure effective navigation

even during periods of low natural flows when the system must be operated

to secure su f f i c i e n t nav iga t ion channel dep th by increasing flows. Other

McClellan—Kerr Arkansas River Naviga tion Sys tem purpos~ s such as recrea-

t ion , fish and wildlife ~tLhancemen t , etc., also req ui re some degree of

system operation of the interconnected reservoirs.

13
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The second kind of ph ys ica l in ter conne ct ion among the indiv id ual projects

of the Arkansas River Nav igation Project is provided by the SPA trans-

mission lines connecting the projects with power as diagrammed on plate 2.

These power pro jects , excep t Keys tone , however , are connected directly to

one SPA transmi ssion ne twork along wi th Denison , Bull Shoals , Norf ork and

Creers Ferry , all Corps projects. Interconnections with utility company

transmission lines provides a system powered by the projects already

referred to and by numerous other Corps power projects as well as by utility

company genera ting facilities. The system distributes the power to customers

in the general service area including customers of SPA . Operation of the

total system affords a substantial gain in operational flexibility , and

a f f o r d s  an opp or tuni ty to f i rm up low flow period hy dro energy wi th off—peak

thermal energy .

Power values. The Federal Power Commission (FPC) estimates the value of

power from ea ch pr oposed Federal mul t ip le—purpose project to determine

whe ther inclusion of power generating facilities is economically justified.

This report summarizes background material concerning (a) the factors

considered in estimating the values of power , (b) the values per kilowatt

per year and per kilowatt—hour used at various times and (c) the recent

rap id increase in the value of power resul ting from the increases in cos t

of fuels , costs of constructing alternative power sources and interest rates.
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Responsibility for sale oij~~~i. 
Al though t l ie Corps of Eng ineers  con-

structs and operates the power projects considered in this r epor t , the Corps

does not m a r k e t  t h i s  power .  Powe r pr oduced at  Corps p r o j e c t s  is de l ive red

to t h e  Sou thwes te rn  Power Administration (SPA ) at t he  h i g h v o l t a g e  t er m i n a l s

of t h e  power—house  s wit ch y a r d s , t r a n s m i t t e d  to demand cen te r s  over t r a n s —

mission l in e s , sonic of wh ich arc  owned b y SPA as diagrammed on p l a t e  2 , and

so l d  to preference cus tomers .  Descr ibed l a t e r  in t h i s  r e p o r t  is the a u t h o r i t y

for this procedure , existing power marketing contracts and prevailing rates.

Other reports. The U S Army Institute for Water Resources (lWR) published

a report entitled : “Hydroelectric Power Potential at Corps of Engineers

Proj ec ts,” dated July 1975. it deals generally with Corps power projects

over t h e e n t i r e  United States where this report deals in a limited manner

w i t h  power p r o j e c t s  associated w i t h  the  M c C l e l l a n — K er r  :L kans as  River
Navi ga t ion  Sy s tem.

U n i v e r s i t y  of Texas. The U n i v e r s i t y  of l’e’--’s, Austin r e c e n t l y  published a

repor t  ent  i t  led : “ In f l u e n c e  of Al  t er a at  ive Technolog ies on Energy Supply ”

by the E l e c t r i c a l  Engineering Department and the Center for Energy Studies.

This report indicates t h a t  t h e  t echnolog ies used t o d a y  in our e n e r g y — su p p l y

system arc highly developed b u t  e x t e n s i v e  work is being done to develop

a l ter n a t e  t e c h n o l o g i e s .  [‘h is r epor t  also states that the motivation f o r

t h i s  work g e n e r a l l y  is derived from severa l  des i res— such as :  (1) to make

more e f f ic i e n t  use of our r esources , ( 2 )  to de l iver  energy  at lower cos t ,

(3) to reduce environmental impacts of energy uses , and (4) to make ~u v~u i i —

able alternate energy sources. The discussion of the t ep o r t  d iv ided  t h e

I U
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s u b j e c t — m a t t e r  In t o  f o u r  cat e g o r i e s :

( I )  t e c h n o l o g ie s  for improving our use of present lv—avallable

p r i m a ry  ene rgy  sources ,

( 2 )  t e c h n o log ie s  to p e r m i t  the use of alternate primary energy sources ,

(3) a l t e r n a t i ve  technologies  fo r  energy conversion , s to r age , and

del ivery , and

(4) alt ernative technologies for energy u t I l i z a t i o n .

The report concludes that , since hydraulic energy depends upon natural

p r e c i p i t a t i o n  and topography , and the  t e c h n o l o g y  fo r  i t s  development is

well—known and m a t u r e , t h e r e  is doubt that any major influence of alter-

na ti ve technol og ies on hydraulic energy development will materialize.

However , the large therma l p lants now in use produce electrical energy

most e f f i c i e n t ly  when t h e i r  o u t p u t  is varied o n ly  slightly . This contrasts

greatly w i t h  normal  sy stem loads which  vary between widel y separated

extremes. Since no economical means exist at present for storing electrical

energy , other methods fo r  supp ly ing  peak loads whi le  ma in t a in ing  essentially

steady loads on the base load generating units must be used . Princi pall y,

two means of generating peak loads are presently considered for new con-

struction . These are (a) combustion turbines , and (b) pumped—s torage

hydro installations. Existing conventional hiydro and older , less efficie~ t

thermal p lants are also used for this purpose. In the latter , the mach ines

operate as pumps using off—peak energy pump ing water from a low lake to

a higher one . During peak load periods , th is pumped wa ter runs through

the machines, now opera t ing as turbines , to contribute to the system

peaking capabil ity. This use of pumped storage levels out the load on

other p lan ts while also adding peaking capability. Conventional hydra—

plants and older thermal plants are also used for peak loads.

17
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Arkansas-White -- Red R i v e r s  s tern  Conse rva t ion  S t u di e s  . A repor t  da t ed

November 1971 entitled , “Preliminary Stud y of Operating Guid e Cu rves for

Power P r o d u c t i o n , ” p re sen t s  r e s u l t s  of p r e l i m i n a r y  s t ud i e s  made b y the

S o u t h w e s t e r n  D iv i s ion , L i t t l e  Rock District , Tulsa District , and the

Hydrolog ic Engineering Center .oncerning the system operation of the

F e d e r a l ly  owned hydroe lec t r i c  power p lants  on the Arkansas , White and

Red ( AWE Rivers  whose o u t p u t  Is sold by the Sou thwes t e rn  Power A d m i n s i t r a —

t ion (SPA) to preference customers.

SPA c o n t r a c t s  fo r  the  sale of f i r m  power ( t h a t  is , e l e c t r i c  energy of

assured availability to the customer to meet agreed upon load requirements)

amoun t ing  to approx imate l y the median year  o u t p u t  of the Federally owned

plants. This results in the need for SPA to provide energy f r om other

sources to firm up hydropower during years having flows less than median

year f lows . This  add i t i ona l  energy is usually purchased off—peak from

investor  owned u t i l i t i e s  opera t ing  therma l power p l an t s .  The purchased

energy perm its the sale, as firm energy , of a grea ter por tion of the

hydroe lec t r i c  energy which o therwise  would have had to have been marketed

as secondary or dump energy .

The AWR report points out that the base or minimum SPA load is quite

small compared to the capacity of the Arkansas run—of—the—river power

plants (that is, Dardanelle , Ozark , Robert S. Kerr , and Webbers Falls)

and that these plants operate continuously at full capacity for extended

periods during high to flood flows . The result is that the full flood

period output of these plants cannot be used during periods of low SPA

loads and consequen tly must be marketed as secondary energy .

18
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The AWE r epor t  presents r e s u l t s  of computer simulations of operat ing t h e

AWR reservo i rs, hydropower  p l a n t s , and s u p p l e m e n t a r y  t h e r m a l p ower p l a n t s

according to various system guide curves to meet monthly SPA sys tem loads

s p e c i f i e d  fo r  t h e  f i s c a l  year  1971. A gu ide  curve  in t h is context cons i s t s

of a graph  in which sys tem h i y d r o  energy in s to rage  ( t h a t  is , t h e  work , in

k i l o w a t t  hours , wh i ch  the water held in reservoir storage can accomplish

when passed through the proj ect power plant and downs t ream power p1 LI nt s)

is p l o t t e d  v e r t i c a ll y .  The m o n t h s  of the  year  are p l o t t e d  h o r i z o n t a l l y .

One or more boundary h u e s  varying in height above the base line according

to the season of t h e  year d i v i d e  t h e  g r a p h t  i n t o  two or more h o r i z o n t a l

hands .  The uppermost band (when l ar g e  amounts of energy are in

storage) migh t  indicate that hydr opower can meet all  SPA load s and prov id e

-i xci-ss energy for market ing as wel I . When the season and t h e amount of

energy  in s to rage  p lo t  in t u t i s  upper  baud , t h e  AWE hy dro power p l an t s  would

be operated accordingly. t)n t he  o t h e r  hand , when system energy storage is

at  a minimum , the guide  curve  mi gh t  spec i f y min i mum hydroelectric generation

at AWE plants and that the hydropower be supplemented b y maximum purchase

of o f f — p e a k  therma l energy . In t e rm e d i a t e  bands specif y In termediate

h iydro c 1 ec t r I c genera t ion supp I en ien ted  by a m o d e r a t e  amount  of therma l e ner gy

The lines separat ing the hiocizontal bands of t h e grap h constitute t h e

“guide curves.” t h e s e  were set to obtain best or predetermined results. A

lower guide curve was established by adjustments to a sequen t i a l  r o u t i n g

program . These adjustments were made until a guide curve was achieved that
p

provid ed for the virtual e~nptylng of the sys tem power s torage .

19

• - _____ • ... • • • • . . ~~~~~~~~~~~~~~~~ iIrrj T~~- .: ~~~ ~~~~ 



_________________ — 
— ~~~~~~~~~~~~~~~~ —~~- -

The rou t ing  used m o n t h l y  f lows  fo r  the years 1923 throu g t~ P f l 7 , de r ived

specif ical ly for the AWR guide curve study. ‘Ihu e f l o w s  ii~ay  d iffer front o t he r

published averages and average flows used in individual project studies.

A second guide  curve was assumed at the top of the  sys tem c o n ser v a t i o n

storage . A third guide curve was assumed midway between t h e  o th ie r  two .

The AWR guide curve studies indicated the following :

a . The average annual energy for  the three guide curves differed , t r onu

the highest to the lowest , by abo ut one par t in 250.

b .  Ihe c o n t r i b u t i o n  by the AWR hydra projects to firm energy can be

expected to increase as the guide curve is lowered. The increase from the

hi ghest guide curve to the lowest is about five percent.

c. The lower the  guide curve , the smaller the amount of energy tha t must

be marketed a secondary .

d. The higher the guide curve, the greater the AWE hydroelectric contri-

bution to the capacity requirements of the SPA load .

e. Present drawdown limits are such that the minimum AWE peaking cap-

ability is about 13 percent less titan the installed capacity when all the

reservoirs are all drawn to their limits. Reducing drawdown has the effect

of increasing system dependable capacity.

Other purposes of the projects in the AWR system were considered , but not to

the extent that power was considered .

The AWE repor t on guide curves states that the short  term ob j ec t i ve  of the

study of developing operation procedures for generating power by the AWE

20
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system reservoirs while maintaining the status quo of the other project

purposes was not achieved . The report recommended further study to es-

tablish system guide curves of the type examined during the AWE studs’

together with reconsideration of changes in conservation pool levels,

possibly by season , and re—examination of certain basic data.

SPA commented that the AWE study did not produce a regulation concept ade-

quate for actual operation , although tine results did provide a basis for

fur ther studies. SPA did point out that changing conservation pool levels

at individual projects would necessitate a change in cost allocation , par-

ticularly the amount allocated to power. Little Rock District felt that an

urgent need existed for a simple basic plan for operation of the AWR reservoirs ,

and objected to the use of thermal purchases as a factor in the routing pro—

cedure since purchase of thermal energy was solely the responsibility of

SPA . Little Rock also favored constant generation during a particular month

from one year to tile next with no regard to the drawdown of system in storage

below the guide curve. Tulsa District was concerned about the basic study

assumption that SPA loads must be met. Before a guide curve is adopted which

provides for meeting such loads, the costs and benefits of such: a procedure

should be considered.

ROLE OF TilE FEDERAL POWER CO~ iISSION .

Introduction. The Federal Power Act authorizes the Federal Power Commission

(FPC) to make investigations of the water resources of any reg ion to be

developed , to cooperate with the executive departments and other agencies of

Federal and State Governments in water resources planning , and to issue

21
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hicences to non—Federal interests for the construction and operation of

devel opmen ts for  hydroelec tric power and other purposes. Also , under the

provis ions of the Flood Con t rol  Ac ts , and R iver and Harbor Act s , the Com-

mission furnishes advice to Federal Agencies on power pha ses of Federal

mul t iple purpose projects.

Power benefits. The benefits of power produced by a hydroelectric project

are equivalent to the value of the power to the users as measured by the

amount they would be willing to pay for such power. Normally ,  the cost

from the most like ly al terna tive source pr ovides an appr opr ia te measure of

the value of the power to the project.

Normall y, the value of electric power is evaluated in terms of two components—

capacity and energy . The capacity value is derived from a determination of

the fixed costs of the selected alternative source of supply . The energy

value is determined from costs of the alternative which relate to and vary

with the energy output of the alternative plant. These capacity and energy

componen ts of power value are usually expressed as dollars per kilowa tt per

year and mills per kilowatt—hour of average annual energy . Power values

f o r hydropower plants are customarily estimated by the Federal Power Com-

mission on the basis of the cost of power from a privately financed alter-

nat ive source. Most often , the al terna tive source is a modern , conventional

steam electric plant located as favorably as possible to the marke t which

would be served by the hydropower plan t. The process of estimating the

at—site unit power values begins with the at—site unit costs for

22 
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capac itv and energy estimated for thu e priv ately f inanc ed ~n l ternat ive steam

plant . these unit costs are increased according to tine costs and power

losses associa ted  w i t h  (a) a s team— c l e c t r i c  sen ding sub s t a t  ion , (b)  t r a m s —

m i s s i o n  lines f rom the  s t e a m — e l e c t r i c  p l an t  to t I ne  ma r k e t , and (c )  t h e s t ea m

e l e c t r i c  receiving s t a t i on  at t ine m a r k e t .  The r e s u lt i n g  v a l ue s  represen t

tine cost of s t eam—elec t r i c  power at the l o w — t e n s i o n  co nn e c t i o n  at the  m a r k e t .

