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ABSTRACT 

A series of three hydroelectric projects owned by one 

power company iust upstream from Hells Canyon on the Snake 

River between Idaho and Oregon have been in competition with 

other water users in the river, both upstream and downstream. 

Upstream, extensive irrigated ~griculture has developed, which 

has resulted in large reductions in the streamflow reachinq 

the dams. Downstream, higher levels of streamflow are sought 

to benefit naviqation, recreation, and fish and wildlife 

ha bitat. The power company's desire to retain water in stor

aqe, releasinq lower flows, is in conflict with the other 

users' desires to have the downstream releases increased. 

Proiections by the Idaho Water Res~urce Board indicate further 

expansion is likely in the amount of irrigated land upstream, 

promising qreater reduction in the fl~ws to the h~roelectric 

proiects and more acute conflict over the levels of the power 

releases to Hells Canyon. 

The thesis presents a synopsis of the history behind the 

controversial Hells Canyon developments, an examination of the 

nature of each use of the river, and consideration of alterna

tives for easing the antagonism between the power company and 

the other us~rs. A computer model was used to make a simula-



tion study of reservoir and power plant operation under vari

ous hydroloqi= ana hydraulic c~nditi3ns to analyze the effect 

of different alternatives on energy production. 

xi 

Tb~ funiamental conclusion was that a change will be nec

essary in future water use, either by decreasing the reliance 

on water for power production or by limiting consumption of 

the water bv irriqated agriculture. 



I. INTRODUCTION 

Idah3's Snake River is a very important resource to the 

state. Its water is distributed over large land areas to help 

grow agricultural products; it is used by residents and 

tourists for recreation such as floating, hunting, fishing, 
I 

and aesthetic eniovment; it is use~ to obtain boat access to 

places otherwise accessible only with great difficulty; and it 

is used to qenerate electric power as it falls on its downhill 

flow to the sea. With so many users of essentially the same 

commodity, cJnflicts are inevitable. Indeed, conflicts over 

the Snake River have been very prevalent. Considering that 

the future holds prospects for an increasing number of people 

desirinq incJmpatible uses of the Snake River waters, the con-

troversy is most likely to intensify before subsiding. 

In the niddle of the dispute, quite literally, is Hells 

Canvon, a deep gorge in the middle reach of the Snake River. 

The upper Snake River Basin has extensive development of 

irriqated aqriculture, indicate d in Fiqure 1, a location map 

of the area under study. Downstream from this development are 

three hydroelectric dams , which lie in and just upstream from 

Hells Cinyon (see Figure 2). Further downstream, in Hells 

Canyon and below, are stretches of the river used for 
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Figure 1. 
I.Dcat ion Map--St9.te of Idaho. 
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navigation# fishing# and recreational pursuits. And at the 

dams, of coucse, power is qenerated. All of the user groups 

have tried to obtain water from the others to enhance their 

own applicati~ns. Most successful to date have been the 

irrigation interests because they are located upstream and as 

a qroup have been around the longe5t# plus as a group, they 

make the greatest contribution to the state economy. Of late, 

h~wever, the other water use interests have been gaining in 

popularity and political power. 

Since Iiaho Power Company started building the three dams 

in its Middle Snake Proiect in the mid-1950s, it bas met 

opposition almost constantly on one front or another. For 

manv years, the fight was over who should do the building of a 

dam, then it was over ~hg!~g£ to do the building at all, and 

now that the dams are all in and operating, there are constant 

battles over hlw the system should be operated. Due to gener

ally low watec supplies in the summer, at the time when the 

demand for water use is qreatest, the problem has become quite 

acute, and the issue of Hells Canyon has been politically very 

touchy on st1te, reqional, and national levels. At various 

times in recent history, Hells Canyon has been discussed and 

debated throughout the country as to what should be the future 

status of the area, both with respect to development and with 

respect to use. Some years ago, before the hydroelectric de

velopment of the canyon had been completed, Roy F. Bessey 
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(1964, p. 1), a prominent wateL resouLces planner regionally 

and nationally, saw the national interest in Hells Canyon as 

lyinq in a number of areas: "development and use of a 

national resource for national benefit in meeting expanding 

requirements for space, land, water, materials, and energy; 

the strenqtheninq and balancing of the na tiona 1 economy in its 

functional and areal sectors; the advancement and effective 

use of principles and policies of national resources 

manaqemeut." 

One aspect of the issue which will be of great si~nifi

cance in determining future use patterns is the designation by 

the u.s. Congress of the Hells C~nyon Nationll Recreation Area 

in 1975 (89 Stat. 1117). This area, just downstream of the 

power company dams, will be administered by the Federal Gov

ernment and will have no major construction projects permittei 

in it at all. This may be a ve ry laudable achievement--having 

the aLea permanently dedicated to and preserved for 

recreati~n--but the consequences of such action should be ex

amined. As the Pacific Northwe st River Basins Commission 

noted (1971, p. 7), "The State of Idaho has an unusually large 

number of the nation's potential wild rivers. These rivers 

also have large potentials of ievelopment for flood control 

and irrigati~n storaqe, hydropower generation, and other pur

poses besides their free-flowing features. Careful analysis 

is required of opportunities foregone as wild and scenic 



rivers are established." 

Thus, the present research is aimed at investigating the 

water problems currently encountered in and about Hells 

Canyon, the likely course of the problems in the future, and 

some potential means of alleviating the problems. 

Specifically, the objectives of this study are: 

(1) To examine the nature of the opposing uses of the 
river; 
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{2} To analyze the value of the Middle Snake dams to the 
power company; 

(3) To investigate for Idaho's future both the need for 
power production and the expected availability of 
water; and 

(4) To develop a computer program to simulate the Hells 
Canyon hydroelectric system on the snake Rivar and 
analyze various operating schemes to determine their 
effects on power production. 

The history of the Hells Canyon controversy, along with 

the National Recreation Area, is discussed in Chapter II. 

Chapter III looks at earlier work by federal, state, and pri-

vate groups studyinq the canyon and river directly, or else 

studying subiects directly related to the canyon developments. 

The different river-user groups are analyzed in Chapter IV, 

while Chapters V, VI, and VII e xamine, respectively, the over-

all power generation and supply system of Idaho Power Company, 

the pro;ectei needs for electricity in Idaho in the near 

future, and the projected availability of adequate streamflows 

in the Snake Rivec. Chapter VIII considers one of the alter-

natives originally contemplated for providing higher flow 
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levels downstream , a dam for r~regulatiou of flow below Hells 

Canyon Dam. The computer simulation study is discussed in 

Chapter IX, and Chapter X offers =o~lusions and recommenda

tions for further study. A detail~d description of the com

puter program and the data used in the computer study are pre

sented in the appendices. 



II. HISTORY OF HELLS CANYON DEVELOPMENT 

While the actual development in Hells Canyon is not so 

long on the time scale, the history of the controversy related 

to the development is quite involved. The Hells Canyon reach 

of the Snake River, located on the Middle Snake, was first 

discussed in federal water res~urces plans for the region in 

the late 194Js. For the next two and half decades, opposition 

was expressed very strongly, often bitterly, on both sides of 

several issu2s, with Hells Canyon, the deepest canyon in North 

America, lying in the middle. The primary issues went essen

tially from federal versus non-federal construction of dams in 

the canyon to no~federal construction versus non-constructioG 

of dams. The current status of the "battle" is substantially 

a compromise--some non-federal dams have been built, but sev

eral others that had been planned have now been prohibited by 

federal law, and it appears very likely that the development 

in the canyon vill not extend beyond its present level for 

some time into the future, if e ver. The battle has not 

ceased, however, as will be seen in this chapter and later in 

Chapter IV. 
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.A~--~ g_"£.! Y. -~ Q!lt.£QY~.£§! ~§ 

As mentioned above, the early "disputers" on both sides 

cited a need for dam construction, but they dis3greed on who 

should build the dams. The start of the discussions was in 

the federal plans released in the late 1940s. A vater re

sourcei plan f~r the Columbia River Basin, of which the Snake 

River Basin is a larqe part, was one of the :orps of 

Engineers' "308" Reports. The report done f::>r the Columbia 

was completei in 1931, and it proposed ten dams on the 

Columbia proper {U.S. Congress 1931). The m!jor plan, thou1h, 

much more basin-wide, was completed in 1948. This rep::>rt, 

also made by the Corps, incl ud d (a) existinq projects, (b) 

proiects underway, (c) additional projects forming a main con

trol pl3n for early development, (d) proposed future projects, 

and {e) additional potential projects (Bessey 1964, p. 9). 

Therein mention was made of a proposed federal Hells Canyon 

Dam, a hiqh dam to provide storage for control of floods and 

for generation of power. 

Tha u.s. Bureau of Reclamation also made a large report 

at about the same time, in which they proposed construction of 

a similar hiqh Hells Canyon Dam primarily to benefit 

irrigation interests. They desired to gener~te power at the 

dam and use revenues thus obtained to subsidize irrigation 

projects in southern Idaho. These two studies and plans, the 
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Corps' and the Bureau's, had been done independently, with no 

attempt to c3ordinate . _In 1948, however, there vas a major 

flood on the Lower Columbia River, after which President 

Truman directed the Departments of Interior and Army to work 

toqether on Columbia Basin planninq. rhe aqencies adopted an 

agreement in April 1949 such that with respe=t to the Snake, 

the Bureau would be responsible for developmant above the 

Salmon River confluence, and the Corps would be responsible 

for development below {Bessey 1964, p. 21). The Army portion, 

which c~nsisted primarily of f3nr naviqation-power dams on the 

Lower snake, was authorized by Congress in 1950, but the 

Bureau's plan, including Hells Canyon Dam, failed to be 

authorized. 

The Idah~ Power Company (IPC) had plans for eventually 

buildinq five run-of-river projects on the Middle Snake, a 

plan which was later chanqed to one storage reservoir and two 

run-of-river reservoirs. In 1947 and 1948 there had been a 

fight in the oregon state government over amendment of a 1931 

state law permitting the state to recapture private po~er dams 

without goin1 through condemnation proceedings. The amendment 

was supporte1 by eastern Oregon counties, who had been told by 

Idaho Power that the company would proceed with oxbow Dam if 

the bill were passed. The legislature passed the bill, then 

overrod e the governor's veto, but when the Oregon Grange and 

others succeeded in getting the bill as a referendum in the 
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qeneral election of 1948, _the voters r-ejected it by a large 

maiority (We~therby 1968, p. 47). Despite this loss, the 

company still souqht constructi~n of Oxbow and applied to the 

Federal Power Commission (FPC) to d~ so in late 1950. 

A very diverse group of government agencies, citizen 

groups, and ~ther orqanizations joined the FPC proceedings as 

interven e rs, either favoring Idaho Power's application or 

opposing it. At the start of the struggle, the opposing sides 

(within the FPC hearings or publicly outside the proceedings) 

were: 

organized labor at national AFL-CIO, state and local 
levels; a number of far-m groups such as the Farmers Union 
at nati~nal, state, and l~cal levels, Oreqon and Washing
ton state and subordinate granges and some local ~ranges 
in other states; some regional and national supply 
cooperatives; some local chambers of commerce; national, 
regional, and local public and cooperative power associa
tions: public utility districts; the widely-represented 
regional Hells canyon associations; some individu3ls ani 
qroups in state government; a majority of the Pacific 
Northwest delegation in the u.s. Congress; and, until 
1953, the federal Departments of Inte~ior and Agriculture 

favoring the federal plan (the high dam at Hells Canyon), and 

the U.S., state, and some local chambers of commerce, 
the National Association ~f Manufacturer-s; the Far-m 
Bureau F?deration at nati~nal, state, and local levels; 
some loc!l units of the grange; the Idaho State Reclama
tion Association; some water-users groups; the governors 
of Idaho and Washington (Jordan and Langlie) ; and the 
privately-owned utilities, especially Idaho Power Company 

opposing federal development (Bessey 1964, p. 28) • 

Pr-esident Truman was also one of the opponents of the 

private development of the canyon. He had ociginally asked 

the Corps ani the Bureau to work jointly on developing the 



river, and as noted earlier, the Bureau•s Hells Canyon Dam 

proposal failed to receive Congressional authorization. 
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Still, the Aiministration fought Idaho Power's efforts for its 

low·-dam protect because the President believ~d "that the site 

called for a hiqh dam to ensure more power, adequate storage, 

and full resource development" (Moss 1967, p. 175). The 

federal Departments of Agriculture and Interior officially in

tervened in the FPC hearinqs, tryinq to dissuade the FPC from 

licensing the private proiect. When the Eisenhower Adminis

tration entered in 1953, however, matters changed significant

ly. In his inaugural address, Eisenhower set forward a policy 

of "partnership," pledging assistance to private ente·rp:rise. 

The Secretary of Agriculture withdrew almost immediately as an 

FPC intervener, and the Secretary of Interior withdrew that 

department's opposition in May. 

with the loss of Interior as an ally, the several 

reqional orqanizations felt the need for a national organiza

tion to continue the fight. The various groups, mostly public 

power, labor, ind farm groups, combined resources in May 1953 

to form the National Hells Canyon Association (NHCA), 

headquartered in Portland (Weatherby 1968, p. 89}. Also in 

May 1953, Id~ho Power Company revealed its thcee-dam plan, 

making application to the FPC for Brownlee and Hells Canyon 

Dams •. The three-dam plan provided for two run-of-river plants 

and a one-million acre-foot multiple-purpose reservoir: 
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upstream. In contrast, the one-dam plan had a high dam locat-

ed near the site of the pr~posed downstream power plant of 

Idaho Power, with a reservoir extending as far upstream as 

Idaho Power•s three reservoirs and containinq approximately 

3.88 million acre-feet of storage. 

The position of the interveners (i.e. NHCA) was based on 

sections 7{bl and 10{a) of the Federal Power Act (49 Stat. 

838) • . Section 7{b) requires the FP: to deny a license for any 

project that would be better undertaken by the United States, 

then to . recommend development of the project to Congress. 

Section 10(a) requires the FPC to license only projects best 

adapted to a "comprehensive plan for improving or developing a 

waterway or waterways for the use or banefit of interstate or 

foreiqn commerce, for the improvement and utilization of 

water-power development, and for other beneficial public 

uses, including recreational purposes • . •• ·" The proponents 

of the federal plan argued that the high Hells Canyon Dam vas 

a "better" plan than Idaho Power's, since it would provi3e 

lower-cost power than private development, thus greatly aidin~ 

the regio·nal economic development. They also said it was much 

better adapted to a comprehensive plan for the Basin since the 

Bureau of Reclamation and Corps of Engineers had each included 

the high dam as a siqnificant unit ~f their existing compre

hensive plans for the Columbia system. Moreover, construction 

of the Idah0 Power three-dam proiect would preclude later de-
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velopment of the federal plan. 

Idaho Power defended its case by asserting that "{1) ex

pandinq load requirements made immediate construction un1er 

its thre e-dam plan impecative. (2) Its proiect was, in fact, 

a m u 1 tip 1 e purpose de ve 1 o p men t • ( 3 ) It was best ad a pte d to a 

comprehensive plan for the develo pment of the basin. (4) No 

facts iustified a finding under the Federal Power Act that 

development should be undertaken by the u.s. (5) The project 

was economic:tllv feasible. (6) It could be financed and con

struction could proceed quickly" (Bessey 1956, p. 684). They 

also arqued that the one-dam project had not been properly 

evaluated, and that if it had been, it would have been found 

economically unsound and infeasible. 

In the state of Idaho, th e primary concern had always 

been (in the southern part of the state, at least) to make 

cectain that no project would have any interference with 

"upstream rights" to Snake Rive c water for irrigation anj 

other benefi=ial uses. A state permit qranted to Idaho Power 

for its proiect stated that any rights it hal to water were 

qranted subiect to the conditi3n that the project should be 

operated so as not to conflict with future upstream diversion 

and use {Bessey 1956, p. 687). Initially, the Idaho interests 

did not oppose the federal project since it would have brought 

reclamation benefits and supposed protection of upstream water 

rights. In fact, official comments of the governors of the 
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several Columbia Basin states were generally favorable to the 

federal "main control plan" at the €nd of the 1940s (Bessey 

1964 6 p. 25). Later on, however, despite inclusion of lan

quaqe protective of the upstream righ·ts in the Congressional 

bills, "the qovernors of Idaho have continued to oppose that 

legislation« {Bessey 1956, p. 687). 

The Federal Power Commission hearing process involves an 

Examiner for the Commission listening publicly to the argu

ments for and aqainst issuance of a license to the applicant. 

The Examiner then offers a decision on whether to grant the 

license or not, and passes his decision on to the commission. 

The whole Commission then issues its final, binding decision, 

considering the evidence given by both sides and giving due 

weiqht to the decision of the Examiner. In the Idaho Power 

case, where the FPC had decided to consider ill three dams as 

one sinqle proiect (FPC Project No. 1971), the Examiner found 

that the federal dam was superior in most respects. But he 

also felt that Congressional authorization would be very 

unlikely, so he recommended that the FPC plan be licensed. 

The final FP: decision was issuea in August 1955. They agreed 

with the Examiner that the project should be licensed, but 

they did not aqree that the federal project would be a better 

one. 

Th~ essence of the Commission decision was that Idaho 

Power's proiect would be better suited to the comprehensive 
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plan of development than the high Hells Canyon Dam project 

would be. They found fault with the interveners• economic 

reasons for federal Kells Canyon superiorit~ They noted (FPC 

1955, 14 FPC 59) no provision in section 7(b) of the Act that 

federal development should be recommended if it could provide 

lower-cost power, and "if the supplying of p~wer at the lower 

costs resultinq from Federal development should be considered 

as a decisive factor, there would be few c~ses involving major 

power prnjects where private power could be licensed under the 

Act. • • " The comparisons in value were made almost entire

ly on an economic basis, and the FPC emphasized that such com

parisons should be made using the same means of financing, 

either private financinq or federal financin1 for each pro

ject. The interveners had attempted to compare them with 

fedecal financing for the federal plan and private for the 

private plan, a comparison which "would be of little value in 

determining which plan would be more aconomic for either 

Federal construction or private construction." The :ommission 

thus found that power considerations, which accounted for 851 

of the total benefits under either plan, had a highe~ bene

fit:=ost ratio with the three-dam plan {Federal Power 

Commission 1955, 14 FPC sq).t 

The Commission also looked at each of the projects with 

tFederal Power Commission cited hereinafter as FPC. 
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respect to navigation. recreati~n, irrigation, and flood con

trol ben e fits, and effects on fish and wildlife. Navigation 

benefits were seen as relatively insignificant, economically, 

when comparei with the overall benefits of either plan, and 

they were "so similar in amount as to have no discernible 

effect." It was felt that the federal proiect, with its 

greater size, would probably attract more out-of-state visi

tors, but that good access roads would make either area an im

portant recreation attraction, so again they were comparable. 

While the fejeral dam project was intended to benefit farmers 

throuqh subsidization of irrigation c~sts, the Commission felt 

that the matter of subsidies (whether and in what mann~r) was 

for Conqress to decide, so they disregarded the irrigators' 

argument. The Commission also considered th~ Corps of 

Enqineers• reliance on hiqh Hells Canyon as part of the Corps' 

so-called main control plan to control floods on the Lower 

Columbia. The FPC noted that Brownlee Reservoir, containing 

about one million acre-feet of stor3.qe, which, combined with 

other dams in the snake Basin, would total aborrt 8.5 million 

acre-feet, about two-thirds of the average annual flow of the 

Snake River 3.t Weiser at that time. In addition, they noted 

that the Dep3.rtment of the Army had no objections to Idaho 

Power's offering less storage than originally planned, and the 

Corps had, in fact, offered license conditions to the FPC 

undec which Brownlee should be operated for flood control pur-
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poses. The :ommission thus felt that the IPC plan was con

sistent with the Armv•s present plans to control floods on the 

Columbia Rivec. As for the fish and wildlif2 aspect, either 

plan was 1udgei to likely have an adverse impact, especially 

on anadromous fish, so the Commission felt that about five 

million dollars would be reguired to be spent for a fishery 

program. Thus, the :ommission felt that "th2 public purposes 

such as f looj control, naviqation, and recreation could be 

effectuated to about the same extent under either plan of de

velopment." Finally, the private plan would serve these 

public purposes at no expense to the United States (FPC 1955, 

14 FPC 62). 

Rather expectedly, the interveners did not aqree with the 

Commission's decision. They pe titioned the FPC for a 

rehearinq, which the FPC denied. They then appealed t~ the 

United states Circuit court of Appeals, maintainin-g their po

sition that the federal project was superior under sections 

7(b) and 10~) of the Federal Power A=t. The court 

unanimously upheld the FPC decision, not wishing to judge what 

they considered a technical matter. The next step was a 

filing with the u.s. Supreme Court for a writ of certiorari. 

The Hiqh Court denied the writ in 1957, refusinq to review the 

case, with no reason qiven. 

With apparent confidence that the appeals would be 

denied, Idah~ Power had bequn construction of Brownlee Dam in 



November 1955. Oxbow was started in the summer of 1958, and 

Brownlee ~as completed in the fall of 1958. Oxbow was com

pleted in 1961. Construction ~f Hells Canyon Dam, begun in 

1964, was complete in 1968. 
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After issuance of the FPC license in 1955, IPC, which had 

made applications for permits for its three dams with the 

Oreqon Hydroelectric Commission, appeared at a public hearing 

consideLinq the permits. The company took the position that 

it did not need a state license since it had already g3tten 

one from the FPC, who had jurisdiction, but that it wished to 

maintain proper relations with the state. Opponents said that 

a state license was required, and the state Attorney General 

believed state law .was beinq vi~lated by IPC's proceeding with 

Brownlee construction. A precedent case was later dis=overed, 

however, which upheld the company's claims. 

The Hell; Canyon associations, particularly the National 

Hells Canyon Association, pretty much passed out of existence 

after 1957. They managed to muster a larqe letter-writing 

campaign in 1957, however, which likely helped bring about 

passage in the u.s. Senate of a bill in favor of high Hells 

Canvon Dam. The bill later died in committee in the House anj 

with it the Association's hopes of halting construction of 

Idaho Power :ompany's three-dam hydroelectri~ complex. Ten 

years later, hJwever, some one-dam advocates took consolation 

in the fact that Idaho Power had been forced to change its 
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plans from its oriqinal five run-of-river dams, so their time 

and money had not all been for a losinq cause {Weatherby 1968, 

p. 88). Thouqh this was the end of attempts to stop project 

construction, it was not by any means the end of disputes over 

Hells Canyon. 

D~--1~t~t-~QRttQ!~[§~g§ 

After c::>nstruction of the three dams vas "cl-eared" for 

Idaho P~wer, probably the largest thorn in the company's side 

was its requirement, under FPC orders, to mitigate adverse 

effects on anadromous fishes in the Snake River. The fish 

problem may have been the start of the nenvironmental" concern 

for Hells Canyon. The problem was that the 1ams blocked the 

miqration of salmonid fishes, who swam downstream to the sea 

as smolts and back upstream a f ew years later as adults to 

spawn. Article 35 of its FPC license re~uired the company to 

provide for fish-handling facilities to conserve these fish 

runs. They were also to act accordinqly upon recommendations 

relevant to the fish problem from the SecretirY of the 

Interi~r, the conservation aqencies of Idaho and Oregon, or 

the FPC itself, as well as to pay a portion of the annual 

costs realized by the Idaho and Oregon Fish ~nd Game 

Commissions with respect to operation and maintenance of re

lated fishery facilities. 

In November 1956, the Dep~rtment of Interior submitted 

recommendations to the FPC for construction of fish 
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conservation facilities, followed in the summer of 1957 by a 

letter recommending specific fish-h~ndling facilities . In 

February 1958, the FPC issued an order prescribing a net ar

ranqement in Brownlee Reservoir with skimming and trapping 

devices to capture migrating fish and permit their passage 

around the dams. The net idea apparently worked poorly, and 

in october 1963 Idaho Power Comp1ny, the u.s. Fish and 

Wildlife Service, and the fish and game agencies of Idaho, 

Oreqon, and ~ashinqton iointly urqed the FPC to amend its 

earlier order. The FPC did so, two months later, when it 

ordered that the net be abandoned, that a hatchery be con

structed by Idaho Power on the Rapid River, a tributary of the 

Salmon River , and that the company make provisions for 

transportation of spawning fish and/or their eggs (Bessey 

1964, p. 38). The Rapid River h~tchery, as well as a few 

other hatchery facilities on the upper Salmon and Snake 

Rivers , have had limited success, but to date have still 

sustained the salmon runs to some extent. 

A development closely related to the "Halls Canyon 

battle" was 3. series of hydroelectric developments proposed by 

power companies other than Idaho Power to be constructed down

stream from IPC's Hells Canyon Dam. Pacific Northwest Power 

Company (PNPC), a coalition of four private utilities based in 

washinqton and Oreqoni filed an FPC application for a prelimi

nary permit for two dams called Pleasant Valley and Mountain 
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Sheep (see Fiqure 2). The three-year preliminary permit was 

issued, but a license was denied by commission order in Janu

ary 1958. · The last day of its three-year per mit period, PNPC 

filed a license application for a high dam at the Mountain 

Sheep site. The FPC called for a hearing on the application, 

and six days before the scheduled hearing, an application for 

another dam =alled Nez Perce was received from Washington 

Public Power Supply System (WPPSS), a group of eighteen munic

ipalities. The tvo applications were mutually exclusive, so 

the Commission provided a single hearing for both of them, 

runninq during late 1960 and 1961. The Presiding Examiner's 

initial decision, in late 1962, was to grant PNPC•s license 

and deny WPPSS's, which was followed by a petition from the 

Secretary of Interior to intervene in the pr~ceedings in order 

to urqe aevelopment by the federal government. The :ommission 

did, however, decide to grant the PNPC license and deny the 

WPPSS one, an order which was appealed by the Secretary of 

Interior to tbe Circuit Court of Appeals and the u.s. Supreme 

Court. The Supreme Court, in a significant decision in June 

1967, remanded the case to the FPC so it could reconsider two 

principal questions: private versus federal development, and 

development versus non-development (!!g_g_!!.._!.!.._ -ff~ 1967, 387 

u.s. 428). 

The Supreme Court decision, written by Justice Douglas, 

opened the W!Y for individuals and groups with strong environ-
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mental concern3 to beqin makinq their case for preserving the 

canyon, i.e. not permitting any more 3evelop~ent there beyond 

what Id.:tho P3wer had already done. The Bells Canyon 

Preservation Council, one of the more active of the groups, 

was incorporated in 1967 «for the specific, single purpose of 

savinq the W3rld's deepest river canyon from beinq drowned by 

additional dams" {Hells Canyon Preservation Council 1975, 

Newsletter Preface) .1 The Council published a newsletter 

three or four times a year between 1967 and 1975 to inform 

members of the issues pertinent to Hells Canyon, to report the 

proqress of the various Hells canyon bills in Congress, and to 

encourage active participation by its members. The Council 

gave its first annual award, given to "leaders of American 

public opinion who have taken up our cause" to Justice William 

o. Douglas for his writing of the Court's 1967 opinion in 

ll~gl!_!~-~~~ {HCPC 1973). 

