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ABSTRACT 

The basic purpose of this s t udy is to determine the 

availabil ity of cooling water in t he State of Idaho for use 

in nuclear and geot hermal powe r production and uranium 

enrichment facilities o 

The f irst part of the s tudy i n v estigates the physical 

requirements for cooling wat er i n nuclear and geothermal 

power production and uranium enrichment facilities o Charts 

and graphs are presented showing the cooling water require­

ments for various cooling systems o Cooling water requirement 

for a 1000 MWe nuclear facil it y cooled with an evaporative 

tower is shown to be approxi mately 33 cfs o The cooling water 

requirement for t he same facil ity using cooling ponds is 

shown to be approximately 1 8 cfs with a pond area requirement 

of approxi mately 1500 acres o Cool ing water requirements for 

various o ther sized plants using b oth closed cycle and once­

through cool i ng ·are also shown o 

The effec s o f water quality s tandards and wat er 

rights laws on cooling water supplies are also investigated. 

It is shown that Idaho's t he rmal eff luent standards and 

regulations of the Environmental Protect ion Agency will 

severely limit if not eliminate completely the use of 

once-through cooling i n t he s t ate o It is also shown that 

State Water Ri ghts Laws will allow an appropr i a tion or a 

change of appropriation from anot her use to be made for 
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power plant cooling. A survey of existing supplies of water 

that could be used for cooling purposes in energy facilities 

is made. The Snake River at King Hill, Weiser and the Salmon 

River at White Bird are shown to be possible sites for facil­

ities in the 1000 MWe range using once-through cooling if 

today's effluent standards were relaxed. Table 1 and Figures 

17 and 18 show the various study sites, locations and plant 

cooling capacity using once-through cooling . 

The above mentioned sites plus the Salmon River at 

Salmon, Clearwater River at Orofino, Coeur d ' Alene River at 

Cataldo, Pend Orielle River at Albeni Falls and the Kootenai 

River at Bonners Ferry are all shown to have adequate supplies 

of cooling water for evaporative tower and pond cooling systems 

for plants in the 1000 MWe range. Some sites are shown to 

have capacities for supplying water for tower cooling of 

power plants the sizes of which are far in excess of 1000 MWe . 

Table 2 and Figures 19 and 20 show the different sites and 

approximate water availability, location and power plant 

cooling capacity for tower or pond cooling systems . 

The availability of water to be used in cooling schemes 

not normally used in conventional power plants is also explored . 

The use of pumped storage reservoirs as cooling ponds is in­

vestigated. Sinker Creek Butte Site and Rabbit Creek Sites 

near King Hill, various sites around Cascade Reservoir and 

the combination of Anderson Ranch and Little Camas Reservoir 

are all shown as possible sites for pumped storage-nuclear 



power plant combinations. The possibility of using irriga­

tion canals as cooling canals is also explored . The use of 

various combinations of the diversion of the Twin Falls 

South and North Side Canals and the Milner Good i ng Canal 

are shown to have good promise as power plant cooling 

canals. The Boise Canal system and canals in the Heise 

area are also shown to have some possibilities for being 

used as cooling canals. 

Final portions of this investigation present the 

authors views on the directions of energy development in 

the state and the adequacy of the state's governmental 

institutions to regulate this developmento The author 

shows that thermal energy development in the state is not 

far in the future but a problem of today . He notes the 

lack in the state organizational planning structure of a 

program to plan and oversee the development of thermal 

power in the state and urges that such a program be i mple­

mented as soon as possible. 

X 



INTRODUCTION 

In the past Idaho has been highly dependent on hydro­

electric power to meet its energy demands. Since most of the 

favorable hydroelectric sites have already been developed and 

most undeveloped projects will meet environmental opposition, 

Idaho will have to rely more and more on nuclear, geothermal 

and other types of thermal power production to meet its fu­

ture power demands. At present the United States does not 

have uranium enrichment capacity to meet the projected needs 

of nuclear energy power production. New enrichment facili­

ties will have to be constructed. 