These costs are th n en  m o d i f i e d  by h y d r o — s t e a m  a d j u s t men t s  t o  de r ive  the  u n i t

b e n e f i t s  of h y d r o e l e c t r i c  power at the l ow—tens ion  c o n ne c t i o n  . tt  the market.

The h n ydro—s te am capac i ty  ad jus tmen t (an increase)  is made to account b r  tine

f a c t  t hat  most h y d r o e l e c t r i c  p l an t s  are p a r t i c u l a r ly  a d a p t e d  to ser v i n g  peak

loads and opera t ing  as synchronous  condensers or as s p in n i n g  reserve .  U nde r

f avorab le  water  cond i t ions  t iney may also supply  c a p a c i t y  in excess of t i n e

dependable capac i ty  of the p l a n t .  In c e r t a i n  s i t u a t ions , tine a d d i t i o n  of

a h ydropower plant to a system displaces the addition of a low cost baseload

therma l p lan t  to tin e system which would lower the average cost. of the sys tem

• thermal energy . In such cases , a negat ive a d j u s t m e n t  to the cost of steam

elec t r ic  energy at the low tension connect ion at the marke t  is made to deter-

mine tine unit energy benefit of hydropower at the same l oca t ion .  The unit

benefit values of Inydroelectric power at tine low tension connection at t 1it ~

market are then reduced according to tine costs and power losses associated with:

(a) th e hydroel ectric receiving substation at market , (b) transmission 1 iu i e s

f r o m  tine h y d r o e l e c t r i c  i)laflt to the  marke t , and (c)  h y d r o e l e c t r i c  sending

substation . Thie resulting values constitute tine u n i t  power values at the

h y d r o e l e c t r i c  power p lant  gen e r a t o r .
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Hy dropower is customarily authorized for those Corps projects where its

inclusion appears economically justified and where a market exists for the

power. One test of justification is to determine whether power benefits

exceed the costs allocated to power. The Federal Power Commission in ac-

cordance wi th its author it ies and responsb ili ties , f urnishes the Corps

unit power values as described above for the Corps justification

studies of each individua l project. The Corps then app lies the uni t val ue

of capacity to the dependable capacity of the project under consideration.

Dependable capaci ty is def ined for the purposes of this report as the load

carrying abil ity of a par ticul ar hydropower project under adverse hydrolog ic

conditions for the time interval and period specified when related to the

charac ter ist ics of the load to be supp lied. The unit value of energy is

app l ied to the project ’s average annual capability of doing work which is

measured as the average annual output of the hydroplant  in ques tion measured

in kilowa tt—hours. The sum of the two components is the average annual power

benefit of the project.

Al terna tive genera t ing plant costs. As previously stated , the mos t likely

alternative source of electrical power is usually considered to be a priv—

a tel y financed (investor owned) thermal generating plant. Investor owned fac-

ili ties are burdened with costs not applied to government—owned facilities.

These addi tional costs include a larger interest rate , insurance (Federal

projects are considered insured by the Federal government) and taxes (Federal

income , Federal miscellaneous , and state and local). For example , the pro-

jects considered in this report were studied using a 6 percent private interest
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rate and a 2 1/2 pe rcent Federal  in te res t  r a t e .  Obviousl y the assumpt ion

of a f ede ra l l y—owned alternative thermal power plan t would resul t in lesser

unit benefits for the Federal hydropower installations . However , it has no t

been the general policy of Congress to authorize federally financed thermal

plants. Senate Document 97 did , however, pr ovide tha t power whi ch cou ld

be produced at a Federal hydropower projec t be produced at a cost less than

the cost of producing equivalent power from a thermo—electric plant assumed

to be fed er a l ly  financed. FPC notes that this comparability test overlooks

advan tages of hydropower projects such as (a) hydro projec ts use a renew-

able resource while therma l plan ts do not , (b) hydropower pro jects do not

contribute to air pollution while therma l plan ts do , and (c) inclusion of

hy dropower as a projec t purpose in a multipurpose project may make possible

developmen t of other project purposes that otherwise would be precluded from

development.

ROLE OF T~~ SOUTHWESTERN POWER ADMINISTRATION

Authority . Section 5 of the Flood Control Act of 1944 is quoted as follows :

“Section 5. Electric power and energy generated at reservoir projects

under the con trol of the War Depa rtmen t and in the op inion of the Secre tary

of War not required in the operation of such projects shall be delivered

to the Secretary of the Interior , who shall t ransm it and dispose of such

power and energy in such a manner as to encourage the most widespread use

thereof at the lowest possible rates to consumers consistent with sound

business pr inc ip les , the rate schedules to become effective upon confir—

mation and approva l by the Federal Power Commission . Rate schedules shall be

drawn having regard to the recovery (upon the basis of the app lication of such

25
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r a t e  schedules to tine c apac i ty  of tine e l ec t r i c  f a c i l i t i e s  of t ine  p r o j e c t s )

of the cost of producing and transmitting sucin electric energy, including

tine amortization of tine capital investment allocated to power over a rea-

sonable period of yea rs .  P r e fer en c e  in tine sale of such n power and energy

sm all  be given to public bodies and cooperatives. l i ne Secretary of Interior

is author ized , from funds to be appropriated by tine Congress, to construc t

or acquire , by purchase or other agreemen t , only sucin t ransmiss ion:  lines

and rela ted f a c i l ities as may be necessary in order to make the power and

energy generated at said projects available in wholesale quantities for sale

on fa ir and reasonable terms and conditions to facilities owned by tine

Federal  Government , public bodies , cooperat ives, and p r i v a t e l y  owned companies.

All moneys received from such sales sm all be deposited in tine Treasury of

t ine I n i t e d  States as miscellaneous receipts.”

Tine Southwest  Power Admin i s t r a t ion  (SPA) was formed as an agency of tine

Department of tine Interior to carry out tine provisions of tine above quoted

section 5.

Preconstruction role. During tine planning stages, SPA is contacted for

an evaluation of the power produced to determine whether it will be possible

to marke t  the power f r o m  proposed pro jec t s  at  rates s u f f i c i e n t  to pay of f

tine investment allotted to power. Tinis information supp lemen ts tha t f urnished

by tine Federal Power Commission in formulating p lans for  hydroelec tr ic

plants.
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Postconstruction role. The postconstruction role of SPA consists of

marketing power produced at Federal Projects constructed by the Corps

of Engineers in an area comprising all of Arkansas and Louisiana , and

portions of Missouri , Kansas , Texas , and Oklahoma . Much of the following

data on the SPA postconstruction role was abstracted from the Institute

for Water Resources report 75 R—l , July 1975 , entitled “Hy droelec tr ic

Power Po ten t ial a t Corps of Eng ineers Projects.” The power projec ts in

the SPA system are listed in table 1.

[ _  _  
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Table 1. Summary of power project capacity and cost , Southwestern
Division Corps of Engineers , 1975.

Cost allocated
Project On—line Installed to power

date  Capacity, kw $ million

Beave r 1965 112 ,000 33.9
Blakely Mountain 1956 75 ,000 25.1
Broken Bow 1970 100 ,000 23.8
Bull Shoals 1953 340 ,000 60.0
Dardanelle * 1965 124 ,000 45.4
DeGray 1972 68 ,000 22.7
Denison 1945 70 ,000 20.7
Eufau la* 1965 90 ,000 34.3
For t  Cibson * 1953 45 ,000 16.8
Greers Ferry 1964 96 ,000 34.1
Robert S. Kerr* 1972 110,000 42.2
Keystone* 1968 70,000 26.8
Narrows 1951 25 , 500 7.4
Norfork 1944 70 ,000 13.8
Ozark* 1973 100 ,000 47 .2
Sam Rayburn 1967 52 ,000 23.7
Stockton 1973 45,200 25.1
Table Rock 1959 200,000 53.9
Tenkiller Ferry * 1954 34 ,000 12.0
Webbe r s Fal ls* 1974 60 ,000 27.3
Whitney 1965 30,000 8.3

1,916,700 kw $604.5

*Considered in this report. Nominally within the scope of this report
are the Markham Ferry and Pensacola Projects on the Grand (Neosho) River.
Information on these projects is not included in th is  report since they
are under the control of the Grand River Dam Authority.
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The SPA system can be divided into two main categories: (a) integrated

system projects which are interconnected and operated to some degree as

a comb ined source , and (b) isolated projects , Narrows , Sam Rayburn , and

Whitney projects , from which the power output  is sold for  a fixed annual

amount and delivered to the transmission systems of other ut i l i t ies.

Marketing power. SPA markets power to preference customers under five

general rate schedules , accor ding to informat ion con t ained in the IWR re-

port 75—1,entitled “Hydroelectric Power Potential at Corps of Engineers

Projec ts ,” July 1975 . Which schedule and associated marketing arrangement

applies to a particular customer is decided on an ind ividual basis. The

five schedules are:

Schedule Kind of Capacity Energy charge in mills Availab~~j~ y
service charge in /kwh/kv of b i l l ing

$/kwlmo . demand
of billing
demand

F—i Firm $ 1.60 2.0 for 150 kwh ; Firm
power 3.0 for 290 kwh;

5.0 for rest.

P—2 Peaking $ 1.20 2.0 To wholesale custom—
power are as available ,

1200—2400 kwh/ky/yr.
as specified in contract.

ES Excess NA* 1.5 To wholesale customers
energy when available.

ES Emergency $ 0.045** 3.7 To wholesale customers .
service

IC Inter— $ 0.045** 2.0*** To wholesale customers
ruptibte when available.
capacity

* Not applicable.
** Per kv per day of service.

*** As an alternative , energy can be returned to SPA
as scheduled by SPA.
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COST ALLOCATION STUDIES

I n t r o d u c t i o n .  In order to f u l f i l l  the  r equ i remen t s  of Sec t ion  5 of

the Flood Con t rol Ac t of 1944 , cost alio ation studies have been

performed on all Corps of Eng ineers pro j~~cts with power plants considered

in this report. Such studies are not available in the SWD files for the

Pensacola and Markham Ferry projects since these projects are controlled

by the Grand River Dam Authorit y . Of the eight cost allocation studies

available on the projects considered in this repor t , o n ly  those fo r

E u f a ula , Tenkiller Ferry , and Fort Gibson are indicated to have been

“adopted” on the  “Power Pro j e c t  Da ta  S h e e t s . ”

The allocation studies were made to determine equitable distribution of

the various multi—purpose costs among all authorized purposes , especially

powe r, in accordance w ith the Flood Con t rol Act of 1944 which req ui red

recovery of capital investment allocated to power. An agreement among

the Department of Interior , the Department of the Army , and the Federal

Power Commission , da ted 12 March 1954 , de f ined  the proced ure and listed

acceptable methods to be followed in the allocation of costs of multip le

purpose p ro jec t s .  Based on th i s  agreement and on subsequen t ly  developed

standards  and procedures , cost a l l o c a t i o n s  fo r  the p ro j ec t s  considered in

this report,with the exceptions noted above , were based on the separable

cost—remaining benef its method .

30
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De scr i p t i o n  of cost a l l o c a t io n  method .  The separable costs—remaining

b e n e f i t s  unethod consists of ( 1)  d e t e r m i n i n g  the  s epa rab le  cost of includ-

ing each function in a multip le purpose project , and ( 2 )  d e t e r m i n i n g  an

e q u i t a b l e  d i s t r i b u t i o n  of  t he  j o i n t  co s t s  i n c u r r e d  f o r  several  purposes

in common. The separable cost I or each project purpose is the  d i f f e ren c e

between the  cost of t h e  entire multip le—purpose p r o j e c t  and the  cost of a

p r o j e c t  w i t h  t h a t  purpos e  o m i t t e d .  Jo in t  cos t s  are  d e f i n e d  as the  d i f -

f e r ence  between t h e  cos t  of the  e n t i r e  m u l t i p l e — p u r p o s e  p r oj e c t  as a whole

and the  t o t a l  of the  s e p a r a b l e  costs  f o r  a l l  p r oj e ct  purposes.  From the

estimated benefits or alternate costs , whichever is less , separable costs

are deduc ted  to g i v e  r ema in ing  b e n e f i t s .  Jo in t  costs  are d i s t r i b u t e d  in

p r o p o r t i o n  to the r e m a i n i n g  b e n e f i t s  f o r  each purpose .  The sum of s epa rab le

costs and d i s t r i b u t e d  l o in t  c o s t s  f o r  each purpose  c o n s t i t u t e s  the t o t a l

cost a l l o c a t e d  to t h a t  purpose . By s u b t r a c t i n g  the separable  cost f rom

the b e n e f i t s  or alternate cost~~, whichever is less , fo r  a purpose , the

cost allocated to t h a t  purpose  Is l i m i t e d  to the separable cost as a min-

imum and the benefits or alternative costs as a maximum .

• The cost allocation studies all exclude costs for specific recreational

f a c i l i t i e s  and road rep lacemen t over rep lacemen t in kind from project costs

allotted to other purposes.

