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" Introduction

The paper provideé a general béckgrouﬁﬁ.OH the development of power
- by Federal agenc1es.; The role of the Corps of Engineers as one of the
agencles in this progran 1s brlefly discussed. The Several'types of -
projects w1th power are deflned and the objectlve of the multiple use
concept of developnent of water resources is stated,

The basic engineering data heeded to determine the poweér potential’
are llsted and 1tems that could affect the power potential are noted.
The crlterla for plannlng power ‘installations are stated in general
tenns. - The procedures used in detennlnlng the annual cost of power
facilities and the assoclated benefits are discussed in some detail,
Studies to determlne the economlc feasibility of making provisions for
future power additions are outlined. ' '

Toio examples of general procedures used in sizing power plants
are given and the cost-allocation analyses are presented to illustrate

the advantagesAof multipl e~purpose concept in water resource development.

/General criteria
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General criteria for selécting hydroelectric generating

plant size at multiple-purpese projects

The installed power capacity of the United States amounted to -

174 million installed kilowatts at the end of 1959, with about 31 million
kilowatts or 18 per cent consisting of hydroelectric capacity. - This-
important segment of power capacity has been developed by Federal and
non—Federéi iﬂterests with the Federal portion amocunting to about

14 million kilowatts, ‘

Development of power by the Federal group is made in conjunction
with other water resource activities invelving navigation, flood: control;
irrigation, and other related purposes involving the public's welfare,
Mainly, there are three Federal.agencies involved in power development,
namely; (1) the Tennessee Valley Authority, which constructs and operates
power and multiple~purpose projects and markets power in the Tennessee
Valley and adjoining area; (2) the Department of the Interior, which
constrﬁcts and operates projects for irrigation and related purposes in.
the western United States ~nd acts as the power marketing agent for its
own projects as well as for those of the Corps of Engineers; and
{3}, the Army's Corps of Engincers, which constructs and operates
\projects for navigation, flcod control, power and related purposes on a
nationwide basis, The following discussion is concerned primarily with
the hydroelectric phase of water resource development,

The Civil Works program of the Corps of Engineers is carried out
in accordance with specific directives from the Congress, Surveys and
studies of river basins or individual projects are authorized by acts
of the Congress or resoclutions of its Public Works Commiitees. The
survey plans and estimates are prepared by one of the Corps' 40 District
offices, reviewed by the Board of Engineers for HRivers and Harbors,
and submitted to Congress with the recommendations of the Chief of
Engineers and the comments of other Federal agencies and the States.,
After projects are approved and authorized for construction by the

Congress, funds may be reguested for detailed planning and construction

/as part
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as part of the public works program proposed each year by the President;
The public works program planned, constructed and operated by the Corps
of Engineers is extensive, The part of this program that is discusséd
in this paper concerns the 32 projects that have hydroelectric power
facilities installed, See Table I.  These projects have a total name~
plate capacity of 6,576,400 kilowatts in service as of 1 May 1960. This
is the largest amount of hydroelectric generating capacity under any
organization in this country. . The program now underway, upon completion '~
of additional generating facilities totaling 3,904,000 kilowatts, will '
bring the total capacity in service to 10,480,400 kilowatts.

The projects at which generating facilities are installed range
from run~of-river to storage type and from single projects on a stream
to an interconnected series of projects in a basin, The run-of-river
power projects provide for reservoir storage limited to that necessary
for the accumulétion of off-peak flows at night or over weekends and
are usually located at navigation dams or at dams constructed especially
to reregulate flows from storage plants having peaking power facilities,
The term storage project refers to the type of develomment which provides :
considerable reservoir capacity that is used to increase flows during '
‘low flow pericds for power generation and to control rloods during'flood o
time. In areas where excessive run-off is seasonal in nature a storage
project may utilize the same storage space for power and flood control ‘
purposes. . At other storage projects, space provided for power use
is separate from that for exclusive flood control use. ' o

The muitiple use concept is used in the development of rngr basin
projects since it is more economical to combine several purposes in a h
single development. : This approach is in keeping with the objective of
 providing the best comprehensive ‘development of water resources,

The basic .engineering data needed to determine the power poﬁtentiél'
of projects include such items as observed or computed values of
stream flow, reservoir. area and capacity curves, tailwater rating
curve, ete, A record of stream flow should be of sufficient length
to include an extremely dry season in order to evaluate the dependable
power available. An analysis of mass curves of stream flow for the

/storage projects



Ol BULAS GUNE o/ Lia sl
Page 4

storage progects and flow duratlon curves for both run-of—rlver and
storage prOJects w1ll be of a5s1stance in making the power study,