When the PNPC-WPPSS case went back to the FPC for further 

hearinq, the two power entities agreed to join forces and make 

a single application for a Middle Snake project, applying for 

any one of three alternative developments in the reach between 

Hells Canyon Dam and the Grande Ronde River. Shortly 

thereafter, in late 1968, the Department of Interior sought t~ 

lHells :anyon Preservation Council cited hereinafter as 
HCPC. 
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join in on the proiect also, which would have required 

enabling legislation from Congress. Before that occurred, 

however# the new administration's Secretary {Hickel) withdrew 

the Dep~rtment from consideration for the thr:ee-way coalition, 

and even proposed a moratorium on dam-building. With the 

continuation of the hearings, the Presiding Examiner again 

recommended issuance of a license for a Pleasant Valley

Mountain Sheep proiect, but he also recommen1ed that construc

tion not beqin before September 12, 1975, so that studies 

could be made on including the Middle Snake River as a compo

nent of the National Wild and Scenic Rivers System. In Febru

ary 1975, the Commission released a draft environmental impact 

statement on the project (FPC 1975), in compliance with the 

National Environmental Policy Act. Congressional action later 

killed all c~nsideration for the project. 

sev e ral bills had been introduced into both houses of 

Conqress since about 1968 by several of the representatives of 

the Pacific Northwest states. Idaho Senators Church and 

Jordan introduced a moratorium bill in 1968 and 1969 with 

little success, but it passed the Senate in 1970. The bill, 

intended to permit exploration of all possible alternatives 

and prevent =onstruction until exploration was complete, sub

sequently failed in the House. Re-intro1uction in 1971 was 

also fruitless. Two bills introduced in 1970 proposed to 

designate the stretch of the snake in question as a Nation~l 
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River to be ~dministered by th e Secretary of Aq.riculture. 

Oregon Senator Packwood introduced a bill in the Senate, and 

Representative Saylor of Pennsylvania introduced a separate 

one in the H~use. Neither was successful, including a re

introduction of Packwood's bill in the Senate in 1971. Sever

al other bills in 1972, 1973, and 1974 attempted to create a 

national for~st parklands area or a national recreation area, 

but none was successful until passage was secured on the las·t 

day of 1975 ~f an act establishinq the Hells Canyon National 

Recreation Area (89 Stat. 1117), which was later signed by the 

President. A principal provision of the law creating the 

National Recreation Area (NRA) is prohibition of construction 

of anv further development within the area, which cancels the 

PNPC-WPPSS proiect. 

~~--H@!1~-~~liQD_I~ti2!~l-B~£I~~!iQU_!,~~ 

The law which created Hells Canyon National Recreation 

Area was a great victory for "environmentalists.u They had 

tried f~r many years to obtain a leqal prohibition against 

further Hells Canyon dam-building. The Act designated certain 

lands alonq the Snake River bel~w Hells Canyon Dam as 

wilderness, =ertain other lands in the vicinity as the NRA, 

and other neiqhborinq areas as wilderness study area. In ad-

dition, portions of the Snake and Ripid Rivers were designated 

as Wild or Scenic Rivers. The tentative boundaries of the NRA 

in relation to existing and previously-proposed hydroelectric 
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dams in the vicinity, are shown in Figure 2. The Act directs 

the Federal Power Commission not to license ~ny project within 

the recreati~n area. It also directs the Secretary of 

Aqriculture to determine final boundaries for the various 

areas, and to administer the whole area. Some protection is 

offered to the upstream irrigation and power interests, howev

er. The l:tw states that .it shall not "in any way limit, re

strict, or conflict with present and future uses of the waters 

of the Snake River and its tri butaries upstream from the 

boundaries of the Hells Canyon National Re=reation Area creat

ed hereby." Also, "no flow re:ruirements of any kind may be 

imposed on t he waters of the Snake River bel~w Bells canyon 

D a m. • • • n under the Act ( 8 9 S tat. 111 8) • 



III. PREVIOUS SrUDIES 

The Hells Canyon reach of the Snake River has been stud

ied for quite some time. It has been referr~d to as the most 

studied river in the country. some studies have looked at it 

as a portion of the Columbia River Basin of the Pacific 

Northwest Re~ion, while others have ·researched the canyon 

specifically. As noted in Chapter II, the area has been very 

controversial--there have long been parties eager to develop 

the canyon, and for almost as long, there have been others who 

have wanted to preserve it. The result has been numerous 

studies, to ·ietermine the best wa vs to develop, the restric

tions on the development, hov to preserve the river, and how 

best to compromise for all these. 

A~--f!~.I;:!Y:... ~ t1! ~!:i~§ _1f.:£iQ£_tQ_1_2§.~l. 

In 1924 the u.s. Congress directed the :hief of E·nqineers 

of the Army to take leadership in multiple-purpose surveys of 

major American river basins {U.S. Congress 1926). They re

quested a plan for improving navigation, waterpower, flood 

control,and irriqation in the Columbia Basin and its minor 

tributaries. The Corps of Engineers responded in 1931 with a 

report proposing ten dams to be constructed on the main stem 

of the Columbia. The Corps presented in 1q49 a more basin-
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wide plan, h~weve~, in which it offered its "main control 

plan" (O.S. :ongress 1948). This plan inclu1ed several large 

multiple-purpose dams and reservoirs to be operated as a coor-

dinated system in conjunction with lower Columbia levees for 

controlling main columbia floods, improving inland navigation, 

and furnishing the main part of the power re~uirements for the 

Columbia Basin. Therein the federal plan for the high Hells 

Canyon Dam w~s first revealed. Coincidentally, the U.S. 

Bureau of Reclamation released at about the same time a study 

of the :olumbia River Basin water resources in which it, too, 

had proposed development of a high dam near the Corps' Hells 

Canyon site. 

After licensinq of the Idah~ Power Comp~ny Middle Snake 

project in 1955, the Corps drew up a manual to be jointly used 

by the agency and the power company for oper~ting the three-

dam complex for power, navigation, and flood control. This 

manual annourced {U.S. Army, Corps of Engineers 1961, p. 36) t 

that 

Regulation studies and other investiqations since 
issuance of the lice~e have indicated to the Corps of 
Enqineers that some of the provisions of Articles 42 and 
43 need to be reviewei to insure adequate navigable water 
downstream and provide greater flexibility in flood con
trol operations. 

It was noted, though {Corps 1961, p. 36), that such a review 

lU.S. Army, Corps of Engineers cited hereinafter as 
Corps. 
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would involva quite a bit of neq3tiation and time, so the pre

liminary ope~ating plan, outlined in the manual, had been 

based on existinq provisions and "practical inteqration of 

over-all ope~ating objectives." The Chief of Engineers pro

posed th e reafter to the Chairman of the Fedecal Power 

Commission that the company be required to release at least 

8500 cubic faet per second (cfs) at all times, rather than 

just 5000 cfs, but a later letter withdrew the request and 

recommended that action on the license review be discontinued 

(Corps 1972, p. 7). 

B~--tlQ£g_g~~gnt_~tY~i~§ 

1. Army Corps of Enqineers 

Afte r raceivinq a petition from the Lewiston, Idaho, and 

Clarkston, W3shinqton, Chambers of :ommerce in late 1967, the 

Federal Power Commission requested the Corps of Enqineers to 

review ~na comment upon the petition. The petition had re

quested a modific~tion of Idaho Power Comp~ny's license to re

quire a rele3se of at least 10,000 cfs (instead of 5000) ·at 

all times in order to benefit pleasure boating, commercial 

boating, and to preserve fish and wildlife on the Snake River 

downstream. The Corps requested extra time before commentinq, 

so they could make a boating survey of the rivec reach. The 

Walla Wall3 District then released a brief staff paper (Corps 

1969), summarizinq the results of the initial phases of the 

study, which had consisted of ~n!lyzing the problem, 
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conferrinq with the parties involved, investigating alte~na-

tive solutions. and conducting the boating survey. 

Thereafter, they held public meetings in Boise and Lewiston in 

December 1970, and released the final report from the North 

Pacific Division a year later (Corps 1972). 

The corps recognized that current operating practices of 

Idaho Power's Middle Snake Proiect, combined with snake River 

hydrology, often made naviqati~n difficult in the river down-

stream of the power plants. The most troubl~some condition 
I 

was low streimflow, which Idah~ Power could legally reduce to 

5000 cfs at times. This was the situation the petitioners 

hoped to eradicate by increasing the minimum flow. Aside from 

the proposed chanqes in the li=ense, the Corps also looked at 

other possible soluti~s to the boating problem. The alterna-

tives initially considered were no change in the license, the 

requested license change, the requested licens~ change 

(modified), ~downstream dam for reregulation, provision of 

navigable flows during mail-run periods and weekends, restric-

tion of naviqation on the reacn to licensed boats and opera-

tors, construction of channel improvements. provision of 

upstream storaqe for augmentation of flows for navigation, 

closure of the river to navigation, restriction of navigation 

above Lime Point to iet-type c~aft, and the Pleasant Valley-

Mountain Sheep dam complex downstream (Corps 1972, p. 29) • 

Most of them were considered unavailable at the present time 
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~~ infeasible for some tither reason, with the only realistic 

alternatives then being no change ia the license, the proposed 

or the modified proposed license change, and maintaining in

creased minimum flows part of the time (i.e. for the mail boat 

and on weekends). The modified proposed chanqe was to require 

10,000 cfs to be released, except that the release would not 

have to exceed the inflow to B~ownlee. 

In discussing the proposed license modifications, the 

Corps n~ted that the requirement for 10,000 cfs at all times 

would require drafting storage from Brownlee at times, thereby 

wasting substantial amounts of firm energy both to Idaho Power 

Company and to the coordinated C~lumbia River system. Thus, 

the Corps confined its analysis to the modified proposal, 

which it examined in detail. The study actuilly considered 

9500 cfs, rather than 10,000, since that flow would pro vide a 

channel above the Salmon River comparable to the channel below 

the Salmon at 13,000 cfs (Corps 1972, p. 36). The Corps dis

cussed losses that the company (and the entire system) would 

suffer in terms of annual energy produ=tion and peaking capa

bility. Evaluations made using a severe critical period as 

the criterion showed an average annual firm ~nergy loss of 

48,400 kilow1tts, worth about $ 2.3 million per year. Using a 

less severe control period, the loss would not be as bad , 

about 12,000 kilowatts and $600,000 annually. 
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The conclusion reached in 1972 was that other uses of the 

river besides boating and power production would be affected 

by any license change increasing minimum flows. Among these 

other uses W3uld be fish and wildlife habitat, water quality, 

recreational use of the river and adjacent land, recreational 

use of Brownlee Reservoir, and upstream irrigation. It should 

be noted that upstream irriqation interests ~ere very 

adamantly opposed to increasing the minimum flow requirements. 

ultimately, the Corps felt that it could not have evaluated 

the impacts on these uses ~ithin the scope of its study, and 

that a complete analysis of each should be made before 

decidinq whether to modify the license, so the Corps recom

mended no change in the license ~t that time. 

2. Idaho Power Company 

Directly related to the aforementioned license change 

proposal and analysis, the Idaho Power Company itself releasei 

a study (Idan~ Power Company 1970) on the effects of the 

license modification, and its reasons why it should not be 

modified. The company's analysis, presented in June 1970, was 

in response to the Corps• 1969 report which had made a prelim

inary recommendation in favor of the increased flow require

ment. Idah~ Power hoped to sh:>w nthe Corps of Enqineers and 

other interested parties the detrimental and perhaps 

disastrous effect that chanqinq the license as proposed could 

causett {IPC 1970, p. 4). 
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Idaho Power noted that the principal effect of increasing 

the minimum flow would be a loss of storable waters in 

Brownlee Reservoir. In years when the streamflow coming in 

was normal or above normal, tha reduction would not be too 

great. but the advantage gained for navigati~n would also be 

very small since the water releases would be hiqh anyway. In 

dry years, th~ugh, Brownlee's level would be lowered by not 

beinq able to refill, but even this reduction in the reservoir 

storaqe "would not increase downstream flows to the level that 

could be envisioned by the requirement of a 9500 cfs minimum 

flow" (IPC 1970, p. 15). 

Thouqh not a member of the Pacific Northwest Coordination 

Agreement (PNCA), Idaho Power Company is required by Article 

39 of its FPC license to coordinate its Project 1971 opera-

tions both hydraulically and electrically with the Northwest 

Power Pool, which operates as ! coordinated system under the 

PNCA. The company felt that increasing the minimum flow re-

quirement woula decrease its ability to benefically coordinate 

its operation. Reasons given (IPC 1970, p. 18) were: 

a. Generatian at downstream plants attributable to coor
dinated storage water rele~ses from Brownlee 
Res~rvoir will be reduced abo~t 50 percent from the 
level that was anticipated as a result of the minimum 
flows from Brownlee specified in the FPC license. 

b. At site qeneration from stored waters will be reduced 
about 40 percent. 

c. At site peakinq capabiliity at the time of the system 
peak will be reduced about 300,000 kilowatts below 
the amount contemplated when Hells Canyon Dam was de-
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d. Flexibility of operation with the Northwest Power 
Po~l will be reduced because of these restrictions. 
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The company did some regulation studies based on its re-

quired 5000 =fs release and also on the 9500 cfs requiretent. 

They used ·the Corps of Engineers operating rule curve for 

Brownlee Reservoir which had been developed based on condi-

tions durinq a critically dry 8-1/2-month period in 1936-37. 

The rule cu~e specifies the drawdown permitted so that the 

reservoir can refill using a specifie3 release for power. 

With a 5000 cfs release, full draftinq and refilling of 

Brownlee was possible, but 9500 cfs permittej drafting and 

refillinq onlv 64 percent of full capacity, reducing the out-

put of firm power at Brownlee, oxbow, and Hells Canyon, and 

also at downstream power plants. 

Idaho Po~er considered that alternatives to replace the 

lost capacity would be expensive for its rate payers. The al-

ternativ~s mentioned were thermal peaking generation by gas 

turbine or c~al-fired plants, purchasing from another company, 

for which Id~~~ Power would have to construct transmission fa-

cilities, or construction of a reregulating dam below Hells 

Canvon. To replace the projected 310,000 kilowatts of lost 

capacity, they would need to spend annually about $8 million 

for new peaking f!cilities, about $4 million for transmissinn 

lines, or ab)ut $4 million for the rerequlatinq dam {IPC 1970, 

p. 25). 
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Finally, the company asserted that the economic impact of 

the proposed chanqe would be substantial. They expressed 

doubts ~bout meeting contractual obligations to supply power 

dur_inq dr-v yaars, and they anticipated serious legal and 

equitable problems if such a situation occurred (IPC 1970, p. 

38) • 

3. Idaho Water Resource Board 

As part ~f the Comprehensive Joint Plan of the Pacific 

Northwest River Basins Commission (PNW RBC ) and the Idaho State 

water Plan, the Idaho Water Resource Board did a stuay (Idaho 

Water Resour=a Board 1974)1 to determine flow rates that would 

be desirable for aquatic life, recreation, and water quality 

in the Snake River, and also to project the availability of 

water in the future based on minimum flow requirements and 

future irriq~tion development. They selected four reaches of 

the Snake River for study between Marsing, Idaho, and the 

mouth of the Grande Ronde River. They then sought to deter

mine what the flows would have been in these reaches if the 

present levels of upstream control and irrigation had existed 

throuqh~ut the 1928-1968 period of rec~rd used for analysis. 

In addition, they sought to determine the extent to which po

tential mininum -flow requirements are not being met now, what 

trda ho Witer Resource Board cited hereinafter as IWRB. 
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the flows would have been in the 41-year study period if the 

levels of development projected for the year 2020 had existed 

throughout, and what deficiencies could be expected in meeting 

the potential minimum flows under the ~ssumed future condi

tions. The fl~w requirements assumed we~e 6800 cfs from 

Marsing to ontario; 8600 cfs from Weiser to Brownlee 

Reservoi~; various levels from 9500 cfs to 16,000 cfs in the 

reach below Hells Canyon Dam; and 13,000 cfs above the Grande 

Ronde River, i.e. at Lime Point. The study, released in 1974, 

used a computer model of the Snake River to =alculate the 

flows. 

The study had two main parts--the Present Conditions 

study and th~ Future conditions study. Noting that signifi

cant changes with respect to existence and/or operation of 

reservoirs and irrigation systems had taken place on the Snake 

in the peri~] of record, the Present Conditions study made 

several assumptions to try to correct for these changes. 

First, "presant" vas understood to mean 1973 or the period 

preceding 1973 when the data or criteria beinq considered were 

at a sta ble condition. Further, all structured controls exis

tinq then {1973) were assumed to have existed throughout the 

study period, and their simulated ope~ation was the same as 

the present type of operation. 

In the Future Conditi~ns aspect of the research, the 

level of development projected for the year 2020 was again 
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assumed to have existed throughout the . period. The projection 

was made by the Office of Business Economics and Economic Re

search Servi~e (OBERS) based on population and food and fiber 

needs f~r the country with Idaho's irrigation development 

proceeding to meet the National Economic Development (NED) ob

iective. A proiection based on the Environmental Quality (EQ) 

obiective was also made, which had the effect of maintaining 

hiqher instream flows. The actual growth rate occurring will 

probably be between the NED and EQ levels, so the water avail

able in 2020 will probably be somewhat higher than that pre

dicted by this study, which used the NED maximum development 

proiection. The assumption was also made that the instream 

flow requirements (such as at Hells Canyon) would not hinder 

the irriqation development. 

Reservoirs in the Snake River Basin consist of federal 

reservoirs constructed by the Corps of Engineers and the 

Bureau of Reclamation for irriqation_ flood control, and power 

production, as well as some private dams and reservoirs. 

These reserv3irs were "operated" in the simulation to serve 

their desiqn purposes, based on current management practices 

and historic records of contents and releases. 

The results of the Present conditions study showed lowest 

flows occurring in July, August, and September, the same as 

historically. Fl~ws at Murphy (above Marsing) were guite con

stant throuqbout the year, primarily because of groundwater 
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discharge from the Snake River Plain at Thousand Springs. The 

Weiser and Hells Canyon reaches had greater seasonal fluctua

tions due to less regulation in the in te rveni ng t.ribu ta ries 

(Boise and Payette Rivers). Deficits in meeting the minimum 

flow obiectives occurred at Weiser in July and August, at 

Hells Canyon from 9500 cfs in May, June, July, and August, but 

mostly in July and August, and at Lime Point from 13,000 cfs 

in July, Au gust, and September. A log- normal frequency anal y-

sis at each site for the winter peri~d (September through 

March) showe1 that the probability of not meeting the objec

tive was less than five percent at each site. In the summer, 

however, chances were much qreater. There w~s a 40 percent 

chance that Hells Canyon's flow would be below 9500 cfs in 

July and August. 

The Future Conditions flows were much lower overall and 

especially in July. Flows at Weise~, Hells Canyon, and Lime 

Point averaqed ab~ut 5000 cfs less under future conditions in 

July than under present conditions. The primary reason was 

pumping from the Snake River for summer irrigation between 

Kinq Hill and Murphy. Deficits from the flow objectives oc

curred qenet:'ally in July, Auqust, and Septembe.r for Weiser's 

8600 cfs, with July being the lowest month. The same was true 

at Hells canyon Dam. At Lime Point, the 13,000 cfs was met in 

July, but deficits occurred in August and September. The 

study also analyzed the effect of future coniitions on the 



39 

major Snake River tributaries, proiecting depletions therein, 

and notinq that "with increased depletions elsewhere in the 

Snake River Basin, a larqer portion of Brownlee Reservoir 

inflow would be supplied by the Payette River" (IWRB 1974, p. 

22). The Payette enters the Snake about 15 miles upstream 

from Weiser, and about 25 miles ibove the upstream end of 

Brownlee Reservoic. 

The major conclusions of the study were that flow objec-

tives under the present conditions could not be met 100 

percent of the time, and that future conditi~ns caused even 

greater and much more frequent depletions in streamflows. 

Also, the most likely ways to supply water (in-stream) for 

2020 and beyond were judged to be pumping groundwater into the 

river to increase the fl~, or improvinq efficiency in 

irrigation systems to decrease the diversions. 

4. Pacific Northwest River Basins Commission 

In March of 1973, Keith Bayha and Charles Koski, under 

the auspices of the Pacific Northwest River Basins Commis~on, 

organized an1 coordinated a study by over 30 state and federal 

agencies and private 2ntities to try to determine the optimal 

instream flow requirements for the Hells Canyon reach (Bayha 

and Koski 1974) .1 A group of 79 specialists worked on the 

1This study is discussed hereinafter as the Pacific 
Northwest River Basins Commission study. 
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river at nine different sites for ·10 days, monitorinq the 

effects o .f five controlled flows--releases fr-om Hells Canyon-

on the bioloqical community of the canyon and on non

consumptive uses of the river by man. Basicilly, they wished 

to assess water requirements in the reach for fish and 

wildlife, for water quality, for navigation, and for 

recreation. 1he study report, titled "Anatomy of a River," 

summarized the plan, methods, results, and conclusions (Bayha 

and Kos.ki 1974) • 

Sp~cifi=ally, the items investigated were instream-flow 

needs for: 

1. maintaining water quality, 

2. supporting aquatic vegetation, 

3. supporting benthic (bottom-dwellinq) insects, 

4. affecting catchability and feeding habits of fish, 

5. supportinq salmonid fishes, 

6. supportinq warm-water fishes, 

7. supportinq sturgeon, 

B. str~ndinq fish, 

9. affec-t inq wild life in the area, 

10. supporting recreation, 

11. permitting or enhancing whitewater boating, 

12. permittinq or restrictinq naviqation, and 

13. permitting adequate power generation and water supply. 
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The researchers specified flows in a few cases th!t were 

the minimum acceptable for different activities. These are 

discussed in Chapter IV with the specific applications. The 

researchers noted that additional studies should be done to 

quantitatively evaluate requiremen·ts for other considerations, 

which was not possible in a short study such as theirs. 

5. Idaho Public Utilities Commission 

When Idah~ Power Company expressed a need and desire to 

construct a coal-fueled generating plant about 25 miles from 

Boise, it was up to the state Public Utilities Commission 

(PUC) to evaluate the proposal. The Commission investiqated 

the anticipated impacts of the proposed power plant, as well 

as the c~mpanv's actual need f~r additional capacity. It was 

this latter aspect that Arthur D. Little, Inc., a consulting 

firm based in Cambridge, Massachusetts, vas asked to reseacch. 

The firm stacted its study in June 1975 and released its 

final report the .fo 11-o-w i ng February (A rth uc D. I.i t tle, Inc., 

1976).1 

Little looked at prospects for growth in Idaho Power's 

service territory~ growth in both the population and the 

economy. Th~y also looked at trends in consumption of 

electric energy and tried to project future demands, both 

tArthur D. Little, Inc.~ cited hereinafter as Little. 
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annual totals and peak demands. In addition, they considered 

the company's existing qenerating resources, as well as its 

plans f~r expansion by hydroelectric or thermal facilities and 

even possible expansion not form1lly =ontemplated by the 

company. Finally, they reviewed possibilites for purchases of 

power and energy, either by cash or on an ex=hange basis, from 

other utilities and power suppliers in the region. 

Little's conclusion was that the company•s electrical 

demand would grow about five percent per year, the company's 

hydr3lectric qeneratinq resources had little room for expan

sion, and th1t obtaining energy from external sources (i.e. 

other companies) appeared doubtful on a reliable basis. A 

thermal plant would most likely be the best alternative. They 

mentioned that a base-load thermal plant would be preferable 

if the company could sell its surplus power in the winter. 

One or more peaking units would be better, tbough, if there 

were no market for the winter power. 



IV. COMPETING USES FOR THE SNAKE RIVER 

A United States senator from Idaho frequently used to 

call the Sna~e River "a workin~ river" and "the lifebl3od 3f 

I1aho" (Senator Len Jordan, in: u.s. Congress 1971, p. 18). 

Indeed, the river is vital to many citizens of the state, ani 

it is very beneficial to others, and also to non-Ida o resi

dents of the reqion and out-of-state tourists visiting the 

region. Unfortunately, however, the sever~l different uses of 

the river are not entirely compatible: they cannot all be 

simultaneously optimized. From ~n economic standpoint, by far 

the biqqest users of the river are those who use the water to 

irrigate crops and those who use the energy released by the 

fallinq water to qenerate electricity. There are other impor

tant uses of the river, thouqh. It was in recognition of 

these, 1nd p~rhaps in qivinq them higher priority than the two 

aforementioned uses, that the :hambers of Commerce of 

Lewiston, IdlhJ, and Clarkston, washington, in 1967 petitioned 

the Federal Power Commission to require Idaho Power Company to 

release more wat~ during minimum flow perio1s, as was dis

cussed in Ch~pter III. Actions and results pertinent to the 

petition were discussed more fully in Ch~pter III, while the 

present chapter deals with the nature of each of the primary 



river uses--h::>w each employs the vaters of the Snake and how 

it affects the other uses. 

The competing uses that will be examined are land-based 

agriculture, electric ene~gy production, boating, recreation, 

and enhancemant of fish and wildlife in and around the river 

environment. 

!~ ___ I££1g ~ti2!! 

Farminq by means of irrig3.tion has been widely practiced 

in the upper Snake River Basin since well before 1900. Devel

opment in some areas has been through private enterprise, 

while in others it has been lacqely government-supported. 

Irrigated crops in Southern Idabo consist of potatoes, sugar 

beets , and onions, among others. 

More emphasis has been placed recently on obtaininq 

icriqation W3. ter from qround water supplies, but in some areas 

which were formerly only desert lands, there are now 

communities dependent on farming, and getting their water di

rectly from the Snake River. . The farming ana food processinq 

interests are quite powerful in the Idaho st~te government, 

and they are even influential in the federal government, as is 

evidencad by inclusion in the Hells Canyon National Recreation 

Area Act of a section prohibiting the Act or any related mini

mum streamflow requirement from being construed as a limita

tion on irrigation development in the Upper snake Basin (89 

Stat. 1118,. Sec. 6). 
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Irrigated land in Idaho at present (1977) is about 3.8 

million acres, all of which is in the drainaqe above Brownlee 

Reservoir# except for small portions near Salmon, Coeur 

d'Alene, Lewiston, New Meadows, · :tnd in the Bear River Basin. 

Projections by the Idaho Department of Water Resources in the 

State Water Plan (IWRB 1976) r2veal expectations for devolo -

ment of nearly another one million acres by the year 2020. 

The new development is in turn expected to reduce the down-

stream water supply. While some of the water will make its 

way back int~ the river throuqh return flows underqround, 

greater application for irrigation will in~rease the 

consumption by in=reasinq evap~transpiration from plants. 

Should new storage reservoirs be constructed and utilized, 

water surface evaporation will also be increased. 

In I dah~ Power's analysis of disadvantages in increasing 

the minimum flow requirement (1970, p. 34), the company noted 

that: 

The irrigation and water interests of southern Idaho are 
aqain opposed to the incre ase 0f minimum flow proposed by 
the Corps of Enqineers. This opposition is based upon 
the very sound rationale that if the provision for 
passaqe Jf a minimum of 5000 cfs can be changed due to 
the request of a rela~ively few boaters and despite the 
vast expenditures of capital and the potential power dis
placements that rna y occu·r in complying with such a 
chanqe, then it is only reasonable to realize that once a 
9500 cfs minimum flow has been established, all boaters 
and users of the Lower Snake will resist reduction in 
flow for any reason. • • • There are m1ny hundreds of 
thousands of additional acres of desert land that will be 
irrigated out of the Snake River and each of these devel
opments must result in a diminution of the Snake River 
flows so that the minimum flow in a critical summer month 



can be extremely low--much too low to comply with the 
desires of the boating enthusiasts. 

There are several dams with power-qenerating capability 

46 

on the Snake River above Brownlee , mostly owned or operated by 

Idaho Power :ompany , but this section will be concerned mainly 

with pow e r production at the Middle Snake dams. Hydroelectric 

power generation is a non-consumptive use of water--what water 

comes into the plant is released downstream. The reservoirs 

used iust for power upstream from Brownlee do not affect very 

much the character or the quantity of the inflow reaching 

Brownlee, so they are not in competition with the three-dam 

complex for water. 

Noting the general effects of reservoirs created ani op-

erated for power production , C.H.J. Hull (Hull 1967. p. 93) , 

in a section entitled "River Regulation , " wrote: 

I mpoundments radically change the stream from a 
relatively shallow , high velocity one to a deep, sluggish 
lake. • • • Suffice it to say that some of these effects 
are ben9ficial while others are detrimental to other 
wat e r uses. • • • A second result of flow regulation for 
power production is the increase 3f the average flovs 
during the normal low-flow periods of the year. This 
se~sonal stabilization of runoff is generally beneficial 
to a ll other types of water use , makinq more water avail
abl e during the periods of critical drought flows. Still 
another effect of flow regulation for power generation i:i 
the relatively short-term fluctuations of flow in re
sponse to daily and weekly variations in power demand • . 
These fluctiations tend to complicate some downstream 
water uses, and are theref ore detrimental. 