Ann ual cos ts and charges .  The average annual  opera t ion  and maintenance costs

were estimated on the basis of experience gained from actual operation and

maintenance of similar projects. The annua l cost of operation and main-

tenance for specific recreation facilities is excluded from the total project
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annual ope ra t ion  and main tenance  cost .  The es t imated  average annual

costs of major  replacements  were es t imated  on the  basis of charges equal

to 25 percent of the cost of hydraul ic , me cha nical , and elec trical equip-

ment at the end of 33 and 67 years. Tine annual cost was determined by

amortizing the present  worth of the es t imated  expendi ture  33 and 67 years

hence at 2—1/2 percent in teres t  over the assumed p ro j ec t  l i f e  of 100 years .

In te res t  during cons t ruc t ion  was computed on the basis of (1) actual

f i sca l  year expenditures  for  the study period , (2) actual  month ly  expend-

itures during the construction period to the time the  al locat ion s tudy

was made , and (3) scheduled expenditures fo r  the remaining port ion of the

const ruc t ion  period . The expenditures for  items in each cost account were

classified as specif ic or joint—use costs. Interest during construction

on the total specific and joint—use expenditures was computed separately

at 2— l/ 2  percent simple in te res t  per annum from tine middle of the  period in

which the expenditure occurred unt i l  the f i r s t  of the month following av-

ailabil ity for service of the items for navigation or power. Each of the

generating units was considered available for service in the month in which

it went into operation . Each project was considered available for navi-

ga tion on the date the navigation lock is scheduled for completion. Th e

in—service date for these functions was considered as the first of the month

following their availability fo r  service. On the scheduled in—service date

for  a pa r t i cu la r  func t ion , the cost of the jo in t—use  f a c i l i t i e s  al located to

that function was also considered in service , and interest during construction

32
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A l ter n a t i v e  p r o jec t s  • l ine  basic da ta  used in preparing tine p l a i ns  and

cost e s t i m a t e s  f o r  the  a l t e r n a t i v e  s ing l e—purpose  p r oj e c t s  wer e t i n t ’ saute

~ns t h o s e  used in deve loping  t ine  p lan and cos t  es t  imi t a te  f o r  t ine  i n t u i t  i p i e —

purpose  p r o j e c t .  In develop ing t ime  cost  est  imi t a tes  f o r  the  a l t e rn a t  ive

p ro jec t s , t i l e  dams were assumed to be of t i i t  same general t y p e  and located

at t i ne same s i t e  as t ine  m u l t i p l e — p u r p o s e  p r o j e c t .  [UI i t  p r i c e ’s u sed In

t ine  a l t e r n a t i v e  s ing l e—purpose  p r o j e c t  e st i nn at e s  are  c o m p a r a b l e  to  t lm o s e

used in t ine  mul t ip l e — p u r p o s e ’  p r oj ec t  est innate. l I ne  est innL mt e d  o p e r ;m t  ion

and maintenance and nn aj or 1- ep I ac emen t t ’os t s fo n t I n e  a I tcrn;n t ly e project S

are gene ra l ly  on t i n e  smite bas i s  as those fo r  t i ne  i n t u i t  i p l e —p u r p o s e  p r o j ec t

Sunnuninry of costs a l located  t o  power. The r e s u l t s  of the  cost ;n i l o c at  ion

s tudies  pe r fo rmed  to da te  are sumnnar lzc d in t a b l e  2.  Data in t ine  t a b l e  sin ow

tha t  t in e  e s t i mat e s  fo r  the  eight projects  varied in total  investnnent cost

f rom a low of about  $23 , 400 ,000 fo r  ‘ l enk i ll er  F’e r ry  t o  a hi gh of ;nbout

$ 12 2 , 800 ,000 fo r  K ey s t o n e .  TIne pc n - cen tage  of t i ne  est innLn t e d tot znl  i n v e s t —

fluent cost  a l loca ted  to power ranged f rom a low of almost 25 p e r c en t  for

K ey s  t on e  to a high of a linos t 57 p e r c e n t  f o r  t ine ’ Ozark  p r o j e c t  . C u r r e n t  cost

est imates , shown in t ine  l ower  por t  ion of t i ne  t a b l e , for t o t a l  investment  , l l t

very  near t ine  cost  est imitated o r i g i n a l  ly, except iii t h u  two i n s t a n c e s  i t t

Ozark  aind of Webbers F a l l s,  These two p ro j ec t s  c ost substantIal i v  more

than tine o r i g i n a l  est m a tes  . Also , the’ percentages  allocat ed to power

at ;n I I t h e  p r o jec t s  are  a p p r o x i m a t e l y  t ine same ins  I in the previ otis

cost a t  location es t ima tes .  For e ;n cb of t he  Pro j  ec ts  for  w in i t ’ll cos t  ;n l  lo-

ca t ion stud I t ’s were made (e igln t I a a 11) , t in t ’ cur Feint approved l’st imna t e
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d i f f e r s  f r o m  t ha t  used in t h e  ori g inal cost a l loca t ion  studies . It  is

unders tood t h a t  the percentage of the to ta l  cost alloca ted to power was

intended to  be used with the current approved estimate to determine the

amount c u r r e n t l y  a l l o t t e d  to power.  Cur r en t  approved es t imates  and amounts

allotted to power appear on the “Cost Al loca t ion  1)ata Sheets ” prepared fo r

each power project regularl y. Information extracted from December 1974

“Data Sheets ” and “Cost A l loca t i on  Data ” arc presented on table  2 fo r  com-

parison w i t h  the data  taken from cost allocation reports. It is noted tha t

power da ta taken f ro m the cost al loca tion repor ts d i f f e r  sl igh t ly from the

data from the “Power P ro j ec t  Data Sheets. ’t Power data  are changed as

(a) storage is red uced by sedimentation , (b ) ta ilwater level s change ,

(c) flow record lengthens (d) more severe low—flow periods occur , etc.

The data on the preceding  tab le  i n d i c a t e  tha t  the percentages  derived in

the cost a l loca t ion  studies are not used on the  “Cost A l loca t i on  Data ”

sheets. The d i f f e r e n c e s  are smal l , and again , the reason for the differ-

ences is not known ,

Use of r esu l t s .  The Finance and Account ing  Branch in SWD car r ies  running

accounts  on each pro jec t  in terms of t o t a l  f i r s t  cost , inves tment , f i r s t  cost

al loca ted to power and Inve s tment  a l located  to power.  The last named value

is given on the la st line of table 2 ‘this amount represents the cost to

he recovered as required in section 5 of the Flood Control Act of 1944. I t

was not possible to check the  values precisely ; they do , however , appear

to be very nearly consistent with the values established by the cost allo-

cation study.
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POWER PLANT PERFORMANCE.

Introduction.  Data on power production were assembled from SWD and

districts to compare the output expected during the planning stages with

the actual plant performance. Monthly summaries are prepared by each

district for each hydroelectric power plant on SWD Form 584—C . A copy

of a completed form for the Dardanelle power plant for January 1970 is

attached as figure 2 for ready reference. Annual energy generation data

II
are also available from “Power Project Data Sheets” on a f iscal year

basis.

Output. Major factors which affect the output of a hydroelectric plan t are ,

(1) availability of water , (2) availability of load , and the (3) availability

of the plant. The latter factor concerns the portion of the time in which

parts or all of the power plants are shut down for repair, main tenance, or

inspection. These fac tors , as evidenced by the basic data described

above are discussed in the following paragraphs.

Flows. Average annual flows at the power project sites are compared with

annual power and flood control releases in the following table.

Project Flows in cubic feet per second

Mean 1970 1971 1972 1973 1974Dardanelle(1) (2) 33,500 33,000 26 ,600 21,400 92 ,600 65 ,500Ozark (1) (2)  33,800 (4) (4) (4) 88,100 62 ,200Rober t S . Kerr (1) (3) 28 ,780 (4) (4) 16,400 75 , 700 52 , 300Webbers Falls (1) (3 )  20 ,800 ( 4 )  (4) (4) (4) 43 ,000Eu f aula 5,858 4 ,560 3,670 2 , 790 11,390 7 ,140Keys tone 6,373 4,130 3,290 1,990 16,800 12,410Tenkiller Ferry 1,428 1,850 1,030 1,070 3,740 2 ,540Fort Gibson 7,751 5,710 5,550 4,850 9,070 8,680
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(1) Does not include leakage water.
(2)  For period 1923 to 1967 and inc luding  the dry 1960’ s.
(3) For periods 1923 to between 1955 and 1960. At p ro j ec t s  where both
shor t and long period means are available the s h o r t — t e r m  means are larger
than the means for the longer period.

(4) Releases as a percent of the mean flow are given below :

Pr oj~ çt Percent of Mean Annual Flow
1970 1971 1972 1973 1974

r)ardanelle 98.5 79.4 63.9 276.4 195.5
Ozark  260 .7  184.0
Robert S. Kerr 57.0 263.0 184.9
Webbers Falls 212.0
Eufaula 77.8 62.6 47.6 194.5 121.9
Keystone 64.8 51.6 31.2 263.6 194.7
Tenki l ler  Ferry 121.1 6 7 . 4  70.0 179.3 166.2
Fort Fibson 103.6 81.7 82.6 293.6  205.5

The above tabula tion shows tha t 1970 , 1971 and 1972 were generally qu i t e

dry years with significant variations from average run offs. The years

1973 and 1974, on the other hand , were very wet years. This tabulation

also indicates that  average discharges fo r  a p a r ti c u l a r  year in terms of

a percentage of the mean can vary f rom drainage area to drainage area.

For example , 1973 was a wet year at all eigh t projec ts , but the flow at

Eufaula was onl y abou t twice average , while at Ft. Gibson the flow was

about three times the average . The year 1970 was quite dry at Keystone ;

the flow being about 65 percent average , while at Tenkilier Ferry the

flow was 121% of the average . In 1972, flows were below average at all

projec ts, but at Keystone the flow was about 31 percent of the average ,

while at For t Gibson it was abo ut 83 percen t o f the average .
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Energy. Anothe r  correlation was made as indicated on figure 3. The

percen tage of f low used for  power genera tion dur ing a par ticular year

was p lo t ted  against  the flow during the year expressed as a percent of

the mean . The fact that poin~~ for  a par tic ular  project do not f a l l  on a

curve , b ut ra ther in a band indica tes tha t years of equal  f low do not

necessar ily result in the same annual power generated at a particular

project. The lower part of tile trend line for Fort Gibson illustrates this

very nicely. For about 82 percent of average flow , from 76 to 88 percent

was used for power.

I’he reason for these aberrations is readily evident. For example , during

one year , high average flows might result from very high flood flows of

short duratthon, while dur ing ano ther year , modera tely high f l ows can pr evail

during much of the year wi th onl y a few flood peaks . In t i h C  l a t t e r  case ,

a larger portion of the total flow can be used to generate power.

A review of tile data presented on the SWD Forms 584—C Summary of  Ope ra t i ons,

indica ted numerous instances when flood con trol rel eases were made dur ing

months when tile generators operated less than 100 percen t  of t he  t ime t ha t

they were available, i.e. not closed down for any reason. Th is sugges ts

t h a t  some of the flood control  release might  have been passed ti - rough tile

turbines to generate more energy . To de te rmine  whether and how much addi-

tional energy is available , requires more detailed information and analysis

than is avai lab le  on these forms and more time than is ava i l ab le  for  th i s

study .
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There  are several  way s  in which one migh t r a t i o n a l i ze  110w i t  happened

t h a t  f lood  c o n t r o l  re leases  were made d u r i n g  a mont i  d u r i n g  w i l i c i l  t he

power u n i t s  did not ope ra te  100 percent  ~ f t i e  t i m e  t I h e \  were available.

One possibilit y , is that flows during part of t h e  m o n t h  were not  g r eat

enough to permit full capac itY operation every d,l\ . Another possibilit y is

that SPA might have been constrained from m a r k e t i n g  the full capacit y

continuous generation. It is orobable , howev er , t h a t  most of the  i n s t a n ces

under  d iscussion could r epresent  a less  of energy t h a t  m i g h t  have  been

genera ted .  Of t i le  3~-~5 Suimaary of Operation Forms examined for this report ,

118 ind ica ted  flood  con t ro l  releases du r ing  monti ls  whi le  t i e  gene ra to r s

operated less than 99 pe rcen t  of the  t ime. Of th e 385 , 12 fo r  Oza rk and

4 for Webbers Falls are f o r  the per iod  be fo re  the power plant was in f u l l

opera t ion .

In another  ana lys is, annual energy as a percent  of the average was p lo t t ed

against  annual  f low .is a percent  of tile average . The r e s u l t i n g  curve w i t h

da ta fo r  Ozark  and Webbers Falls  omi t t ed , is shown on figure 4. Ihe p o i n t s

f or each project plot  a long  a wel l  de f ined  trend—line , bu t none of t h e  t r end—

lines pass through the points where average flow yields average energy . The

trend—line for Dardanelle comes nearest to this point witll 100 percent average

annual flow producing abou t 104 percen t annual energy , or , stated in another

way, abou t 90 percent of average—annual flow produced average—annua l energy .
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The other  trend—lines indicate that average flow produced from 92 to 120

percent of the average annual energy , or average annual energy migh t be

produced by 72 percent to 110 percent of the average annual flow.

Figure 4, being based solely on flows and generation for tile years 1970

through 1974 , demons tra tes that low flows were the cause of less than average

generation experienced generally during 1971 and 1972, and tha t high flows

as in 1973 and 1974 generally result in greater than average generation .

The portions of the trend—lines illustrate the manner in which some projects

can use larger amounts of water to a better advantage than other projects.