Nuclear and geothermal power facilities and uranium 

enrichment plants all require cooling water. It is the basic 

purpose of this study to determine the availability of this 

cooling water in the state of Idaho. This investigation will 

not pinpoint exact locations for development; rather, it will 

point out general areas where water is available for cooling 

purposes. Both the physical and legal availability will be 

investigated fer both surface and underground sources of 

water. 

The first part of the study investigates the physical 

requirements for cooling water in nuclear and geothermal 

power production and uranium enrichment facilities. Water 

quality standards and water rights laws are investigated to 

determine their effect on availability of cooling water . A 
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survey of existing sources of surface and subsurface sup­

plies of water is made to determine what quantities of water 

would be available for cooling purposes. Several unconven­

tional cooling possibilities such as combined pumped storage 

nuclear plant operation and use of existing canals for power 

plant cooling will also be presented and evaluated. Maps 

and diagrams will be presented to show possible general 

location and layout of both conventional and unconventional 

cooling systems for nuclear and geothermal power production 

and enrichment facilities. 



DESCRIPTION OF THERMAL POWER PLANT SYSTEMS 

Both nuclear power plants and geothermal power plants 

use steam as the working medium to produce electric power o 

In a nuclear power plant nuclear fission within the reactor 

is the source of heat to create the steam o In a geothermal 

power plant heat within the earth produces the steam . 

There are four basic reactor types i n use or poten­

tially considered for power production purposes at nuclear 

power plants . These are pressurized water reactors, boiling 

water reactors, liquid metal fast breeder reactors and high 

temperature gas cooled reactors. In a pressurized water 

reactor power plant, the heat from the reactor is trans­

ferred by pressurized water through a reactor cooling loop. 

The heat in the reactor cooling loop is transferred to a 

separate steam loop that carries the steam that is used to 

drive the turbines . In the boiling water reactor power plant 

the steam that is used to drive the turb i ne is generated di­

rectly in the reactor . There are no separate steam loops 

for the turbine and reactor as in the pressurized water 

reactor power plant . The steam generat i on system of the 

liquid metal fast breeder reactor is much the same as the 

pressurized water reactor, but the primary reactor cooling 

loop and secondary cooling loop contain liquid sodium in­

stead of pressurized water. In the high temperature gas 

cooled reactor, helium gas is circulated through the reactor 
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core and the heated gas is used to generate the steam that 

is used to drive the turbines . Illustrations of these four 

types of reactor systems are shown on Figures 1, 2, 3, and 

After the exhausted steam leaves the turbine it is 

passed through a condenser where i t is returned to the liq­

uid state . The water which is used to cool the condenser 

can be cooled in several ways . These methods include cool­

ing towers, cooling ponds and canals, dry cooling and direct 

release to natural streams (once-through cooling) . These 

systems will be described in greater detail in a later para­

graph . 

A conventional boiling water or pressurized water 

nuclear reactor power plant of today's des i gn has an oper­

ating efficiency of approximately 31 to 33 percent (National 

Water Commission . 1973) . At this efficienc y , a 1000 MWe nu­

clear plant would be required to reject 2000 megawatts of 

heat . This amounts to 6 . 8 x 109 BTU/ HR . In a nuclear 

power plant, almost all of this heat is rejected to the con­

denser cooling water . High temperature gas cooled reactors 

and breeder reactors have efficienci es around 40% so the 

cooling requirements are slightly lower, but there .is still 

a large cooling load . 