These observations are applicable to Idaho Pover•s Middle 
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snake Project. The annual hydrograph is stabilized by storing 

the sno~melt runoff in the spring and making extra releases in 

the fall and winter for power pr~duction and flood control. 

Thus, the high spring flo-ws are reduced, and the fall-iiinter 

flows are increased. The mid- and late-summer flows have been 

historically low, and may be increased somewhat by power 

releases, hut the power company prefers to m~intain a full 

storaqe reservoir and essentially release the daily average 

inflow. 

Hydroelectric power generation bas several advantages 

over thermal power generation. Installation costs for the dam 

and turbines may be higher than for a steam plant of 

comparable size, but operatinq costs !re much less so the 

annual cost ~f production is usually less for hydropower. 

While steam turbines require quite a bit of time to go from 

"off" to full capacity production, hyd .roelectric turbines can 

be start e d and ope·ra ted at full output quite quickly. Water 

power plants are "clean," i.e. there are no undesirable 

gaseous or liquid effluents to contribute to environmental 

pollution. There are disadvantages* too, however. The plant 

usually requires a dam and accompanying reservoir, causing 

inundation s~metimes of valuable resources. Also, as 

mentioned above, operation of the units often requires 

.fluctuatinq water discharges, which makes downstream use of 

the river difficult. In addition, power proluction is very 
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dependent on the natural supply of water. 

Due to the hydropower plants' ability to start and stop 

rapidly, they are very vell employei as peak-generation 

plants. Ide~lly, from the power company's point of view, one 

or two power plants would be operated to provide electricity 

for the base load, the fairly constint level of generation re

quired throuqh~ut the dav. Then, the other hydro plants in 

the system could be turned "on" ind "off" as the need arose 

for production from them. In Idaho Power's case, if it could 

do so without harming downstream users, the company would most 

likely prefer to completely shut down Hells Canyon Dam at 

times when the generation was not needed, then generate ·the 

power they require during the peak-load peri~ds. Such a mode 

of operation, however, would be very undesirable for the other 

users below the dam. 

~~--lisYig~ti2n 

Use of the Snake River for navigation in and above Hells 

Canyon is not as qreat economically as is use for irrigation 

and power production, but for some people, it is iust as 

vital. There 3re several homes, mostly ranches, along the 

river in the canyon reach below Hells Canyon Dam. These areas 

are very isolated, surrounding mountain grides are very steep, 

and there are few access points thereto by land transportaionn 

routes, so travel on the river p·rovides the only practical way 

for most of the ranchers to transp~rt themselves and necessary 
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supplies into and out of the canyon. A few of the canyon-area 

residents have their own boats, but many rely on commercial 

operators from downriver, particularly on R.B. Rivers' Rivers 

Navigation Company. Rivers has owned the contract for mail 

delivery into the canyon since 1958, and he has also brought 

in cargo for the inhabitants from outside. His operation pri

marily consists of running up tha river every Wednesday and 

back down on Thursday. He als~ offer3 a tour-boat service, 

transporting people up and down river to view the Hells Canyon 

area. This service is in ~ddition provided by several other 

commercial operators stationed along the Snake from Hells 

canvon Dam down to Lewiston. 

One of the maior responsibilities of the Army Corps of 

Enqineers is overseeing navigation on the nation's navigable 

waters. Sin=e the Snake River has been considered naviqable 

below Hells c~nvon Dam, the corps has maie provisions for 

maintaininq the reach's navigability. First of these 

provisions w~s inclusion in Idaho Power's FP: license of sev

eral restrictions on operation of the complex to favor 

navigation. These restrictions mandate a =ertain minimum flow 

in the river at Johnson Bar, qenerally considered to be the 

head of naviqation, another minimum flow below the Salmon 

River confluence, and a limitation on the rate at which the 

water level may be fluctuated at Johnson Bar. As noted 

earlier, these restrictions are quite undesirable from Idaho 
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Power Company's point of view, but they are considered by the 

Corps to be the absolute minimum conditions at which 

navigation may be considered safe. Actually, the Corps had 

recommended in 1961 that the minimum required flows be raised 

from 5000 cfs to 8500 cfs at Johnson Bar and from 13,000 to 

16,500 cfs at Lime Point (below the Salmon River confluence), 

but the recommendation was later withdrawn. These higher 

flows would have provided a channel three feet deep over crit

ical qravel shoals and rapids. The mail-boat, larger than 

mos·t of the commercially-operated jet boats, may still require 

up to 8500 cfs for safe navigation durinq its two days of op

eration per week. The 1973 Pa=ific Northwest River Basins 

Commission study {see Chapter III) estimated the mailboat 

water requirements at 8500 cfs most ~f the time, and 10,000 

cfs in the winter when cargo loads are greater. Winter flows 

are normally hiqh anyway, so 10,000 cfs then offers little 

conflict with the power company. The smallec jet boats, which 

have become very popular and are now almost the only type of 

craft use d above the Salmon River, have a draft of about one 

foot and consequently do not need as deep a channel. 

Even th3ugh flows above 5000 cfs may not be I.~Y.Yirg~ .for 

navigation, hi·qher flows would make the boating conditions 

safer and more desirable. Hence, the petition in 1967 re

quested an increase in the minimum Johnson Bar flow from 5000 

cfs ·to 10,000 cfs, largely to improve .navigation. The Corps 
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studied the proposal for the FPC, modifying it to 9500 instead 

of 10,000 cfs. They noted that benefits to boating (and costs 

to power) would o:cur in two ways: "(1) Throuqh increased 

Hells Canyon releases during the refill period to higher 

levels during years of low runoff. {2) Through increased min-

imum Hells Cinyon releases and reducing fluctuations by 

restricting peaking operations, principally during the refill 

season in yeics of low runoff and during summer months with 

low prevailing flows." Essentially, if Idaho Power were re

quired to release the lesser of 9500 cfs oc Brownlee inflow, 

such a requirement would augment the power company-preferred 

discharges in dry years and raise the stream level above what 

it would normally be. However, Brownlee Reservoir may also be 

prevented from fillinq to capa=ity. The Corps notes that, in 

low run~ff vears, hiqher streamflows would be possible, but 

they would not always .be up to 9500 cfs, since inflows to 

Brownlee are often less than 9500 (Corps 1972, p .. 37) • 

Durinq the summer, after Brownlee has been refilled, dry 

years could still be dry below Hells Canyon. Quite often the 

summer flows at Weiser (i.e. Brownlee inflo~ are less that 

9500 cfs, so the downs-tream release would not be helped then 

by the proposed license change. In the summer of 1961, for 

example, 68 out of 69 consecutive days had average flows at 

Weiser below 9500 cfs (Corps 1972, p. 38). During the fall 

and winter, flows are usually above 9500 cfs, and Brownlee is 
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releasinq st::>r:age ·then for flood con t .rol anyway, so the 

license modification would not have affected operation then, 

either. The other consequence of the proposed license change 

is that it would have drastically cut down the peaking opera-

tions of the power plants, which would have undoubtedly 

benefited bo~ting. Peakinq under the proposed requirements 

would have been very difficult for the power company when the 

averaqe flow was below 9500 cfs, so the discharges would have 

been stabilized quite a bit at such times, times when the 

fluctuations are especially troublesome to boaters. Due to 

the serious consequences foreseen to Idaho Power and due to 

insufficient time to evaluate other impacts of the change, the 

Corps of Engineers recommended aqainst the proposed change in 

the license. 

In discussinq detrimental effects of the proposed license 

modification, Idaho Power (1970, p. 30) cite1 examples of con-

ditions that could result that would make naviqation worse. 

The company claimed that naviqation use on the three 

reservoirs far exceeded navigation use of the free river below 

Hells Canyon Dam. Thus# these interests should be considered 

as well. It was noted tha-t Brownlee miqht not fill in dry 

years • such a circum s ta nee 

would reduce the convenience of boating and boaters to 
lose their desire to use the reservoir and decrease 
boating activities, a decrease which would be substan
tial! y in excess of any potential incre3se that might 
occur downstream as a result of the increased outflow. 



The navigation on the reservoirs is actually more 

recreation-oriented than commercial, so it is apparent that 

the recreati~n qroups compose another segment of society in

terested in Snake River water. 

n~-~R~£!:§H!.ti.2!! 

53 

The nature of recreational use on the Middle Snake River 

is widely varied. Some float downstream from Hells Canyon Dam 

in kayaks and inflatable rafts; some hike, picnic, or camp 

along the river in Hells Canyon; others journey upstream by 

boat to view the natural and historic wonders of the area; 

while still :>thers use the reservoirs for: svi.mm.ing, fishing, 

boat in g ~ or il ate r ski in q. In t be 1 9 50s, w h en the FPC 

licensing pr:>ceedings for Idaho Power 1 s project were going on, 

commercial na viqation on the Snake River below Hells canyon 

Dam was of primary concern. In the 1960s, though, and still 

continuinq in the 1970s, activity for recreation on the reacb 

has shown a substantial increase, so that it, too, is a major 

consideration. 

Ac=~rdinq to the study by Idah~ Power (1970, App. VIII, 

p. 3), over ten times as many people were using the reservoi_rs 

for recreation as were using the free-flowin~ river down

stream. Further, the company's fish bioloqist and 

recreationalist expected "the fa~tors of access and 

convenience ~lone" to widen the margin even further in the 



54 

future (I PC 197 0, ,Appendix VIII, p. 3) • In addition, the 

company claimed that if it were required to release flows 

above 5000 cfs, then the reservoir-based recceation could be 

serious! v affected. In low- flow years, if Brownlee Reservoir 

failed to fill, docks and boat-launching facilities would be 

lying on the bank rather than f.loa tinq on the water, and muddy 

banks would be exposed. Many pe~ple could be expected to 

abandon use of the facilities, "thus dept:'i ving the people of 

southern Idaho, eastern Oregon, and the vast number of 

tourists who use the area of a full recreational use pattern • . 

• tt (I PC 19 7 0, p. 2 6) • 

The PNWRBC minimum flow study ~see Chapter III) judged 

that the best conditions for whitewater boating below Hells 

Canyon Dam occurred when the flow was about 12,000 cfs {Bayha 

and Koski 1974, p. 178). Below this fl~w, the activity became 

quite dangerous. Thus, in years of low Brownlee inflows, 

recreati~nal boatinq below the dam would be one activity that 

would be severely hampered by lowerinq power plant discharges 

to 5000 c .fs. 

~~--Ei~!! -~ng_~ilgl!t~-~!!lE!R~gmg!!~ 

The primary targe·ts of fish enhancement efforts in the 

Middle and Lower Snake reaches ace salmonid fishes, which are 

born in the upper areas, swim downstream to the ocean after 

reacing in fresh water, then return to their birthplaces a few 

years later to spawn. There are other fishes living in the 
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Middle Snake, such as bass and sturgeon, but these receive 

less attention than do the salmo~ids. Idaho Power reports 

that, "Durin~ the 1967 season there was a movement under foot 

to require increases in the minimum flow from Project 1971 for 

the expre ss purpose of the a nadromous fish run. • • • " The 

motivation at that time was to release more of the cooler 

r-eservoir water, thereby reducing the ambient ·temperature of 

the stream ana makinq it more desirable for the fish to 

migrate upstream {IPC 1970, p. 32)~ 

It was f~und in the PNWRB: study, discussed in Chapter 

III, that fl~vs below 12,000 cfs drastically decreased the 

substrat e available in the stre am for food production. It was 

further concluded that flows varying from 12,000 to 15,000 

cfs, at different times of the year, were the minimum accept

able flows for supporting salmonid fishes. Consideration vas 

qiven to the flow requirements for migrating, spavninq, and 

feeding. Higher flows {e.g. 12,000 cfs, compared to 5000 cf5) 

also qenerally improve the water quality in the stream, par

ticularly with regard to temperature and dissolved oxygen con

tent {Bayha and Koski 1974, pp. 179, 182). One advantage to 

fish in years when the streamflow in the Snake is reduce1 

would be that there would be less water spilled in the late 

sprinq p e riod at the Lower Snak e and Lower Columbia River 

dams. Reduction of the spill would in turn reduce the nitro

gen supersaturation in the water at a time when the anadromous 
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fish ace moving both upstream and ao·wnstream. (Corps 1972, p. 

12) • 

one use of the river not discussed in the chapter should 

be mentioned for completeness. A fairly lar~e industry in 

southern Idaho is aquacul·ture, raisinq fish in artificial 

ponds, primarily for sale as food for human consumption. 

There are several of these "fish farms" located in the 

vicinity of Thousand Sprinqs, Idaho, which utilize the water 

discharqinq from the Snake River Plain at that point to supply 

their fish tanks. The springs have a nearly constant dis

chacge of about 6000 cfs and a f3. irl y uniform tempera tur.e 

year-round, which makes the site an excellent location for 

qrowing fish. The incoming water, from the springs, is not 

noticeably affected by "upstream" users, and the effluent 

released downstream is essentially the same as the inflow, 

less some evaporation. Hence, the aquaculture industry cannot 

truly be considered a competinq use of the river at the 

pcesent time. 



V. IDAHO POWER COMPANY SYSTEM 

Before the Jim Bridqer steam electric plant was brought 

on line in the fall of 1974, the Idaho Power Company was 

possibly the last sizable electric utility in the United 

States to be 1lmost entirely based ~n hydro-electric power 

(Little 1976, p. 1). Prior to 1974, hydro plants within the 

system supplied base loads, intermediate loads, and pe3k 

loads. The only real exception was during tbe summer season 

when the annual system peak occurred, caused by large 

irrigation loads.t This demand could not be met by company-

owned units alone, so in recent years, Idaho Power has met the 

load by importing energy from neighboring utilities. 

Conveniently for the power company, their load pattern differs 

substantially from the Pacific Northwest Coordinated System's 

wherein the peak load occurs in -the- winter period due to high 

heatinq deman:ts in the larqer cities to the west of Idaho. 

Thus, there are large transfers of energy from east to west in 

1fhe fluctuation in the company's system demand for a 
one-week period in the summer is shown in Figure 3, data for 
which were obtained from Idaho Power Company (1970, App. V, p. 
4) • 



__, 
i .. Fl 

J 

(./'") 

t- c 
f-w ' 
IT-~ 
::s:~ 
CI 
C) 

LLJ 
2:: 

... r--
0 
cr 
0 
_j 

0 
2:G 
LLJ 
f--L....'J 

U) 

>
(['") 

'-' :_n 

('J 

0 
CJ 

0 

[1!"1 

I 

I 

I I . I I 
. I I I I 
l ! I I 
! i 

I 

• I 
I 

I 

I 
1·. 

u 

-j- ' I 

'' 
I 

I 

I 

I' 

I 

-
-

I 

I 

: 

! 
,.. MuNDA Y 

I 

I 

h I 

I 

r-, I 

II lA !1 
I I I 

11 1\ 
i\ ' 11 I 

! 

I 
I 

I 

I ! ll 
I 
! 

-"-
I 

! 
,, 

- ! " I 1\ 
1 I I' I 

II I I 

:1 
I 

I I 

I I I 
I T ;-

I 
i ' 
I I 

I 

I I 
~ 

I I 
I I I I 

I 

I I ! 
I I I 

: 
I 

i 
I 

I 

i 
I 

I I 

! I 

! I 

' I 

! 
I 

~ 

TUEJORY WfONESDRI THURS DA Y 

58 

I I ; I. I' I 

: I I I I . I 1 
I I ! 1 
II i I I 

I ! ! 

! 
- +~ I 

I I 

l I I 

[\ I I 

If II 
l. ... 

If 'I , I 

I 
~ I I 

1-) I t I i 
I 

I 

I I I I I I 

I 

A 
I 

\ i I: 
F'fA'" 

I I 
I lA I 

t 

1\ I f'l 

I 

I 

-
I 

I 1-+-t-

I 

I 
- I I l 

I I I 

I i ! 

f- l .. -
I 

i 
I I i 

I I I i 
It I 

I _.., 
: I I I 

I . ' I ! I 

! I ' 
I ,i 
I I +I]-I I 

I I l 
I I 

I I 

I I 

I 11 

-8 
I 

I I 

I I 

I• I I 

I 
I I 

I 1 I 

I I I I i I. - I -5F11UROR Y SUr-.. CFir 

Figure 3. 'l"'ypical s ummer weekly power danand--Idaho Power Canpany systEm . 

(curve shown for July 7-13 , 1969) 



the winter, in exchange for similar transfers from vest to 

east durinq the summer (Little 1976,. p. 88) • 
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The Pacific Northwest Power Pool, of which Idaho Power 

Company is a member, was orqanized in 1940 to assist the 

interconnected private and public utilities. For quite some 

time, pool participants supported each other to meet regional 

energy needs, with the federal system providing major backbone 

services in power supply and transmission. rhe federal gov

ernment bad been the supplier 3f about 75 percent of the 

region's power until the late 1950s. Eisenb3wer's intended 

"partnership policy" had actually weakened quite a bit the po

sition of the federal qovernment and had divided the responsi

bility for maior water resource development on a highly inte

grated basis {Bessey 1964, p. 14). The federal government had 

also been kept out of a large share of Idaho until 1963, when 

the secretary of the Interior extended the marketing a~ea of 

Bonneville Power Administration (BPA) to include the Snake 

Basin. Idah~ Power currently =ontracts with BPA to wheel 

power to BPA customers in Idaho Power's service area. This 

service was formerly done for an exchange of energy from BPA, 

but in Julv 1975, BPA notified Idaho Power that they would pay 

in cash in t~e future, eliminatinq another of Idaho Power's 

external summer resources (Little 1976, p. 90). Other power

related e ntities in the reqion with which Idaho Power has been 

associated are another po·wer and energy coordinating group 
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called the Intercompany Pool (also called INrERPOOL or ICP), 

Washington Witer Power Company (WWP) 1 Utah Power and Light 

Company {UP&L), and Pacific Power and Light Company (PP&L). 

Idaho Power has contracted for exchanges with both RWP and 

OP&L; and PPSL, who owns a two-thirds share of Jim Bridger 

coal-ficed plant in Wyominq (Idaho Power owns the other 

third), bas agreed to sell any power from Bridger in excess of 

its own requirements (Little 1976, p. 89). 

The Idaho Power system has a continuous power generation 

capability of somewhat over 1800 megwatts, including a small 

combustion plant at Wood River used primarily for peaking and 

also including existing capacity at the Jim Bridger coal plant 

(Little 1976, p. 85). This figure is for nameplate power 

ratinq; peak generation for the system is about 15 percent 

higher. Since the hydroelectric plants, which account for 

about half of the current system capacity, are primarily 

run-of-river units, their actu~l available g~neration 

fluctuates with seasonal water conditions. Maximum generation 

occurs in February, and the lo~ point is in July when there is 

a heavy diversion of water for irrigation purposes and the 

streamflow remaining for power production is low (Little 1976, 

p. 75). Thus, the need is seen for effective coordination 

with other systems, particularly when Idaho experiences low 

water years. Unfortunately, however, much of the neighboring 

systems' generation is also hydroelectric ani Idaho's low 
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water years 3.re usually their lo~ ·water years as well. 

Idaho Power Company -sees disadvantages in relying too 

much on other utilities, aside from the fact that the others 

may not have the resources to spare. Commenting on a proposal 

several years aqo to require the company to increase its mini-

mum reservoir release, the company maintained (1970, p. 17), 

The increase in loads in the next few years, when coupled 
with the decrease in water flows due to additional 
irriqation and other uses, will require an increase in 
imports to the Idaho area. At the present time any in
creased imports to the Idaho system would increase exis
tinq loads on the Northwest Power Pool with a tendency to 
de-crease reliability of all power systems in the 
Northwest due to critically loaded circuits. From a re
liability and stability standpoint, any increase of qen
et"ation in the Idaho area for heavy load conditions oc
curr inq in July and Auq ust is extremely b-eneficial. 

Since 1970, when the above comments were made, the 

Pacific Northwest situation has further tightened, and Idaho 

Power's has tightened at least as much, due to growth in usage 

and lesser qrowth in generation. Arthur D. Little, Inc., in 

its study done for the Idaho Public Utilities Commission, pro-

;ected a 4-5 percent annual gro-wth rate in Idaho Power• s ene.r-

qy requirements through 1980, decreasing slightly from 1980 to 

1985. They further noted that Idaho Power Company's tradi-

tional hydroelectric generating resour=es have little sc3pe 

for expansi3n. External resources vould be a possible means 

of energy supply, but the region's utilities were taking the 

position that power would be in short supply in the 1980's 

(Little 1976, pp. 3-5). 
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The dams on the Middle Snake comprise over half of the 

company's total generating resources, if they can be operate3 

at maximum capacity. As will be seen in the followinq sec

tions, however, the manner in which the company would prefer 

to operate its projects does not always coincide with how var

ious segments of the public feel they should be operated. 

This conflict, and any of the "solutions" yet devised, have 

failed to satisfy all interests, if snch an end is indeed pos

sible. 

~:e_ __ ~i~g! §-~J!g~_g-~£Qjg£1~ 

1. .Description 

The Federal Power Commission qranted Idaho Power Company 

its license for Project No. 1971 in August 1955. It specified 

that Brownlee Dam construction was to start within one year 

and be completed within three years, that Oxbow was to start 

within four years of the license issuance and end within two 

years thereafter, and that Hells Canyon Dam was to be started 

within six years and completed within three years. After 

minor adjustments had been made in the scheduling, Brownlee 

generation was added to the system in 1959, Oxbow's was added 

in 1961, and Hells Canyon came on line in 1968. Addition of 

the power from the three dams increased the company's existinq 

nameplate ratinq by over 200 percent. Thus, before the Jim 

Bridqer plant was installed, the Middle Snake dams possessed 

about two-thirds of Idaho Power's electric capacity, almost 
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all of which was hydroelectric. 

Brownlee Reservoir is the largest of the three, holding a 

usable storage capacity of about one million acre-feet. Oxbow 

Reservoir is immediately downstream, and Hells Canyon is the 

furthest downstream {Figure 2 shows the relative location of 

the proiects). According to Idaho Power {1970, p. 9), the 

oxbow and Hells canyon dams downstream from the Brownlee dam 

were constructed to utilize the outflow from Brownlee 

reser-voir to the fullest extent in the production o.f power 

consistent with the navigation release requirements provided 

by the license." The Oxbow portion of the project has a 

usable storage capacity of about 5500 acre-feet; the main use 

of this stor3qe is to rerequlate the releases from Brownlee 

{Corps 1961, p. 13). Hells Canyon has a usable storage o.f 

about 11,000 acre-feet. It was originally intended to be used 

as a peaking plant, since another company had been planning to 

build a dam downstream which could have reregulated the widely 

variant Hells Canyon peaking releases (see Chapter II) • . Since 

the intended dam was not built nor is likely to be built, 

Idaho Power must operate Hells C!nyon within fairly strict op

eratinq criteria. These restrictions are described in Section 

2# dealing with the FPC license. 

The FPC hid qranted a license to Pacific Northwest Power 

Company (PNP:) in 1964 for its planned High Mountain Sheep 

Proiect. This dam would have benefited IPC's operation as 
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well, and the latter company signific~ntly modified its design 

in accordance with the PNPC plan. The FPC authorized IPC to 

increase its initial capacity at Hells Canyon from 270 total 

meqawatts to 370 total meqawatts and raise its reservoir's 

height five feet to provide additional peaking operation. "In 

addition to the increase in installed capacity, the Company 

was required to make provisions in its He .lls Canyon Project 

for encroachment upon the Hells Canyon Dam of a reservoir 

formed by construction of a dam downstream with a pool eleva

tion of 1510 feet. This elevation would extend up approxi

mately 40 feet on the Hells Canyon Dam and would lower the 

power capability of the project during the storage period ••• . 

• The Company in its final planninq for the construction of 

the Hells Canyon unit contemplated that a project would be 

built downstream, since such a project had been licensed by 

the Federal Power Commission (FPC License No. 2243). Acting 

in reliance upo.n this licensing by the Fed·eral Power 

Com.mission th.e Company, in order to obtain m:t xi mum peaking 

capacity, installed the additional generating capacity and 

likewise made provision for the higher tailwater elevation of 

the downstream proiect" {IPC 1970, p. 10). The High Mountain 

Sheep Project License was subsequently reviewed by the Suprema 

Court, which instructed the FPC to reconsider it and to take 

into account the alternative of preserving Hells Canyon from 

all dam construction. The FPC Examiner later recommenied a 
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new license for a slightly modified project. The Commission 

did not act 3D it, however, and passage of the Hells Canyon 

National Recreation Area Act in 1975 (see Cbipter II) prohib

ited all further construction in the vicinity. 

As noted above, Oxbow and Hells Canyon power plants are 

operated in ~lose conjunction with the ·Brownlee power plant, 

since they have little storage of their own. Operation of 

Brownlee varies with the season of the year. High flows are 

usually stored during the spring snowmelt runoff season. Nat

ural flow is used for power during the summer when the 

reservoir is full (hopefully). Storage is released for flood 

control durinq the fall, winter, and early spring, augmenting 

the natural flows durinq these months. The reservoir is then 

refilled in the spring. 

All three of the Middle Snake plants have a larger "ulti

mate" capacity than initial capacity, as provided in the FPC 

license. This means each has coom for expansion, in fact, two 

additional units at each plant {Little 1976, pp. 76-78} ~ The 

company plans a fifth generating unit for Brownlee in 1979, 

but it has n~ plans at present for increasing oxbow or Hells 

canyon. Additional generatinq units at Hells canyon would 

probably not be fully utili .zed, due ·to the release restric

tions on the plant. 
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over 20,000 paqes of testim6ny were collected by the FPC 

in its hearinq process prior to licensing Idaho Power's Middle 

Snake Project in 1955. Input was collected from numerous 

federal, state, and local a~encies, private qroups, and pri-

vate ind i viduals as the Commission tried to decide whether the 

private or the federal project offered the better alternative. 

Then, after concluding in favor: of tha pt"i vate one, it was up 

to· them to als~ decide how the projec·t shoull best be operated 

in the publi= interest, primarily with respect to its effects 

on navigation in the Snake River and on downstream flooding, 

mainlv 3lonq the Lower Columbia River. The primary input for 

these c3nsiderations was obtained from the Army Corps of 

Engineers, and the Commission included the Corps' recommenda-

tions almost verbatim as part of the license.t 

The license requirements, in summary, are that the pro-

ject must re~ulate its releases to the downstream channel 

{i.e. bel ow Hells Canyon Dam) such that: 

{1) the flow is never les s than 5000 cfs, 

(2) a flow of at least 13,000 cfs is maintained at Lime 

Point (a point downstream of where the Salmon River 

ioins the Snake River) at least 95 percent of the 

•compare Articles 42 and 43 of license {14 FPC 55) with 
letter from :.H. Ch~rpening to FPC Chairman, dated 1 July 
1953, contained as Appendix III of IPC 1970). 
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time during the months of July, Auqust, and Septem

ber:, and 

(3) the river level at ~ohnson Bar (15 miles downstream 

of Hells canyon Dam) should not fluctuate more than 

one foot per hour. 

These provisions are to m3ke the operation amenable vith 

navigation. In addition, Brownlee Reservoir should be operat

ed such that: 

(1) at least 500,000 acre-feet of flood control storage 

are provided by 1 March of each year, and of each 

year, and 

(2) any ~dditional storaqe, up to the full capacity of 

1,000,000 acre-feet, as re=ommended by the Corps of 

Enqineers, will be provided by 1 April. 

These regulations are not ideal and are not universally 

applauded, particularly the ones pertinent to navigation. The 

power company feels they are too strict, and the people who 

use the river 1ownstream feel they should be made more strict. 