For example, at Dardanelle, large flows can ac tually cause reduced genera tion

because the high flows raise tailwater while the pool level remains essen— - 
-

tially constant. During extremefloods , this reduction in head can be great

enough to stop power genera tion completely . At Keystone, on the other hand ,

large annual flows would mean higher pool levels, since bo th power and flood

control storage is provided in the reservoir. Higher tailwater levels also

prevail, but the increase in tailwater elevation is not as large as the in-

crease in pool level. At some point, additional water will not produce more

energy since there is a limit to the permissible pool level, and because the

turb ine output is mechanically limited to about 115 percent of the name—plate

generator capacity. These and other factors account for the more or less

vertical upper legs displayed by the trend—lines for Dardanelle , Eufaula,

Rober t S, Kerr, For t Gibson , and Keystone.
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Dependable c~ p~ city. From the completed Summary of Operation Forms the

maximum—l’ ur kilowatt—hour generation was taken to represent tile generating

capa ’~i 1 i t v  dur ing  the month  solely fo r  the purpose of t h i s  s t u d y .  The

da ta were then arranged in tile order of descending magni tude , and a du ra—

t ion  curve was com puted  assuming each va lue  to represent  one m o n t h .  The

maximum—hour ou tput  was divided by genera tor  capac i ty  so that all data were

expressed in terms of percent  of genera tor  r a t ing . The data so derived was

plotted on rectangular coordinates. The results are presented on figure 5.

One way of def ining dependable capacity consists of assuming arbitrarily

tha t £t  is the generat ing capabi l i ty  which is equal led or exceeded some

high percentage of the time . For the Arkansas River project , the value is

understood to have been assumed as 95%. On th i s  basis dependable capac i ty

might be computed as follows: 
_

Percent of generator Generator Dependable capaci ty 1000 KW
Froject rating exceeded 95% r a t ing  This CE

of the time 
- 

1000 kw method value

Dardanelle 95 124 118 124
Ozark (1)
Robert S. Kerr 113 110 124 100
Webbers Falls (1)
Eufaula 87.5 90 79 88
Keystone 53 (2) 70 37 70
Tenkil ler  105 34 36 28
Fort Gibson 107 45 48 45

(1) Ozark and Webbers Falls have been omi t t ed  because they were not
in full operation during the entire period of study.

(2) For f ive  months , four  of them consecut ive , one genera tor  or the
other was out of service. If this constituted a scheduled overhaul
period which should not be included in the determination of dependable
c a p a c i t y ,  then dependable capac i ty  is 68% of gene ra to r  r a t ing  or 48, 000kw .
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the projects are capable of in serving load as far as capacity is concerned .

A f ull anal ysis would requ ire the simul taneous considera tion of energy as

well as capacity to meet the requirements of the system load . This full

analysis was not undertaken because a large amount of additiona l work would

be required. The results of the analysis of the sums of maximum hourl y

generation is shown on figure 6. The monthly sums for the eigh t plants of

this repor t and of the 16 plants in the interconnected system are shown fo r

the yeats 1970 through 1975, and are compared with the “dependable capa city ”

and the “minimum capability” prevailing during the pe riod of stud y,  and the

“hydro con tribu t ion to peak interconnected system load” for December 1975.

“Dependable capacity” for the various projects was taken from the “power

project data sheets” and the “minimum capability ” values are from the SPA

report of December 1975. The figure indicates the following:

a. The sums of dependable capacity, minim um capabili ty and max imum

hourly generation grew through most of the 1970-4975 period .

b . The sums of maximum hourly generation are generally greater than

the sums of dependable capacity for both the eight and the 16 plants.

c. The hourly sums, where less than the sum of dependable capac it ies ,

may be the result of market conditions rather than generating capability.

d. In view of the foregoing , bo th the eigh t projec ts of th is repor t

and the 16 projects serving the interconnected load probably could have me t

the capacity requirements of system load amounting to the sums of the de-

pendable capacities of the individual projects during the period examined.

How well the energy requirements of such a load would be served by the 16

plants is not known.
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The def in it i on  of t h i t ,  SPA t e r m  ‘‘minimum capabil it v ’’ should be

dot  ormined  as should its re lot ion to the  te rm “depe n d ab i  c capac  i t  v •

The l a rge  d i f f e re n c e  between the “ sum ol tile maximum hlourl v gen—

erat ion ” for December 1975 (1.699 mu l ion k i l o w a t t s )  , and ti le “hiydro contr i—

button to p ea k  i n ter c o n n e c t e d  load ” fo r  the same date should be determined.

g . h i l e  c o n t rib u t i o n  of the  ei ght  pr o j e c t s  ~ f t h i s  r epor t  to t i le  peak

j u t  ei~ -oli t ~ec ted svs tern load is p r o b a b l y  less t i t an  t h e  Sum of t i le  dependab le

c .ipa c i t  ies , but on lv  because t h e total system interconnected load appears

t o  be less  than  the t o t a l  dependable c a p a c i t y .

M o n t h ! v 1l a ut __f a c to r . The m o n t h l y  p l an t  f a c t o r  as used in t h i s  s tudy  is

defined as t I l e  average r a t e  a t  wh ich  energy is generated during tile month

d i v i ded  by the  generator rating and then expressed as a percent . Plant

factors were t aken  f rom SWD Summary of Operation F’orms for each month for

each  p ro j  t O t  . T u e  m o n t h  iv  values  ( te rmed  c a p a c i t y  f a c t o r  in t h e  SWI) Forms)

were a r r a ng e d  in a descending  order  of m a g n i t u d e , and a d u r a t i o n  curve  was

prepared f rom t h i s  a r r ay .  ihe  d u r a t i o n  curves fo r  six p r o j e c t s  arc  pre-

sented  O S f i g u r e  7.

1110 f l a t  upper  p o r t i o n  of t he  curve fo r  Fort Gibson suggests that mo re

energy m i g h t  be genera ted  at  t ha t  p ro j ec t  if more gene ra t ing  c a p a c i t y  were

prov ided. In fact , t he  powerhouse has space provided f o r  two a d d i t i o n a l

l l , 25 t1 Lw u n i t s .  T h e i r  i nst a l l a t i o n  has not been schedu led .
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During low—flow periods , the plan t or capac i ty fa ctor f a l l s to very low

val ues as ind ica ted by Fi gure 7. The plant factor at Keystone and

Eufaula falls to particularly low values during these l o w — f l o w  per iods ,

that is to about 6 percent. However , this is the way these projects were

designed to operate.

Power p lan t op~ ration. Summary of Operation Forms for each project gave

t i le m o n t h l y  genera t ion  in k i lowa t t  hours , and t i me  t o t a l  t ime t h a t  each

power un i t  was genera t ing  for  each p r o j e c t .  From t h ese data were derived

total annual generation for various years , and total unit—hours it took

to generate this energy . These data are summarized in Table 3. The annual

energy was then divided by the  to ta l  genera t ing  hours  t o  determine tile

average rate in kilowatts , at which the power was generated . this value was

then  d iv ided by the t o t a l  p lan t  genera tor  r a t i n g  to express  the  average gen-

e r a t i n g  ra te  wh i l e  gene ra t ing  as a percent  of the t o t a l  gener ato r  r a t i n g .

The results of these computations are a l so  shown in t i l l s  t a b l e .

The average g e n e r a t i n g  r a te  w l l i l e  gene ra t ing  is very nearl y the generator

rating, in fact , the average of all full—year generation data  is about  9Q .O

percent .  of the t o t a l  generator  r a t i n g .  Ozark  was omitted because the  record

forms i n d i c a t e d  t h a t  the pro ject  had not at t a  tIled normal  opera t I Oil  even

though two years  of o per a t i n g  record  were ova l  l ab i c  on Ski ) Forms f 8 4 t .
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TABLE 3
Average Plant Output While Generating

Calendar veer
Proj ect Avg 1970 1971 1972 1973 1974

Dardanelle (4 @ 31,000kw)
Energy io6 kwh/yr.  634.6 689.8 498.2 759.5 878.7
Time , hours generators ope9ted (1) 19.5 20.0 16.8 28.8 29.7
Ave. power while generating, 10 1w 2.5 29.5 29.7 26.3 29.6
Ave. as 2 of generator rating 95.2 104.8 95.2 95.9 84.9 95.4

Ozark (5 units @ 20,000 1w) (2)
Energy, io6 kwh/yr 28.7 353.4
Time, j~ 3 hrs , generators opera~ed (1) 2.8 20.7
Ave. power while generating, 10 1w 10.0 17.1
Ave. as 2 of generator ra cing 50.0 85.3

Robert S. Kerr 6 (4 un.its @27.500 1w)

Energy, ~O kwh/yr 405.7 783.8 349.1
Time, 10 hrs., generators ope9ted (1) 14.6 29.1 29.6

= j.ve. power while generating, 10 1w 27.9 26.9 28.7
Ave as 2 of generator rating 101.2 101.4 97.9 104.3

Webbers Falls ~3 units 0 20,000 1w)Energy, 10 kwh/yr 373•4
Time, io~ hrs., generators operated (1) 

19.9
Average power while generating iø~ 1w 16.8
Ave. as 2 of generator rating 93.7 93.7

Eufaula (3 units 0 30,000 1w)
Energy, ~O kwh/yr 233.8 193.4 156.4 472.2 348.3
Time, 10 hrs. , generators operates (1) 8.6 7.3 5.9 15.7 11.7
Average power while generating , 10 1w 27.2 26.5 26.7 30.1. 99.1
Average as 2 of generator rating 98.4 95.0 94.9 93.5 104.3 104.2

Keystone (2 up its @ 35 , 000 1w)
Energy lO~ kwh/yr 167.5 160. 5 97.5 442.4 454.3
Time , io~ hrs. , generators operated (1) 5.0 4.8 3.0 12.1 12.5
Average power while generating, L0~ kw 33.2 33.2 32.7 36.5 36.5
Average as 2 of generator ra ting 98.4 95.0 94.9 93.5 104.3 104.2

Tenkiller Ferry (2 units 0 17,000 1w) - -

Energy, 100 kwh/yr 145.1 95.2 99.3 230.1 206.8
Time iO~ hrs., generators operated (1) 8.4 5.7 5.9 12.4 11.6
Average power while garterating lO~ 1w 17.3 16.8 17.0 18.6 17.8
Average as 2 of generator racing 102.9 101.6 98.7 99.9 109.3 104.9

Port Gibson (4 units 0 11, 250 ku)
Energy, io6 kwh/yr 222.8 216.0 189.2 367.0 343.0
Time , hrs .,  generators operated (1) 18.5 17.8 15.6 29.7 2 7 . 7
Average power while g2r%erating, io~ kw 12.1 12.1 12.1 12.4 12.4
Average as 2 of generator rating 108.5 107.2 107.6 107.7 110.0 110.0

AVERAGE 99.0 100.7 96.9 97.9 101.2 100.8

(1) Total unit—hour s , i0~ , gene rators were on line .
(2) Not included in ave r ages .
Note: Average pla nt output in Kilowatt s while operating.
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The inference drawn from the above statistic is that each of the 27

generating units is fitted into the daily load cu rve very caref ull y ,  that

each unit comes on the line and is taken off the line at times which ful-

f i l l  two requiremen ts, i.e., meet the power demand and use the amount of

water available for the day . This seems to be accomplished well , since

the record shows a minimum of “wasted” wa ter , i.e., releases other than

those made during obviously flood period .

Reservoir opera ting rules. The reservoirs considered in this report are

opera ted in accordance with a sys tem of regula t ions tha t pr escr ibe flows

according to the season and other factors. No attempt was made for this

report to evaluate the regulations as they relate to the generatLin of

power. The following f igures 8 and 9 illustra te some of the appl icabl e

regulations at Eufaula and Keystone projects.

Generating history. SPA monthly produc t ion repor ts con tain da ta on annual

generation of all Corps power projects in the SPA system extending back to

the year each plant was placed in operation . Table 4, da ta for  which was

extracted from the December 1975 SPA report , shows annual genera tion for

each of the projects examined . Mean annual genera t ion is also shown for

each project. Although obviously partial years were excluded from com-

puting the mean generation , other , not so obv ious , par tial year record s may

still Influence the mean. Below the mean for each project is shown the

estimated average generation used on the Power Project Data sheets. Below

the latter is presented the ratio of the mean to the estimated average .
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TA 8LE 4

N~ t ( cm- s .1(11,11 (r um t .-.. .- r  I5 ro J ec t .  hy y ra r a . 1953 — 1975

1,000.000 kwh

.1cm pro Ject . fipa tr cam pro ject. Trib. proJect.

Robert Ten—
Calendar Darda- 0~ ar k S. Wcb hcr, Eufau- Key- KIUer Fort 8

year nulle Ker r Fall, In Stone Fer ry  Ci beun p~ oj c c te

1953 10.4(1)~5) 41.1 51.5

1954 51.7 45.9 97.6

1955 5 7 . 7  107.4 165.1

1956 25.6 35.3 60.9

1957 106.3 113.2 219.5

1956 118.9 184.1 303.0

1959 105.3 197.9 303.2

1960 106.6 227.3 333.9

1961 149.8 308.5 458.3

1962 96.8 236.1 332.9

1963 ~7.6 63.0 90.6

3964 4 4 (1) 
30.9 74.9 110.2

1965 190.3 78.6 65.6 172.3 506.8

1966 295.3 89.9 79.4 105.7 570.3

~967 474.2 ‘~~~•~~‘ 28.3 177.6 689.1

1968 669.2 228.0 144.0 144.9 286.5 1472.6

1969 733.8 320.4 271.4 140.6 323.3 1 789.5

1970 634.6 233.8 167.5 145 .1 222.8 1403.8

1971 589.8 397•9 (5) 193.4 160.5 95.2 216.0 1452.8

1972 498.2 405.7 156.4 98.0 99.8 189.2 1447.3

1973 759.5 286 ( i X ~~~8 3 8  h 7 S ~ ’~~
’
~ ‘.72.? 4?2 .2 230.1 367.0 3130.9

1974 878.7 353.6~~ 849.1 3~3.4 348.1 454.3 206.8 343.03 3807.2

1975 734.4 469.5 703.7 318 .3 398.9 355.4 170.3 264.5 3~1S.0

No. of yrm 11 2 5 2 11 8 22 23

Mcnn(2) 583 412 608 341. 234 259 104 187 2733

E a t . ( 2)(  613 429 459 713 317 228 114 191, 2563

8.110 (4) 0.95 0.96 1.32 1.62 0.74 1.14 0.91 0.98 1.064

(I) Not Incl udcd In .~.- --.j o~~.* t  Ion of  av e r a g e s .
(2) In  m i l l i o n s  of l..-i, !v r .
(3) l~eorn pow .- r  p roj c . .- (  d .iia sheet ,: 1973 , 19 74 .
(4) Iie.1I ,/I5t

Note : Concre ti on viali,,•, in t h u  t.sh lc art- f o r  ca l6ndar  year . and d i f f e r  f rom ot her  tnb lc. In :hi.
rcrort ~I,icI, a, c . . ,  f i~ c., l yu.ar ho .~fa .
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The ratios range from 0.74 for Eufaula to 1 .62 for Webbers Falls. Except

for  Eu fa u la , t i-ic p r o j e c t s  w i t h  the  longer genera t ion  records have ratios

of 0.91 to 0.98. The projects are Fort Gibson , Tenkiller Ferry and Dar—

d a n e l le .  Ozark  also has a r a t i o  in th i s  range , 0 .96 , bu t  i t s  record includes

1974 , a high wa ter year dur ing  wh ich the pr ojec t was not comp l e t e ly  in op-

eration. Had the plant been in full operation , its ratio would have ap—

proximated those of the Robert S. Kerr protect with a ratio of 1.32 and

Webbers Falls project with a ratio of 1.62. The hig h ra t ios  of the l a t t e r

two p l a n t s  r e s u l t s  f rom the  f a c t  t ha t  the  g e n e r a t i n g  record is dominated

by y e ar s  of r e l a t i v e ly h igh  f lows , 1973 , 1974 and 1975.