Geothermal power production faces the same type of 

cooling water problems as other thermal power production, 

but the requirements are much more unpredictable because of 
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uncertainties in steam temperature ? p r essure and volumes in-

valved . Effic i enci es for a geothermal power p lan t can be 

expected to be in t he range of 10-15% ( Seattl e City Light, 

1972). This means t hat t he cool i ng water requirements for 

any of the cooling sys t ems will range from 2 to 3 times 

greater than that for a nuclear power plant of the same 

power output . In order to predict t he cool i ng water re-

quirement with more accurac y extensive exploration of the 

geothermal fields i s required . This exploration is still 

in its early s t ages in Idaho, so predicting actual cooling 

water requirements for geo t hermal power development will 

not be possible . 
I 

Uranium enric hment faci lities a re t he portion of the 

nuclear fuel cycle that increases t he content of fiss i onable 

U235 from its nat ural state of 0 . 07 1% t o 2-5% which i s re-

quired in the nuclear reactors used fo r power production in 

the U. S . (Western Interstat e Nuclear Board ~ 1973) . The 

gaseous diffusion process has b een used a l most exclusively 

in the U. S . and e l sewhere i n large scale enr i chment processes . 

The enrichment process ~ in a gaseous d i ffusion p l ant , is 

accomplished by introduc i ng UF6 gas contai n i ng bot h the U235 

and U238 isotopes i nto a compartment with one wall made of 

a special porous material . S i n c e a ll t he UF
6 

molecules have 

the same kinetic ener gy , the mo ecules of t he l i ghter U235F6 

must travel fas t er t o maint a i n t he same k i net ic energy as 

the heavier mo lecules of U238F6 . The h i gher v elocity mole­

cules have a greater probability of pass ing through the small · 
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holes in the porous material t han t he heav i er lower veloc-

ity molecules; therefore , there is a small concentration 

effect (Murphy , 196l) o The concentration effect is l o00429 

for one stage of separation; therefore ~ approximately 1200 

stages are set up in a cascading a rrangeme nt in order to 

reach the required level of separation W~stern Interstate 

Nuclear Board, l 973) n A schema ic d i a g r am o~ the gaseous 

diffusion process of enrichment i s shown in F i gure 5 o 

The porous barrier between the s t ages c auses a 

pressure drop i n t he gas between the stages o The pressure 

is brought up to the origi nal level by compressors between 

the stages o These compressors use large amoun\ts of power 0 

In a 8750 metric ton SWU plant a continuous power supply of 

2,500 MWe would be required (Western Interst~te Nuclear 

Board, 1973) o The SWU ( Separative Work Unit) i s a measure 

of the ab ility of a plant to perform a desi r eq separation 

at a speci.f.ied rate o After each compress :i.o n c ycle the gas 

is passed through a cooler o The heat t hat is rejected to 

the cooler is e ventual l y rejected to t he atmosphere through 

evaporative cooling towers o Evaporat ive losses in t hese 

towers would amount to approxi mately 22 ~ 000 ~ 000 gpd or 34 

cfs (Western Int e rst a te Nuclear Board ~ 1 973 ) o If a nuclear 

power plant were c onstru cted o s upp ly the power i used in a 
I 

gaseous diffus ion p l ant , the comb ined wat er consumption for 

both plants would amount to approximatel y 1.20 cfs assuming 

that the power plant were cooled wi h an evaporative 
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cooling tower o 

An alternative me t hod t o t he gaseous diffusion pro­

cess for enrichi ng uranium is he gas c ent r i fuge process o 

In this method unenr iched UF6 gas i s in r oduced into a 

centrifuge spinning at a high angul ar velocity o The higher 

mass U238F6 molecules c ongr egate t oward t he ou t s i de of the 

·rotating cylinder and the l ower mass U235F6 molecules be-

come more concentrat ed near the ax i s of r o t a tion of the 

centrifuge (Benedict and Pigford ~ 1957) c Cent r i fugal 

separation takes far less power t han does gaseous d i ffu­

sion separation o Power requirements f or cent r i fugal sep­

aration would be approx i mate l y 250-300 MWe f or 8750 met ric 

ton SWU capaci t y plant ( Western In t ers t ate Nuclear Board, 

1973) o This is almos one t enth t he power r equi red for a 

gaseous diffusion plant o 

Consumptive wat er r equireme nts would a l so be i n the 

order of 1 / lO t h that o f a gaseous d i ffus i on plant (Van 

Winkle , 1975) o The c ent r i fuge p r o c ess i s now undergoing 

development and coul d rea c h a c ommerc1 a lly f e as i b l e s a t us 

in the next few years ( Wes t e r n Int erst a t e Nuc l ear Board ~ 

l973) o Cen t rifugal enri~hment p lan t s bec ause of their lower 

electrical power requirement s wou l d be more like l y t o be 

located close to the nuc lear reac t or marke t " 