In fact, in 1968 a serious attempt was made to try to 

persuade the FPC to require a higher minimum release from the 

Idaho Power project. As mentioned earlier, in Chapter III, 

two committees from Lewiston, I1aho, and Clarkston, Washing

ton, Chambers of Commerce sent the FP: a petition requesting 

the minimum required release be raised from 5000 to 10,000 

cfs. An alternative proposal they suggested was "10,000 cfs 
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or the inflow to Brownlee." Their interest was pleasure 

boating, commercial boatinq, and p.reservation of fish and 

wildlife on the Snake River. The FPC asked for recommenda

tions from the Corps of Engineers on the proposal. The Corps 

requested a year's time to conduct a boating survey on the 

river, after which it made an initial recommendation in favor 

of the change. Idaho Power Company, vehemently opposed to the 

idea, respon3ed in 1970 with a report "prepared in order to 

portray to the Corps of Enqineers ani other interested parties 

the detrimental and perhaps disast.r:>us effect that can occur 

if the proposed chanqes are made in existing Article 43 of 

Federal Power Commission License No. 1971" (!PC 1970, p. 4). 

Their analysis was apparently =onvincing, as the Corps• final 

review report {Corps 1972} recommenied no change in the 

license until further study could he d~ne. The proposed 

changes in the license have not been made to date. 

The navigation provisions in the existing license were 

based p~rtly on historical conditions and partly on navigation 

requirements in the river. Gen. C.H. Chorpening, Assistant 

Chief of Enqi1eers for Civil Works, advised the FPC chairman 

in 1953 that 5000 cfs was necessary for navigation in the 

channel reach from Johnson Bar to the Salmon River {IPC 1970, 

Appendix III). Johnson Bar is generally consideied the 

uppermost point for safe naviqition. It was also notei that 

13,000 cfs was necessary for navigation in the river reach 
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below the Salmon River. However, since this 13,000 cfs mini-

mum had occurred historically only 91 percent of the time, 

vi th all the "m.issesn occurr inq in Jul_y, August, and Saptem-

her, it was felt that the power company should not be required 

to do so a full 100 percent of the time. Thus, they are re-

quired to keep the discharqe at Lime Point at or above 13,000 

cfs "95 percent of the time'' during tha summer months. This 

phrase is rather imbiguous and is open to different interpre-

tations. Idaho Power (1970, p. 13) holds that determination 

should be made on the mean monthly flow, while the Corps 

(1972, p. 21) favors using hourly flows, saying that the Lime 

Point flow miy be less than 13,000 cfs for 110 hours during 

the summer months. The Corps observed (1972, p.45): 

there are still considerable differences of opinion 
reqardinq interpretation of the existing license 
provision stipulating that flows of 13,000 cfs be main
tained 3.t Lime Point 95 percent of the time. It is im
possible to evaluate whether the Licensee is meeting this 
imprecise provision until it is more clearly defined. 

The effects the license requirements have on the opera-

tion of the power plants will be examined in the following two 

sections. 

When the Middle Snake Project license was issued in 1955, 

commercial nlviqation was the primary concern on the Snake 

River below Hells C3.nyon Dam. Subseguently, especially since 

the mid-1960s or so, recreation-oriented boating has increased 



to the point vhere it is also a major consideration. 

Recreational boating pursuits include boaters travelling 

strictly for pleasure, people travelling on the river to a 

hikinq, camping, or picnicking destination, ~nd people 

floating downriver in rafts, c3noes, and kayaks. 
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The license requirement for 13,000 cfs below the Salmon 

River was based on creating a flow with a three-foot depth 

over all sho~ls and rapids, determined to be sufficiently safe 

for that reach of the river. To obtain ·3 comparable channel 

above the Salmon River actually requires about 8500 cfs, more 

than the license mini um required (Corps 1961, p. 30). The 

5000 cfs minimum was selected "in recognition of both the 

historic minimum flow in the river as measured at Weiser, 

Idaho, and that needed for protection of the anadromous and 

resident fishery in the river above the mouth of the Salmon" 

(Corps 1972, p. 9). The Corps did propose in 1961, however, a 

chanqe in the license to requiLe Idah3 Power to release 8500 

cfs on specified days of the we ek, but withdrew the proposal 

half a year later, citing changed conditions, includin1 

probable licensing of High Mount3in Sheep Dam {Corps 1972, Ex

hi bits 6 an d 7) • 

Operation at present, then, consists of always 

maintaining i release of at least 5000 cfs from Hells Can yon, 

and 13,000 cfs at Lime Point almost all the time. These con

ditions are fairly easily met in most years, when the inflow 
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to Brownlee exceeds the required outflow. T~e problem comes 

during the summer season of low water years. "Construction of 

reservoirs in the head•aters has improved the streamflow pat-

tern somewhat, but this improvement has been offset by in-

creased irri~ation depletions" {Corps 1972, p. 12). In dry 

years, the situation is maqnified as more water is required 

for irrigation to be supplied by the already-too-low river. 

However, the significant fact is that summer low-flow condi-

tions, making naviqation conditions difficult, have always 

existed on this reach of the river {Corps 1972, p. 12). Idaho 

Power emphasizes that its proiect is not to blame for low 

water in the Snake River, citing historical accounts of past 

water shorta~es in the canyon {IPC 1970, p. 28). 

Idaho P:>wer Company also maintains (1970, p • .31) that it 

has attempted to get along with the boating public: 

Over the years the Company has assiduously attempted to 
cooperate in order to please the public in the Lewiston
Clarkston area. · This cooperation has included many 
meetings with interested parties, notices of water 
changes given to the news media, telephoning the marina 
operators and news media of prJposed chanqes, posting of 
information on scheduled water releases and timing of 
water releases so that the mail boat would have ample 
water. The Company has also provided a free telephone 
service from the Lewiston-clarkston area to Boise in 
order to obtain latest water release information to any 
bo~ter issirinq such information. All of these and many 
other activities, .including inst3.llation of stage markers 
on the river, have been undertaken by the Company in 
order to cooperate to the best of its ability. The 
Company intends to and will in the future continue such 
activity and cooperation. 
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Nonetheless~ conditions for boating~ especially in the 

summer months, are not always ideal. Since power demand var-

.ies quite a bit during each day, tha power plants' output must · 

vary to stay with the load. The result is fluctuating 

hydroelectric discharges and consequent fluctuating water 

levels, which are most noticeable during low-flow periods • . 

Further effe=ts are well described by the Corps of Engineers 

(1972 p. 13): 

The extent to which an individual plant must fluctuate 
its output depends on the characteristics of the system 
power load at any given time~ the ability of the other 
po~er plants in the system to help carry the load at that 
time, and concurrent streamflows. Presently, no 
reregulating structure exists below Hells Canyon Dam to 
reregul~te the discharges associated with the daily 
peakinq operations. The Licensee, recognizing the 
navigation problems~ has attempted to minimize recreation 
season fluctuations on this re3ch of the river to the 
extent p~ssible within the capabilities of the rest of 
its system. However, there are times when the load
res3urce situation requires the Hells Canyon powerplant 
ca~rv a larger share of the peaking burden. When these 
situati~ns c~incide with unusually low prevailing flows, 
unfavorable navigation conditions result. The situation 
that occurred in the summer of 1968 resulted from such a 
combination of occurrences. 

The corps of Enqinee·rs ha:; the power~ granted in Article 

18 of Idaho Power's license {PPC 1955), to "use water in such 

amount to be determined by the Secretary of the Army, as may 

be necessary for the purposes of navigation on the naviqable 

wate~wav affected •• ff The Corps sees the power company's 

position~ th~uqh, ana obviously makes every attempt that it 

can to cooperate. It has so far not formally required the 

company to operate under terms more stringent than the license 



7 .3 

specifies. 

A condition which is probably more of a nuisance to 

boaters than the low flows themselves is the water level fluc

tuations caused by peaking operations. The Corps notes that 

boatinq conditions could be siqnificantly improved if peaking 

were eliminated when average flows were less than 9500 cfs or 

when the peaking resulted in flows droppinq below 9500 cfs for 

a few hours ~ day. The Corps recognizes, however {1972, p. 

38}, that "it would be impossible to eliminate these condi

tions entirely without reducinq Hells canyon peaking capabili

ty." (U.S. Army 1972, p. 38). Thus, the navigation conditions 

controversy still remains, and it is very unlikely to be 

easily res~lved to the mutual satisfaction of all parties con

cerned. 

~~--Q2~~~tiQn_fQ£_fl22~-~Qqt£2l 

The other portion of the FPC license which restricts the 

project's operation is that related to flood control. Article 

42, requirinq Idaho Power to lower its pool level each winter 

and spring to help retain snowmelt flo~d flows, has been much 

less controversial than Article 43, the navi~ation provisions. 

The license flood control requirements were again adopted 

upon recommendation by Gen. Ch~rpeninq of the Corps of 

Enqineers (IP: 1970, Appendix III). His suggestions were that 

Idaho P~wer construct its project 53 as to have one million 

acre-feet of usable storaqe and then operate it so that half 
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the storage vould be available by 1 March ea=h year and any 

additional amount up to the full usable storage would be made 

available by 1 April. Said Chorpeninq of the 1,000,000 acre

feet, "This amount of storage would be adequate to control the 

Snake River runoff for the second greatest flood of record, 

that of 1948. Additional storage of 1,300,000 acre-feet woul3 

be required for control of qreater floods, such as the record 

flood of 1894" {IPC 1970, Appendix III). The Corps had origi

nally proposed, in its 1948 "308" Review Report for the 

Columbia Basin, to have 2. 3 million acre-feet of storag-e in 

high Hells Canyon Dam, and in addition, it had "planned" at 

that time for several basin storage projects totaling almost 

21 million acre-feet, including Hungry Horse, Glacier View, 

Libby, Grand Coulee, Priest Rapids, Palisades, Boise River 

Proiects, Payette River Projects, Hells canv~n, and John Day 

{Corps 1961, p. 26). The Corps' 1948 Main C~ntrol Plan had 

proposed all this upstream storaqe with the main intention of 

decreasing flood damage on the Lower Columbia River. They 

hoped to limit flows at The Dalles to 800,000 cfs should a 

flood of 1894's maqnitude occur aqain. Despite the fact that 

Brownlee Reservoir's 1, 000,000 acre-feet of storage was not 

the 2.3 million sought by the Corps, the FPC noted (1955, 14 

FPC 62) that the Department of the Army had no objections and 

had# in fact, recommended "license conJ.ition5 which woulJ. re

quire Brownlee to be operated under the Armv•s direction for 
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flood control purposes." Accordinq to the Corps (1961, App. 

c, p. 1), "flood control regul~tion at Brownlee is provided 

mainly on th~ basis of reduction of flows at The Dalles, 

Oreqon, for protection of the Lower Columbia-Portland

Vancouver area, and on the Snake River as necessary. The FPC 

saw fit to license Project No. 1971 with the aforementioned 

restrictions. 

The requirement for h~lf of Brownlee's usable storage 

each ye3r is straiqhtforvard--it must be provided. The rest 

of the space is made available if forecasts indicate tlle need. 

Because ~f the chanqinq influence of irrigation in the basin, 

the Corps fe~ls, at least in 1961 (1961, p. 37), that 

"seasonal runoff at Brownlee is probably the most complex com

bination of variables encountered anywhere in the Columbia 

River Basin where seasonal forec1s·ting is required." An in

creased use of qroundwater for irrigation, an increase in 

irrigation st~raqe reservoirs, and uncertainty about 

irriqation return flows make mat=hing up of past years' runoff 

rec~rds with future years havinq similar precipitation records 

verv difficult at best. Nonetheless, with nothing better to 

utilize, for~casts are made, generally using regression rela

tionships for snow course and precipitation measurements. The 

Corps and IdahJ Power each make their ovn forecasts (Corps 

1961, App. B) and compare them to try to arrive at a mutually 

acceptable forecast. If agree ent cannot be reached, the 
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Corps' procedure is used to determine the flood control stor

age requirements {Corps 1961, p. 38). 

The largest floods at The Dalles {i.e. 1894 and 1948) re

sulted from greater than normal accumulated snowpacks, cool 

temperatures which helped retard the runoff in the early part 

of the snowmelt season, heavy spring precipitaion, and 

prolonged biqh temperatures in late May and early June result

inq in rapid melting of the snow pa=k. The 1956 flood, anoth

er larqe one, was caused by heavy fall precipitation making aa 

early snowpack, followed by widespread heavy rains (Corps 

1·961, p. 18). In no case, how~ve ·r, has a ma;or ·flood at The 

Dalles occurred before 1 May. Thus, the Corps objective with 

respect to annual flood control planning, has been to obtain 

by 1 Mav the storaqe required to control the flood forecast 

for that year. As for the length of time that storage should 

be kept available, they concluded (1961, p. 22) "that flood 

control regulation at the Brownlee Proiect should be available 

during the pariod 1 May through 30 June for the Lower 

Columbia, an1 15 April throuqh 20 June for tbe Lower Snake, 

the amount depending on the estimated runoff of the Snake 

River above Brownlee." 

Provision of the space to help contain flood flows in 

Brownlee clearly has a benefit to those areas downstream nor

mally snbiect to flooding, and it also has a cost to the power 

company. Ideally, if they did n~t have to concern themselves 



77 

with op2rati~n for flood control, Idaho Power would quite 

likely tcv to keep Brownlee as full as possible. Operating in 

this manner would permit holding water over to times of short 

supply, as well as more "efficient" use of tbe water for paver 

by generating at a higher head.· If the full amount of storage 

is required, however, its timinq is very important, i.e. what 

part of the year it comes in. Durinq the discussion about in

creasing Idaho Power's minimum flow requirement, the Corps of 

Enqineers offered in "exchanqe" a provision that would permit 

IPC to delay evacuation of Brownlee 's first 500, ·000 acre-feet 

of storaqe until 1 April. Said Idah~ Power in response {1970, 

p. 23), "While it is true this could provide a higher head for 

the longer period of time and thus theoretically provide more 

enerqy 1nd capacity, fr om a practical standpoint, this may not 

be beneficial because the storage may be more useful in 

carryinq load lt an earlier time. In any event, the addition

al energy an3 capacity would represent much less benefit than 

the loss that would be incurred by the change in Article 43." 

The company llso noted that, since Snake River flood flows 

usually pass early in April and May, there would be a greater 

probability ~f not refilling Brownlee with the subsequent 

streamflows, and power outputs for the entira following year 

would be adversely affected. fhus , Idaho Power clearly did 

not welcome a change in its .reservoir-lowering schedule in 

return for a chanqe in its release requirements. 



VI. IDAHO'S FUTURE POWER NEEDS 

Arthur D. Little, Inc.'s study in 1975-76 (see Chapter 

III) attempted to assess for tbe Idaho Public Utilities 

Commission the need for Idaho Power Company to develop new 

sources -:Jf qeneratinq capacity. The study looked at existing 

resources owned by the company, existing external resources 

used by the =ompany, the company's expected growth in demand 

with respect to both power and energy, and the company-owned 

or potentially available qeneration resources to meet the 

demand. with respect to electri=ity distribution within the 

state of Idaho, there are several private companies or other 

aqencies besides IdahG Power who generate or market power or 

do both. However, since the present study is concerned only 

with the generating plants in the Hells Canyon reach of the 

Snake River and factors directly affecting th.ei .r operation, 

and since these projects all belong to Idaho Power Company, 

Idaho Power will be the primary subject of this discussion. 

The annual plant factor is expected to remain at ab-:Jut 60 

percent. Arthur D. Little proiected (1976, p. 3) a growth 

rate for Idaho Power's annual anergy demand of «between 5.5 

percent and 4. 0 percent annually throuqh 1980, be·tween 5. 3 

percent and 3.5 perce.nt annually duri.nq 1980-85, and between 
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4.4 percent in1 3.0 percent annually during 1985-90." The 

peak July demand {i.e. an~al peak) is expected to grow at ap

proximat e ly the same rate. Th e study by Arthur D. Little ex

plained that the qrowth in electrical demand has been caused 

by two primary factors. First is just the growth in the popu

lation and the economy of Idaho Power's service territory. 

Second is the change in electrigity usage, such as energy 

usaqe per household and increases in the energy intensity of 

aqriculture. The report noted that its projections were lower 

than ones mad e by the power company itself, primarily because 

Little had considered effects of price-induced energy 

conservation while the company projected a continuation of the 

historical trend. Also, the power load of the heavy chemicals 

industry, which is not expected to increase very much, should 

dampen the overall system qrowth somewhat. 

Throughout the Pacific Northwest, there are several sites 

for large-size hydroelectric energy development. However, en

vironmental ani social accepta bility restraints make possible 

development unlikely. Because of this, new sources of genera

tion are expected to be thermal--either nuclear or coal-fired 

power plants. Five years before Arthur D. Little•s study, the 

Pacific Northwest Rive r Basins Commission, an 

interqovernm~ntal state and federal coordinating group in the 

region, expressed ~NWRBC 1971) a strong need for development 

of additional qeneratinq capacity throughout the Northwest. 
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They commented that load -r-esource studies showed "a precarious 

power b1.lanca in the reqion," even if power transfers to 

California ~ere withdrawn and the federal government made no 

new commitments for industrial power supply. "The growth of 

Pacific Northwest energy needs requires development of l3.rge 

thermal resources to be supplemented with additional low-cost 

hydro capacity to meet regional power needs ~ffectively." 

Then the existinq hydro plants will probably shift their major 

emphasis fron their current base-load duty towards more 

peaking operation. To increase the peaking =apahility some-

what, a f ew additional units can still be added at the exis-

tinq plants as Idaho Power plans at Brownlae, and development 

of some pumped storaqe qeneration is also possible (Little 

1976, p. 88). 

Idaho Power Company is currently able to meet its summer 

load peaks by importing power from neighboring utilities. 

Arthur D. Little, in its report, indicated, "The PNUCCt 

compani e s have been nnwillinq to furnish firm energy to Idaho 

Powec on long or short term bases. However, since critical 

water periods do not occur every year, the possibility of 

short-term (6-12 month) contracts for firm power does exist 

tPacific Northwest Utilities Conference Committee, a 
qroup of utility representatives which makes studies of load 
forecasts and does regional power planning, of which Idaho 
Power Company is not a member {Little 1976, p. 86). 



durinq periods when streamflows produce energy in quantities 

q['eater than re quiremen·ts. Due to uncertainty of preci pita

tion fr~m year to year, howevet, long-term commitments are 

difficult to make." They also no ·te1 tha-t it would be ~ui ·te 

advantageous if Idaho Power could establish a long-term 

seasonal traaing arrangement with the other utilities, but 

that such a contract is not immediately foreseeable. 
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Arthur D.. Little concluded, then, that Idaho Powe[' 

Company would need approximately 500 meg~watts of additional 

generating c1pacity by 1981 to meet requirements. If, howev

er, the load growth is slower than anticipated, if Idaho Power 

can arrange seasonal trades of power, and if water years are 

not critical, the need for the extra 500 megawatts may be 

deferred until at least 1985. Recommendations for the type of 

generating units are for base-load thermal (i.e. nuclear or 

coal-fired) if the company figured it could sell the excess 

capacity in the winter, or peakinq units (e.g. gas turbine) if 

it felt it cJuld not. The study by Little had been done as a 

means of the Idaho PUC's gathering information for the 

hearinqs on Idaho Power Company's proposed Pioneer coal-fired 

plant near Boise. The final recommendation by Little was to 

try to arranqe power tradinq with one or more utilities in 

order to delay the need for Pioneer II until 1985. Pioneer II 

was another coal plant tentatively planned by IPC as part of 

the Pioneer project. Pioneer lacked public support and the 
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certification application was subsequently denied by the PUC 

in September 1976, forcing Idaho Power Company to continue its 

search f3r a solution to its expected power generation deficit 

in the ne ar future (Lewiston Morning tti~Bn~ 1976, p. 6A) 



VII. . FUTURE AVAILABILITY OF SNAKE RIVER WATER 

The fri=tion between the competing rivec users is most 

acute during years when the water supply is low. When it is 

hiqh, there is usually enouqh wa·tec to satisfy most require

ments if not desires. In dry years, however, ·there may not be 

enouqh water to meet ~~I!2Qf!Y~§ demand, .let alone everybody's 

demand. Then the tension develops, with each interest at

tempting to force the others to give up their vater. In 

Idaho, the irciqation interests are very powerful and, for all 

practical purposes, have priority on the water. The SGake 

River is, in fact, all but dried up between Milner Dam and 

Thousand Sprinqs by irrigation diversions at Milner, even in 

normal water years. In addition, a provision of Idaho Power 

Company's Middle Snake Proiect license from the FPC {1955, Ar

ticle 41) states that no flow requirements in Hells Canyon can 

be used to limit development or diversions for irrigation in 

Southern Idaho. A similar provision is also included as part 

of the Hells Canyon Na·tiona 1 Recreation Area Act.. The conclu

sion is apparent that low-precipitation years are troublesome 

at present, but that years in the future with the same water 

"supplytt will undoub·tedly be worse, due to expected increases 

in irriqated agriculture. 
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The Idaho Water Resource Board has projected, in the 

State Water Plan (IWRB 1976, p. 111), that irrigated acreage 

could expand by 850,000 acres in the Snake River system in 

Idaho from 1974 to 2020. There had been in the draft o .f the 

plan several projections of future development levels, each 

possible under different circumstances and dependent on future 

state and national policy and on the 3esires of the people. 

The projections ranged from a low of 640,000 acres for an al

ternative emphasizinq maintenance of instream flows to a high 

of 2.5 milli~n acres for the alternative based on the histori

cal qrowth rate (IW RB 1976, p. 78). 

In the ~iddle Snake Project Operation Manual by the Corps 

of Enqineers in 1961, it was noted that this further water re

source ~evel~pment of the Snake River Basin above Brownlee 

would have effects on existing and future power and flood con

trol projects downstream, both on the Snake and Columbia 

Rivers. "The water supply at the downstream projects will be 

reduced," ·the Corps said {1961, p. 17), "due to consumptive 

use from the greater application of water for irrigati~n and 

evaporation losses from water surface areas on new storage 

reservoirs." Summer low flows have been fairly common 

historically, as Idaho Power mentioned in its analysis report 

{1970, p. 28). but projections for the future reveal expecta

tions of flows to be as low as or lower than in the past. 
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As a prelude to the State water Plan, the Idaho water Re

source Board•s study on water iVailability {IWRB 1974) made 

proiections ~f the flow levels that could have been expected 

in the Snake River over 40 years of record had the existing 

irriqation and storage {ie. Present Conditions) or the 2020 

irriqation and storaqe {Future Conditions) been there for the 

whole period. Their findings, based on a computer simulation 

of the Snake River in Southern Idaho, were that the instream 

flows were expected to be diminished substantially by the new 

irrigation development. Even the current levels of develop

ment, when applied to the historical hydrologic data, caused 

significant depletions. Future levels can b2 expected to in

crease the depletions more. Factors 3Uggested which could 

possibly mitigate the effects are pumping from groundwater ani 

improving the water use efficiency of the irriqation. 



VIII. REREGOLATING DAM BELOW HELLS CANYON DAM 

As noted earlier, the license restric-tions on the opera

tion of Idaho Power•s Middle Snake Project reduce optimal op

erating conditions from the level possible under unrestricted 

operation, at least from the viewpoint of power generation. 

The power comp~ny had planned to have the Hells Canyon plant 

in its system as a peakinq plant, but the requirements for 

minimum discharge and maximum allowible rate of change of dis

charge limit the peaking generation possible. Idaho Power had 

originally counted on having its res-trictions effectively 

relaxed by construction of the Mountain Sheep Dam downstream 

by the Pacific Northwest Power Company. Had the project been 

built, the company would most likely h~ve had a mandate to 

cooperate with the downstream project in its releases, but it 

would undoubtedly have been better able to use its turbines' 

peakinq capacity. 

The lack of use of the full power peaking capability is 

in a sense "l~st" qeneration, and is a potential source of ad

ditional capacity for meeting the company's future demand (see 

Chapters IV ~nd V). A dam downstream from Hells Canyon Dam to 

reregulate the releases would permit nearly unrestricted 

peakinq oper3tion of Hells canyon and would tend to dampen the 
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fluctuations in the river level downstream of Johnson Bar, in 

addition to permitting maintenance much more easily of the 

minimum stre3mflow of 5000 cfs. such a rere1ulating dam could 

be either a large dam built for: power production at a site 

quite a way d3wnstream (such as Mountain Sheep), or it could 

be a dam constructed specifically for reregulation purposes at 

a site between Hells Canyon Da~ and Johnson Bar. 

The matter of PNPC•s High Mountain Sheep Dam was dis-

cussed briefly in Chapters II and v. Essentially, the effect 

of that pr:oposed proiect on Idaho Power Company's plans was to 

require some modification in its Hells Canyon Dam desiqn. The 

Chief of the Armv corps of Engineers noted in 1960 that an 

application had been filed with the FP: for a project down-

stream, with a pool elevation of 1510 feet. Since the normal 

tailwater elevation for Hells :anyon was to be only 1470 feet, 

the nev reservoir at full pool would extend up the dam about 

40 feet, and the corps recommended to the FPC that Idaho Power 

be required to p·rovide appropria ·te protective measures for the 

water encroachment (IPC 1970, Appendix II). In addition, 

prior to actaal construction of Hells Canyon, the company made 
I 

some studies which indicated that more economical operation 

could be realized if the maximum reservoir level were raised 

five feet and if three 123.3 MW units {total of 370 ~W) were 

installed instead of the or:iqinally-planned five 54-MW units 

{total 3f 270 ~W). The FPC authorized this increase in 1964. 



88 

Accordinq to Idaho Power (1970, p. 11), 

Acting in reliance upon this licensing by the Federal 
Power Commission fof High Mountain Sheep Dam][, the 
Company, in order to obtain maximum peaking capacity, 
installed the additional qenerating capacity and likewis~ 
made pr~vision for the hiqher tailwater elevation of the 
downstream proiect. These additional expenditures by the 
company were the direct result of the recommendation by 
the Corps of Enqineers and the licensing by the Federal 
Power Commission. 

Since the time when Hells Canyon Dam was constructed and 

High Mountain Sheep Dam vas first barred by the Suprema Court, 

the possibility of installinq a dam for the single purpose of 

cerequlatinq Hells Canyon flows has been investigated. Idaha 

Power c~mpany made a brief study in 1969 (IP: 1976), the corps 

of Enqineers investigated it prior to 1972 when they were 

evaluating the license modification proposal (Corps 1972, p. 

30), and the author did a brief examination in 1975. 

The power company study investigated two condi·tions: (1) 

the very minimal structure required to reregulate the maximum 

peaking condition for a minimum flow of 5000 cfs and a maximum 

rate of chanqe of one foot per hour .in the river level; and 

(2) a structure to give peaking flexibility, i.e. to 

rerequlate the river to a constant flow equal to the inflow. 

They determined that 9500 acre-feet of storage would be needed 

to control peaking discharges that fluctuate} daily from 0 to 

30,000 cfs, flowinq for up to 12 hours and that approximately 

15,000 acre-feet would be required to keep the downstream flow 

equal to the system inflow. Fiqure 4 shows a plot of maximum 
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conditi~n operation. The heavy, dark line represents the dis

charge from Hells canyon Dam, ~nd the lighter, sloping line 

represents the releases from the rerequlating dam. Areas 1 

and 2 indicate the amount of W3ter stored in the reregulating 

reservoir, when Hells Canyon's discharge exceeds the · 

rerequlator's. Area 3 indicates the water beinq released from 

storaqe .in the :reregulating reservoir, after the release from 

Hells C~nyon Dam has dropped to zero. In this situation, 

Hells Canyon Dam is turned "onn for 12 hours, then shut ~'~off" 

instantaneously. The rerequlatinq dan releases always at 

least 5000 cfs, and its rate of change does not exceed 3000 

cfs per hour (1 foot per hour at Johnson Bar). From the 

qraph, it can be seen that the water stored {areas 1 and 2) is 

approximately equal to the water release3 from storage (area 

3) , both beinq just under 9500 acre-feet. 