Etilaula , wi th a ratio of 0.74, presents an i n t er e s t i n g  con t ras t  w i t h  Key—

stone~ with a ratio of 1.14. The difference in ratios is apparently due to

the relativel y dry years 1965 , 1966 , 1967 which occurred r ight  a f t e r  Eufaula

WJS p laced in operation , but which has not reoccurred since the time Keystone

was p laced in operation . Examination of the last column , total generation

through the years as the number of plants on—line increased from two in

1953 to eigh t in 1975 , presents an interesting overview . The year ~970

shows reduced generation from the previous year undoubtedly ca used by de-

creased flows . The years 1971 and 1972 showed very little improvement

despite the addition of Robert S. Kerr. These were quite dry years. How-

ever , in 1973 , Increased flows permitted the 8—plant system to generate at

a ra te  about 22 percent greater than the estimated rate desp ite the fact

t ha t  Oza rk and Webbers Falls operated only  du r ing a sma l l pa r t  of the year .
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~~ is trend cont  I f l u e d  t h r o u g h  I ‘)74 and 1975 when g e n e r a t i o n  at the ei ght

p l a n t s  was -~~~~ and 33 l)er~’el1 t greater than original e s t i ma t e s .  In 1974 ,

.ii I plants , except Ozark which was not in f u l l  o p e r a t i o n , produced more

e n e rgy  than the est m ated average . In  1975 , a l l  ei ght  p l a n t s  produced

more t h a n  the  est  im a t e d  a v e r a g e  for each plant. Fi gure 10 i s  a p lot of

the r a t  io of mean actual genera t ion  to the originally est imated generation

vs.  t he  number  of s-ear s of record with upper and l ower envelop ing curves.

The f i gu re shows , as on e wou l d e x p e c t , L ia t  the  envelop ing curves approach

a value near one’ w i t h  i n c r e a s i n g  number of years of record . The f a c t  t h a t

the  enve lop ing curves seem to approach  a value  somewhat less than one max’

or may not be significant. There are not enough data po ints in the p lot

to make a f i n e  d i s t i n c t i o n .  The da ta  do seem to ind ica te  t h a t  the  o r ig inal

e s t i m a t e s  are p r o b a b ly  q u i t e  good , possibly within 5 percent , or better.

Summary . The f o l l o w i n g  po in t s  can be drawn f rom the foregoing paragraphs.

Of the years studied , 1970 was the nearest to being average , although

the calendar—year flow varied from project to  p ro j ec t , e . g . ,  f rom 65 to

121 percent  of the  average .

1971 and 1972 were very dry years , and power genera t ion  was below

the e s t i m a t e d .

1973 and 1974 were very we t years . In 1973 , Fort Gibson passed

almost three t imes the average flow.

An increase in annual flow increases the amoun t of f low tha t can

be used for  power , hut generally the percentage  of the total f l o w  t h a t

can be used for power decreases.
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operation may show dependable capacity to he closer to the originall y

estimated values. If not , further study might he warranted as to  the cause.

Dura t ion  curves of m o n t h l y  p l a n t  f a c t  - ‘r ( l v - r i c t  m o n t h l y  r a t e  ci

genera t ion  d iv ided  by t o t a l  a~- u I . r i t  i t  r it l u g ,  e x~~ r -s s , - .i - u s  perc ent I show

a wide  variation among t he  p r i t  1 c c l  s u15 i - I .  r - -t  . They a ll i n  t h e  r iulgI -

of 105 to 115 pe rcen t  . On l y  one- , u h at  - ru - ih ~ .’n • -d t . ’w ’. ~ I I - u t  ( t p

i n d i c a t  lye of less  t h a n  comp l t ’t  t - I . -v t I t ’pm ~ ‘ u - ‘ t h.’ ~t i . . \‘ th1 I -~~~- i

end , the curves bot torn at I~ u 2 (1 ; o-  r oi l !  mo~ h l v  p 1 - m i . i - i  - I ;  - .iu I i

and Keystone showed the lowe—t ea r. - - and I- - u ’  - i 1 ’.~~ -n - ‘hrrt S. K ,

the highest.

The power plants generated pcw* ‘mil v par t ‘ t  t i t .  1 1 - - ia intended .

The percent of the time during t i i c ’  m o n t h  t h u  • - . h  pr~ -~~.. t  gen rr ut ed p u ~t -T

was roughl y propor t ional  to the amount  i ’I w it avub I a h I. ’ t t i v  st it p o s e .

When genera t ing , the power u n i t s  o p e rat e d  i t u i - - a t  th e ~~ -n ~ - i o r  : i t  In g .

. The type of operat ion desc r ibed  above  i s  s S S t ’ f l t  i .u I l v  a pe iking op-

eratiou s , .‘it h each unit moving up and down on the’ load - u r -~- , - ~u s  a p p r o p r i a t e

to use available water.

POWER MARKETING FUNCTIONS.

Introduction. Section 5 of the Flood—Control Act of 1944 requires

coordinated operations by Southwestern Power Administration (SPA), the Corps

of Engineers ( SWD in this case), and Feder al Power Commiss ion (FPC ) in

conjunction with the operation of multi—purpose projects with power. These

operations are discussed in the following paragraphs.
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SPA o p e r a t i o n s .  SPA receives the  power genera ted  at  Corps p r o j e c t s  at the high

vol tage  side of the  s w i t c h  yard , transmits i t  over a t r a n s m i s s i o n  sys tem

tha t  includes  some l ines  owned by SPA , and d e l i v e r s  i t  to cus tomers , who ,

in tu rn , pay SPA for the power. From the revenues collected each year ,

SPA pays i t s  own costs such as pay ro l l , o f f i c e  costs , i n t e r e s t  on invest-

ment , amortization of debt , and so forth. The remainder is sent to the

Treasury as misce l laneous  rece ip ts  as requi red  by the 1944 Flood Control

Act. SPA informs the Corps of Engineers of the gross amount of tills

remainder .  The Corps uses this remainder to keep a running account of t he

recovery ot costs a l located to power a t  each p r o j e c t .  D e t a i l s  of SPA

operations as they pertain to SPA customers are discussed in the following

paragraphs. Most of the following information may be found in IWR rev iew

dr a f t da ted November 1974 , subject: “Reevaluation of Hydropower Potential

at Corps of Engineers Projects.”

SOUTHWESTERN _ ELECTRIC POWER COMPANY

The SPA contract with Southwestern Electric Power Company (SWEPCO) serves

the f u l l  load req ui remen ts of SPA ’s preference customers . SWEPCO inte r-

grates power from Corps projects with its therma l power and delivers it at

a norma l load factor to SPA pref erence customers. SWEPCO pays accord ing

to the P—2 rate for primary energy (1800 Kwh/kw annuall y). For the firm-

ing power SPA pays SWEPCO according to SWEPCO ’s regular rates $1.65/monthly

kw and 3.0 mi l l s  per kwh . The latter charge is subject to a fuel supp le-

men t. The preference customers pay SPA according to the F—I schedule.
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The net effect of the above arrangements  was a deficit estimated in 1970

at $32 ,000 . To recover the losses noted above , SPA revised Its energy

charge for the P—2 schedule from 2.0  to 2 .9  mi l l s /kwh . When FPC approved

the new rate SWEPCO cancelled its contract with SPA.

PUBLIC SERVICE COMPANY AND OKLAHOMA GAS—ELECTRIC COMPANY

The SPA cont rac t  w i t h  the Public  Serv ice Company of Oklahoma and Oklahoma

Gas—Elec tric Company (Oklahoma companies) is similar to the contract w i t h

SWEPCO ; however , among o ther d i f f e rences , SPA charges $1.60 per monthly

kw and 3.5 mills per kwh . Also the Oklahoma companies may purchase inter—

ruptible capacity in addition to peaking power and excess energy according

to the 1C rate  schedule.  During 1970 SPA incurred about $800,000 in

losses in this contract , and proposed to add a 1.4—mill/kwh “service charge

componen t” to the P—2 rate. FPC approved the increase in 1971, but imple—

mentation was delayed pending the Associated case (discussed below)

decision in the courts. -

ASSOCIATED ELECTRIC COOPERATIVE

In 1962, SPA signed contracts with Associated Electric Cooperative , Inc.,

an association of six REA cooperatives and with three private utilit y

companies . The con tract provided that SPA would suppl y 288 ,000 kw and

345.6 million kwh of annual firm energy at the P-2 peaking power rate. In

addition , supplemental energy may be supp lied to Associated at 2.0 mills/kwh .

Power is delivered by transm ission l ines owned by Associated . For use of

64

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

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



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

these lines and other services such as prov iding reserve genera t ing

capacity , Associated is given an annual credit which is subtracted from

the amount due SPA. This credit almost equalled the revenues due SPA ,

for examp le , between 1962 and 1969 SPA received $34.4 million from Asso-

ciated and paid $30.4 million to Associated for various credits.

To reduce def icits SPA imposed a $2,647 ,100 annual transmission serv ice

charge. FPC approved the charge on 28 May 1970 , but imp lemen tation has

been delayed pending a decision by the U.S. Court of Appeals.

SPA ’s con tract with the three private utilities provides for supplying

192 .000 kw and 1200 kwh ann ually for each kw according to the P—2 schedule .

The con t rac ts be tween Assoc iated and the pr iva te companies prov ide for

interconnection of transmission systems and pooling of SPA peaking hydro-

power.

ARKANSAS POWER AND L iGHT COMPANY

A 30—year SPA contract expiring on 21 December 1983 with the Arkansas

Power and Light Company (AP&L) provides for the sale of 150,000 kw with

2,400 annual kwh per kw , plus 25 million kwh per month of excess energy.

AP&L in turn delivers 110,000 kw of high load fac tor power to Reyn olds

Metal Company (a defense Industry) at Arkadeiphia , Arkansas. The initial

rate was 1.25 mills/kwh during which could be increased to 2.0 mills/kwh

during the last 10 years of the 30—year contract.
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IWR Appra isal. The marketing practices of SPA have been reviewed 
- 

-

numerous times. The following appraisal appeared in the IWR review draft

of November 1974 , entitled : “Reevaluation of Hydropower Po tential at Corps

of Engineers P ro jec t s . ” The appraisal  s t a r t s  wi th  a statement that of all

Federal power marke ting agencies , SPA ’s f inancia l  performance was the  w o r s t .

By 1973 , the cummula t ive def i c it had rea ched $15 mill ion , but since then

the de f i c i t has decl ined beca use of f avorable wa ter f l ow condi t ions and the

1970 ra te  a d j u s t m e n t s .

Gt~~ (quoted in the IWR report) iden t i f ied  the main reasons for SPA deficits

as the contract provisions for (a) excessive and inequitable credits to

customers for performing services for the government , (b) sale of power

to support a defense industry (Presumably Reyn olds Me tals) , (3) SPA ’s

purchase of o f f—season  power which it was not able to market.

The 1970 rate adjustments and the introduction of the annual transmission

charge con trib ut ed significan tly towards offsetting the unfavorable clauses.

However , in the case of certain contracts the issue of their legality is

s t i l l  pending in the courts.

A revision of SPA ra te schedule and a change in marke ting poli cies may be

needed , according to the IWR repor t , rather than the offsetting charges

noted above . In addition to exchang ing hi gh—value peaking—power for lower

value high—load factor power , SPA also had to pay the uti li t ies acc ord ing

to ra tes according to the higher thermal generation costs. As the SPA

sys tem can supp ly 2200 kwh per kw dur ing an average year and 1200 kwh per

kw during a dry year , it would be more economical to contract for peaking
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sales with an annual 1200 to 1800 kwh per kw than f irm serv ice tha t may

require an annual 4400 kwh per kw wh ich req uires purchasing f irm ing

energy.

SPA also cou ld rev ise its rate levels be tween the various sched ules ,

according to the IWR report. For examp le , the capaci ty charge for  peaking

service is 25 percen t less than the corresponding charge for firm service.

Also, peaking energy is valued at only a sligh tly higher ra te than excess

energy , and at the same rate as for energy with interruptible capacity

service , and substantially less than for energy with firm service. Since

the value of energy , especially peak ing energy , is increasing beca use of

incr eas ing fuel costs , SPA has a strong reason to revise its rates to re-

f lec t more realist ically the economic value of the power service supplied.