Other water uses that affect the water available for power have to

be consmdered, such as: water supply; nav1gatlon needs; depletion of
supply by 1rr1get10n needs; water for fish preservation and migration
facllltles, minimam flow releases for pollution abatement and
eveporatlon, seepage and leakage losses., Other factors to be considered '
are sedimentation in the reservolr, pood fluctuations for mosquito control,
recreationel use of the reservoir and downstreatldegredation and
aggradation, ) '

Foundation and tOpographﬁc conditions are determining faotors in
selecting a dam site and also have a bearing on the helght of dam to be
constrieted, The extent of development in the area to be used for a
reservoir will have an economic bearing on the height to which a dam
should be built, '

The power installations at prOJects constructed by the Corps have
beeh plenned in general on the basis of the power belng narketed in an
eiistihg'interoonnected power system serving an extensive area. Therefore,
hydro projects in tranemission range of load centers compete with each
-other for sequence of development arnd with alternative sources, such
as fuel fired steam plants, in supplying the market. The characterlstlcs
of the load to be served and the types of power facilities that supply
the existing market are basic elements needed in determlnlng the size
of the installation to be provided. R

in ereas where the present market is supplied mostly by other
hydroel. ectric developmenis, the size of the initial installation is
limited in general to about uho'present load factor of the market " In
areas where the existing power supply is mostly fuel fired sources, |
extensive studies are made in which pOSulble peaking generatlng‘fromr
the proposed project is zllocated in the daily and monthly peak load
demand of the system, " | |

.. /Provisions are
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Provisions are made in the initial project for additional oower
facilities to be added in the future when projected load growth during
the economic life of the project and possible changes in the market
characteristics indicate a future need that can be met economically, " -

Basic engineering data and power market studles prov1de the tools
to arrlve ‘at’ a preliminary estlmate of the power potentlal of the project.
Subsequent ‘studiés of ‘various schemes to 1ncrease the power cutput or
to provide fore “econcmical-power. are made to deuermlne the best overall
installatidn cohsidering 1n1t1al and posslble ultlmate conditions
during {He ‘eéonomic life of. the project, Estnnates of' cost of various
proposed power schemes are made to add to the other cost data to obtain
the ovsrdil prdject cost Contlngen01es,_englneerlng, design, super-
vision, adtinistration and interest during construction are added ‘to
obtain the required. 1nvestment The annual oharges oh the investment
cost of the project.are used to.compare with the prospectlve anrigal
benefits over the economic life of the project. These ‘charges consist
of interest on the investment, amortization, provisions for replacement
of facilities that have a useful life shorter than the economic 1ife

of the 'project, and operation and maintenance charges, In economic -

feasibility studies for power. facilities, an additional cost is included

which is equal’to taxes that- the Federal, state and local Govermments

would forego receiving. as a result of Federal development'Oftthe—poweru

in lieu of an alternative that would most likely be ronstructed in the. ..

absence of the Federal development. ‘

The average annual value of all tangible benefits that accrue
to fhe project purpéses and that can-be giveh'a monetary evaluation
arc determined,  All gains, assets, or values; whether in goods;’
services, or intagibles which result from the construction, operation5
or maintenance of a project, are,.identified‘with'the purpoSe served.
The flood control,snavigation, irrigation, and water'supplyioeﬁefiteg'
if applicable, are measured by standard methods, Power BeﬁefiteiareT‘f,'
evaluated in collaboration with the Federal Power Comm1531on and are -
based cn the cost of .eguivalent power from the most economlcai
alternative new scurce of power that could render the same service

- /in the
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in the area concerned. The cost of the alternative source of‘eoweﬁ
is expressed as an annual charge and consists of two values; a
capacity'charge“and an energy ¢charge. The capacity charge is made
up of fixed charges on the- investment and fixed operatiﬁg, maintenance,
administration and general expenses, . Fixed charges on the investment
consist of interest and amortization on the cost associated with the
construction of an alternate power - source, insurance, and taxes that
are assessed agéinst the utility that are passed on to the consumer,
This latter item, in case a public non-Federal plant is the alternative .
powef seﬁrce, is a payment made to local governments in lieu of taxes,
Fixed Operatlng, malntenance, administrative and general expense consist
of the ‘annual costs that are incurred by 2 plant that is staffed and
ready to produce power. In case of a fuel fired steam plant, this
1ncludes the fuel cost 1ncurred in being ready to operate. The sum
of these charges is the at-plant annual capaczty cost. of the alternative
source of p0wer and is expressed as a cost per kilowatt of capacity,
The at—plant energy cost consists of cost of fuel used in producing
energy.andeeriable operation and maintenance charges and is expressed
as cos£ per kilewatt-hour of energy. The annual charges for eubstatien-.'
,and transmissien line are added to the alternative at~plant capacity
value to obtain the at—marketlcapacity value. The capacity and energy
unit values are adjusted for transmission losses. The at-market
capacity value is increased from O to 10 per cent to reflect the
advantages of greater reliability and speed of the hydro project in
meeting changing load demands. The hydre site unit values are obtained
by subiracting substation and transmission charges for a line from the
market to the hydro site, In the event that the alternative source of
power is another hydroelectric power plant, costs of power from the
two hydro projects are compared to each other or to an alternative anmal
steam plant costs to determine the most economical hydro project.