The company then selected two potential damsites and 

plotted the volume contained as a function of maximum pool el

evation. This capacity-staqe celationship is shown in Figure 

5. Site #1 is located approximately at Snake River mile 240 

and site #2 is at about river mile 239. For comparison, Hells 

Canyon Dam is at river mile 247.5, and Johnson Bar is at about 

rivec mile 230. From the qraph, required water depths at the 

two sites would be about 73 feet for 9500 acre-feet and about 

90 feet for 15,000 acre-feet of storage. A separate Idaho 

Power source (1970, p. 25) estimated that the reregulating dam 
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might cost $30 million, with an annual cost of $3,700,000 per 

year, in 1970 figures. 

The analysis by the Corps was done as a part of its 

review of the advantaqes and disadvantages related to modify

ing the flow requirements of Idaho Power's FPC license {Corps 

1972). A rerequlatinq dam downstream was initially considered 

as one solution to the boating problem, alternatives to the 

license modifications proposed. They estimated the amount of 

storaqe required to maintain a minimum outflow of 9500 to 

10,000 c.fs, with an average inflow of 11,500 cfs ana varia

tions in discharge from Hells Canyon Dam from near zero to 

30,000 cfs d!ily. The conclusion was that a water depth of at 

least 80-85 feet would have to be developed by the dam to pro

vide enough rerequlation storaqe for full utilization of the 

upstream power plants. They estimated construction costs of 

at least $40 million for an 80-f~ot dam without power qenera

tion of its own, and they figured a reregulating dam with 

power generating facilit~es would have to be well over 100 

feet hiqh and more expensive if it were founi feasible {Corps 

1972, p. 30). The Corps ultimately conclude1 that, because of 

the time required for in-depth analysis, authorization, evalu

ation of current FPC license requests (Mount!in Sheep Dam 

license proceedings were ongoing at that tim~), design, and 

construction {possibly 8 to 10 years in total), the 

rerequlating dam was not considered a realistic alternative to 
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solve the boating problem. They noted (1972, p. 33), "Howev

er, construction of a rerequlatinq dam would be the only way 

to fully utilize the peaking potential of the Hells canyon 

Project in the event open-river status (i.e. no downstream 

power dams) is leqislated for the Middle Snake River below 

Johnson Bar." 

The aut~~r•s analysis was d~ne in December 1975. The 

original intent of the study was to make an economic and 

engineering appraisal of the Snake River between Hells Canyon 

Dam and Johnson Bar for a site that could provide a feasible 

location for a rerequlating dam. Reregulation was considered 

a viable lon~-term alternative solution to the conflict be

tween the power company, not being able to fluctuate its power 

releases at rates and magnitudes that it would like to, and 

the downstream interests who felt {and still feel) that the 

river fluctuates too ~ch already • . Subsequent passage of the 

Hells Canyon National Recreation Area Act at the end of Decem

ber 1975, before the analysis was fully developed, precluded 

further consideration of a rerequlator as a realistic solution 

to the problem. Nonetheless, the results are presented herein 

to serve as !n aid for any future work which may be related 

and could benefit from the methodology or the data. 

Essenti3lly, the procedure consisted of planimetering the 

areas of elevation contours between designated river stations 

and Hells Canyon Dam. Then volumes of the layers formed by 
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two adiacent contour levels were estimated by tak.ing the aver

aqe of the u:>per and lower areas and multiplyinq it by the 

thickness of the layer. A typical shape formed by the sloping 

sides of the canyon, the horizontal contour areas, and the 

vertical limits upstream and downstream is shown in Figure 6A. 

The shape shJwn is representative of most of the volumes. In 

most cases the thickness of the layer is equal to the contour 

interval. In some cases, however, primarily the "bottom" 

layer in some Jf the sections, the area of the contour does 

.not e.xtend tJ the upst·ream limit, and the downs-tream 

"thickness" is less than the contour interval. Such a shape 

is represented in Figure 6B. For the planimetering, a contour 

map by the Walla Walla District of the Corps of Engineers 

dated May 9, 1951, and with a contour interval of 50 feet, was 

used. The measured and calculated results are shown in rable 

1. 

After the volume of each layer was estimated, the total 

volume that would be stored behind a dam at 3 particular 

station below a particular upper elevation was determined. 

For each of the study locations, river miles 241, 237, 233, 

and 229, cal=ulations were made of the storage that would be 

contained below each of the contours if that contour were the 

top of the reservoir. The tabulated storage values are shown 

in Table 2, ~nd Fiqure 7 shows the data plotted. From the 

graph, the required upper elevation can be found for a dam at 
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TABLE 1 

MEASURED AND CALCULATED FIGURES FOR HELLS CA NYON REREGULATING DAM 

(1) (2) !3) (4) (5) . (6) ( 7) (8) (9) ( 10) ( 11) ( 12) ( 13) ( 14) ( 1 5) ( 16) (17) 

1 2 
Hgt. of Vo I . of Vol. of Storage Storage Storage Storage Storage R.M. R.M. Upper Plan. Plan. Plan. Plan. Map

3 
. True 

at a t Elev. #1 #2 #3 Avg. Area Area It Layer5 Layer Layer Below Below Be low Below Below 
Start End ,( ft) (in2) (ft2) (ft) Below6 Be low 1550 ft 1500 ft 1450 ft 1400 ft 13~0 ft 

(ft) (ac-ft) (ac-ft) (ac-ft) (ac-ft) (ac-ft) (ac-ft) 

247.5 245 1550 .208 .208 .206 .207 2.07 8.3x1o6 50 359x1o6 8,2'!1 
1500 . 151 • 152 .153 .152 J. 52 6.1 " 50 192 II 4, 408 12,649 4,408 

245 241 1550 .382 . 395 .377 . 385 3.85 15.4 " 50 653 " 14,990 
1500 .254 . 25 7 .293 .268 2. 68 10.7 II 50 474 " 10,881 
1450 .200 .210 .207 . 206 2.06 8.2 II 50 208 II 4,775 
1400 .002 .002 .002 .002 .02 .08 " 1 .04 " .92 30 , 647 15,657 4 ,776 

241 237 1550 .440 . 430 .4 46 .4 39 4. 39 17.6 II 50 802 " 18,41 1 
1500 .353 .364 .371 . 363 3. 63 14.5 " 50 646 " 14, 830 
1450 .295 .280 .277 .284 2.84 11.3 II so · 473 ,, 10,858 
1400 .1 90 . 188 .192 . 190 1.90 7.6 " 49 190 II 4,375 48,474 30,063 15,233 4,375 

237 233 1550 .573 .561 . 559 .564 5.64 22.6 " 50 1034 " 23,7 37 
1500 .463 . 474 .473 .470 4. 70 18 .8 " 50 847 " 19,444 
1450 .366 .385 .381 .377 3. 77 15.1 " 50 665 " 15, 266 
1400 .289 .283 . 291 .288 2.88 11 .5 " 50 495 II 11 ,364 
1350 • 211 .205 . 204 .207 2.07 8.3 " 50 232 " 5, 326 
1300 .024 .024 .026 .025 .25 1.0 " 10 5 " 115 75,252 51,515 32,071 16,805 5,441 

233 229 1550 .964 .949 .975 . 963 9.63 38.5 II 50 1801 II 41,345 
1500 .836 .840 . 837 .8 38 8.38 33.5 II 50 ·1 537 " 35,285 
1450 .694 . 694 .708 .699 6.99 28.0 " 50 1258 " 28,880 
1400 .563 .575 .538 .559 5.59 22.4 II 50 946 " 21,717 
1350 . 381 .394 . 385 .387 3.87 15.5 II 50 619 !I 14,210 
1300 .236 .225 .234 .2 32 2.32 9.3 II 50 289 " 6, 641 
1250 .016 .017 .0 16 .016 . 16 .64 II 4 1.28 " 29 .3 148,107 106,762 71,477 42,597 20,880 

Notes 

1Rlver Mi I e. 4 Map scale= 1: 24,000. 
~ P lani meter reading (total for given contour). 5He lght at · downstream end (if less than (50ft). 

Reading o f . 10 on planimeter indicated area of 1.0 fn2. 6Average of area and area below, t imes height. 
(0 
Q) 
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TABLE 2 

REREGULATING DAM STORAGE AS FUNCT ION OF 

SURFACE ELEVATION AND RIVER MILE 

Dams ite Storag e StoraJ e Storage Storage Storage 
( R. M.) Below Bel ow Be low Be low Below 

1550 ft 1500 ft 1450 ft 1400 ft 1350 ft 
(ac-ft) (ac-ft) (ac-ft ) (ac- ft) (ac-ft) 

241 43,296 20,065 4,776 

237 91,770 50' 128 20,009 4,375 

233 167,022 101 '643 52 ,080 21 , 180 5,441 

229 315,129 208;405 123,557 63,777 26,321 
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Gross storage as function of surface elevation and river mile. 
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a given location to provide a given amount of storage. 

Conversely, if the maximum uppe .r reservoir elevation is speci

fied, and a =ertain storaqe volume is desired, the approximate 

location of a dam providing those characteristics can be de

termined by interpolating betweeri the curves. 

The main effect to be realized from construction of a 

rerequlatinq dam is a smoothinq out of the river discharges. 

Widely varied flows are discharged into the reregulator pool, 

and more constant flows are released therefrom. The benefit 

to the power company of such a project is that greater 

capacity to generate power for peak loads is obtained. Output 

of electricity at a hiqh power level can be done for a longer 

period of time than when the qeneratinq dam itself must 

reregulate its own releases, i.e. _keep them from varying too 

much. In addit~on, there may be an increase in the minimum 

flow releases from the reregulator to the stream below. In 

the case of Hells Canyon, installation of a cerequlatinq dam 

could possibly permit maintaining a stceamflow above 5000 cfs 

at times vhen Hells Canyon Dam would normally release only the 

requirei 5000 cfs. Much depends on the streamflow coming into 

the pro;ect (i.e. into Brownlee in this case) , and also on the 

load charactecistics at the time. 

As mentioned above, possibility of actual construction of 

a reregulatinq dam in Hells Canyon is very remote. Federal 

law in the body of the Hells Canyon National Recreation Area 
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Act prohibits any dam construction at all within the bounda

ries of the recreation area, which extends from Hells Canyon 

Dam approximately to the washington-Oregon state line. In ad

dition, inac=essibility to the canyon bottom would make con

struction difficult and expensive, as noted above. Possibili

ties foe improvinq the benefits of a reregulator would be 

installinq pump-turbines in Hells Canyon Dam and using the 

rerequlatinq ceservoir as the lower pool of a pumped storage 

scheme, or installing generating units in the reregulating dam 

to qenerate power as it made its releases. Should the public 

desire for power capacity in the future e .xceed that for envi

ronmental preservation enough to withdraw Hells Canyon dam

building restrictions, the details of the economics and 

enqineerinq f~asibility of a reregulating dam could be further 

examined. 



IX. COMPUTER OPERATION STUDY OF BROWNLEE RESERVOIR RELEASES 

A computer program has been developed to permit analysis 

of the effects on energy production, and on Hells Canyon 

streamflows to some extent, caused by different minimum 

releases reqaired from the Middle Snake project and by various 

proiected Snike River streamflows upstream (i.e. inflows to 

the project}. The minimum flows were varied from the required 

5000 cfs upward to 10,000 cfs. None were tried below 5000 

cfs, as this was felt to be the lowest level practicable for 

downstream users. Five different schemes of input streanflov 

were used. First was historical records, the monthly average 

flows recorded at the USGS Weiser gage. In addition, four 

different conditions of flow, determined by variations in as

sumptions of future development of irrigation in the Upper 

SnaKe River Basin, were provided by the Idaho Department of 

water Resources. These are described in more detail below. A 

final aspect of this study was an examination of the effects 

on energy pr~duction of relaxing the rule curve unaer which 

Idaho Power Company is required to operate .Brownlee Reservoir 

for flood control. The new hypothetical rule curve was varied 

from 100 percent of the existing rule curve (full restriction) 

to 0 percent of the existing rule curve (no restriction; 



rese rvoir permitted to be full year-round). 

A~--~g§£tiQtign_gf_!h~_Rixg£~Y2~gm 

1. Upper Snlke River Basin 
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The Snake River originates in Yellowstone National Park 

in Wyoming. It runs qeneral.ly east to west across southern 

Idah~, then heads north, formi n g the border between Idaho and 

Oregon and having flowed about 650 miles before reaching 

Brownlee Reservoir (see Fiqure 1). The river continues 

northward out of Hells Canyon and meets the Columbia River 

near Pasco, Washington. The upper basin, ab3ve Brownlee, con

sists of steep mountains and wide valleys. A verv large por

tion of the drainage is made up by the Snake River Plain, 

which c~ntributes no appreciable surface runoff but has a 

larqe underlying aquifer that provides a near-constant dis

charqe into the Snake River at Thousand Springs. The normal 

annual precipitation varies from less than 6 inches over the 

plains to about 60 inches in Wyoming's Teton Mountains. The 

basin-wide averaqe is about 16 inches. 

The total area drained above Hells Canyon Dam is about 

73,300 s q uare miles, 72,590 of which are also above Brownlee 

Dam. Over 200 dams of many different sizes provide a total 

active storage capacity above Hells C!nyon in excess of 10 

million acre-feet, which includes Brownlee's one million acre

feet (Cocps 1961, Table 2). About 3.8 million acres of land 

are irrigated in the Snake Rive r Basin above Hells Canyon 
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{1975 figure), of which about 740,000 are irrigated by pumping 

from qroundw~ter (1966 fiqure) {U.S. Geoloqical survey 1975, 

p. 260). It is groundwater pumping projects that accoun-t for 

the large power usage during Idaho Power's summer peak demand 

period, while the surface irriqation projects account for the 

summer depletion in the Snake Ri ver water supply. In addi

tion, there ara major irriqated areas that pump directly from 

the river, thus both usinq power and depleting the streamflow. 

2. ~iddle Snake Projects 

A development chronology and description of Idaho Power's 

three Middle Snake dams are contained in Chapters II and IV, 

respectively. Briefly, the project has three hydroelectric 

dams in series within about 40 miles of each other o the 

Snake River. Brownlee Dam and Reserv~ir, furthest upstream, 

contains the storage capacity, about 1 million acre-feet, 

while oxbow and Hells Canyon are essentially run-of-river 

power plants. The releases from Hells Canyon are restricted 

by the FPC license to always be at least 5000 cfs, to be at 

least 13,000 cfs when combined with the Salm~n River outflow 

at least 95 percent of the time, and to never fluctuate the 

river level more than one foot per hJur at Johnson Bar (which 

translates to 3000 cfs per hour variation at the dam). In ad

dition, the level of Brownlee Reservoir is restricted by the 

license to be low enough to provide 500,000 acre-feet of stor

age for flood control on 1 March every year and to provide ad-



ditional flood control storage as requested by the corps of 

Engineers. 

10-4 

Acc~rding to the Corps of Engineers {1975# Chap. 7), a 

rule curve for a multi-purpose proiect when power is one of 

the purposes tries to provide balanced oper~tion for genera

tion of firm and secondary ene~qy through high-, medium-, and 

low-flow periods, while maintaining optimum storage capacity 

for flood control. Thus, the pool level should at all times 

be only as high as necessary to assure availability of firm 

power and ene~qy. The Corps sta·tes that all operation for 

power in a reservoir also used for flood control should center 

on the rule =urve. lhen the pool level is at or below the 

rule curve haight for that date, only scheduled fi .rm p:>wer 

should b e qenerated. When it is below, a drought is in 

progress, the severity of which will not be known until the 

water in storage attains the rule curve level aqain. If high 

inflows occur and the pool rises above the rule curve level, 

secondary energy should be generated to drop it back down to 

the rule curve level. Firm energy is described as the genera

tion which would exactly draw the reservoir to the bottom of 

the power po~l durinq the most severe drought of record {Corps 

1975, p. 7.01). The rule curve is developed based on firm en

erqy commitments and ~n the worst recorded drought. Thus, if 

the reservoir starts at or above the rule curve level, no po

tential drouqht should cause the pool to fall below the rated 
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pool (i.e. the minimum power production level). This assumes, 

though, that only firm enerqy is generated, that the genera

tion pattern generally agrees with that used in the develop

ment studies, and that the drouqht experienced is not more 

severe than the worst drought of record (Corps 1975, p. 7.01). 

Ess e ntially, a rule curve is constructed by studying the 

period ~f maximum drawdown (i.e. the critical period), as well 

as some periods of lesser severity to =heck whether combina

tions of p~wer demand and hydrologic conditions at times other 

than during the critical period miqbt affect the curve's loca

tion. For Brownlee, the period of analysis was July 1929 

throuqh June 1957, and the worst recorded drought was the 

1936-37 water year (Corps 1961, p. 26). Brownlee's curve is 

such that qeneration of firm enerqy from the rule curve, based 

on these flows, would draw the reservoir down to elevation 

1976, the lower limit of power storage. Brownlee's rule 

curve, obtained from Plate 17 of the Reservoir Regulat ion 

Manual for Brownlee, Oxbow, and Hells Canyon (Corps 1961), is 

shown in Figure 8, along with ~ graph of the actual reservoir 

contents for water year 1973. 

The requirement that Idah~ Power provide half a million 

acre-feet of storage by March first every year was made pri

marily in an effort to reduce flooding at The Dalles, Oregon, 

on the Lower Columbia. Consideration was given to flooding 

problems in tewiston-:larkston and on the Lower Snake, but the 
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main interest was controlling main-stem Columbia floods. The 

Dalles had a levee system adequate to protect the city from 

flows in the Columbia up to 800,000 cfs. Tha Corps of 

Enqineers' primary flood contr~l objective was to obtain 

upstream storage sufficient to reduce the peak discharge of 

the flood of record (1,240,000 cfs in 1894} to 800,000 cfs at 

The Dalles. The Corps determined that about 17 million acre

feet of effective flood control storage, including existing 

storaqe, would be required for such flood peak reduction 

{Krutilla 1967, p. 120). At the time of planning for the 

Middle Snake projects in the early 1950s, it was consi1ered 

that Br-ownlee would offer a sizable cont.ribution to Lower 

Columbia flood control. Subsequent to the construction of 

Brownlee and inclusion in Idah~ Power's FPC license of the 

storaqe provision requirement, however, the United States 

neqotiated a treaty with Canada under which the Canadians were 

to provide three storage :reservoirs with a total capacity of 

15.5 million acre-feet and the United States had an option to 

construct Libby Dam on the Kootenai River in Montana, with 5 

million acre-feet of storage (Krutilla 1967, p. 88). The 

Kootenai is 3n Upper Columbia tributary which originates in 

Canada and flows into the United States befoce r-eturninq to 

Canada to empty into the Columbia River. It appears 

conceivable that the value of Brownlee storage for flood con

trol at The Dalles has be~n reduced by construction of the 
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upstream proiects. As a preliminary examination, the author 

in his simul!ted operation of Brownlee power plant considered 

reducing the extent of the flood control restrictions, i.e. 

not requirin~ the reservoir to draw down the full half-million 

acre-feet ea~h sprinq. If such an investigation indicated po

tential benefits, then possibly a more in-depth analysis would 

be warranted. 

Jl!".. __ !2 ~~ ~ r iE t.i.Q tl_Q..f_~ i !H!1!! t!Q !l-~ Q g g! 

Since Brownlee Dam is the project with the storage, it 

was selected for use in the oper!tion study. It was felt that 

a more direct relationship existed between draft of storage 

and generation at Brownlee than generation at either oxbow or 

Hells C!nyon. A simplified application could probably have 

been mad e to these two proiects as well, but the results of 

Brownlee should be indicative of the project-vide (i.e. all 

three projects) performance to be expected under the same con

ditions. In the study, Brownlee was assumed to be held to the 

5000 cfs rel2ase required from Hells Canyon Dam downstream. 

This would not strictly be a requirement on Brownlee in actual 

operation, si nee Oxbow and Hells Can yon se.rve to reregu late 

the Brownlee discharqes, but the monthly average flow from 

Brownlee would most likely closely coincide with the monthly 

averaqe f low from the lower dams. Also, the minimum required 

release was felt to be an importint part of the system opera

tion, so it was imposed on Brownlee's discharges. Monthly 
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flows were used since they were the only data available for 

the future Idaho conditions, a vital part of the study. His

torical records could be obtained on a daily basis, but 

proiections :>f streamflows based on future conditions of 

irrigation development at various levels were made only for 

monthly aver~~e flows. The restricti:>n to one foot per hour 

aximum water level change at Johnson Bar was not made part of 

the computer program, as such a consideration is not 

meaningful on the one-month time scale used. 

A detailed description and a listing of the computer pro

gram used for the simulation are contained in Appendix I. A 

few of the important assumptions and parameters are reviewed 

here, and a qeneral description of the proqram is offered. 

The program is written in FORTRAN and currently requires all 

inputs to be from punched cards, though this is easily 

modified if use of data contained on tape or disk is conve

nient~ Required data are the require1 water release from the 

power plant {in cfs) ; the rule curve factor desired (explained 

later); parameters specific to the reservoir and obtained from 

elevation-area and elevation-capacity rating curves; 

evaporation coefficients for each month; and the reservoir

specific quantities--power plant efficiency, contents when 

full {total contents) , contents when nempty" {dead storage) ; a 

suitable approximation for the tailwater elevation, assumed to 

be constant at all discharges; and the power-generating 
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capacity of the plant. 

The form of the output ma·y be modified, depending on the 

use to be made of it. Full output of results may be obtained, 

as shown in Fiqure I-3 in Appendix I, in which computed quan

tities are printed for each month of each ye1r of the study, 

or simply the summary information, displayed in Figure I-4, 

may be qiven • . The full table is beneficial for documenting 

results, identifyinq errors in input quantities or program 

loqic, and for pointing out pr~blems in the chosen mode of op

eration. If only the final results are desired, however, as 

for comparis~n purposes, then the simplified version would be 

more desirable, as the required computer execution time is 

drastically reduced. Printinq of the entire table may be 

omitted by deleting the appropri1te WRITE statements, indicat

ed in Figure I-1 in Appendix I. 

The program places first priority on meeting the minimum 

flow requirement every month, usinq this release to generate 

electricity. It then checks the pool level and compares it 

with the rul~ curve level. If the pool is above the rule 

curve, extra energy is generated to bring the level down to 

the maximum level permit ted. I.f the preliminarily-computed 

release exceeds the power plant capacity, the extra water is 

spilled. If makinq the re~uired flow release had already 

brouqht the pool level to or below the rule =nrve, no further 

enerqy is qenerated for that month. No computations are made 
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relative to system or plant power demand for each month, as 