Ins tead of of f ering discoun ts for  subs tat ion services , i t would be simp ler

for SPA to sell power at the primary (higl-~voltage side of the switchyard and to add

charges for providing additional services according to the cost of the services.

The IWR repor t summar izes SPA ’s marketing weaknesses as (a) contracting to

marke t “firm power” in quantities greater than that produced (and estimated

for  pr oduc t ion) by these proj ects , (b) the unfavorable marketing arrange-

men ts in wh ich SPA ends up pay ing the d if f e r e n c e  in cos t be tween thermal

and hy dropower gen era ted , ( c ) rate levels  which are not rela ted to the

economic va lue  of the  peak ing  service supp l ied , and (d) d iscount  pol ic ies

which result in poor economic returns from the sale of power.

67



- ..
~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

Corps of Engineers activities. The Corps operates the reservoirs con—

sidered in this repor t , in accordance with the requirements of navigation ,

f l ood con trol , power , and other purposes. Power requirements are estab-

lished by the SPA , and the Corps opera tes the powerh ouses ac cordingl y

unless flood control or other emergency situations dictate otherwise. Also

the Co rps must operate these p lants in consonance with the availability

of water. Monthly opera t ions are repor ted in ternally in the Corps on the

Summary repor ts which have alread y been discussed . Also , the Corps main—

tains each pro ject and makes such capital additions to the power instal-

lations as necessary .

FPC activities. FPC activities are primarily regulatory . In that capacity

FPC reviews and approves (or disapproves) rate changes proposed by SPA ,

and other agencies marketing power from Corps projects. FPC has commented

on SPA policies and prac tices , bu t apparen tly has no power to force changes

in SPA. Postconstruction FPC contact with the Corps is apparently limi ted

to the Form 1 repor t submi tted by the Corps each year.

Summary. The main points concerning SPA operations are summarized as

follows .

SPA sells f i r m  power to preference customers at low rates.

SPA buys power to supplement the output of Corps projects which

produce essentially peaking power and are actually opera ted as peaking

plan ts .

Unfavorable contract clauses have resulted in low power revenues.

68

- ~~~~~~~ - - 
—

~~~
--—- -  

_________



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

Supp lemen tal charges by SPA have offset the adverse effects of

the unfavorable  clauses , bu t the legali ty of some of the supp lemen tal

charges has yet to be resolved by the courts.

Running accounts are kept on each project with power to keep track

of the recovery of costs allocated to power .

CHANGES WITH TIME .

Introduction. The Flood Control Act of 1944 is now more than thirty years

old and the economic rela tionships that prevailed in the decades following

the Act have changed . This section examines these factors briefly as they

rela te to the study of Arkansas River power projects.

Price indexes. Table 5 was extracted from the IWR report , 75 Rl , July 1975 ,

entitled : “Hydropower Potential at Corps of Engineers Projects” where it

appeared as table V—2 . The table was modified by deleting the third to

the last and last columns and substituting columns entitled “March 1975”

and “Percen t change , 1970—March 1975.”

The table demonstrates the recent general escalation of prices with which

we are all acquainted . Most notable is the very large increase in the

price of fuels of all kinds. These increases are being reflec ted in the

increase in the cost of electrical power , which is also demonstrated in

the table 5.
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Value of power. Changes in the value of power can be demons tra ted

mos t readily by ci ting the val ues furnished by FPC and used in the var ious

projec t studies in the Sou thwes tern Division, Corps of Engineers and

arranging them in chronological order. This is done in table 6.
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Table 6. Summary of power values from FPC based on priva te f inanc ing,
1945—1975. -

Price Project  Power values In teres t  Fuel for
Level Dependable rate Alternative

Capacity_ Energy p lan t
dollars/kw Mills/kwh percen t

1945 Arkansas River 13.30 1,13
1953 Tenkiller Ferry and

Fort Gibson 19.90 1.15
1963 Dardanelle 20.50 2.0
1-64 Ozark 16.00 1.9
1964 Eufaula 17.00 1.9
1965 Dardanelle 20.00 2.1
1—65 Dardanelle 17.50 2.1
1966 Robert S. Kerr 16.50 1.9
1966 Wébbers Falls 16.50 1.9
1968 Keystone 18.50 1.9
7—73 Tennessee Colony 42.40 2.4
1—74 F t .  Gibson #5 & 6 48.30 5.9 8 .75 Coal

83.60 1.6 8.75 Nuclear
2—74 Wolf Bayou 43.40 5.7 8.75 Coal

13.70 17.4 8.75 Turbine
77.70 1.6 8.75 Nuclear

2—74 Norfork 40.30 5.6 8.75 Coal
13.70 16.9 8.75 Turbine
71.70 1.5 8.75 Nuclear

2—74 Denison #3 45.90 4.1 8.75 Coal & Lignite
82.40 1.5 8.75 Nuclear

7—74 Fort Gibson 63.50 6 .4  Coal
7-74 Norfork 58.50 5.7 Coal
7—74 Denison 62.50 4.7 - Coal
7—74 Kaw 62.00 6.3 Coal
12—74 Fort Gibson #4 & 5 67.50 6.4 8.75
12—74 Denison #3 67.70 6.4 8.75
12—74 Kaw 66.00 6.4 8.75
1-75 Bell Foley 89.30 11.0 10.00 Coal(l)

Bell Foley 90.60 1.6 10.00 Nuclear (2)
Bell Foley 12.80 29.0 10.00 Turbine(3)

1—75 Wolf Bayou 94.50 10.0 10.00 Coal(l)
Wolf Bayou 100 .00 1.6 10.00 Nuc lear (2)
Wolf Bayou 25.00 25.0 10.00 Turbine(3)

1—75 Nor fo rk  91.80 16.6 10.00 Coal( 1)
Norfork 90.30 1.6 10.00 Nuclear (2)
Norfork 18.40 52.0 10.00 Turbine(3)

(1) Power factor (P.F.) 55%
(2) P .F .  65%
(3) P .F .  — 7. 5%
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Project power revenues. Net generation and gross power revenues of

the Corps power projects considered in this report are compared in table 7.

The values are for fiscal years 1970 through 1974 during which sharp in-

creases in prices were experienced as illustrated in table 6 and discussed

in the previous paragraph . The gross revenues as shown on the following

table show a contrary. trend . This trend is emphasized in the tabula tion

below , which was developed by summing for  each year the gross revenues of

those projects , in table 7 , that operated during each of five fiscal years.

Fiscal Gross revenues of 5
selected projec ts

1970 $5,938,000
1971 7 ,109 ,000
1972 6 , 381 ,000
1973 5,707 ,000
1974 5 , 697 , 000

.4

This table also shows other trends that run counter to expectations.

The most striking is the $0.52/kwh derived for the revenue per kwh for the

first part year of operation of the Ozark project. This is in extreme con-

trast with the revenue per kwh for the first year of operation of Webbers

Falls where the value is 0.79 mills. There are many cases where increased

generation is accompanied by declining revenues as indicated in this table.

The most extreme case occurred in FY’s 1972 and 1973 at the Tenkiller

Ferry projec t when generation increased from 79,644 ,000 kwh to 198,093 ,000

while revenues dropped from $596,000 to $537 ,000. The revenue per kwh

dropped from 7.48 mills per kwh to 2.71 mills per kwh, by a fac tor of 2 .76.
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TABLE 7

NET GENERATION VS . GROSS REVENUES

Net Cross Revenue Ave . Rev .
Genera tion Revenues - Per KWH, Per KWH ,

Project F? 1000 KWH $1000 Mills/KWH Mills/KWH

Dardanel le  70 674 , 712 2 , 178 3 .22
71 571 , 480 2 , 452 4 . 2 9
72 511 , 296 2 , 330 4 .56
73 668 , 737 1,925 2.88
74 845 ,020 2 ,045 2 . 4 2  3 .34

Ozark 73 143 74 517.48 3.93
74 156 , 166 614 3 .93

Rober t  S. Kerr  72 368 ,202 434 1.18
73 652 ,017 1, 725 2 . 6 5
74 850 , 280 1, 702 2.00 2.06

Webbers Fal ls  74 272 ,962 217 0 .79  0 . 7 9

Eufau la  70 174 , 192 1, 446 8.30
71 205 ,561 1,629 7 , 92
72 214 ,596 1,464 6.82
73 383 , 817 1,255 3 . 2 7
74 347 , 739 ‘ 1, 272 3.66 5.33

Keystone 70 222,855 1,121 5.03
71 120 , 833 1, 254 10.38

- J 72 138 , 553 1, 212 8.75
73 308 ,796 1,004 3.25
74 447 , 276 1,027 2 .30  - 4 . 5 4

Tenkiller Ferry 70 101,924 598 5.87
71 140 ,141 628 4 .48
72 79 ,644 596 7 . 4 8
73 198,293 537 2.71
74 189 ,528 530 2.80 4.07

Fort Gibson 70 244,690 855 3.49
71 213 ,463 919 4 .31
72 173 ,724 929 5.35
73 328 ,043 864 2 .63
74 360 ,241 823 2 . 2 8  3.33
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TABLE 8

Estimates of Power Benefits , Arkansas River Sys tem ,
(using un it benef its, prevailing at various times)

Period under study
Est. ave.
year (1) 1972(2) 1974(3)

Dependab le capaci ty , 1000 kw 631 465 624
Energy , 1,000 ,000 kwh 2 ,563 1,487 3,468

Annua l  b e n e f i t s  in $1 ,000 ,000
Benefits based on 1945 unit benefits
Capac ity @ $13.30/kw/yr $ 8.39 $6.18 $ 8.30
Energy @ 1.13 mills/kwh 2.90 1.68 3.92

To tal $11.29 $7.86 $12.22

Benefits , based on unit benefits used in cost allocation studies.
Capac ity 0 $16.00 to $l9.90/kw/yr $10.88 $ 8.19 $10.77
Energy @ 1.15 to 2.1 mills/kwh 4.76 2 .73  6.35

Total $15.64 $10.92 $17.12

Benef its based on January 1975 unit benefits using a coal fired alternate
steam plant.
Capac ity @ $92.0O/kw/yr $58.05 $42.78 $ 57.41
Energy @ 12.5 mill s/kw 32.04 18.59 

- 
43.35

Total  $90.09 $61.37 $100.76

Benef i t , Jan. 75 unit benefits using a turbine driven alternate generating
plant , and a coal f i red base load plant.
Capac ity 0 $18.75/kw/yr. $11.83 $ 8.72 $11.70
Energy , 657 kwh/kw @25 mills/kwh 10.35 7.63 10.25
Energy , rest @ 12.5 mills/kwh 26.86 14.76 ~~~~Total  $49.04 $31.11 $60.18

Benefits , Jan 75 unit benefits using a turbine driven alternative generating
plan t and a nuclear base load plant.
Capacity @ $l8.75/kw/yr. $11.83 $ 8.72 $11.70
Energy , 657 kwh/kw @ 25 mills/kwh 10.35 7.63 10.25
Energy , rest @ 1.6 mills/kwh 3.44 1.89 4.89

Tota l  $25 .62  $18.24 $26.84

Gross revenues (4 ) $ 6.38 $ 5.70

(1) Al l eigh t p lants  in operat ion
(2)  SIx p lan t s  in fu l l  operat ion
(3) Seven p lants in full operation and one plant in essentially f u l l  operation
(4) Alloca ted to the eight projects studied
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In compu ting power benef i ts , unit power benefits representing values which

prevailed during three time periods were selected. These are (a) 1946

unit benefits used in the basic Arkansas River project authorizing docu-

ment , (b) the values used in the cost allocations where price levels ranged

from 1956 to 1968, and (c) January 1975 price levels for which unit power

benefits are shown in table 6 of this report. The 1975 unit power benefit

values were taken as the average of the three 1975 values as given on Table. 6.

Alternative plants for 1975 were considered in several ways. First , the

al terna t ive power plan t was assumed to be a coal f i red  steam p lan t , and

benef its were computed accord ingly. Since such a p lan t should opera te at

a power fac tor of abo ut 55 per cen t , benef its were also computed on the basis

tha t  the alternative plant was powered by turbines which should operate at

a power factor of 7.5 percent. To care for the low power factor , hydro-

power pl an t dependable capaci ty was assumed to opera te 657 hours a year

(7.5 percent of the time) with a benefit of 25.0 mills per kilowatt—hour .

This is the lowest of the turbine energy values given on Table 6. The rest

of  the hydr opower energy was assumed to rep lace either coal f i red  thermal

energy at 12.5 mills per kilowatt hour , or nuclear plant energy at 1.6 mills

per kilowatt hour.

Dependable capaci ty was considered to be the amoun ts used in the cos t

allocation studies. In Table 8, the fac t tha t Ozark and Webbers Falls were

not in operation In 1972 is accounted for by using zero dependable capacity
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for  these proj ects , for this year. Also , the 1974 dependable capac i ty  for

Ozark was discounted to account for the fact that one of the five units

did not operate for four months .

Table 8 shows that 1972 power benefi ts were less than benef its based on

estimated average year generation regardless of the unit benefits used.

This rises from the f ac t  that  onl y 6 of 8 proj ects were on line , and t ha t

water was very short that year . Benefits in 1974 were greater  than bene-

f its based on average year generation because of favorable flow cond itions .