The capacity from a hydro preject is divided into dependable and

interruptible classes for evaluation, lhen detailed power studies

/are not
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are not made, the depandable eapacity-ef.e eﬁerage project as a minimum -
is that available at all times from the hydro plant, that is, the

output capability of the plant at'ﬁinimum Head. The unit value of this
dependable capacity equals the aiternative source unit capacity value.
Capacity in excess of dependébie is utilized dufing periods when water
is available in excess of that ava¢lable in the critical water period- .
used in determlnlng dependable capa01ty. Also, 1n some areas €Xcess
water is always available durlng certain seasons of the year. - This .-
extra capacity is classified as 1nterrupt1ble capacity and is egual to -
the difference between the dependable capacity and the installed or .-
nameplate capacity of €ﬁe powcf plahﬁ. The'unit valﬁe‘of this inter—
ruptible capacity vafies with percent of time available but for pre-
liminary purposes of evaluatlon, is assumed as having a unit value eQual
to one-half of the : ternatlve source unit capacity value.

Wihen detailed power studies are made for storage projects, the
dependable capacity‘te be eéalueteﬂ is the output capability of the
hydro plant at the time of system peak demand., The availability of -
interruptible capacity, if any, i1s determined and its unit value
estimated, based on the time and length of avculablllty° ,

X ‘The normal capablllty of run-of-river projects is usually ‘reduced
1n flood perlods due to high tailwater. The dependable capacity y ‘
credlted to the plant is not decreased, however, for any part of the

loss of capab1¢1ty that can be made up by surplus capacity simultaneously
‘available dur:i.ng high-flow periods at hydro storage plants in the system,
. The plant dependable capacity evaluated is the lesser value of

capability during iow-{low periods or the capability during floods.

If the load-carrying capability of the plant is related to the . .
characteristics of the load to be sﬁpplied, then the capability at the
time of the peak load is evaluated as dependable capacity.

The unit value of energy‘frbm the alternative power source is ,
used as the unit value of energy from ﬁhe‘hydro project and is applied-

to the average anmual energy produced at the hydro project.

/If other
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If other hydro plants are located downstream from a storage
project under study and beneflts acerue to those plants from upstream
storage, the net beneflts are credlted to the upstream prOJect fOr '
purpOSes of determlnlng its Justlflcatlonﬂ ’

Power beneflts credlted to a progect nay 1nclude an allowance
for the equivalent annual value of antlclpated future benefits from -
deferred increments of ultlmate installations. Both the future

benefits and the future costs are considered in such analysis. In
computing beneflts and costs of a future 1nstallat10n the values
applicable to the 1n1tlal 1nstallat10n are used but are adjusted to
reflect the effect of deferral of additional costs and beneflts. The =
equlvalent 50—year ‘annual cost of a future installation is obtained

by computlng the present worth of the added ammual cost. The
incremental average annual cost of operatlon and maintenance (adjusted
for cost of maJor replacements when necessary) is multiplied by the
approprlate factor and added to the present worth incremental annual
cost of constructing the additional facilities to obtain the total =~
incremental annual cost, The beneflts of a deferred 1nstallat10n are
obtained by multlplylng the unalscounted annual benefits by the '
-appropriate Iactor, as follows

Time of beg“nzxng of Operation Multiplier to apply'to'future annual
of future units benefits and operation and maine -

(Number ‘of years after initial ‘tenance charges to get average anrmal

- value over entire 50-year project
operation) life (2 1/2 per cent interest rate)
5 BN - 0.836
10 | o 0.693
15'1' S T 0.563
20 | 0.450

The incremental benefits and costs are added to the initial
installation benefits end costs to obtain the total benefits and costs
of the oroject over its economic life. Incremental and overall costs
and benefits are compared 1n arriving at a decision on the amount of
power installation to be provided,