CONVENT I ONAL COOLI NG SYSTEMS 

The c o ndenser c ooling water which has been heated 12 

to 30 degrees F o i s e ithe r r e t u r n e d t o t he source of supply 

(once- t hrough cooling) o r it i s pas s e d on t o some sort of 

final heat rejection syst em suc h as a cool i ng t ower o r pond o 

Here the heat from t he condenser wa t er i s r eject ed t o t he 

atmosphere o 

Once-through coo l i ng i s t he larges t total water user 

of t he d i fferen t c oo l i ng syst ems o The t o t a l conde nser f l ow 

is wi thdrawn from t he sour ce and l a t e r returned i n it s heated 

state o The water t emperature i ncreases for onc e -through 

cooling of var i ous s i zed p l a n ts f o r d if fe r ent c ondenser 

cooling wat er flow r a t es a re s hown i n F i gure 6 o Va l ues of 

temperature i n c r e ase l ess t han 12 degr ees are no t likely i .n 

the wat e r pass i ng t h r ough t he condensers because o f the con­

denser size r e quired t o h a ndl e t h e r equi r ed flow rat es o 

Total receiving s t r eam temperat u r e r i se could be less t han 

12 degrees F o if t here i s wa t er a v a ila b le f o r mixi ng with 

the heated c ondenser c ooling wa t e r o Be c a use t h is me t hod 

uses a l arge por t ion o f sens i b l e heat transfer t o a chi eve 

i ts heat rejection t o t h e atmosphere ~ it s c onsumpt ive use 

is the smal lest o f any o f t he we t cool i n g s ys t ems o Evapo­

rative losses hav e been esti.ma t e d a t fr om 8 cfs ( Senate 

Selec t Commi ttee on Nationa l Wat e r Re sources ~ 1961) t o 19 

cfs (National Wat e r Commi ssion , 197 3 ) o Th i. s v alue could 
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vary markedl y de pendi ng on l o c a l cond it ions . A sketch of 

a once-through cooling system is .shown on F i gure 7 . 

13 

Because of water recycling ~ clos e d c ycle systems such 

as cooling towers and cool i ng p onds hav e very small total 

water requirements compar e d to once-t hrough cooling ~ but 

the consumpt i .ve losses f or ·hese systems are much higher 

because a large portion of t he heat rejection i s carried out 

by evaporat i on . Cooling towers and c ool i ng ponds are the 

main closed cycle p ower p lan t coo ling sys t ems . 

Mechanical and natur al i nduced d r a ft c ooling towers 

are the t wo t ypes of evaporative closed cyc l e tower cool i ng 

syst ems used i n t he U. S . t oday . A s c h e matic diagram of a 

tower cooling system is shown i n F i gure 8 . A natural draft 

cooling t ower i s a t a ll c h i mney l i ke s hell usually constructed 

of reinforced con crete . Ai r flow is i n du c ed up through t he 

shell by t h e buoyanc y effec of t he heat e d a ir . I n a mechan­

ical draf t tower ~ fans fo rce t he a ir t h r o ugh t he s tructure . 