As expected , the power benefit for each of the periods examined increased as

the date of the unit power benefits progressed to the latest one , January

1975. Power benef its were revised occasionally after 1946 until 1965 when

Congress froze unit power benefi ts to the values now used on the “Power

Projec t Data” sheet. These values are shown on Table 2, and are slightly

higher than the unit benefits used in the cost allocation studies and in the

preparation of Table 8. Benefits computed on the bases of January 1975

price levels and a coal fired alternative thermal p lan t show the highes t

annual benefi t , about $90 million based on average year generation at the

8 plan ts of this study. Considering the fact that monthly power fac tor has

dipped as low as 5 and 7 percen t at Keys tone and Eufaula  dur ing the 5 years

s tud ied , it appeared that turb ine driven power plants might be considered

as logical alternatives. Table 8 shows that b e n e f i t s  based on turbine—driven

alternatives are less than benefits based on a coal—fired alternative , but

more than power benefit based on earlier unit power values. The magnitude
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of the b e n e f i t s  based on turbine—driven alternatives at 1975 price levels

depends strongly on the val ue given to the energy in excess of 657

ki lowat t  hours per ki lowatt  per year .  This is based on a 7 .5  percent

p lant f a c t o r  for  turbine p lan ts .  The 8—p lant benefits are about

$26 mi llion a year on the aver age if excess energy is given a value of

1.6 mills per kwh as with a nuclear plant and an average of about

$49 mill ion a year if 12.5 mil ls  per kwh is assigned to the excess energy

as with a coal—fired thermal plant. The latter value seems the more

appropr iate one since excess hydro energy can be expec ted to displace

the most expensive energy in the system. These benefit estimates based

in 1975 values are all much larger than benefits based on 1946 unit benefits

which amounted to an average of about $11 million . Revenues for 1972

and 1974 as shown near the bo ttom of Table 8 amoun ted to abo ut $6 mill ion ,

or about one—half of the average benefi ts based on the earliest unit

power values.

I t is concluded tha t the power benef its accr uing to the eight Arkansas

River power projects considered in this report are considerably gre ater

than the reven ues curren tly being credited to the projects.
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Summary. The preceding paragraphs are summarized as follows :

Prices have generally increased at a very rap id rate in recent

years.

• The cost of electric power is also showing a rapid rate of increase

during recent years.

• The value of power, in terms of most likely al terna t ives to hydro-

power , in the Corps Southwes tern Divis ion geographic area , has shown rapid

rises in the recent years.

. The current value of electric power in the reg ion is grea ter than the

value credited to the Corps power projects considered in this report in their

orig inal economic justifications , and the values used in current reports.

. Recen t generation , i.e., 1973 and 1974, has been a t higher ra tes

than originally estimated , and power benefi ts have exceeded the previously

estimated average annual benefits.

• Annual power revenues seem to be trending downward slowly, con trary

to all other price trends.

• Power revenues credited to individual projec ts disp lay a number of

i rrationalities , e.g., power revenues decreased as output increased .
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EFFECTS OF HYDROELECTRIC POWER

Introduction. Hydroelec tric power is included as a function in many - -

Corps multi—purpose projects because studies indicated that the projects

could provide power tha t had a read y marke t and at a cos t less than the 
- 

-

least expensive alternatives. Section 5 of the Flood Control Act of 1944

added two more requiremen ts; tha t is , the elec tr ic power must be sold

essentially at cost , bu t f unds expended in pr oduc ing power must be recovered

within a reasonable period. Since the passage of the 1944 Act , the economic

cl ima te of the Uni ted Sta tes has changed dras t ically. Dominant issues of

today include the energy cr isis , i n f l a tion , increasing natio’ial debt , and

increasing taxes. The effects of the hydroelectric power generated at the

Corps p lants under study are disc ussed below in the light of the foregoing .

Savings in Fossil Fuels. The hydroelectr ic power projects under study

are located in an area in which gas and oil are often used to generate

power. Coal and lignite are available , but these resources only recent ly

are being used to generate electricity. It is felt that the energy gen-

era ted a t these power pro jec ts disp laced energy wh ich would otherw ise have

been genera ted using coal , gas , or oil resources. On this basis , Table 9

was developed to show how much of a nonrenewable resource each project saved

through FY 1974; and on the average , how much f uel each pro jec t would

save annuall y. Through FY 1974 , these eight Corps projects saved almost

eight million tons of coal , nearly 30 million barrels of o il , or 180 b il l i on

cubIc feet of gas. The average annual saving amounts to more than a million

tons of coal , more than f our m i l l i on barre ls  of oi l , or about 26 billion

cubIc feet of gas.
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TAIlLE 9

SAVINGS IN FOSSIL FUELS

Ccner .’ition Ave. Annua l
Thr~ FY 74 Fuel Generation Fuel

Pro j~~ct 1O KWiI ~~~uival  cut 106 KWh j~~~uiva  lent

Dard aneilci  5 , 284 613
Coal , ?-lillion Tons 2.4 1 .28
Oil , Million Barrels 9.71 1.07
Gas, Billion Cu. Ft. 55.20 6.40

Ozark 156 429
Coal, Million Tons .07 .20
Oil , Million Barrels .27 75
Cas, Trill:Lon Cu. Ft. 1.60 /s.50

Robert S. Kerr 1,870 459
Coal, Million Tons .85 .21
Oil, Million Barrels 3.26 .80
Gas , Trillion Cu. Ft. 19.50 4.80

Webbers Falls 273 213
Coal, Million Totit~ .12 .10
Oil , Million Barrels .48 .37
Gas , Trillion Cu. Ft. 2.80 2.20

E uf a ula  2 ,081 260.3
Coal, Million Tons .95 .12 

jOil , Million Barrels 3.62 :45
Gas, Trillion Cu. Ft. 21.70 2.70

Keystone 1,548 228
Coal. , Million Tons .70 .10
Oil, Million Barrels 2.70 .40
Gas , Trillion Cu. Ft. 16.20 2.40

Tenkiller Ferry 2,026 114.5
Coal , Million Tons .92 .05
Oil , MLll ioii Barrels 3.53 .20
Gas , Trillion Cu. Ft. 21.20 1.20

Fort Gibson 3,899 190
Coal , Million Tons 1.78 .09 -

Oil , nii1 ;~~ fl~-trrc1s 6.79 .33
Gas, T r i l l i o n  Cu. Ft. 60.70 2.00
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Economic. The economic circumstances which led to the inclusion of

section 5 in the Flood Control Act of 1944, i .e., sell hydropower f r om

publ ic projects at the lowest possible rate to encourage the widespread

use of electricity, have changed to the extent that conservation of energy

is now the official policy of the government.

The d i f f e r ence  be tween the curren t econom ic value of h ydr opower and the

price a consumer pays for it may be considered the henef{t that  1, accruing

to the public . The amount of these current benefits is unknown since the

curren t economic value of hydropower is not known . In fact , a subs tan tial

amou nt of research may be necessary to establish a ra tional me thod for

determining the current economic value . The beneficial effects presumably

extend to all customers of SPA who are spread over the entire SPA service

area. The consumers vary from single fam ily units , to major  compan ies ,

and to the electric utilities themselves.

In including section 5 in the Flood Control Act of 1944, Congress obviously

intended the use of hydropower produced at government projects to foster

regional and national economic development. This policy on the generation

arid sale of hydropower was limited by the requirement that all costs of

generating and distributing the power be recovered in a reasonable period

of time . Al though SPA insists that the cost of the first power project

will be recovered in 50 years , the progress to this time has been very

poor.
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It has been suggested that the Corps of Engineers might cont r ibute  to

the relief of the energy crisis by add ing hydropower facilities to certain

of their proejcts . Some arguments made to counter this suggestion include:

(a) such new power must be turned over to SPA (Section 5, Flood Con trol

Act of 1944) , and they in turn must sell it at the lowest possible rate

(same section , same act), (b) encouraging the use of electric power by

selling it below cost may be against current national policy . Thus selling

electric power below cost would only serve to continue our use of limited

natural resources in an inefficient manner.

Social. To this point of this  report , we have examined the revenues real-

ized by the US Government from the sales of hydroelectric power from certain

Corps hydropower plants and the current unit values of electric power and

energy . The unit revenues received for the power and energy have been quite

small when compared to their current values. This amounts to a burden on

the governmen t , which is balanced by a benefi t received by the users of the

low cost power and energy . Just how much benefit the ultimate users realize

depends on how much of the low cost is passed on to them. This benefit is

social as well as economic under our current economic and social system of

values. The full effects of providing low cos t elec tr ical  power and energy

for use by indus trial , commerc ial and residen tial cus tomers , in both rural

and urban areas, may never be known . Howevever , when lower cos ts of pro-

ducing goods and services provided to the general publ ic allow these savings

to be passed along to general consumer , then this benefit accrues to the
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general public . When costs of producing goods and services provided to

the general public allow these savings to be kep t by the power companies ,

by indus tries , by commercial and retail establishments, then this benefit

accrues to this less widespread segment . To the extent that these savings

from the use of low cost electrical energy result in increased employment

within the power marketing region, the region and the nation benefits ,

addi tionally.

Environmental. The hydropower generated at all hydroelectric power projects ,

including those studied in this report have the obvious environmental benefit

in that the atmospheric pollution of the alternative thermo—electric power

plants is avoided . Also avoided to a small extent is the disturbance of

land areas accompanying the extraction of fossil fuels from the earth , and

the storage of ash as from coal burning plants. Also avoided is the accumula-

tion of radioactive wastes that would occur with a nuclear alternative plant ,

and , in some cases, thermal pollution. Provision of a hydroelectric plant

changes the environment of the stream on which it is located. The dam ,

which is provided with each hydroelec tric plant and which serves other pur-

poses in addi tion to genera tion of hy dropower , changes the stream above

the dam into a lake. Downstream from the dam the original channel may be

superficially unchanged , except that extreme low flows may be increased ,

and the large flows tend to be diminished . The operation of hydropower

plants on peak loads further modifies the pattern of natural flow. In this

type of opera tion , the hydropower plan ts release wa ter at a hi gh ra te for
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a short period , and during the remainder of the day , they release no wa ter .

The result is a surge of water immediately below the dam which diminishe ’

as the surge progresses downstream. In addition , the releases f rom the

powerhouses tend to be colder than the natural flows at the site. The

environmental changes have value in the sense that they provide for added

recrea tion , hun ting , f ish ing,  and areas which can be used as wildlife re-

fuges.

The changed stream and lake environment has permitted the introduction of

new species to the region such as striped bass , walleyes , and rainbow trout

to further enhance the stream and lake for fishing and recreation. The

entire multiple—purpose project , of which power prod uction is one purpose ,

has a number of areas devoted to recreation , hunting, f ishing , and wildl ife

refuge purposes.

SUMMARY AND CONCLUSIONS

a Th is repor t may be summarized as follows :

The Southwestern Power Administration (SPA), organ ized in response

to the Flood Control Act of 1944, markets the power from eigh t projec ts

examined in this report and from other Corps projects.

SPA’s primary contracts are for the sale of more than is produced

at the Corps projects.

SPA buys additional thermal power to supplement the output of the

hydroelec tric projects when needed .

The combined output is an increased amount of firm power which is

sold to preference customers.
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In addi t ion SPA con trac ts prov ide for  the sale of peaking power ,

excess energy , emergency service , and interruptible capacity.

• SPA ’s operat ions have been reviewed on numerous occasions because

of recurring deficits.

GAO iden t if ied the main reasons f or SPA ’s defic it as (a) excessive

and ineq uitable cred its to customers , (b) sale of power to support  a defense

indus t ry ,  and (c) SPA ’s purchase of o f f—season  powe r which i t  was unable  to

market.

SPA has a t t empted  to i n s t i t u t e  ra te  ad jus tmen t s  to recoup losses.

• Rate adjustments have not been entirely successfu l  beca use law suits

have delayed their adoption.

The rate adjustments that have been adopted and the increased water

available during recent years have improved the financial status of SPA.

Further rate adjustments would further improve their financial status ,

and mi ght convince critics that such adjustments will enable them to fulfill

the requirements of the law to “recover costs within a reasonable period .”

SPA , be ing crea ted in respon se to sec tion 5 of the Flood Cont rol

Act of 1944 , must follow the requirements of the law , i.e. , to sell the

power at a low rate to encourage its widespread use.

• The ul timate remedy could be the rev ision of the req u iremen ts of

the law .

• It is not readily apparent how the legal requirements might be changed.

• During recent years , in f l a t ion has caused the  price of a l l  goods

and services , Inc lud ing  e l e c t r i c i t y ,  to increase substantiall y.
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Further studies will be needed to develop the rationale for

establishing new unit power benefits which reflect current cost trends and

other factors.

Presently ,  it appears tha t  h y dropower might  be eval ua ted as low load

factor peaking power to match the manner in which the units are operated.

Energy in excess of the low load factor peaking power migh t be

evaluated in terms of the cost of the fossil fuel consumption it disp laces

at conventional thermal p lants .

Using current unit power values would increase the values

now presented as “power bene f i t s” on the “Power P ro jec t s  Data ” sheets.

• The years of low energy generat ion during the early 1970’ s was the

result of low stream flows in the region .

• Increased stream flow was experienced during 1973, 1974 and 1975 ,

and energy generation increased to levels higher than the originally esti-

mated average annual energy generation .

• Most of the eight hydrop lan ts exam ined do not have records long enough

to determine with certainty whether the original estimates of average annual

energy genera tion were reasonably accurate.

The records of the Fort Gibson and Tenkiller Ferry p ro jec t s  are the

longest of the group . Examination of their records indicates that the

original  est imates of average energy generation were quite good .

• A l imited period was used to examine the dependable capaci ties of

the eight projects of this report. This examination indicated the possi—

bility of inconsis tencies  among the values  now used fo r  project dependable

capacity.
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• The study reported herein is too limited in scope to evaluate

completely the performance of the Corps hydropower projects, and how

performance compares with preconstruction estimates.

• Expanded studies could indicate that the values now used for

project dependable capacity and average annual energy require revision .

• Expanded studies, if undertaken , should consider all Corps

projects in the SPA system and the purchased power used to f i rm up the

hydroproject output , that is, the composition of the system should be

the same as used in the AWR study of operating guide curves for power

production, expanded to include subsequent power project additions to

the system.