/The total
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The total benefits of all nurposes served by the project are
summed up for ready comparison w1th the annual charges. A favourable
ratio, part of which is based. an the costs and value of the power,
1ndlcates that the project is deslrable from a standp01nt of overall ‘ji
benefit, The maximum 1natallanlon of power fac111t1es llmlted howeverl
by the utilization of the capacity 1n the system load should be at |
the point at Wthh the benefit added by an 1ncranent of power based on
the value of power from the least expensive alternatlve power source ' _’
equals the anmual charge for the increment of power. |

When more than one water use is invoived, as in the case in a
multiple purpose project, an allocation of costs among the project
water uses is made. . This allocation determines the portionrof projegt'
costs for each function and is based on the general principle that 'A
(1)} each function should carry the separable drrincrenental cost of
" including the function in the project, (2) no function should carry
costs in excess of benefits or alternative justifiable expenditures,
and (3) all functions of a project should sharé eqpifably in the'joint
savings of multiple-prrpose development. | _ .

In order to illustrate the above procedureﬁ,'two.examples of
power feasibility -studies are summarized briefly in the following
paragraphs. - -

Example & : _

The problem is to determine the initial and ultimate power
installation for a2 run—-of-river sité where a dam and a navigation
lock will be constructed to canaliﬁelthe fiver and to develop the'
power head between two existing projects.;- Existing power sources 1n
the area are 1nte;connmcueﬂ and are. predomlnately hydroelectrlc. The
annual growth of .load in the 1nterc9nn99ted system is estlmated to
amount to about 750,000 kiiowatts. of capacity with.a load factor of
70 per cent, The altarnative sdﬁrce of power is assumed to be é-stemn
electric plant; burning coal and with a heat rate of 10,000 b.t.u. per 7;
kilowatt-hour., The investment requlred for the alternative source is
estimated to be §173 per kilowatt of capacity and is assumed to be on
a nor-Federal public financing basi;;-. Taxes foregone is not a

/consideration because
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consideration. becauSe of publi¢ financing. The Federal Power Commission
computations. show that thls alternatlve power source would cost $15.46
per kilowatt for capa01ty and 3,32 mills per kilowattehour for energy

at the load center. Losses in transmission from load center to the
hydro site are estimated to be 4.5 per cent for capacity and 3.5 pef'
cent for energy. . Cost of transmission is computed t0 be $3,48 for
kilowatt per year for full plant capability.

The project is to be located between two projects. The downstream
project has a normal operating pool level at elevation 160 and the
upstream project operating tailwater has a range frmn'2u9 to 260 in
elevation for minimum to full load operstion under natural conditions,
Encroachment on the upstream project tailwater would be compensated’
for by the increase in pool level at fhg site under study up to a
point where the effect on normal operating tailwater at the upper
project shows a loss in head over that undér existing conditions equal
to that to be gained by the incrementél raise, This is reached when
the pool under study was at a 265 foot elevation. The hydraulic
capacity of both initial power plants upstremn and downstream of the
site is about 200,000 ec.f.s, and pondage at the three developments 1s
not a major problem for initial conditions, The critical period
stream flow occurs from September 15 to April 15 each year with the
1936-1937 occurrence being the most critical with the existing éjétem '
storage. The critical flow and elevation 265 normal level of develop=
ment would provide 745,000 kilowatts of prime power, Since the existing
power supply for the market is predominately hydro, the 1nstalled
capacity should be such that the critical period prime power would be
firm on the load at system load factor, The installed capa01ty on
this basis amounts to about 1,065,000 kilowatts which is‘the”liﬁiting
amount for computation of capacity benefits for initial phase, : The
lowest unit cost of capacity is usually obtained ffom a unit that
has the largest rating. Model data showed that an available turbine
would be satisfactory and eight units would provide near capacitj o

requirements, Eight units were selected based on savings‘thét would

/acerue from -
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accrue from the low cost per unit of capacity énd'on the advantageous
transmission arrangement for eight units ‘as compared to that for

other :unit sizes and numbers, Additional studies were also made to
determine the most economical unit installation to fit into the adopted -
unit, space. = The value of any added czpacity installation was
considered on the basis of revenue to be obtained in the initial system
storage phase from the extra energy available. The added capacity
provided initially would be firmed up in the near future by additional
storage in projects to be constructed upstream but was not evaluated

for the initial project in this case, The revenue from the incrementél
energy for the initial pericd was assumed as 2 mills per kilowatit~hour
which is the present market value, The results of the study for unit

rating are as follows:

Unit capability  Annual cost  Average energy Value B/C
(kilowatts) {thousands increment
of dollars) (millions of
kilowatts)
125,000 960.0 , _
20,245 increment 127.0 ' 85.0 170 1.34
145,245 1,087.0 _
10,005 increment.. - . 86,0 » 43.0 86,0 1.00
155,250 - 1,173.0

The annual cost consiats of interest on the investment at 2 1/2 per
cent, amortization at a 2 1/2 per cent rate for 50 years or 1,03 per
cent operation, maintenance and feplécement charges and annual ‘cost of
transmission. Eight units with a capahility of 155,250 kilowatts were
selected for the initial installation.