such information was not readily available. The main opera

tion of the power plant-reservoir centers on releasing the re

quired flow, then keeping the reservoir as fall as possible 

without exceejing the rule curve limit. No attempt has been 

made to maximi:ze power production--the power plant is merely 

operated for power generation in accordance with the two pri

mary criteria mentioned. 

~~~-Ia2Yt~n~t~-~~g~ 

All of the data for the dam, power plant, and reservoir 

characteristics were obtained from the Reservoir Regulation 

Manual written by the Walla Walla District of the Corps of 

Engineers foe Idaho Power company's three projects (Corps 

1961). Evaporation coefficients to estimate monthly reservoir 

evaporation were provided by the Idaho Department of Water Re

sources. Streamflow data, the fundamental material for the 

study, were obtained from two sources. The historical records 

and monthly totals are contained on disk at the University of 

Idaho, accessed throuqh the Hydrologic Information Storage and 

Retrieval System (Molnau 1975). The system vas used to print 

out the monthly totals for the Snake River at Weiser, which 

were then punched onto data cards for use in the analysis. 

Most of the streamflow data used, however, were figures 

furnished by the Idaho Department of Water Resources from 

their studies of future water avail~bility in the Snake River 
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in Idaho. Ch~pter III describes more fully their studies rel

ative to expected flows under Present Conditions and under 

Future Conditions of irrigation development. 

More recently, the Department of Water Resources investi

qated some irriqation qrowth alternatives which are in between 

Present Conditions and Future Conditions studies, both in 

amount of irriqation and in resulting streamflows. One as

sumes development of all the icriga t.ion foe which licenses or 

permits had been given for water rights ~s of May 1975. The 

second assumes development of all the water rights applied for 

as of May 1975, in addition to the licenses and permits 

issued. Ag~in, both these studies determined what the 

streamflows would have been histori=ally if the assumed levels 

of development had existed throughout the period of analysis. 

As with the historical records, data for these last four stud

ies were received in computer printout form, from which data 

cards were punched for use with the proqram. All the data 

used for in put ·to the program are pres anted in Appendix II. 

Q~ __ lni!Y§i§_~[Q£~~Y[@ · 

The initial staqes of the study concentrated on looking 

qenerally at the power that could be produced and the water 

releases that would be made from the power plant with assumed 

required releases of 5000 cfs and 7000 cfs and under histori

cal and future conditions. The primary intent was to deter

mine whether a streamflow greater than 5000 cfs could be 
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sustained on a reliable basis, and what consequential effect 

it would have on power production. Average power generated 

for each month was computed, but no consideration was given to 

losses due t~ evaporation, and a flaw in the program permitted 

release of the full 7000 cfs minimum even when the live stor

age in the reservoir had been depleted and the monthly inflow 

was far less than 7000 cfs. 

Subsequently it was d~eme1 desir~ble to undertake a more 

quantitative analysis, so the proqram was modified to account 

for monthly evaporation, the pe~missible releases under 

reservoir-empty conditions were made more reasonable, !nd 

power was computed using ave·rage head for the month instead of 

simply the end-of-month head. Also, to permit better quanti

tative comparisons, the total energy produced during each 

month, year, and the whole peri~d of study were computed, 

rather than iust the average monthly power produced. In addi

tion, a count was made of the number of cases when the monthly 

discharqe did not equal or exceed the required minimum flov 

due to emptying of the reservoir and the inflow being less 

than the minimum. 

The computer model was then operated for Brownlee Dam and 

Reservoir , using the five streamflow conditions described pre

viously and varying the minimum required releases between 5000 

and 10,000 cfs. Then, for each of these combinations, the 

reservoir rule curve was varied, from 100 % of the rule curve 
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(as is now required) to 01 {no drawdown required at all). The 

results were then tabulated and each of the alternatives-

minimum flow adjustment and rule curve modification--was com

pared under the different projected future w~ter supply condi

tions. Because of the large amount of data generated, the 

user should be sure that only the figures of interest are 

printed out. In this study, the intermediate values were not 

needed , so onlv the final results were printed. 

~~--Rg~y!t§ 

Total enerqy generation studies were done for all five 

streamflow conditions, for rule curve fracti~ns of 0%, 25%, 

50%, 75%, and 100% and for minimum releases of 5000, 6000, 

7000, and 10,000 cfs. The fiqures obtained are tabulated in 

Table 3. Graphs of the enerqy produced at different minimum 

releases are presented in Figures 9 through 13, at the various 

rule curve percentages. The results from the portion ~f the 

analysis investigating the number of months when the reservoir 

emptied and failed to meet the minimum release requirement are 

shown in Table 4. 

Concentrating first just on the unmodified rule curve. 

the 1001 study, it is quickly apparent that there is only a 

sliqht irop in total energy pr~duction for each particular 

condition of streamflow and a large drop in total energy pro

duction in ~inq from the historical flows to the flows pro

jected under the future conditions. This latter observation 
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TABLE 3 

TOTAL ENERGY GENERAT ION , 1928-1968, 

UNDER VARIOUS CONDITIONS CGWH) 

STUDY Required Release, cfs 

5000 6000 7000 10,000 

Historical Records 101,158 101,156 101 , 119 99, 905 
*~Presen t Conditi ons 97, 78 1 97, 768 97 ,727 96, 278 
g Lice nses, Permits 92,396 92 ,324 92,059 88, 452 
.....-Licenses, Pe rmi t s , App I i cati ons 89,170 88,923 88,379 83,974 

Future Cond itions 77, 369 76,7 88 75,876 69 ,261 

Histor ica l Records 101, 896 101,896 101 , 886 100 ,805 
~Present Condi ti ons 98, 85 1 98, 848 98 , 828 97,688 
~Licenses, Permi ts 93,514 93,466 93 ,252 89,853 

Licenses ~ Permits, Appl ications 90,320 90,095 89, 614 85,208 
Future Conditions 78,420 77,922 77, 04 1 69,930 

Historical Records 102, 386 102,386 102,382 101,474 
~Present Conditions 99, 635 99,635 99,632 98 ,7 56 
~ Lice nses, Permits 94 , 31 0 94 ,278 94,096 90, 837 

Licenses, Permits, Applica t ions 91 '148 90,955 90,502 86,083 
Future Conditions 79,242 78, 830 77,975 70,371 

Historical Records 102,682 102,682 102,680 101, 895 
~Presen t Conditions 100,209 100,209 100, 208 99,494 
~ Licenses , Permi ts 94 ,891 94, 860 94,701 91 , 533 

Licenses, Perm i i" s, Appli cat ions 91 '7 59 . 91,569 91 '160 86, 632 
Future Conditi on s 79, 906 79,532 78,698 70, 575 

Historical Records 102 ,780 102,780 102; 778 101,993 
Present Cond ition s 100, 611 100,61 0 100, 610 99 ,993 

~Licen ses , Permits 95,249 95,2 18 95,059 91 '907 
Licenses, Permits, App I i cations 92, 142 91,9 52 91,548 86 ,921 
Future Conditions 80, 486 80,1 43 79,340 70,772 

* Percen t of rule curve used for study. 



- l 
I I 

-1 
I 
I 
f 

·- l 

10,000 

curve . 



105 

100 

~ 95 
~ ·--· - 0 

- -- .. 90 
--- ~ 

~ 
7 
00 

..------8i 
------ ,.-t 

; --- - "'85 
. ---- § -

-- ·r-i 
-- +J 

~ 
- ~ 

~80 
Q) 

~ 
~ ---- -- +J 

g 
75 

70 

117 

Historical Records 

~--------~~---------I!esent Conditions 

' - --- --. ' . - -~-;---

Pennits 

T 

Permits, 
· . Applications 

-~~-~-=~]-·---~ --=---=-· --- - -
- --· ·- ---- J ____ - ---·- ~ . L ----~ - __._ ~ -

I • I 

-=----==--=---= >-= ~-=--=--=---=~-=t -~ ==-==-=-~ ' 
--~------- - -________ .., ------·---- --'----· _....,__ ___ --·-·r-- ~ 

----- --- ~ -~ --- -~- --·t ---- --- - ----

_.......__ .. ___ : ..- ·--- ---- ----t-- ... --- ----7-- -- -- - _l_ 
- --------'"- - --- ~-- -- ~--__ j___ -

I I I I 

- i -! . . ~ t~- --=- -- ~~- _: ~~~ - - ---=--~~-~-=-----
--~-:~' __ _!_~ --- --- • 

-- --- -------------

- ----- r- - --- ------ ~~- ·-
t -- -~ -- ~ . --

- ___________________ ,..__. ____ ----

65 
5000 6000 7000 8000 9000 10,000 

- ~- Figure 10. 
Min.:imum Required Release , cfs 

Energy generated vso required release--75% rule curve. .. 



~ 
~ 
0 
00 -
8 

--- 0 -
,..-! 

... 

~ 
r-i 
I 

00 

~ 
,-I 

... 
s;::· 
0 

·r-i 

- 1\1 
- m 
~ 

- ~ 
::>., 
b.O 

- ~ 
Q) 

.&J 
,..-j 
cd 

b 
8 

118 ·---· --·-------------~.-~·--·--------~- ... -----~ 

105 

100 r~---~-~~-~~----~-~~~-j~re~s~e~n~t~Co==nd~~l·t~l=·o=n=s~------------~ 
- ~ - -t ~- - - - -- - ~ 

95 

80 

75 

·-t-
_j__ -- ~ =~-=~- j :_. -· ~ - - ~ 

r· --1-·~-- .. -· ~ -- -. ·-

__ _L__....._._ _ _ ~---:-;-1 --------------

t,_________ ~---·- -
.r-------:~-------~Lh:.1::_'. censes, Pem1i ts 

- L -!---~--- ._.' 
I I - r.~--

--~-~·-· -1--·· ----~ ~ 

~ - - ·- -~ ...:__ ·- ------
____ :__ .. _ i--+-·'-:__.... -..--~--~-r- - -

Permit s, -
Applications 

I ' 

- _:_ + -~---=--~ _-r-~ -=- -~==-==+-~ ~ -. ___ _,_ -

--------------

65 
5000 6000 7000 8000 9000 ~0,000 

Minimum Required Release , cfs 
Figure 11. Energy generated vs·. · required release---50% rule curve . 



119 

105 

flistorical Records 

Present Conditions 

r 

__ _j_ 
__ _______;_ ___ ..J.___ 

Licenses , Penni ts _ _ _ 
954r--------~--------~~ 

- --- --- r -- - - - -

§ ~~~=---~~-----~-~~-~--- ~Licenses, Permits, 
r-i Applications 

90 

- 85 ~ -·-;-- ~=~~~;- -i _~_~=- ~:~~_j_ ----=~~ ~ -
~-=Jt ~=-- -=-==: - --~ .:.. -:_~j- -

- - - t- - - - -- -- -- - -

-j- --- . --

_75 

_J_ ---- ------

_65 ~----------~--------·~----------~---------r----------,-

- 5000 6000 - 7000 8000 90000 10,00( 
Minimum uired Release , cfs 

~igure ~2.. Energy generated vs._ required release--25%, rule c\.nve-



105 

100 

~ --~--

L~--

r-· 

L --
t_ __ _ 

-~-- 70 

I 
... - _.... -- - -·· -- - - -~ ---

-~ --~---__ --:_ :_~-- t=__ ---- -~--- -
Hist orical Records 

I -
- ~ -

=~ -~ -:T _-~=- -~1~ :=~~~::;::]~-- -- =-:_+_: --
··----~----. -.~,-- -·-- f -- ---~-~1------

-- ... --- ---t- _._____ --. - - ---·----- - __ _.__ 

, • . I 
- - .. --1 

--------

·------...---~. 

I I 

Pennits 

-- __ j_ ___ _ 
-- --+---___ J __ 

---"-'~-

- L-----· 

t -- ... ---- __ ,.. - -- ----

---j-

[ ______ --+ ------- -· -+ ---- --

120 

-- ---- ----f -------+- -+-- -~ ·- --- t=-:=-=-=~-_-_1 _____ ------=-
1 1 I -- - -----·- -y-.--~--~-=-~~-.l- ~=-----=-=- --- -=--:- ----- ·- . -- I - - -

65+---------~--------~------------------------·-------· sooo 6ooo 9ooo 1o,doo 
Mininrum Required Release, cf s 

Energy generated vs. required release- ...,.- Wo rule curve . 



TABLE 4 

NUMBER OF MONTHS NOT MEETING MINIMUM 

FLOW REQU IREMENT IN EACH STUDY 

STUDY Required 
5000 6000 

Historical Records 
iC Present Conditions 
~Licen ses, Permits -,-
~Licens es, Permits, Applications 

Future Conditions 2 

Histori ca l Records 
Present Condit ions 

~ . 
L() L1censes , Pe rmits 
~Licen ses , Permits, Applications 

Future Conditions 
Historical Records 

~Present Co ndi ti ons 
~Licenses, Permits 

Licenses, Permi ts, Applicat ions 
Future Conditions 
Historical Records 
Present C .dit ions 

~ L. p ' + 
L() 1censes, erm1 ~ ~ 

N Licenses , Permits , Appli cati ons 
Future Conditions 
Histor ical Records 
Present Conditions 

~ . 
o L1censes, Permits 

Licenses, Permits, Applications 
Future Condi t ions 

Release, 
7000 

5 

4 

3 

1 

*Percent of rule cu rve used fo ~ study. 
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cfs 
10,000 

3 
2 

13 
24 
82 

7 
17 
79 

6 
12 
75 

5 
11 
72 

4 
8 

68 
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is reasonable in liqht of the fact that the inflows are sub

stantially less under the future conditions. Hence, the 

amount ~f water passinq through the plant is much lower and 

the enecqy qanerated is less as well. Actually, the decrease 

in enerqy output from a 5000 c f s minimum to 10,000 cfs for the 

future conditions was almost 111, fairly siz~ble, but still 

small compared to the decreases in excess of 231 in going from 

historical to future conditions. 

The indication is that, qiven certain streamflows in the 

river, the t~tal electric energy production from these flows 

is not very dependent on the minimum flow release maintained 

downstream, at least in the case of Brownlee. This holds more 

consistently ~t the hiqher flow levels and less at the 

depleted levels, where the system seems to be more sensitive 

to the release restriction. An important further considera

tion, however, is not the energy generated in total over the 

long run, but the energy avail~bility over shorter periods, 

particularly during drier years. Comparison of two sample 

computer runs for the same conditions, 5000 and 10,000 cfs 

with full development of licenses, permits, and applications, 

shows a wide variation in the annual energy produced for the 

two minimum releases. In one year, the ener~y generation with 

the 5000 cfs release was 41 less than that generated with 

10,000 cfs, while in another year, the 5000 cfs run produced 

26 % more than the 10,000 cfs run. This latter year was an es-
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pecially dry one, but no trend vas apparent from inspection as 

to which were the more favorable years for enerqy production 

under a given required release, ary ones or wet ones. 

A look at Table 3 shows a definite te.ndency for the 

higher r e leases to have more failures in meeting the minimums 

for cons t ant streamflow conditions, as should be expected. 

With the future conditions, when the required release was 

supposei to be 10,000 cfs, the actual release was less than 

10,000 cfs 82 times, an averaqe of two months during each year 

of the 41-year study. At one time the downstream discharge 

droppe1 as low as 2353 cfs. The failures were mostly in 

August and September but occasionally in October and 

occasionally in July. When the minimum release required was 

7000 cfs or below, it was met at all times, except in a few 

cases in the future conditions study. 

Examining the variation in energy production with modifi

cati3n 3£ the rule curve, it can be seen that there was little 

effect in the total period-of-record generation, even with 

complete rel3xation of the rule curve requirement. Generally, 

there was a 1.51 to 2.51 increase in the energy produced by 

going from 1001 rule curve restriction to 0 %. 



X. SUMMARY, CONCLUSIONS, AND BECOMHENDAriONS 

The problems of the Hells Canyon dams and their operation 

have been examined. The existing problems have been 

scrutinized, and the problems expected in the future have also 

been probed to a certain extent. The computer program de

scribed herein could be improved for further application, and 

there are other possible investigations that could be done to 

try to obtain an 3peratinq plan that would be more favorable 

to all the parties concerned. The followinq paragraphs summa

rize the findings of the present research and point out the 

specific areas for the need for further study. 

First, a look was taken at the controversies in Hells 

Canyon both before and after installation of the Idaho Power 

Company proiects, followed bv a brief survey of the plans for 

the Hells Canyon National Recreation Area. Next, examination 

was made of past studies which had been done fo.r planning pur

poses or for assessinq the water or power needs of the area. 

The parties interested in using the river were considered, 

along with the nature of their needs with respect to timing 

and/or quantity of water requi~ed. Next, it was noted that 

the three Middle Snake River dams, as a systam, play a major 

role in the p~ver company's system. Brownlee's storage is, in 
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fact, the only significant storage the company has. The three 

power plants associated with BLownlee Reservoir must be oper

ated to meet the load not otherwise met {i.e. by the thermal 

or other hydro plants) , providinq the only flexibility avail

able in dry years. Thus, Idaho Power has little ability to 

chanqe its operating procedure pertinent to the Middle Snake 

River p_rojects. 

The expected growth in population and in irrigation de

velopment were assessed, along with a consequent increase in 

the future demand for electricity in Idaho and a decrease in 

the future supply of water in the Snake River to the Middle 

Snake River pro;ects. The strongest indication is that cur

rent trends in Snake River water use cannot continue without 

at least some of the parties concerned experiencing 

undesirable water shortages. If the irrigated agriculture 

does expand as projected, less water -will be available in the 

cominq de cades for power production and the other uses. It is 

apparent that either the increase in irrigation depletions 

will have to be reduced to preserve the streamflows, or energy 

production facilities with greater "reliability," less depen

dence on river water supplies, vill have to be developed. 

Possibilities for constru=ting a reregulating dam below 

Hells Canyon Dam were also reviewed. Earlier studies of the 

idea were mentioned, and a short analysis was performed in ad

dition. A qraph {Fiqure 7) was presented showing storage 
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available as a function of upper reservoir elevation and 

distance downstream from Hells Canyon Dam. The dam was deter

mined to be a physically possible alternative, but it appears 

to have little support socially and politically, so it is 

ultimately infeasible. 

Finally, a simplified mode l was 1eveloped to operate 

Brownlee storaqe reservoir and compute the electric energy 

that would be generated under various conditions of operation. 

It was determined that a drop of up to 231 in energy produc

tion was possible if streamflows dropped to the Future Condi

tions l evel ~nd i f the 5000 cfs minimum release were main

tained. It was seen that raising the minimum flow requirement 

had only a slight effect on total energv production-

decreasinq it about 101 in the most severe case and about 61 

in the next most severe case. one very serious consequence of 

increasing the minimum reguirei flow, however, was that the 

number of tines when the minimJm was not satisfied increased 

markedly at the hiqher .requirements, most notably at 10,000 

cfs. In addition to the minimum flow not being satisfied, the 

power load at the time would not have been met either. For 

the last portion of the analysis, it had been considered a 

possibility that the Brownlee storage may not be as necessary 

for use as flood control storaqe as it had been at one time, 

and that perhaps the storaqe space could be put to better use 

for power and energy production. It was observed, though, 
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that even complete removal of the flood control rule curve in

creased energy production a maximum of only 4%. 

A few notes pertinent to the results from the computer 

operation study should be brouqht forward. The figures ob

tained and used in the analysis were totals of energy genera

tion for the 41-year period of record. As such, they are 

lonq-term totals 3.nd can be useful for indicating general 

trends and mlkinq general comparisons, but they may not be 

representative of any given year's energy production. Proba

bly the most seri3us limitation of the study is that it was 

unable to consider power peaking operations. First, detailed 

information on the power company's loads vas not available, 

and second, the data available for the streamflows in the com

puter proqram were only on a monthly basis. While certain 

months ~f the year may offer annual high loads, true peaking 

operations of interest to the company are the instantaneous 

peaks each yoar, so the company will know its required output 

capacity. A qood approximation of the instantaneous demand 

could probably be made on the basis of hourly or even daily 

demand. While hourly streamflows are not easily obtained on a 

reliable basis, daily flows are available (at least for the 

historical records). 

A futura study could consider the effect on total peakinq 

production of varying the parameters considered here (minimum 

flow, in f low level, rule curve level). In addition, the power 
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qeneration should coincide with the demand schedule, and 

possibly even coordination with the P~cific Northwest electric 

system could be included. such an analysis should center on 

critical combinations of hydrologic conditions and demand 

characteristics (e.g. the worst likely case each year). 

A possible innovation which could be applied to the com-

puter progra~ would be inclusion of a feature to accept hydro-

loqic data for each year (e.g. snow pack information, precipi-

tation), make a forecast of that year's spring runoff, and 
\ 

adjust the rule curve for Brownlee up or down as necessary. 

These m~difications would make the simulation model quite a 

bit more realistic, but they would considerably complicate it, 

too, which may exceed the benefits gained. 

Further analysis which would be vital before any serious 

decisions could be based on the results of the computer pro-

qram study is an economic accountinq of the benefits and costs 

that would be realized under the alternative operating 

schemes. The analysis should consider the benefits, as well 

as the costs, that would accompany raising the minimum release 

in low-flow summers. The economic effect of hiqher required 

releases on peaking capability should also be examined. An-

other facet for consideration is the benefits from enerqy and 

power production and the costs fcom increased flood damages of 

operating with a less stringent (i.e. higher) flood control 

rule curve. Finally, the consequences of the reservoir 
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emptyinq and not meetinq the minimum release should be deter

mined in terms of losses in power and energy production, 

losses to peJple usinq the river downstream for navigation, 

losses Jf fish livinq and;oc spawning in the river downstream, 