• The value of electrical power from projects considered as

measured by the current cost of producing an equivalent amount of power

has also increased substantially.
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SUPPLEMENT
to

HYDROELECTRIC POWER GENERATION
at

McClellan—Kerr Arkansas River Navigation System

INTRODUCT ION

This report supplements information presented in the report dated 1976,

and entitled , “Hydroelectric Power Generation at the McClellan—Kerr

Arkansas Rive r Navigation System ,” prepared by the Corps of Engineers ,

Southwestern Division (SWD). This supplement presents the results of the

method now used by SWD to keep running accounts for each power project

to check its financial progress toward meeting the requirement of

Section 5 of the Flood Control Act of 1944 that costs allocated to power

be recovered in a reasonable period of time . This supplement also con-

siders othe r potential methods for keeping the running power project

accounts.

SPA FURNISHED INFORMATION

The Southwestern Power Administration (SPA) collects revenues from the

sale of power from Corps hydropower projects , pays its obli gations from

these revenues and each year deposits the remainder in the Treasury of

the United States as required by Section 5 of the Flood Control Act of

1944, SPA informs SWD of the amount deposited .

SWD RUNNING ACCOUNTS

In SWD each power—project account is kept in terms of “investment ,” that

is, the first cost allocated to power plus interest during construction allo-

cated by power. As capital additions are made to each power project , their

cost is added to the investment account.

i~~~~~~~~~~~~~~~ b



The original “investment” allocated to power is understood to have been computed

by applying the percentage of the investment allocated to power derived in the

original cost-allocation study to the more accurately determined total project

investment computed to the date the project started operating. It is not known

precisely how this was done, since minor differences become apparent in attempts

to correlate information.

Accounts are kept on each power project to show the amounts spent on operation

and maintenance. To this is added “Depreciation and amoritization charged to

operation,” and “Interest charged to operation” to determine the costs charge-

able to power incurred during the year under consideration. This is modified

as appropriate by “Other net gains or losses charged to power.”

It was explained above that every year, SPA informs the Corps how much revenue

they return to the Treasury Department from power generated at Corps projects.

This sun represents the revenues realized from the sale of power and is

applicable , as a gross sum, to all the Corps projects in the SPA system.

From this sian ($22,467 ,611 for FT 1974) the Corps deducted the total O6~4

expense for all power project ($6,115,136 for FT 1974). The remainder

($ l6,352,175 in FT 1974) was apportioned to each power project in the ratio

that the power investment in the project bears to the total power investment

in Corps projects. For example, Dardanelle ’s power investment of $45,414,499

was 8.94 percent of the $508,027 ,246 (1974 investment) in SPA Corps power plants,

so 8.94 percent of the remaining $16,352,475 or $1,461,911 was allotted to

Dardanelle in addi tion to the $582 ,637 06J4 expense for a total of $2,044,548.

From this total is deducted $189,904 for depreciation and amortization,

$975 ,767 for interest charged to operation, and $576 ,748 (value adjusted from

$582,637) for operation and maintenance. To the result is added $931 for “
other2



ne t ga in or losses ,” leav ing $303,060 as the “resul ts f ro m opera t ion ” for

FY 1974. From FT 1965 through FY 1973 , the accumulated “results of

opera tions” for Dardanelle amounted to $1 ,879 ,132. Addi tion of the

previousl y men t ioned sum , makes the acc umula ted resul ts f r om opera tions

through FT 1974 $2,182 ,192. Only when the accumulated value reaches the

investment amount carried in the books will the project be paid out. At

the end of F? 1974, the investment in Dardanelle amounted to $45,557 ,814 ,

leaving $43,375 ,622 yet to be recovered.

The year by year progress of the accumulated “results of operations” for

the Corps projects is shown in Table 1. The table shows abrupt changes

from 1966 to 1967. This results from an adjustment to account for a

change in the way depreciation was computed . It is interesting to note

tha t af ter decades of opera t ion , Tenkiller Ferry and Fort Gibson are still

deeply in debt. At the end of F? 1974, the acc umula ted resul t of

opera tions for  the navi ga t ion projec t power ins tallat ions amoun ted to a

minus $6.2 million . The corresponding investmen t , at that time , amounted

to $254.4 million . Only when the accumulated results from operations

equal the total project investment in power will the projects meet the

requirement of Section 5 of the Flood Control Act of 1944 that power

investments be recovered.

3
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In connection with the information annually supplied on the gross revenues from

the sale of power, it is understood that SPA would like to perform the allocation

to individual projects, a function now performed by the Corps as described above.

It is understood that if SPA were allowed to perform this function, it would write

off the newer projects first, that is, the ones with the higher interest rates.

This would minimize the amounts to be paid for interest, and increase the amount

available for other projects. The Corps opposes this method on the basis that the

projects should be paid of f individually in an orderly manner, i.e., in the

chronological order that the projects were placed in service. SPA , on the other

hand , indicates that the only requirement is that all costs allocated to power

be recovered within 50 years after the last project is added to the system.

5
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OTHER ACCOUNT ING PROCEDURES

The poor financial status of the 20 plus year old Tenkiller Ferry and Fort Gibson

projects as indicated in Table 1 led to examining the method now used at SWD to

apportion revenues among the hydropower projects in the SPA system. Two operations

define this present method. First, the total cost of operating and maintaining

all hydropower plants in the SPA system is deducted from the revenues reported

by SPA. Second, the remaining revenues are apportioned to each project in pro-

portion to the project cost allocated to power. The sum of the project 0~ ’I cost

and the apportioned amount is the amount credited to each project each year.

Neither the history nor motives behind the adoption of these operations are known ;

however, exceptions can be taken on the basis of logic and the need to appraise

project performance as realistically and accurately as possible. For example,

the process of crediting each project with an amount equal to its operation and

maintenance cost plus a portion of the total revenue less total operation and

maintenance cost appears suspect. This procedure tends to spread extraordinary

expenses to all projects in the system, a factor which may have some merit.

However , the procedure also tends to hide extraordinary expenses at a project and

to improve the apparent financial performance of a poorly performing project. In

the same way, a good project appears worse than it really is. Also, apportioning

revenues in proportion to “cost allocated to power” favors projects with relatively

high cost power installations with no regard to the amount of the economic goods

that are produced. This procedure tends to improve the appearance of poor projects

and to degrade the appearance of good projects.

6
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In view of the foregoing , modified accounting systems were applied to the Bull

Shoals and Fort Gibson projects. The former was selected because the allocated

cost of the power facilities ($60.0 million) was greater than at any other hydro-

power project in the SPA system , and because its 1975 financial standing (at

minus $11.9 million) was the worst of all the SPA system projects. Fort Gibson

was selected because of its poor standing (minus $5.5 million) and its relatively

long service. The basic data for the modified accounting systems were derived

from the SWD running accounts for each hydropower project. The projects con-

sidered are listed below:

Beaver Dam
Blakely Mountain Dam
Broken Bow Dam
Bull Shoals Dam
*Dardanelle Dam
D~~ray Dam
Denison Dam

*Eufaula Dam
*Fort Gibson Dam
Greers Ferry Dam
*Keystone Dam
Narrows Dam
*Ozark Dam
*Robert S. Kerr Dam
Sam Rayburn Dam

• Stockton Dam
• Table Rock Dam

*Tenkiller Ferry Dam
*Webbers Falls Dam
Whitney Dam

*In the Arkansas River Navigation project.

7
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For each project and each year of operation , values were determined for (a)

apportioned power revenues, (b) operation and maintenance cost , (c) results

of operations at the year end , and (d) total costs during year. Total revenues

f or each yea r wer e determined b y adding the revenues apportioned to projects

in operation during the year.

Column s 2 of Tables 2 (Bull Shoals) and 3 (Fort Gibson) are reproduced from the

SWD running accounts. Columns 3 represent and attemp t to reproduce the SWD

accounting from the derived data. The differences that are apparent indicate

the SWD process has not been reproduced faithfully. The differences are considerea

small enough so that trends are not obscured.

Columns 4 in Tables 2 and 3 represent a trial accounting system in which SPA-

• reported revenues were apportioned to each project in proportion to the cost

allocated to power in the project. The step in the presently used system of first

deducting total 06M costs from gross revenues prior to apportioning was

eliminated on the basis that the result would depict the financial performance

of each project more accurately. Table 2 shows that this approach improves the

1975 status of Bull Shoals from minus $11.9 million now in SWD accounts to

minus $5.7 million. Table 3 shows that the status of Fort Gibson was impaired ,

the corresponding values being minus $5.5 million and minus $7.2 million. These

changes are felt to reflect the relative financial efficiencies of the two

hydropower plants.

8
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A second test allocation is shown in the last columns of Tables 2 and 3.

In this allocation, the SPA-reported revenues were apportioned to each

project in proportion to project power benefits computed on the basis of

arbitrarily selected unit power benefits. These are the 1945 values used

in the Arkansas River report of $13.30 per year per kilowatt of dependable

capacity, and 1.13 mills per kilowatt hour of average annual energy. This

aspect of the method requires additional careful consideration if this line

of thought is pursued further. Table 2 shows that the status of Bull Shoals

is further improved to $5.0 million while Table 3 shows that the status of

Fort Gibson has declined further to minus $8.3 million. Table 4 lists for

the hydropower projects in the SPA system the following: (a) cost allocated

to power, (b) 1975 financial status from SWD records where it is identified

as accumulated results from operation, and (c) 1975 financial status according

to the second trial accounting. The fact that the totals of the last two

columns differ indicate difficulties in the arithmetic. The trends in the

table are, however, felt to be valid, and that the results of the second trial

accounting appear to represent prevailing conditions more accurately than do the

values taken from SWO records. The presently used accounting procedure tends

to show poor projects in a more favorable light and good projects in a light

less favorable than actually exists.

11
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POWER PROJECT DATA

The Corps prepares “Power Project Data Sheets” once a year in accordance

with regulations. Those for Dardanel.le Lock and Dam are furnished as a sample.

Sheet 4 of the data sheets includes a suninary of “Power Production, Revenues,

and 0&4 Costs.~ The last two columns indicate that accumulated gross revenues

were $17,524,529 and the accumulated amount for interest and amortization was

$12,777,099 at the end of Fl 1974. Although no inconsistency exists, to the

uninformed person, this presents a much more favorable picture than that

depicted in Table 1 in which the accumulated results from operations at the

end of Fl 1974 amount to $2.2 million ($2,182,192) as compared to an invest-

ment in power of $45,557,814. These data sheets are furnished to the SPA ,

to the FPC Regional Office in Fort Worth, and to the Office, Chief of

Engineers, Washingtoit D.C.

FPC PORN NO. 1

General Guidance is provided in ER-37-2-l1, 16 May l971, for the preparation

of the Annual Report to the Federal Power Coninission, FPC Form No. I

(RCS FPC 1002). The report originates in the districts, goes through the

divisions to reach the Office, Chief of Engineers, by 1 September after the

end of the fiscal year. A copy is furnished the marketing agency (SPA in

this case) at the same time. The accounting is consistent with the SWD run-

ning accounts , but is much snore detailed. The very poor financial standing

of the Corps power projects is apparent in these reports, but it is apparent

only after much detailed examination by knowledgeable people. Furthermore,

these reports are not widely distributed.
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S~1IMARY

• SPA returns to the Treasury the funds received from the sale of

hydropower from Corps projects serving the SPA system less funds required

to defray SPA expenses.

• SPA informs SWD of the amount returned to the Treasury.

• SWD apportions the total revenues reported by SPA less total O6~(

projects to each hydropower project in proportion to the cost allocated

to power in the project. Each project is then credited the sum of its

O6M cost and the apportioned amount.

• Using these values, SWD maintains a running fiscal year accounting

of the financial status of each hydropower project.

- Such an accounting is required to determine whether the requirement

of Section 5 of the Flook Control Act of 1944 (ie., that funds expended

on power facilities be covered in a reasonable time) will be met.

A summary of the SWD accounting presents a very gloomy financial

picture.

• A similar gloomy picture appears in the FPC annual report which is

not widely distributed.

• The more widely distributed “Power Project Data Shaets” do not

present the gloomy side of the picture.

• The SWD accounting pictured the two oldest hydropower projects of the

Arkansas River project (Fort Gibson and Tenkiller Projects) as being

deeply in debt.

19

- - -~~~~~~~ -~~“~~~ ~~~~-‘~ i - fl - - 
i

-
~~

- - 1 -:.- ~~~~~ 
- - - -

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

1 .



i P’.’ rt
~

-r c.c,z. ’r 7c -._ 
— ~~~~~~~~~~~~~~~ ‘~

. The SWD system was examined to determine whether the old projects

were penalized in some way.

The assumption that total O&M costs be deducted from revenues before

the remainder is apportioned among projects appeared suspect , since the

greater the project O~i1 costs, the more credit the project would receive

to hide poor project performance.

Also suspect is the assumption that revenues be apportioned in

proportion to the project cost allocated to power. This places emphasis

in the wrong place, that is, cost rather than on economic results.

An approximate trial accounting was undertaken in which revenues were

apportioned in proportion to benefits computed arbitrarily on the basis

of 1945 values of $13.30 per kilowatt of dependable capacity per year

and 1.13 mills per kilowatt hour of average annual energy.

• The specific benefit values to be used in an accounting system require

much additional study.

• The trial accounting system presented in this report is felt to be

superior to the one now in use in that it distributes power revenues in

proportion to the economic output of each project , and does not assure

payment of 0 and M costs regardless f how exorbitant they may be.

• The trial accounting shows Bull Shoals in FY 1975 to be $5.0 million

on the way toward recovering its $60.0 million investement in power while

the corresponding SWD value is minus $11.9 million. The former value is

felt to represent more nearly the true economic value of Bull Shoals.

- The trial accounting lessens the 1975 financial status of the

Fort Gibson project to minus $8.3 m “~~~~~ on from minus $5.5 million in the SWD

records. This, too, is felt to reflect the relative economic value of

20
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this project.

It is felt that the SWD accounting system should be changed to

one similar to the second trial accounting system described herein.

The result should represent reality more closely and make the records a

more useful planning and managerial tool.
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