.. Studies for the ultimate installation were limited to ﬁhe gite
characteristics and a shortened econocmic study to determine the time
required when.the cost of the last added unit on a present worth basis
would equal-the capacity value on a deferred basis, The site
characteristits indicated that 20 units could be constructed in the
space available for a power plant., The results of. studies to determine
the best method of)making prévisions showed that skeleton unit substracture

- Jwould be IS
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would be more economical than the Z type embankment provision if it was
con51dered that a substantial portion of the units would be firm in
the load before an 18 year period, The rate of growth of load and
probable increasing rate of steam generating capacity indicated thaﬂ
the additional units would be loaded by the 18 jear break-even ﬁoint.
Therefore, skeleton substructures were adopﬁed‘as the best method to
provide for future units, The time reguired for the last unit to
be installed and to break;even on a cost benefit basis 1nd1cated about
30 years. Computatlons of the value of the power for the last added
unit were based on capacity value only since the addltlonal energy
ebtained would be during the annual flood season and would amount to
opération‘for about one week only. The site conditions and the possible
effect, of the rate-of--change in tailwater levels during operation of
the ultimate installation limited the proposed ultimate installation
to 20 units., The computation is shown below, | |
20th unit installation

1. Investment (in thousands of dollars)

a. Skeleton unit ciructure = 3,245
bo CGmpletion Of url-i.t han 9’509
2,  Annual charges (in thousands of dollars)

At indicated years after initial

installation . |
0 30 35 40
a. Skecleton unit 115,.% 115,0 115,0 115,0

b. Completion - present worbh 9,509.0  4,540.0 4,010.0 3,540.0
1. Interest and '

. amortization - . 335,0 160.0  142.,0 125.0
"2, Operation and L : . Lo
maiat enance 145,0 _ 38,0 27.0 ~17.0
a, Replacements : 38,0 5.0- 0.0 0,0
ko Transmission  540.0  258,0  227.0  200,0
Sub~-total completion 1,058.0 461.0 | 396.4 342.0
Totzl charges 1,173.0 576,0  511,0  457.0
3. Benefit (in thousands of
doliars) 2,300,0 600,0 4240 265.,0
L. B/C ratio 1,96 1,04 0.83  0.58

B A

/It was
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It was detenninéd_that some flood control.sﬁould be included in
the project since it could be provided without detriment to navigation .
and power :Lnteresus° It would be obtained by predrafting the pool at
the beglnnlng of the flood season to provide space for storage and by
surcharging the podl, | 500 000 acre-feet of flood control storage was
provided on this basis. The cost allocation for the project is shown'
in table 2, *The cost allocated to power of 14,900,000 dollars would
require $14., 00 per kilowatt of firm power per year to repay the c05t
Example B

The problem is to determine the power installation for a storage

project where a reservoir will be created to develop storage for flood
control, water supply, and power, The project is to be located upstream
from two other storage projects that also provide flood control. and )
power. The existing power sources in the marketing area are
predominately steam plants, The annual load growth in the inter-
connected system is estimated to be about 300,000 kilowatts of capacity.
The alternative sdurce of power would be a steam electric plant which
would have an investment cost of about $125 per kilowatt of capacity.
The Federal Power Commission computed the cost of the alternative source
of power on a privately financed basis and determined that capacity
would cost $22,00 per'kiiowatt per year and energy 1.50 mills per
kilowatt«hour at the site of ths hydro project, Transmission costs and
losses were accounted for in the value, The taxes foregone component
in the capacity value zmounts to $8,10 per kilowatt and represents an
econcmic loss to Government bodies as a result of Federal rather than
private development of the powero Various levels of development of
the proposed site were studied to determine the most economic helght
as related to providing varying amounts of storage for each purpose.
The increasing needs for water supply made it desirable to make the _
economic analysis on the basis of two periods in the assumed fiftyayeéf
economic life of the.oroject It was determined that flood contrbl |
storage in the amount of 300,000 acre-feet would be provided in the
space 10 feet above the top of power pool, Thls storage would be for |