and losses to people interested in recreation pursuits, both 

on the Jpen river downstream and in the drawn-doin reservoir • . 

Another potential study method that could be quite useful 

would be an ~nalysis to optimize the operation of the 

Brownlee-oxbow-Hells Canyon system. This could be done to 

maximize the net economic benefits, or a scheme could be 

devised to try to optimize in some manner the releases from 

the pro1ects. It appears the economic approach, if 

practicable, would be more easily quantified. An analytical 

technique, such as linear or dynamic proqramming, possibly 

combined with a simulation model of the hydroelectric system, 

would probably be the best way to determine optimization. Of 

the two analytical techniques, dynamic proqramminq would like

ly be more appropriate since reservoir operations are sequen

tial decision problems, best handled by a dynamic programming 

application. 

In conclusion, the existence of a probl~m with respect to 

the flows of the Snake River in the vicinity of Hells Canyon 

has been shown. No firm solution has been d~termined, but 

some alternatives have been examined and possible avenues of 

future pursuit have been opened and discussei. The existence 
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of the national recreation area below the existing power dams 

will inevitably have an effect on the option or options se

lected for solving the pr~lem. If it has no other effect, 

the law creatinq the recreation area will at least exclude all 

new dams from construction within the area, thus excluding any 

type of rerequlatinq dam below Hells :~nyon Dam. The canyon 

will therefore be without any further development and will be 

left to be enjoyed solely as an anvironmental resource. 
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The FORTRAN program developed by the author and used 

for the analysis of Chapter IX operates a dam with stor

age reservoir for power production. In this case, it was 

used to simulate operation of Brownlee Reservoir, -taking 

into account a minimum release requirement for the down

stream channel, restrictions on maximum permissible level 

of the Brownlee pool at different times of the year, and 

estimated evaporation from the reservoir surface. The 

entire listinq of the proqram, with comments included for 

clarification, is shown in Figure I-1. Figure I-2 shows 

a list of most of the data cards used for the present 

st-udy. 

A!!_ __ ~g!!gt~l-QJ!~t:£-t!Q!! 

The program begins by assigning storage for the 

arrays used, assigning names and numbers of days to each 

month, and reading in values f~r the required release, 

the rule curve factor, the maximum permissible end-of

month contents in the reservoir (as shown on the rule 

curv~ , values for reservoir contents, elevation, and 

surface area at different levels, estimated evaporation 
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RESERVOIR REGULATION PROGRAM 

PURPOSE 
THIS IS A FORTRAN PROGRAM TO COMPU TE STORAGE IN, DISCHARGES FROM, AND 
ELECTRIC ENERGY PRODUCED AT A HYDROELECTRIC PROJ ECT . IT CON SI DE RS 
MINIMUM REQUIRED RELEASES FROM THE POWER PLANT, POOL LEVEL RESTRICTIONS 
IN THE RESERVOIR, EV APORATION FROM THE RESERVOIR, AND MAXIMUM GENE RA
TING CAPACITY OF THE POWER PLANT. THE RESERVOIR IS ASSUMED TO STA RT 
FULL FOR THE FIRST MONTH FOR wd iCH STREAMFLOW DATA ARE GIVEN. THE 
FIRST YEAR OF ANALYSIS MAY BE STAR TE D IN A~Y MONTH BY PLACING ZEROES 
(OR BL ANKS) BEFOR E THE DESIRED STARTING MONTH ON THE DATA CARD FOR THE 
FIKST YEAR Of STREAMFLOW. 

THE PROGRAM IS SET UP NOW FOR BROWNLEE RESERVOIR ON THE SNAKE RIVER. 
TO ADAPT IT TO ANOTHER RESERVOIR OR OTHER OPER ATING CONDITI ONS, SO ME 
OF THE CO~STANTS AND INPUT QUANTITIES MUST BE CHANGED, AS DESCRIBED 
BELOW. 

DESCRIPTIONS OF VARIABLES AND CONSTANTS 

QUANTITIES CO NSTANT IN PROGR AM 
A = A CONSTANT TO CCNVERT FRCM CFS TO ACRE-FT PER DAY. 
DAYS( It = NUMBER OF DAYS IN EACH MONTH. 
M 0 NTH ( I , _ = NA fw1 E C F MONTH • ASS UM E S W AT E R YEAR , S T A R T I N G W I T H 0 C T • 

i 

QUANTITIES TO BE INPUT FROM DATA CA RD S 
REQREL = REQUI RED RELEASE FROM RESERVOIR, IN CFS. 
RULFAC = FACTOR INDI CATING PROPORTION OF RULE CURVE ORAWDOWN 

DES IRE D FOR ANA LYSIS. 1.0 IN DICATES FULL RULE CURVE 
ORA WO OWN, O. INDICATES NONE. 

P(l) = MAXIMUM ALLOWABLE END-OF-MONTH CONTENTS IN RESERVOIR, 
IN ACRE-FT, DETERMINED FROM RULE CURVE FOR RESERVOIR. 

CONTEN (!) =CONTENTS OF RESERVOIR AT DIFFERENT POOL LEVELS, IN 
ACRE-FT. RANGE SHOU LD BE BROKEN INTO 12 (NOT NE CES-

1--l 
w 
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SA RILY EQUAL) .INTERVALS. MINIMUM CONTENTS MUST BE 
LISTED fiRST AND MAXIMUM LISTED LAST. 

ELEVIIl =ELEVATION OF RESERVOIR AT DIFFERENT CAPACITIES~ IN FT. 
RANGE SHO ULD BE BROKEN INTO 12 INTERVALS, EACH COR
RESPONDING WITH THE CONTENTS GIVEN FOR CONTEN(l). 

A R E A ( I ) = SURF A C E A R E A 0 F RES E RV 0 I R AT 0 l F F ER EN T E L E V AT I 0 N S , I N 
ACRES. EACH SHOULD CORRESP OND WI TH CONTENll) AND 
E LEV ( I ) • 

EVAPCO(I) = ES TI MATED EVAPORATION COEFFICIENT FOR THE RESERVOIR 
FOR EACH MONTH, IN AC RE-FT PER ACRE PER MO NTH •• 

EFF = EFFICIENCY OF POWER PL ANT, EXPRESSED AS A DE CI MAL. 
TAILWA = NORMAL TAILWATER ELE VATIO N, IN FEE T ABOVE MEAN SEA 

LEVEL. 
POWMAX = MAXI MUM POWER GENERAT I NG CAPACITY OF POWER PlANT, IN 

, KILOWATTS. 
NRUNS = NU MB ER OF SEPARATE COMPUTATION RUNS TO BE PERFORMED, 

CONSIDERING ONE RUN TO BE FOR A PARTICULAR MINIMUM 
RELEASE, RULE CURVE FACTOR, AND STREA MFLOW CONDITION. 

STUTYP = TYPE OF STUDY PARTICULAR RUN IS DUN E FOR (E.G. PRE SEN T 
CONDITIONS, FUTURE CONOITIONSJ. 

NO YR = NUMBE R OF YEARS FOR WH IC H STREAMFLOW DAT A AR E SUPPLIED 
LUNI T = CO DE DESCRI BIN G TH E UN IT S FOR THE STREA MFLOW : 

LUNIT= 0 FOR ACRE-FEET (PER MONTH) . 
LUNI T= l FOR CFS-DAYS (PER MONTH). 
LUNIT= 2 FOR CFS (AVG. FOR MONTH) . -

DISFAC = FACTOR BY WHICH ACTUAL STREAMFLOW$ HAVE BEE N DIVIDED T 
TO FACILITATE INPUT ON DATA CARDS {USUALLY A POWER 
OF 10). 

NYEAR = WATER YEAR CORRESPONDING TO STREAMFLOW DATA. 
0 { 1 ) = M 0 NTH L Y S T R E AM 0 I SCHAR G E , I NF L OW T D R E S E R VO I R, I N C F S , 

CFS-DAYS , OR AC RE- FT (LUNIT MUST IND ICATE WHICH UNIT 
l S US ED) ... 

QUANTITIES COMPUTED IN PROGRAM 
PMULT = MULTIPLIER USED IN PO~ER COMPUTATION (CONSTANT). 
CONT =TOTAL END-OF-MONTH CONTENTS IN RESERVO:R , !NACR E-FEET 
TDTGWH = TOTAL ENERGY PRODUC ED DURING PERIOD OF STUD Y, IN 

~ 
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ANNGWH 
OLDH 
OLOSUR 
FULCON 
E MPC ON 

NL 

N FAIL 
MY EAR 
EVAP 
F 

T 
R { I ) 
STOR 
TF 
EL 
SURF 
FACTOR 

H 
AVHEA D 
POWER 1 
POWREL 
SPILL 
EXCESS 

EXTRA 

POWER 
ENERGY 
AVANEN 

GIGAWATT-HOURS (l GWH=l MilLION KWH). 
= ENERGY PRODUCE D FOR THE YEAR, IN GWH. 
= P R E V I OU S M 0 NT H ' S POw E R HE A 0, I N F E [ T • 
= RESERVOIR SUR FACE AREA FOR PREVIOUS MONTH., IN ACRES. 
= RESERVOIR CONTENTS WHEN FULL, IN ACRE - FEET. 
=RES ERVOIR CONTENTS Wtit: N EMPTY, I.E. DE AD STORAGE, IN 

ACRE...:FEET . 
= NUMBER OF LOOPS (YEARS). PROGRAM REWRITES COLUMN 

HEADINGS ONCE EVERY 8 YEARS AND THEN RESE TS Nl TO O. 
= NUMBER OF TI MES MINIMUM REQUIRED RELEASE IS NOT MET. 
= LAST 2 DIGITS OF WATER YFAR. 
= MONTHLY EVAPORATION , IN ACRE-F EET. 
= MONTHLY I NFLOW TO RESE RVOIR, CONVERTED FROM INPUT 

UNITS TO ACRE-FEET. 
= TOTA L MONTHLY RELEASE FRGM RESERVOIR, IN ACRE-FEET. 
= REQUIRED MONTHLY RE SERVOIR RELEASE, IN ACRE-FEET. 
= TOTAL END-OF-MONTH LIVE STO RAGE I N RESERVOIR, IN AC-fT 
= AVERAGE MONTHLY RELEASE, IN CF S. 
~ END-OF-MON TH WATER SURF ACE ELEV ATION, IN FT ABOVE MSL. 
= END-OF - MONTH RESERVO I R SURFACE AREA, IN ACRES. 
= FACTOR USED TJ INTERPOLATE BETWEEN GIVEN INTERVAL S TO 

DETER MINE EXACT ELEVATION AND SURFACE AREA • 
= POWER HEAD AT DAM AT END OF MO NTH, IN FEET. 
= AVERAGE HEAD FOR MONTH, IN FEET. 
= AVER AGE MONTHLY POWER OUTPUT FROM PLANT, IN KILOWATTS . 
= AV ERAGE MONTHLY POWER RELEASE, IN CFS. 
= MONTHLY AMOUNT OF WATER SPILLED, IN ACRE-FEET. 
= MONT HLY AVERAGE POWER OUTPUT I N EXCESS OF PLANT CAPA

CITY, IN KILOWAT TS . 
= WAT ER RELEASE COR RESPONDING TO EXCESS POWER GE NERATION 

IN CFS. 
= MONTHLY AVERAGE POWER OUTPUT, I N MEGAWATTS. 
= TOT AL MONTHLY ENERGY PRODUCTION, IN GY H. 
=AVERAGE ANNUAL ENERGY PRODUCTION, FOR ENTIRE PERIOD 

OF STUDY, IN GWH. 
1-' 
w 
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C************************************************************************** ***** 
DIMENSION 0(12),R(l 2) , P ( l 2),0AYS(l2J, MONTH(l2),CONTE N(l2 ),ELEV( 

Cl2), AREA(l2J,EVA PC0 (12 ) ,S TUTYP(20) 
c 
C********A SSIGN NAMES OF MONTHS AND NUMBER OF DAYS IN EA CH. 

c 

DATA MONTH/'DCT.•,•Nov.•,•OECo 1 , 1 JAN.• , • FE:B.', 1 MAR.•,•APR. 1 , 1 MAY 1 

1 ,• J UN . 1 ,• JU L. ' ,• AUG. •, "SEP. 'I 
DATA OAYS/~1.,30.,2*31.,28.,31.,30.,31.,30.,2*31.,30. / 

C********INPUT VALUES FROM DATA CARDS . 

c 

REA D(5,5J REQREL 
5 FORM AT I F8. 0) 

REA0 (5, 6) RULFAC 
6 FORMAT(F5.2 ) 

READ{5,8) (P (I) ,l=l,l2) 
8 F 0 RM AT ( l :J F 8 • 0 ) 

READ ( 5, 3 0 t (CON TEN ( I ) , I= 1, 12 I 
30 FORMAT (10X,6F8.0) 

READ (5,4J) (ELEVI I) ,1=1,12 
40 FORMAT (12X,l2F5.0) 

READ (5,50) {AREA(l),I=l,l2J 
50 F~RMAT (6X,12F6. 0) 

READ (5,20) (EVAPCO(I),I=l,l2) 
20 FOR MAT (8X,l2F4.2) 

READ ( 5,3 00) EFF,TAILWA,POWMAX 
300 FORMAT(F5.3,F8.0,Fl0.0) 

C***** ***ADJUST RESERVOIR RULE CURVE BY DESIGNATED FACTOR. 
DO 70 1=1,1 2 

70 P(l)=CONTEN(l2)-RULFAC~(CONTENll2)-P(l), 
c 
C********READ NUMBER OF RUNS DESIRED AND DO ONE COMPUTATION LOOP FOR EACH. 

c 

REA0(5,75a NRUNS 
75 fORM AT(!2) 

DO SJJ JK=l,NRUNS 

C******~*READ TYPE OF STUD Y FOR TH I S RUN AND INFORMATION ON THE STR EA MFL OW DATA . 

~ 
~ 
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c 

c 

READ (5,76) STUTYP 
76 FORMAT (20A4) 

READ(5,85) NOYR,LUN IT ,DISFAC 
85 FORMAT (l4,I3,F5.1) 

HEADINGS, CHECKING WHICH UNIT OF INFLOW IS APPROPRIATE. 

C********INITIALIZE VARIABLES, CO NSTAN TS, AND COUNT f. RS. 
A= 1.98347 
PMUL T=6 2.4*EFF*.7457/550. 
CONT=CONT EN { 12) 
TOTGWH:J . 
ANN GWH= O. 
OLDH=ELEV(l2l-TAILWA 
OLDSUR=AREAC12) 

1-l 
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c 

FULCCN:CONTENtl2) 
EMPCON=CONT EN( l) 
NL = 0 
NFAIL=O 

C********DETERMINE MONTHLY REQUIRED RELEASE IN ACRE-FEET. 
0 0 l t) '> I = 1 • 12 

100 R(l)=REQREL*A*OAYS( 1) 
c 
C********DO COMPUTATICN LOOP ONCE FOR EACH YEAR. 

c 

DO 200 J=l,NOYR 
Nl = NL + l 

C********INPUT THE YEAR AND THE MONTHLY VALUES FOR RESERVOIR INFLOW, ONE YEAR 
C******** AT i TI ME . 

c 

REA0(5, l l~ NYEAR,(O(N) ,N=l,l2) 
11 FORMAT ( l4,12F6.Q ) 

C********RETAIN ONLY LAST 2 DI GITS OF YEAR TO SIMPLIFY OUTPUT. 

c 

IF lJK.EQ.l) MYEAR=NYEAR-(NYEAR/1001*100 
IF (JK.NE.l) MYEAR = MYEAR+l 

C********DO COMPUTATION LOOP ONCE FOR EACH MONTH. 
DO 15~ K=l,l2 

c 
C* ** *****ADJUST NUMBER OF DAYS IN MONTH FOR FEBRUARY OF EACH lEAP YEAR . 

c 

IF (K~EQ.5) DAYS{K)=28. 
IF ( (K. EQ.5).AND.( MYEAR.E0.4*(MYEAR/4))) DAY SC KJ=29 . 
D(K )=OISFAC*D{K) 

C********SKIP TO END OF LJO P (END OF ~ONTH) IF NO DISCHARGE { INFLOW) IS GIVEN 
C* n****** FOR A MONTH DURING THE FIRST YEAR OF ANALYSIS. 

IF (O(K).EQ.O.AND.J. EQ.l) GO TO 150 
c 
C*** *****COMPUTE MON TH LY EVAPORATION AND RESULTING RESERVOIR CONTENTS. 

EV AP= EV APCO ( K) *OLD SUR 
CO NT=CON T-E VAP 

~ 
~ 
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c 

IF (L UNIT~EC.O) GO TO 77 
IF (LUNIT.EQ.ZJ GO TO 4 

C********CONVERT MONTHLY INFLOW FROM CFS-D AYS TO ACRE-FEET. 

c 

F=A*D ( K) 
GO TO 7 

C********CONVERT MONTHLY INFLOW FROM CFS TO ACRE-FEET, BASED ON NUMBER Of DAYS 
C*** ***** IN MONTH. 

c 

4 F=A*DCKl*OAYS(K) 
GO TO 1 

11 F=D(K) 

C********COMPUTE TOTAL RESERVOIR RELEASE (l) IN ACRE-FEET, BY ADDING TH I S 
C******** MONTH'S INFLOW TO CONTENTS AT END OF LAST MONTH AND SUBTRACTING 
C******** THE MAX . AllOWABLE CON TENTS. 

1 T=CONT+F-P(KJ 
c 
C********ADJUST MI NIMUM RELEASE FOR FEBRUARY OF EACH LEAP YEAR. 

IF ((K.EQ.SJ.ANO.(MYEAR.EQ.4*(MYEAR/4))) R(5)=R(5)*29./28. 
c 
C********SET RELEASE EQUAL TO MINIMUM REQUIREMENT IF IT IS LESS THAN THE 
C******** REQUIREMENT . 

IF (T.LT.R(K)) T=R(K) 
c 
C********COMPUTE CONTENTS AT END OF THIS MONTH tCONT) IN ACRE-FEET BY ADDING 
C** * *¥*** LAST MONTH'S CONTENTS TO THIS MONTH 0 S INFLJW AND SUBTRACTING 
C******** THIS MONTH'S TOTAL RELEASE. IF THE RESERVOIR EMPTIES, ADJUST 
C******** THE TOTAL REL EASE ACCORDINGLY. 

c 

21 CONT=CONI+F-T 
IF CCONT.GE.EMPCON) GO TO 22 
T=T-lEMPCON-CONT ) 
CONT=EMPCON 

22 STOR=CONT -~ MPCON 

C~****•**COMPUTE AVG. Rf LF. ASE FOR MONTH (TF) IN CFS,SETTING IT EQUAL TO THE 
C******** REQUIR ED PEL EASE IF IT IS LESS THAN 1 CF S BELOW THE REQUIREMENT. 

~ 
~ 
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T F ·= T I DAYS ( K ) I A 
IF ((TF.LT.REQR ELJ .A NO.(TF+l •• GT.REQREL)) Tf:REQREL 

c 
C********COMPUTE RESERVO IR ELEVATI ON (EL, , BASED ON ELEVATI ON-CAPACITY RATING 
C******** CURVE AND THE SURFACE AREA {S URF!, BASED ON AREA-CAPACITY RATING 
C *•**~*** CURVE. IF ACTUAL CONTENT S DO NOT EQUAL ONE OF THE INPUT VAlUES 
C******** (CONTEN ), COMPUTE A FACTOR AND INTERPOLATE FOR THE EXACT FIGURE. 

c 

DO 60 l=l, 12 
IF ( CONT .LE.CONTEN (I)) GO TO 80 

60 CO NTINUE 
80 IF (C ON T.NE.CONTEN(I)) GO TO 90 

EL=EL EV( I) 
SURF=AREAtl) 
GO TO 110 

90 FACTOR=(CONTEN(l)-CONT)/ fC ONTENCI)-CONTEN(l-1)) 
El=ELEV( I )-FACTOR*CE lEVlil -ElEV( 1-l ) ) 
SURF= AREA!l) -FACTOR*(AREA( l)-AREACI- 1)) 

C********CO MPUTE GROSS HEAD AND AVERAGE HEAD ON POWER PLANT . 
110 H=EL-TAILWA 

AVHEAD=CH+OLDH)/2. 
c 
C********COMPUTE AVG. POWER OUTPUT FOR THE POWER PLANT FOR THE MONTH lPOWERl) 
C******** IN KW, BASED ON THE TOTAL MONTHLY REL EASE AND THE AVERAGE HEAD 
C* ****~** FOR THE MON TH . 

120 POWERl=TF*PMULT *AVHEAD 
c 
C********CHECK TO SEE IF POWER OUTPUT EXCEEDS PLANT CAPACI TY. 

IF (PO WERl .GTePOWMA X) GO TO 221 
c 
C********COMPUTE AV G. POWER RELEASE ( POWR EL) AN D, IF NECESSARY , WATER TO BE 
C******** SPILLED (SPILL). 

POWREL= TF 
SPILL = O. 
GO TO 125 

221 EXCESS : POWERl - POWMAX 
POWERl = POWMAX 

~ 
~ 
~ 
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EXTRA = EXCES S/ (PMULT*AVHEAD) 
122 PO WREL = TF - EXTRA 

SPill=A*DAYS(K)*EXTRA 

C******~*CONVERT POWER FROM KW TO MW f DET ERMINE MONTHLY EVERGY PRO DUCTION, AND 
C******** INCREMENT ANNUAL SUM BY MONTHL Y AMOUNT. 

c 

25 POWER=POWERl /100 0. 
ENERGY =POWER*DAYS(K)*24./1000. 
ANNG WH=ANN GW H+ ENERGY 

C*** **~•*l f MONTHLY RELEASE DOESN'T MEET MINIMUM REQUIRED. INCREASE COU NT BY 1. 
IF (POWRE L.LT.R EQ REL) NfA!l=N FAi l *l 

EAR /4 ))D Rl5J=R(5)*28./29. 
150 

c 
~ 
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PRODUCTION BY ~NNUAL AMOU NT AND WRITE OUT 

c 
C********CDM PUTE AVERAGE ANNUA L ENERGY OUTPUT. 

AVANEN=TOTG WH / FLOAT(NOVR) 
c 
C********WRI TE OUT FINAL COMPUTATI ON FIGURES FOR THI S RUN. 

WRITE (6,2 ) 5) TO TGWH ,NOYR,A VAN EN 
205 FO RMAT (/////5X,'TOTAL ENERGY GENERATED= • ,FlO . o, • GWH FOR '•I4. 

7 1 YEAR S OF GENERATIO N. 1 //5X, 1 THE AVE RA GE ANNUAL GENERATION= • , 
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8F lO.lt 1 GWH. 1 ///) 

WR ITE (6,208) STUTYP 
208 FORMAT (// ///5X, 1 STUOY BASED ON •,20A4///) 
270 WR I TE (6,206) REQREL,RUlFAC, NF AI L 
206 FORMAT ( ///5X, 1 DA TA COM PILED USING REQUI RE D RELEASE OF •,F7.0,• CfS 

1 CFS AND RULE CURV E ORAWDOWN FACTOR OF ', f 5.2/ 
25X, 1 THE NUMB ER OF MO NT HS WHEN THE MIN IMUM WAS NOT MET IS • ,14///1 

500 CO NTINUE 
STOP 
END 

Q~,.t.t._ 
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Figure I-2 . Sample data cards for use with canputer program. 
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coefficients for each month, and the power plant 

characteristics--efficiency, tailwater elevation, and 

maximum power generating capacity. The appropriate units 

for each :>f these quantities are given in the comment 

statements preceding the program listing. The values for 

reservoir contents, elevation, and surface area, which 

are usea for interpolating the exact values in the pro

qram, should be determined from rating curves or tables 

for the particular reservoir by dividing the range of 

contents into 11 intervals and giving the contents, ele

vation, and area at each interval endpoint. The inter

vals need not be equal in size, ·but it is important that 

the first one be for the reservoir at the top of the dead 

st?raqe and the 12th one be f~r the reservoir at full 

capacity. The values used for Brownlee Reservoir are 

qiven in Appendix II. The tailwater elevation should be 

in the middle range for the releases expected, or should 

aqree vith the most common situation, if external condi

tions affect it (such as water backed up from a pool 

downstream). 

After input of the "background" data, the monthly 

maximum pool levels are modified by raising them =loser 

to full contents by the fcaction of drawdown specified by 

RULFAC {or lowerinq them if RULF_AC is qreater than 1). 

For example, if the rule curve is desired to be modified 
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to be halfway between maximum drawdow:n under the existing 

rule curve and zero drawdown, RULFAC would be specified 

as .50 (501). Then the number of runs iesired is read 

in, as well as the type of study and information about 

the streamflow data to follow. The streamflow data 

header =ard sh~uld indicate the number of years for which 

data are given, the units the flows are given in (de

scribed by a code--see proqram listing), and the factor 

that the flows have all been divi1ed by to make their 

data card input easier. For example, since it is desir

able to have all 12 months' data on one card for each 

year, flows requirinq more than six places should be di

vided by 10 or 100 to permit fitting them into 6 places; 

they are then remultiplied by the factors used {DISFAC) 

before application in the proqram. 

Next, the headings are written out for each of the 

columns, and internal variables for the program are 

initialized. Since the reservoir is assumed to start 

with full contents, CONT (contents), OLDH . (last month's 

power head), and OLDSUR (last month's surface area) are 

set to the maximum amounts, corresponding to the 

reservoir beinq full. Then the required minimum release 

is converted from cfs to acre-feet for each month, after 

which the water year and monthly streamflows for the year 

are read. in. 
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To permit the analysis beginning with the reservoir 

full in any desired month of the first year (the present 

study assumed it to be full as of 1 July, the end of 

Brownlee's sprinq drawdovn season), a check is made to 

see whether any of the first months should be skipped. 

If the streamflow for any month during the first year is 

zero, then the proqram skips to the end of the loop and 

looks at the next month. 

The reservoir evaporation is then computed by a 

si·mplified procedure. Since the reservoir contents 

affect the surface area, and the surface area affects the 

evaporation, and the evapor~tion affects the end-of-month 

contents, a lonq iteration process would be required to 

determine exactly the evaporation from this month's 

surface ~rea or from the average of last ~onthts and this 

month's areas. Thus, an lpproximation is made by 

estimatinq the area as last month's surface area alone. 

In ·this case, the evaporation was always much less than 

1% of the inflow volume, so the error is probably not 

very siqnificant. After the evaporation is estimated, 

the tentative contents for this month are compute1 by 

subtractinq the water lost to evaporation. 

Then all the monthly inflows are converted from 

their input units to acre-feet and the tentative monthly 

release is determined by adding this month's inflow to 
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the contents and subtractinq the allowable contents for 

the end of this month. This represents the maximum 

release possible. Next, a check is made to see whether 

the monthly release computed is below the minimum re

quired, and if so, the release is raised to the minimum 

lev e l • . The contents are then adjusted by the difference 

between the inflow and release volumes and a check is 

made to see whether the reservoir has been emptied. If 

the res~rvoir is below the deaa storage level, tha 

release is reduced to keep the end-of-month contents just 

equal to the dead storage. 

The storage is then computed as the contents stored 

above the dead storage, and the monthly release is con

verted from acre-feet to cfs. A rounding-off error of 

some sort became apparent in the analysis when the total 

release was set equal to the re~uired release in acre

feet, but it was not equal when "converted back to cfs. 

The difference was very slight, much less than one unit, 

but it was enouqh to considerably throw off the count of 

the months not meeting the minimum. Thus, a statement 

was intr~duced to set the m~nthly release equal to the 

req-uired release if this situation was indicated. 

once the end-of-month contents have been finally de

terminej, the surface area and elevation of the reservoir 

are calculated. Then the power head is determined by 
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taking the difference between the reservoir elevation and 

the tailwater elevation, and the averaqe of last month's 

head and this month's hea1 is computed. The average 

power output is then calculated, based on the averaqe 

head. If the power indicated exceeds tbe plant generat

in~ capacity, it is reduced to the plant capacity and the 

extra w~ter is spille1. The power generated is converted 

to meqawatts, and the monthly enerqy output is deter

mined. 

A ~neck is then made as to . whether this month's 

release is at or above th~ required level, and the values 

for the quantities of interest are written out for this 

month. For ease of inspection, an asterisk is placed by 

the month's release if it has failed to meet the minimum 

requirement, and marks are placed by the contents level 

to indicate various conditions. If the reservoir is as 

full as the rule curve permits it to be, an asterisk is 

placed before the contents. If, in addition, the 

reservoir is full to capacity, an "F" is placed after the 

contents (see Fiqure I-3, a sample paqe of output giving 

results for each month). 

To complete the loop for the month, OLDH and OLDSUR 

are set to this month's end-of-month head and surface 

area, respectively. Computations are then performed in 

the manner described above for all the other months of 
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POWER 
R[L!.= ASE 

tCFSl 
SPfll 

( AC-FT l 

10000 . 
10000. 
10000. 

10000 . 