- /exclusive flood
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exclusive flood control use, Drawdown storage for power and water
supply was based on deﬁailed'sfgdigé of the systém critical low flow
period and amounted to 925,00Daacre~feét with & drawdown of 43 feet
below maximum powér pocl level, However, the units wefe’selected

and set s0 as to take advantage of carry-over storage of 341,000 acro-
feet in an additional 27 feet of drawdown in the event that fimm energy
is more critical than capacity requirements. The system critical flow
period extended from 28 May 1953 to 30 September 1954. The existing
hydro system output without the eiisting project would have an installed
capacity of 626,000 kilowatts with seasonal dependable capacity'of
612,000 kilowatts, The prime power would be about 67,000 kilowatts,
,With the proposed projsct added to the hydro system, installed capacity
would be 736,000 kilowatts with seasonal dependable capacity amounting
to 724,000 kilowatts,  Anmmal prime energy for a critical flow period
would be 94,000 kilowatte with initial water supply requirements,
System prime energy including the proposed project would amount to
79,000 kilowatts for ultimate water supply redquirenents. The
characteristics of the load to be served shows a high summer peak
requirement so hydroelectric scurces would be more econcmical than
alternative sources in mssiing peak loads, Capacity and energy
generation from hyZroelectric sources vary monthly but are utilized
-primarily in the peek of the monthly Joad, If a critical flow period
recurs, the upstrear prcject wovld be cperated at an 8 to 9 per cent
at-site load fachor. The installed cepacity at the proposed project
was-determined to be 112,000 kilowatts capacity and is to be provided
in two units. . The wurbines szlected would produce the 112,000 kilowatts
of eapacity.with best c«fficiency at average head and at the point of
drawdown corresponding to the time of system peak during the critical
year.would produce 112,000 kilowatts with full gate operation at the
reduced head, = Since the project develops substantially all of the
energy available at the site, is a peaking project and has a relatively
low load. factor, the initial and ultimate installation are the same.
The cost allocation analysic is shown in table 3,

/The cost
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The cost alleocation studies in examples A and B above show that some

single purpose features of water resource development are not economically

. feasible when considered separately but are feasible when combined in a

single development and share equitably in the joint savings, This

demonstrates the advantages of the multiple use concept in resource

development,,

/Table 1






TARLE, T
MILFIE=-FURPGSE PROJECTS WITH POWER

DHAINAGE DATE IN AV, ANNUAL TOP OF GROBS
FROJECT RIVER AREA STRTCE NAME FLATE RATLO: _GERERATION FOOL HEAD{») STORAGE TESERVOIR ARER
In - — Exclusive % Usable
Oper. ma Usahle F1.Contrel Uashle Elevetion
8q. Mig o) My ME (Init) Elev. Pt 1000 AF 1000 4F 1000's Acres
CUMBIA RIVER BASTN
.+ Bomneville Columbia 249,000 1937 518.4 518.4 4,550,000 Th.0 59 0 Pondage 20,3
. Detroit (b) N, Saptism i, 1953 118,0 (n} 13.0 (b) 5,000 (b} 1564.0 371 17 33 {e) 3.5
e beNary Colubia 215,000 1653 980.0 1400.0 140,000 340.0 75 o 8.8
. Iookout Fotnt (b) Willemette 1954 135.0 (W) 135.0 {b) 373,400 (b} 926.,0 233 13 336 (c; 4.3
. Albent Falls Pepd (reslle 2k, 208 2955 he,é Lo 234, 000 2048, 5 29 0 1,253 (e .6
»»  Chief Joseph Calusbla 75,000 1955 lo2h.0 1726.0 6,437,000 946,0 171 o Fondage 7.8
'+ Tos Tallea Coluabia 237,000 1957 963.0 17830 7,540,000 1620 86 Q Pondage un.z2
. Cougar McKenzie a 1962 - 0.0 246,900 1590.0 433 n 154 Ec} 1.2
. W1 creek Willamatte 3Bg 1661 o 30.0 166,550 1543.0 38 0 24g (e) 2.7
0. Ice Harber Snake 109,000 1961 - sho.o 1,840,000 Lo o 100 Q Pondage 2.2
1. John Day Calioble 236,000 1667 - 2700.0 8,000,000 265.0 105 150 Fondage (c) 52.0
TOTAL COLLMELA BASIN 3781.0 9015.0 35,887,880 191 2,215
ISSOURI RIVER
Ft. Peck Missourd 572725 1943 5.0 165.0 979,000 2046.0 212 1,006 13,900 (e 237,
. Pt Randall Missouri 262,150 1654 320.0 320.0 1,633,000 1365.0 128 900 3,800 (c 102.0
+  Garrison Mizgouri 180,90 1956 4o0.0 Loo.o 1,966,000 1850.0 170 1,600 18,000 (e 390.0
. Gavisa Polnt Missouri 279, 1956 100.6 200.0 631,000 1208.0 b1 64 271 (c 3.1
. Omhe MisAguri 243,450 1962 - 595.0 2,455,000 1617,0 190 1,100 17,000 {e 358.1
» Bz Band Migaouri 249,330 1564 - hib.o 985,00¢ U200 69 275 266 (e 55.8
TOTAL MISSOURI RIVER 905.0 20LB.0 8,845,000 4,839 51,281
QUTHHESTERY
. Horfork H. Pork 1,806 2004 70,0 1%0.0 155,000 552.0 74 732 7 2.0
Deataon R 3,79 154 79.0 5.0 267,000 &7.0 108 2,63, 1,730 g1
. arrows L. Missowri 237 1950 17.0 25,5 28,h00 shd.0 5 128 7.2
Bull Shoals White 8,03 1952 160.0 340.,0 647,000 [ 133 2,360 2,08k 5.k
. Pt Givaem Grand 12,432 1953 lis.o 61.5 199,500 554.0 a ] Pondsge 121
. Vnltney Erazos 17,656 1353 30.0 30.0 gg,1 520-0 8y 1,630 132 15.8
Tenkilier Ferry  Iltinois 1,610 1953 W0 3.0 11k, 500 B30.0 1haz 500 ns 12.5
. Blakely Mounteln Ouachitam 1,105 1955 75.0 5.0 156,000 578.0 181 &y 1,886 Lo,1
. Table Rock White 020 2555 100.0 200.0 k93,000 515.0 200 760 1,092 43,1
). Greera Ferry Iittle Red 1,146 196; - 96.0 18g,000 k610 184 93 T 3.5
L. FPufaula an 47,552 1 - 30,0 317,000 5B5.0 81 1,470 1,481 102.¢
?, Dardaneile Arizaness 153,704 1964 - 134,0 B, 338.0 48 9 37.0
j. McGee Bend hogelina 3,453 1963 - 52.0 118,50 160 &9 1,1k 1,383 14,5
+.  Beayer White »186 1965 - 112.0 —. 170,000 1120.0 1% 1,096 28.2
TOTAL SOUTENEITERH 601.0 1561.0 3,611,541 14,305 13,054
Dule Hollow o 935 1948 5h.0 sh.0 127,000 651.0 1 353 Lok 7.7
Allatoona i 1,110 1350 Thao 1i6.0 169, 82070 1%2 303 285 1,5
Center i1l Caney Fork 2,195 1950 135.0 135.0 351,000 64B,0 162 T62 hgz 18.2
Wolf Creek Cunberland 5,310 1951 270.0 270,0 &67,000 723.0 162 2,094 2,1h2 50,2
John H. Kerr Foanoke 1,800 1952 204.0 204.0 438,000 300.0 91 1,278 1,046 k8.5
Clark Hi1l Savennah 6,104 1953 280.0 280.0 96,000 330.0 135 390 1,340 Tl
Puilpott Swd th 212 1353 140 W0 25,500 74,0 158 3 21 2.9
TJim Woodruff Chattapoochee 17:250 1857 30.0 3040 220,000 Jr 0 25 0 36.0
0lA Rickory Cumberlacd 11,600 1957 100.0 100.0 120,000 5.0 b Q Fondage 22,5
1, Buford Chattahoochee 1,0k0 157 6.0 6.0 170,000 1070.0 8 637 1,049 38.0
. Cheathe. Cunberland 1,070 1960 24,0 36.0 160,000 385.0 2 ° 7.5
', EHartwell Savannah , 038 1962 - 336.0 453,000 60,0 160 295 1,527 56,4
i« Walter F. George Chettahooches 7,507 lo62 - 130, 436,000 190.C 3 o Fondage Ee% 46.0
j. Barkley Cumberland 17,639 1964 - 130.0 600,000 /KO {e) 4 1,873 le) 282 (e 2.0
TOTAL SOUTEEASTERR 1271.0 1905.0 9,134, b0 Tobl9 8,670
FER
Bt. Marys, Mith. Bt. Marys 80,900 1932 184 18,4 136,500 603.6 23 o LAXE BUPERIOR
GRAND TOTALS 6976.4 14551.% 53,359,721 26,754 7,260

gross Head - Difference between tap of usable poal elevation and noral tailwater level.
Inelndes powsr dats fram reregulating dams. Other Jats for Detroit and Iookeut Podnt ondyy
Flood Conbrol provided by pre-—drafiing usable storag® GO Drovids neceéssary space,
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CCST ALLOCATIOM#: . RUN-OF~RIVER PROJECT

i~f--~(Thqusand5“of'dollars)"