10 000 . 
lCOOO. 
1.282 5 . 
l 0 1

• 01. 
1"3268 . 
12 7'• 1 . 
10('() 0 . 
10 0 00 . 
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6 411 . * . 
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10 0 00. 
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c. 

o. 
o. o. o. o. 
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37212t . ?1 70 . 1552. 2021. 2 28 .7 1 74.1 125.4 . 
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T H !~ YEAR = 

1976 . 176 .0 
1976. 176.0 
1976. 176 .0 
1976. 1 76. 0 
t <H6 . 176.0 
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2040. 2 2A .9 
2 06 7. 253.9 
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2 19.') 163.6 
2 5 3.6 182.6 
200.1 148.9 

Figure I-3. S~ple computer program output-~onthly . 
f-l 
CJl 
CJl 
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the year, after which the annual energy production is 

written out. Then, after all the years of streamflow 

data have been analyzed, the period-of-record energy pro

duction, the average annual energy output, the number of 

months not meetinq the minimum streamflow requirement, 

and explanatory information relevant to the particular 

run are printed out. These latter data, shown in Figure 

.I--4, may be written alone, rather than having each 

month's results printed f~r the whole period of analysis. 

Then, if desired (i.e. if NRUNS is greater than 1) , an

other run is made. 

~~--lllEYt_Qf_Q!tl 

As indicated, the program is set up now to read all 

the data from punched cards. If another mode of input is 

desired for any of the quantities, modifications of the 

input and/or FORMAT statements in the pr:oqram will be re

quired. Sample data cards to accompany the program are 

shown in Fiqure I-2. The formats to use with each card 

are described in Table I-1. 



\0 ENERGY GENERAT~D: 69262 . GWH FOR 41 S OF GfNERATiO~v . 

-ERACE-- ANNUAC-GENERATiON=-:-~--- .· I6e9 ~-3 . GWH~;-·-· 

"!~ 

·---•c., . ..,._ .. .._.-... ...__,,.-~~-....... -~A·~.:..-._..:... ___ ..,..,.__..,.,.._ ... ___ '-";_...,.._ . .-

t1~SEO FUTUR E CONOtTIONS 
'· --.. -~ ~·---~.....--- .... -.... .......... ___ . _ __.... .... _ ........ _ __.._~ ... ----.. -.. ·--~--------- ... ~--~--··---·..._ ·_i '<o--·--··--· .... --· . ____ .. ___ , _____ .._._. .......... 

ATA .CfJ?.Jt?'l :lEO· tJSiNG REOVl REO R·ElEASf 

in f . fi.ONTHS WtfE·N THE Ml vE s 

Figure I-4 . .puter program output--srnrnary result s . 

OR 

1--l 
c.n 
--:] 
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TABLE I-1 

FORMATS FOR DATA INPUT 

1 REQREL 

2 RULF.AC 

3,4 P(I) 

5, 6 CONTEN {I) 

7 .EL E: V ·(I) 

8 AREA{I) 

9 .EVAPCO (I) 

10 EFF, TAILWA, 
POW MAX 

11 NRONS 

12 STUTYP 

1.3 NOYR, LUNIT, 
DIS.FAC 

14 NYEAR, D (T) 

First 8 columns in card. 

First 5 columns on card. 

First 10 v~lues taking 8 columns each 
on first, last 2 on second card. 

Skippinq first 10 columns on ea~h 
card, place 6 values in 8 columns 
each. 

Skipping first 12 columns, place all 
12 values on first card in 5 =olnmns 
each. 

Skipping .first 6 columns, place all 
12 values on first card in 6 columns 
each. 

Skipping first 8 columns, place all . 
12 values on one card in 4 columns 
each. 

Enter EFF in first 5 columns, TAILWA 
in next 8, and POW~AX in next 10. 

First 2 columns on card. 

May t~ke up to 80 columns on card. 

Enter NOYR in first 4 columns, LUNIT 
in next 3, and DISFAC in next 5. 

Enter NYEAR in first 4 columns and 
all 12 values for D on same card, 
usinq 6 columns for each. 

Not e : In FORTRAN, if a decimal point is punched on the card 
{f or the decimal quantities)# the number of decimal 
places on the card need not agree precisely with the 
FOR~Ar statement specificati~ns, but the number of 
columns used must aqree. 



APPENDIX II 

DATA USED IN RESERVOIR REGULATION ANALYSIS 

The streamflow data used are presented in Tables 

II-1 thr3ugh II-5. Table II-1 gives the historical 

streamflows for the Snake River at Weiser (USGS gage no 

13-2690-00) in cfs-days. Tables II-2 through II-5 qive 

the data from the various flow studies for the Snake 

River at weiser, provided by the Idaho Department of 

Water Resources. All the flows are in cfs. Table II-6 

qives the values used for elevation and surface area foe 

Brownlee Reservoir at different levels of storaqe (con

tents, actually). Finally the monthly values for EVAPCO 

at Brownlee, also provided by the state Department of 

Water Bas~urces, and the values used for power plant ef

ficiency, tailwater elevation and power plant capacity 

are shown in Table II-7. 



W-YR 

28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
, .. 3 
44 
45 
46 
47 
48 
I; 9 
50 
51 
~2 
53 
54 
55 
?6 
57 
58 
59 
60 
6 1 
62 
63 
64 
65 
66 
&1 
b8 

OCT 

·J 
495000 
342 300 
3 61 J6 ) 
2 92510 
3436~0 
34 36 70 
2 8 44 80 
292 39J 
326720 
334130 
396t00 
340030 
3R2l'J) 
39itC00 
4033 00 
52 83 )J 
3 76 6 0 0 
42 49:) J 
484GOO 
4':>3 300 
4 ) 84) ) 
44CJ300 
52 -~600 
57 7'J 0 0 
45 2000 
44~21) . ) 
48l000 
424200 
522330 
4i\71 0 0 
4 ~ ·Jt:HJ ) 
435o00 
421HOO 
3608)) 
492300 
41 61 0 0 
445700 
489500 
412 7\)) 
4500 00 

NOV 

0 
455300 
4981CO 
4 ')~ 1 ) ] 
3 32 4 90 
3682)() 
361200 
307040 
314 8 )'J 
3.)0500 
361 40 0 
3'10HOO 
3)9300 
3<76-f:)'J 
417000 
458400 
52't800 
403 2 uo 
5257)0 
523800 
446600 
38<38)) 
42 1~ 1; l)O 
5166 00 
5 J9 noo 
376000 
4?51 ) ') 
442900 
3S6l00 
471200 
4lJlOO 
4 J~ <) ) ) 

3~'3200 
4 0 31 Ol) 
3566)) 
43 0't00 
424200 
'•8 0 5 00 
4 o7 1tCO 
3 8 9 3 ·)) 
465 600 

HISTO~ICAL RECORDS--SNAKE RIVER AT WElSER ICFS-DAYS) 

DEC 

) 
42 5 600 
491 700 
'-} 49 700 
3't 2 000 
3 79 0 ) J 
38~900 
319000 
) )Jidj) 
333300 
46o200 
.393'~00 
3 5 -,00 () 
39BHJJ 
,, 75 000 
531 HOO 
476HL)O 
36 7 1100 
6 1)46 ·)) 
612200 
,,. f{ C)~ 00 
46 89 )J 
4 062 00 
5 "';C) 200 
627 60 0 
392 680 
4't 7 2 ) J 
427 tJO O 
603 )00 
47 R500 
'• 54 'i 1)0 
4 J':d )) 
4 0 4 .'• ;) () 
3il b J OO 
358 1t ' )) 
1t 53 <-JOO 
4171J) 
773400 
60'_) 900 
4 )4 <) } ) 
4!.3 'j <) 00 

J ~\N 

0 
't3 l400 
45GCJOO 
380500 
336CJOO 
3 6 1~ l ) ) 
4 3 1i 600 
32 1to50 
342920 
332070 
39(J :J0 0 
3 0~100 
3 l i'l L)() 0 
) Q•j J()J 
41 2(>0 0 
7lcl900 
4 1t 1 000 
'+30 soo 
6l 36 '}-J 
4.39u OO 
'.>J.'.IoO O 
4')7l ' )J 
4 41d0 0 
60 l 1t )U 
636800 
~85 900 
47JJ) (J 
42 :l<'tO 0 
6 1360 0 
4·i2 lOO 
'• 5 •) t) () 0 
1t 2 l ) ) u 
3753()0 
3S2l00 
33 ~ LOO 
39l t30 0 
3977J .) 
H24i00 
63 0500 
4 18 2 •) ') 
473700 

FEB 

0 
3405 00 
485000 
3 1 t14 00 
3 3 /3 00 
32 52 1 ) 
3492 00 
285 !BO 
3S 't5 7J 
2 9U30i) 
382))) 
396600 
": 600 00 
42 6') ·}') 
440·tl)0 
7l ~ll)•J 
3&7 uoo 
49 71t 0 0 
5,) )~ l) ) 
519700 
44 70 00 
5 74•)00 
4 U2~0C 
8) )~)) 
69 66 oc 
51':150 0 
4 7 )2 ) J 
3 37'.> 0 0 
S CJ dOOO 
5 7l 7 00 
6 1t02 00 
3UiJ1)J 
41 o2 oo 
39~noo 
42 l9 00 
53 32t) 0 
385!.)) 

ll C/0 00 
5J 25 f)Q 
3'Jl7}) 
~5 15 00 

MAR 

.) 
66430J 
419900 
:, 2 44 00 
I i 9000 
4496·)') 
390JOO 
34100U 
4417 00 
418500 
7 .J9 5 ) J 
7519GO 
67 0200 
51t 2 4 ·)) 
47<J 30 0 
lC~llvO 

4 73 7 00 
50-,2 00 
916(! \)) 
53 20 OJ 
4j '• 0 00 
H6 72 00 
&oluCO 
9.)32 JJ 
986000 

. 6 1 620 0 
56 11 t)') 
424JOO 
89~7 00 
9(.04 00 
6CJu 3 00 
42 1;6)) 
574 ') 00 
403600 
'•899 00 
3 s 7 700 
4445 .J) 

lC98700 
543700 
)1 ·)t• I) ) 
4417 00 

APR 

() 
7795 0 0 
'• 2 72 00 
385260 
745 000 
52 2 3 ) ') 
42~900 
4<11000 

toos eoo 
617600 

l 2l3 l·JJ 
71 d6 00 
842 7 00 
51 J 7 .)') 

1 OOJl 00 
l8l:iJOO 
60 L300 
5 A2 ~ 00 

l 39 6 b )J 
5 734t)0 
6 5Jl00 
70S3 00 
9 3 1:)500 

1 Jd 3 G) J 
2057200 

60El700 
6 99) ) 1) 
54 9600 

1027) J j 
l OOQ=j 00 

9'7 2 't~.)O 
4 264 } ) 
5576 0 0 
3~3~80 
580{200 
476100 
68'.J5J) 

1126 200 
410500 
36 ':il00 
324920 

TABLE II-1 

MAY 

J 
5 74 7 00 
5 16 7 00 
353~10 
997? 00 
5 73l3 .)) 
3 41·61 0 
522000 

10 5 !900 
~ ?9100 

13392 )) 
~52ti 00 
6ol 20 0 
5 ou 7 ., .) 
7Sl600 

11027)) 
49 770 0 
9407 0 0 

1 ') 5l(l ) 1 
86?0 00 
'105200 
-, ~.. q ~ 00 
829100 

11 8 'j 1t J ) 
16 0 2400 
6520 00 
6CJ2G OO 
503100 

11149)) 
l4S3000 
1066700 

4 813 )} 
533/00 
371000 
bl2')00 
60 7(>0 0 
7 7 )8 )) 

120 o!CO 
3 65 10.J 
5 173 00 
33662 0 

JUN 
1) 

50 7500 
38 41 ) :) 
233770 
7 62 800 
8132J) 
24 91 40 
47 8730 
1 7 50 10 
30f3420 

l ·J753)) 
314670 
4 0Cd30 
58<; 100 
74G000 

1395 1 n 
b •l4't00 
93 '>90 0 
7£. ?2 JJ 
90 1 .. 800 

l. 006 [Jti O 
54 v 1 ·:10 
91ft 900 
7 64 6tJ) 
9ttL 2l)0 

12 1~ 120 0 
60570 0 
ft s..o 900 

113'::> 3}) 
8 00 1t00 
72 6600 
lt6 3 9 ) ) 
4 76 5 90 
3 23210 
45 ?d 00 
99~4 C)0 

1 )1 73 1)1 
B uSH 00 
32 7 741) 
678500 
3807 60 

JUL 

306 560 
2 45~ 70 
2 3 5 d9 J 
2 0241 0 
2'h.dl0 
2 7 2 54 J 
221.-500 
24 2510 
l5o480 
2·HH70 
5 '-)(, 73 J 
2 7l? 70 
2 5<10 30 
21JtolO 
320690 
76 8 J J J 
2 •) 7 ')[I 0 
J 'jtd LO 
332c2 J 
3 17 150 
36'>510 
3 l 3 ttO 0 
61 5 4 70 
4122)) 
506500 
4't 7 200 
3 ~3 I) 7 7 Q 
33J2'J0 
3 ~ 9 2 ) ) 
J ft 7 40 ') 
34o'c:>O 
3lU28) 
3l6Utu 
2 56 76 J 
2 d8950 
32 -16 10 
34 J 1t6) 
471900 
29~510 
3o6l60 
2 uoo7o 

HISTORIC RECORDS STREAMF LOW DATA USED IN COMPUTER OPERATION STUDY 

AUG 

24 965 0 
2280<;0 
254 •J4•) 
21 9 250 
250000 
2 ., 9:3 '• ) 
22 9 050 
21t 2 d 10 
2 65 670 
2 5 CJ2 50 
?. 3 131) 
2 c 7 6 30 
260370 
3 0 5~00 
2 8 6(\0 0 
339 , ) ) 
299010 
3092b0 
3 )9 ll ·J 
313~ 3() 
3274) ·) 
327200 
357100 
3 6 45)} 
364900 
3'• 9900 
349 j 70 
31 8 U30 
3 7 26) ) 
35o600 
176900 
363 1':'0 
364 80 0 
279 12> 
332CJ50 
33070() 
3377)') 
433200 
312690 
3 ll td0 
401480 

SEP 

29 78 80 
2 77 200 
27754J 
2 43050 
285100 
2 87eR J 
23esso 
26293.) 
29 7 7 20 
27CJ200 
3 J4 7 8) 
30 1370 
3 3j290 
33 6200 
338400 
3') 7 ) !) J 
3 29 9!30 
3 ~Jto oo 
3713h) 
3£-0300 
J695)) 
364900 
399500 
'3 8 5 'j ') ') 
41 86 00 
399300 
384eoo 
3~71)00 
It') 3 5 ) ) 
'• 14 700 
4154 co 
45E<t00 
382 700 
3244 7) 
370900 
39 7600 
3 99 5J) 
43~200 ' 
3~7500 
37tooo 
3?3600 

)-1. 
(i) 

0 



PRESENT CON DITIONS--SNAKE RI VER AT wEISER (CFSI 

W-YR OCT NOV DEC JAN FEB ;'~A R APR MAY JUN JUL AUG SEP 
28 J 0 ) 0 'J .) 0 ] t) 1)263 9631 12038 29 1.2392 15422 14591 16085 11630 17245 16892 12 882 12286 8?92 0472 10113 30 1 1398 11883 13682 1147 7 !6071 15 800 12248 12 081 l04't 3 8479 84 7.) 9565 
31 11459 11 -~ 65 l J')99 11 249 111 6 1 l 3 1t 05 l l3't 8 90 52 86 1t 1 6858 7243 a·rso 
3l 993& 11453 1 0 9'·0 1063 7 10413 !60 44 17963 19 423 16825 9114 8378 107 41 33 1214 8 12645 1211 6 ll ()2 2 1216 ~ 1 34 ')') 146()CJ 142 51 1 76 J3 86 75 8754 1J64A 34 l tB 2 2 12 512 l.?Ju5 t3 29U 127C O 127 40 l2 tHH 9409 9l)2 8 7 f~ /' 3 87 29 9 364 35 10718 11667 109 01 1 06(::57 ll32 0 11 fl 08 ltt '2 3 12712 11748 8 )?2 e 3:.> '• 940 2 
36 1 131 1 ll't <;4 1J7S8 11 )2 7 11314 13'H.> -1 23<t8') 2·0:3 t) Q 14507 8t.J79 fl9t)) 10862 37 120 '•6 12 5(A 11 btl 11707 1 l't 2 cl 127J2 13 732 12Sl 6 10795 842 7 7/2 J 9 7 Jf) 
38 l t 3 76 12 793 14-doO l2 d3l 14 425 184 ou 2 9 J )') 2 '1 4 2 7 2 3 9~9 12 36) 96 )7 l t ?l5 39 13443 l33L7 11t L o :i L 2 '>0 0 1 -~2 75 19 0'•'• 1924 7 13 6 3l~ lOG 59 8635 8J44 lil86 
40 1 21 18 11967 l ll> ro 12:i77 1 ~itt 0 9 21 1t71 21493 1~4 21 llOCJCJ d~22 HZ 97 1 1398 
41 1 239 7 13 J4 7 1 J 1 ·rs l3 fi57 15954 l 79 1t4 14 ... \:)5 14461 14'>2 '• 8f, •)7 <J ()H 4 l l2b7 
42 126 4o 13218 u~ 83 9 12 I) 7 2 l '• -, 2 ') 155 3 :> 21498 1 7tJ20 1H88 U 9(.)04 9 272 !1760 43 131 08 l44d2 152d0 189 7 6 2 as l'J 33 791 54609 30788 30519 18 46 4 1 )516 1.2.?'37 44 136 31 157:39 1 1 l 1t 3 1791 5 J. 50 ( 5 16129 17018 13104 1 3~ l'• 92 20 9 173 ll 1t27 4 5 12t.d (. l't 2 2 9 13 & 77 l30 0:S lt.J3 J 2 16~80 lf876 20333 1 83 77 9 ')32 9 432 ll 732 46 127'.> 5 lS 2 l't 194 1t 7 2 ) } ) J 16761 3 J787 42645 26 :~ 54 1969) 1 ) l 16 S 792 124')3 
47 1 J6 '>2 16418 19 t 21 164')4 114 04 !9051 210 69 24917 1967'5 CJ747 9 .itjl 11807 
48 13206 144[)7 1 s 7-t'l.. 1~ 80 9 1 50 3 5 15700 l8<t4l) 2406 3 2 7330 102 79 C)5 74 119 89 49 LH09 l't 70 l l't s 73 1 3 41t 6 1 t1 0 08 2 78 86 22~13 2 ~801 15439 afJ44 8o5d 1 0 796 5) 1 2535 13858 15611 13 B31 1 71 97 1931 1.- 4 )j·:.6 i785 2 21941 13182 100 77 11 9 8 6 
51 l5 R5 5 21808 208 !. 3 19051 z (\ 2 ;,1 3062d 39l2S .32 72 1t t c; 9't3 t0605 10296 122 10. 
~2 l 1-t9 29 1645 2 21 71:> 20368 .2 ~:. J 3 t3 28'd3 67962 54423 2&033 124')3 1 ·1127 126 32 53 1 35 78 15 J68 152 59 18 3 1tl t 7 ' t :> 2 16558 212 64 17 9 8 4 34 1-t 63 12. 566 9820 12.)29 
54 13&0 1 14 1 '•0 15 83 7 l4!.3t9 15972 186 55 2SU25 2 194 4 1~86 5 l0 Jl 6 G8d l li.896 55 133 l l 13478 14 253 1 3646 132 ti 7 13l3J l 7 8 'J6 l't9 64 !3 761 9 )91 ~ ~lo't ? 11156 56 13186 l3.3 U8 19945 18 S6 2 292 2 5 ) 1 1 CJlJ 3544 2 3493 0 265 32 10680 1 0)(}3 12594 57 143 5 6 1 ~ .. ·~3 7 1 7 798 1<30 57 2 u'J t> 7 26291 3 7322 4 6':>3 4 zs e'J t lOu9H c; 83 2 12 5 70 
58 1369) 15 33 8 16 25·) 16~.16 2 24 j ) 1918 6 34223 3 761 'l 2 399 fJ 98 29 1 Oj29 12 641 
59 13 421 1414 ':> 14123 13')52 l /t 1t l 5 l4L20 141? 5 1Jo46 1562 7 8lJ04 9 ?7 9 13 243 60 144 30 128 63 12 7·t 0 12 ') 2 7 1 1t 1 ~ 7 1 c; 1 80 21 l2u 15 259 166 21 8973 C387) 117 59 
61 13 2 69 1319 1 12540 11896 l4 1t 1t 3 141 91 t ta z7 121 18 1032 7 7 79 0 7391 10 39 9 62 11 672 12 3 05 13 06 7 11260 16 7 74 1659 l 2 0U05 l6t56 1493l 90(,0 qz 39 112 51 63 14887 14223 149'_; 5 12 3't5 1 ';4 7 1t 1't-? 55 l ll <J6 l l3 S7 29 )95 96 77 - Cil458 123 16 64 133!8 l3 9 82 l't 0 C)3 12 517 1275t 14985 2213 51 23519 301 7J 9 740 9 71)1 l227C3 65 1 3776 159.31 2 54 ·t7 26Jt..u 391 07 3 02 86 4 1t9 9 2 3u5 76 321 ?0 1.3882 1 25 a 3 133!)) 66 15 39 3 19763 192 0 ) 1 -H? 7 l6J')5 1 76:,S .l<'t 0 0 l lJ.'-1 26 10190 8 946 9220 11422. 67 ll. 93 :j 12 750 12 7')7 13493 1314 1 l 2'J4 2 llu93 16298 2 5616 104')2 97 48 118 58 68 139o~ 15900 15~o7 171 05 173 78 172 22 llH39 10845 11726 8892 1 1891 12242 

TABLE II-2 ~ 
()) 
~ 

PRESE NT CONDITIONS STREAMFLOW DATA USED IN.COMPUTER STUDY 



~.(- YR 

28 
29 
3J 
31 
3? 
3 : 
34 
35 
3o 
37 
3B 
39 
4) 
41 
4 2 
43 
44 
45 
'• 6 
4 7 
48 
49 
50 
51 
52 
53 
54 
55 
56 
'J7 
58 
59 
60 
61 
62 
63 
64 
&5 
66 
67 
68 

o: T 

0 
12551 
11263 
1 1 34~ 

9532 
12003 
118 '•2 

<.J8 2 7 
l 0 9 u6 
11802 
10890 
12819 
121 <)'9 
122 26 
1.2342 
12549 
l Jl3 l 
122 71 
121HO 
1 3339 
12J 7 3 
12't66 
12'· 2 5 
13130 
1 43 't8 
l 3) 58 
1 3-2 12 
13\) •+•) 
12 5 1t-5 
1 1+C. vB 
1 31 j 7 
l29J 7 
14.248 
1 2'• 6 ) 
10749 
l'·tlOl 
t 23f,9 
12 b 71 
13135 
121 77 
1 JU 2 0 

NOV 

0 
15894 
12698 
11604 
ll53J 
13030 
12992 
11492 
11615 
12 7 75 
1 295 6 
14284 
1.?.310 
13424 
132 83 
l4 1t 60 
l 5<J81 
14 292 
15331 
l64b2 
13760 
14G60 
14064 
22 2<.J7 
165 7 3 
1456 ) 
l423<.J 
1 '• 11 <) 
134 22 
l Q h 13 '• 
l j • . •) ) 
llt200 
13151 
13 ~44 
12245 
1 37 90 
l't l 0 7 
14 ~70 
194 77 
12313 
15fJ96 

LICENSES AND PERMITS--SNAKE RIVER AT WEISER (CFS) 

DEC 

0 
14692 
13 51 4 
12200 
111 J4 
l25't7 
13217 
1 )<) 29 
1091 Et. 
121S4 
15262 
14505 
l.~3J4 
L~ 7.~ 3 
15 0~5 
15 2 25 
18364 
13813 
19138 
18447 
1b 169 
l'J074 
15 31 3 
22462 
2 1 552 
15552 
16115 
l '• 4 CJ 2 
199'.:>4 
lB11JO 
l62 R9 
l5 CL' : 
142 th 
12883 
132 4 1t 
15 2 28 
14463 
2':>8 94 
2 130) 
1.3047 
l s 775 

JAN 

0 
16 72 9 
ll6l 3 , ~ (, ') 't 
4 ... .) 'J5 
llb86 
14335 
11 ) 3 3 
llG97 
12 :)0 ,·\ 
133 80 
13 53 6 
12952 
lit 0 7 It 
1}13 7 
19 0'-t 3 
l7 u9 0 
J ~ :; '• ) 
1 q JJt 4 
l ( I j {t 7 
1 '::> 'J 7 7 
129)1 
141 75 
lH61B 
1 c; :.;o 6 
I. f1 C)() 1t 

15 L~I3 
13248 
19151 
1 7 't(l 4 . 
1 'J 33 3 
1413 5 
1335 '/ 
1219 3 
11421 
12~ 5 2 
12 98 1 
2.633 u 
tB6 :,t 
1 3 7f.., <J 
14 ·)'~ 2 

·~. 

FEB ·. · .·M AR APR 

0 
12271 
155 U9 
ll't 20 
1 )5 )<) 
12191 
12') 5J 
11 ) ) 5 
11767 
112 1 l 
141 8 7 
1 JO 61 
162 3 9 
lc416 
l4A 3 8 
2 l09 4 
169 3 3 . 
16218 
16£82 
loB 82 
1CJ8 L 5 
l5t.> 13 
14B47 
2 63 98 
24585 
l6U4) 
1 7 319 
1)0 7 7 
214 79 
210 33 
2 22 3H 
14019 
14139 
144 1 3 
15 51U 
l 92 <; 6 
12901 
3 34 55 
l6J99 
1 30 16 
l B't 2 0 

0 
l 7 1 2. 6 
14.2 93 
13659 
.18299 
13768 
132 74 
ll4t6 
1'10 7 6 
121)5) 
18£393 
19 ~ lt9 

2 1~57 
l 79 1t0 
1?52~ 
322 67 
l {A !)6 
16 5 Jlt 
31476 
19007 
1 ~)') 8 6 
2 74 77 
21 6l 4 
29d25 
2 b 761 
1 U9 '::>~ 
l913R 
13 '• 8 8 
3l't 77 
26<1 73 
2 l ) '• ~ 
l4 ~.:H 
?0'•'•5 
l 't2 02 
153 ') 1 
1 4 H\ 9 
1 '•6 57 
Jl 40l 
l o Jlt 
12 (, 88 
l7Yj 6 

0 
t l 746 
12145 
117&9 
lSJ72 
14646 
11939 
1 '• 7 9 3 
22 7a9 
l't6 29 
2&<7 3 3 
1 t32 1 8 
22135 
1 't ~til 
207~5 
60007 
17593 
172H3 
42492 
20881 
lRu07 
218 ~0 
3d5 86 
383 1. 9 
6'J2 28 
l ') 7 (4 
28219 
11396 
38397 
~~7..?~ 
31 3 ::> 9 
13424 
20510 
10971 
19959 
17631 
2't3 B ~ 
46o73 
1Jt) 41 
11512 
112 .i 7 

TABLE II-3 

MAY 

0 
12484 
12016 

8o 55. 
191 7 3 
14058 

RF l 't 
! ' ' . ., . ' ~. 

i ~-Jd9 
123') ) 
28178 
12663 
146 11 
13 73 7 
1711 3 
30735 
12 464 
195 ) .) 
24 ] 82 
24lt09 
22575 
255 76 
113ti73 
31 ~3! 2 
52) 16 
19 l't 7 
21530 
14 57 '• 
3't2 16 
4 'JJ 1il 
3 (>.'t 6 '• 
13 530 
l~Od7 
112 86 
17 75 5 
16 3 .} ? 
21. :) 51 
37116 
11 1 ) Q 
15 <t54 
98S7 

JUN 

0 
11554 
q363 
7789 

15 7 )6 
165 92 

8166 
l 0 5 1-t 8 
llt :Ei5 

'1 79 9 
23714 

95 .ttB 
<) 8 1

.) 1 
l 31 7'.:> 
11772 
28300 
12708 
1 d 1 )6 
18 857 
19192 
25164 
14408 
19 7 J9 
200 o5 
26934 
.31925 
19050 
124 35 
271 H8 
261 T3 
2Vt J5 
142 76 
15 4 58 

<) Q,)8 
14 0'37 
2 8 J9• ) 
2 71 67 
3 0 951 

90 67 
23651 
l i}tf 1 1 

JUL 

8224 
6333 
6067 
4231 
637 9 
5&78 
5310 
!)559 
6 267 
5 76! 
97t.O 
6 ;> ~, o 

59 !.? 
6229 
6526 

15951 
0~J6 
7172 
7436 
7301 
7~ 26 
6042 

l l ~82 
7Ul.5 
'1611 
9695 
752.5 
63 19 
79 73 
7317 
69 ,)5 
b 002 
6427 
4840 
6 0& 8 
6683 
6750 

1 13£.2 
5945 
7370 
582~ 

LICENSES AND PERM ITS STREAMFLOW DATA USED IN COMPUTER OPERATION STUDY 

AUG 

7417 
5~25 
6128 
4'J96 
5714 
622 1 
~200 
55 3 5 
65 U3 
5 316 
66Hl 
(. :> l 8 
5lOH 
6CJC!4 
62HZ 
1513 
65 70 
6717 
7003 
6t36 6 
6S9l 
td O'l 
7~51 
7767 
7211 
6943 
6483 
5CJ H 
7808 
·n os 
7695 
6d 3 8 
7 341 
4 86 1 
6la3 
63 77 
b782 
c;9{3Q 
b 11 2 
(442 
9)98 

SEP 

10379 
8514 
7723 
6o 75 
8956 
8&67 
tJl. 79 
7 32 3 
9202 
793 ) 
8(} 70 
900 0 
9479 
9 136 
97 3') 

1 0202 
9~36 
99 74 

10740 
1 tJY)3 
9843 
€818 

lJJ14 
l00l9 
1 0318 
1 02 22 
1 006 1 

8B 9 7 
106 76 
l0 6:i8 
1 )56 7 
1 1 'd 2 

CJ 1 J 4 
8024 
9C36 

1 )2 71 
10293 
11716 

86 15 
95?5 
972) 

}-\ 

m 
t0 



LICENSES, PERHITS, AND APPLICATIONS--SNAKE RIVER AT WEISER (CFS) 

W-YR OCT NOV DEC JAN FEB t-lAR APR MAY J UN JUL · AUG SEP 
2A 0 0 0 0 0 0 0 0 0 6 83 9 5962 9303 29 12217 15989 14618 16&56 l218q 1 7049 17677 12154 10971 4 946 4468 7 43 8 3) l ·)9 2 9 l279 t) 13 4 -'t:> 1154) 15')07 142 2 0 12 0 ~ 6 11686 878 0 46 80 '~67 2 6647 3 l 11 0 11 11699 12127 1 1624 1 14 03 1 3 "74 2 11605 B322 720 3 2 841 3 13 7 ~ 596 32 919 5 11 ()2 t 11 193 1098 2 l :)6 'JA l8 JB5 J 795 3 18 8 1t 2 15123 499J 42 56 78 8 ) 33 11&69 13123 12601 12. fA 4 122.9 3 13 7 02 1 4~ 2.7 1 3 7?. 6 l600 S 4489 -4 763 7539 34 11508 1308 5 13.)07 142 33 13J 5 L 12848 1UH8 848 0 75et 3920 3 74 0 53 9 8 35 9 1t 92 1 1 ')8 3 l l'H6 11 12 1 lll .J3 11547 t4669 1158 5 9960 4 16 6 40 72 62 1t0 
36 10629 ll 70 6 11005 l 1£· ~5 110 18 l40CJ7 22. 669 19&5 5 13770 4877 505 9 8122 37 lllt 69 LU36 9 12 13 7 11480 11313 l2fi93 14150 12 ) 1 7 9214 4 37 1 3d5 7 6 85•) 
3il l J555 1104 7 15? 90 1 3 30 7 1't2 e 9 U37':J2 2 GIH 3 27H 46 2312.9 iL! 7 L 5223 7 89 3 39 12 484 14 377 l 't4.3 l l 3'~63 12979 lCJ 3 It 7 l d t)9 9 123 33 8<J6 5 4 8LJ 4 4 d6 2 792 4 40 11866 12 It ) 5 123 95 12 8 79 161 {;) 2 1 '> 7S 2 2)14 14278 <; ? () 6 4S25 4 2Jt9 8401 4 1 ll8 ·J1 13516 l J 720 14 0 0 1 l 6J 54 1 7•) 71 144 6 0 13406 12 'j') O 4841 5~2 6 8 05 9 42 12007 13 3"7't 149.: 4 13 2 2 1 14739 lS3Bl 20 ~25 lo 1 u 3 1 71!:3 9 5139 it tl ?6 8654 43 122lj 14 56 3 151:52 i897J 2 21 49 3 l '-i 1t2 6 0'>S0 30 1t0 2 2 77 95 14 56 1 60?3 9 124 
4't 12796 l&Ol 3 18{90 l 7 61 7 l 6S ') tl l.t.J oJ 17474 121 34 1212 5 5 1 1t <J 5114 846 0 4'> 119 3 7 14187 1 ] 710 l 3't6 7 1&136 164 27 111 6 5 191 7 ') 1 75 23 571-.15 5 259 88 98 46 1l!J47 1542 6 l g066 19269 16800 3 14 00 42.3 73 21t 05 2 1 8?.74 u 04 9 5?4 7 9672 47 1300 5 16 5 56 18373 1 6"175 l6d 00 18 929 2 0 762 240 19 l rl 6 09 ~ 91 4 5410 8927 48 12539 133 5 3 l6J96 i 5 ~Jlt l b/ 46 1 59 1 ) 1 134 8 8 22245 21t 58 1 61 39 51 3 5 876 7 49 l 21 3l l 1t 7 55 150 00 1 2 ') 19 1~>~31 2 74 00 2 1731 2 5~4 6 l3 Jl4 1tb?5 46<t') 7 74 2 50 12oq2 l't132 1 5 3()1 1-+l DJ 1 Lt76f 21 5 36 3d4A 7 H3S4 3 19126 'J l CJf.> & )9:\ ac; 3a 
5 1 1 2797 22223 22 39 1 10 ?4 7 2 631 8 297'.>0 31:1 203 3~4 8 3 l 948 S 6 439 6313 1:1943 52 1401 4 16666 214 78 1 9't3 3 2 1t 50 6 28c A5 6:, 1•)9 ':J l<f t35 26 3 51 82 24 5755 9242 53 1 27 25 14 652 1548) l8B79 167 5 8 l 8 t1 17 1S655 1S ·Jl7 _) 134 2 1:13 )9 5487 9146 
5~ l 2.U 79 l4 J3J l6C 1t2 1514 5 l 7.2 3 7 l.S 060 28100 212 06 l.Sit & 1 6 139 5527 8985 5 5 12706 1 1t 2 14 14 1tl d 13 1 "76 l2 CJ9 [J 134 ll 172 "(1 14244 118 ~ 2 4'J3 2 444~ 78 2! 
56 12 21 1 13 ~ 16 19 f38 1 l9 07f3 214 00 3 14 CO 3132 71:1 33U8Lt 266t)5 65 8 6 (: 350 9 600 57 1 J \7 5 16 ., 77 1Ut 08 l l j3 9 2 1006 2CcJ'J4 3 S 6 06 45011 255 8 9 5930 5649 95 82 
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FUTURE CONDITIONS STREAMFLOW DATA USED IN COMPUTER OPERATION STUDY 



TABLE II-6 

RES ERVOIR CHARACTERISTICS FOR BROWN LEE RESERVOIR 

USED IN COMPUT ER OPERATION STUDY 

165 

ELEV(1) =1976 ft CON TE N(1 ) = 446,450 ac-ft AREA(1) = 6,400 acres 

ELEV(2) =1986 II CONT N ( 2) = 516,400 II AREA(2) = 7,000 II 

ELEV(3) =1996 II CONTEN(3 ) = 589 '100 II AREA(3) = 7,600 II 

ELEV(4) =2006 II CON TEN ( 4- ) = 665,150 II AR Ef..( 4) = 8,200 II 

ELEV(5) =2 016 II CONTEN( 5) = 749,800 II AR EA(5 ) = 8,800 II 

ELEV(6) =2026 II CONT EN(6 ) = 842 ,650 II AREA(6) = 9,300 II 

ELEV(7) =2036 II CONT ~N(7 ) = 938,200 II AREA(?) = 9,800 II 

ELEV(8) =2046 II CONTEN(8 i =1, 037,400 II AREA(8) =10,70t II 

EL EV(9 ) =2056 II CONTEN( 9) =1,148,700 II Af EA (9) =11,600 II 

ELEV(10)=2066 II CONTEN(10)=1,276 ,250 II AREA(10)=12,900 II 

ELEV(11)=2076 II CONTEN(11)=1,412,750 II AREA (1 1)=14,700 II 

ELEV(12)=2077 II CONTEN(1 2)=1,426 ,700 II AREA( 12)=15,000 II 



TABLE II-7 

EVAPORATION CO EFFICIENTS AND BROWNLEE POW ER PLA NT 

CHARACTER ISTICS USED IN COMPUT ER OPERATION STUDY 

Evaporation Coeffi cients 

EVAPC0(1) = .07 acre-ft/ acre (Oct. ) 
EVAPC0(2) = - (Nov. ) 
EVAPC0(3 ) = - (Dec. ) 
EVAPC0(4) = - (Jan .) 
EVA PC0( 5) = - (Feb . ) 
EVA PC0(6 ) = - (Mar.) 
EVAPC0(7) = . 16 (Apr. ) 
EVA PC0(8) = .27 (May ) 
EVAPC0(9) = .36 (June ) 
EVAPC0(10)= . 59 (July) 

•":t-

EVAPC0(11) = . 52 (Au g.) 
EVAPC0(12)= . 31 II (Sep .) 

Power Plant Effic iency 

EFF = .90 (may actually be at I igh end of range) 

Tailwater Elevation 

TAILHA = 1800 ft (acct-rate withi n 5 ft fo r flows 0- 40 ,000 cfs) 

Power-Generating Capacity 

POWMAX = 360,400 kw 
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