{'! R RN

2._

Multiple

Aifernative single purpose projects

‘h,

B/C ratio

204

Sy

S ©  purpose
ST ey ject— - ~Power Navigation  Flood
L control
. Summary of, costs, T R
charges and benefits , ' C
&, First cost - 400,000,0 - 384,000,0  280,000.0.  250,000,0
"b, " Interest during . ‘ . : K
~ construction 40,000,0 38,000,0 28,000,0 25,000,0
"‘c, ' Investment © 440,000.0 422,000,0  '308,000,0  275,000,0
d. Annual charges B
1. Interest ¢ 2% 11,000.0 . -10,550,0 . 7,700.0 - 6,870,0
2, Amortization - L e
. 2%% - 50 years - 4,500.0 . . 4,350.0 3,160,0 2,830.0
" 3, Oper., maint,, and S T -
o replacements 3,100.0 '2;600,0 440,0 400,0
Lo Total annual. o ;
charges 18,600,0 17,500,0 11,300,0 10,100,0
e. Annual benefits '
1. Power at site
Capacity,l.005,003 .
e $11,25 11,980,0
Energy - 9 billion L .
kWh € 3.2 mills 28,800,0 40,7€0,0 o
2, Navigation 3,926.0 3,926.0 :
3. Flood control - 670.0 670,0
L. Total benfits 45,376.0 - .0
f. ©U/C ratio 2,44 2.33 0.35 0.07
Cost _allocation ~ Annual : .
a. Benefits 45,3760 40,780,0 3,926,0 670,0
b. Alternate cost 38,900.0 17,500.0 11,300.0 10,100.0
¢, Benefits limited by .
. alternate cost 22,096.0 17,500.0 3,926.0 670.0
d. Separable cost 8,400,0 7,300.0 1,100,0
e, Remaining benefits 13,6960 10,200.0 2,826,0 670,0
£, Allocated joint costs 10,200,0 7,600.0 2,100,0 500,0
g, Allozavicon 18,600.0 14,900.0 3,200.0 500,0
2.7h 1.23 1.34

/Table 3
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Table 3
COST ALLOCATION: STORAGE PROJECT
" (Thousands of dollars) ‘ R

Multiple - Alternative single purpose projects

purpose
S mrmeem s e e Dpgjech Water Flood Power
supply control
1. Summary of costs, charges,
and benefits ' . :
- a, First cost - . . 49,621.3 8,752.6  13,500.0  46,127.5
" b, Interest during . _ _ ‘ :
construction 2,481.0 27440 L22,0 2,018.0
* ¢. Investment - 52,102,3 9,026.,6  13,922.0. 48,145.5
. d. Annual charges ‘ e
'+ 1, Interest @ 2i% ©1,303.0 226,0 348.0  1,204.0
2. Amortization . : '
21% = 50 years . 5340 0 93.0 143.0  494.0
3. Oper,, maint., and : '
“ replacements . C2Th.G 20.0 35.0 241.0
4, Taxes foregone 907.0 0. 0 Q7.0
5. Total 3,018.0 339.0 © 526,0 2,8L6.0
e. Anmial benefits
1, Power added to
system
Capacity - 112,600 .7 : C )
) @ 22,00 C2,464.0 . o 2,464.0
© ' : Energy - 172 million . R o :
" kWh ¢ 1.5 mills 258,0 L ST 258.0
2. Flood control ' 363.0 . 363.0 - .
3. Water supply 529.0 529.0 ' .
k. Total 3,614.0 . 529,0 1363.0°  2,722,0
- f. BfC ratio - - 0 1.16 1.56 0.69 - 0.95
2. Cost allocation =~ annual - .
a, Benefits © 3,614.0 529.0 363.0 2,722.0
. b. Alternate cost ©3,711.0 339.0 526.0 2,846,0
-~ ¢, Benefits limited by = ' . . :
- alternate cost 3,424.0 339.0 363.0 2,722.0
d., Separable cost ©2,597.0 48,0 - 113.0. . 2,436,0
e, Hemaining benefits 827.0 291.0 250,0 - 286,0
oo oofe Allocated joint costs 421,0 148.0 127.0 146.0.
g, Total allocated costs 3,018,0 196.0 - 240.0 -2,582,0
h, Taxes foregone 907,.0 0 0 %07.0
i, Total allocation, ' ’
project cost 2,110,0 196.0 240,0 1,675.0
je B/C ratio 1.16 2.70 1.51 1.05