In both natural and mec han i cal draft t owers t he condenser 

cooling water i s dropped t h rough a lat t ice work of pac k i ng 

mater i a l i n t he lower sect i on o f the tower . Thi s pack i ng 

material breaks t he flow of cooling wa ter in o s hallow 

sheets and g reatly i n c reases h water surfac e area e xposed 

to the a ir flow t h rough the t owe r o The i ncreased surface 

area greatly enhances evaporat ive and sens ." b le heat t rans-

fer t o t he atmosphere . Me c hanical draft e v a porative cool-

ing towers are smaller in phys ical s i ze than natura l draft 
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towers, and usually much less expensive to build, but the 

annual operating costs are much higher than those for natu-

ral draft towers because of the operating cost of the fanso 

Mechanical draft towers are j ore likely to be used in the 

more arid regions of the Stal e because of the lack of buoy­

ancy drive required for the l atural draft towers (Dallair, 

1974). Mechanical draft and natural draft towers have the 

t . t . . I t F . 9 ° th same consump 1ve wa er requ1 l emen so 1gure g1ves e 

consumptive water use versus power plant size for power 

plants using evaporative coo ~ ing towers . 

Cooling ponds are ano her method used for cooling 

condenser water o This method uses a large lake as the heat 
I 

rejection medium o Heated col denser cooling water is passed 

into the lake and after sufficient time for cooling the water 
I 

is returned to the condenser o Consumptive losses due to 

evaporation for this type of system would be approximately 

18 cfs for a 1000 MWe plant o Cooling lake surface area for 

a 1000 MWe plant would be ap~roximately 1500 acres (Battelle 

Northwest, 1967). The consu~ptive losses and surface areas 

involved are highly dependent on local climatic conditions. 

Curves showing approximate consumptive use and lake surface 

areas versus power plant size are shown on Figure 10. 

Spray cooling ponds and canals are a modification of the 

cooling pond system in which pumps and spray nozzles are 

used to spray jets of the cooling water into the air. Spray-

1ng the wat~r into the air increases the surface area exposed 
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to the atmosphere and therefore increases evaporative and 

sensible heat loss . Pond area requirements are much smaller 

for the spray systems but operating expenses are higher be­

cause of power requirements for the spray system . Consump­

tive losses for spray ponds are almost the same as those for 

evaporative tower coolipg methods (National Water Commission, 

1973). This type of system is economically competitive with 

mechanical or natural draft cooling systems (Goodjohn, . 

Fortescue, 1971). 

Another possibility for power plant cooling is the dry 

type cooling system o This system is a completely closed 

system in which the final heat rejection is accomplished by 

inducing a flow of air through a set of coils which contain 

the cooling water o This system pa~ been used successfully 

on smaller power plants but appli~ation to large scale. 

power production has not been accomplished as of yet o Dry 

cooling systems have the advantage of removing water ava i l­

ability as a siting requirement, but due to lower heat re­

jection capabilities, turbine back pressures are increased 

and operating efficiencies are reduced . Large size turbines 

capable of operating at higher back pressures for extended 

periods of time have not been manufactured as of yet (Ten­

nessee Valley Authority, 1973) " 



UNCONVENTIONAL COOLING SYSTEMS 

Unconventional cooling systems are systems that are 

not ordinarily used in today's power plant system o Two 

basic requirements of an unconventional c ooling system is 

that it be able to reject waste heat a t all times that the 

power plant is expected to be in operat i on and t hat the 

economics of the unconvent i onal sys t em be competitive with 

conventional cool i ng systems o 

Agricultural use of waste heat from a thermal power 

plant shows much promise e Studies by Oregon State Univers ity 

have shown marked increase in crop production using soil 

warming techniques which could be adapted to using heated 

effluent from thermal power plants (Sepaskha, Boersma , Davis, 

Siegel, 1974) o A thermal water demonstration project spon­

sored by the Eugene Water and Electric Board also showed 

favorable r~sults in using heated water in agricultural 

applications (Vitro Engineering, 197l) o The cost of the 

heated water distribution system is fairly . h i gh so the econ­

omics of using this type of system is very much dependent 

on the type of crops that can be grown in the area and the 

market conditions for those types of crops o 

Although agricultural waste heat use systems do show 

much promise , there are still some important drawbac ks that 

must be overcome o The seasonal nature of t he agricultural 

use would require that alternate cooling sourc es be used 
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during the non-growing seasons o Also the high cost of the 

distribution systems may make competit ion with convent i onal 

cooling methods unattractive o 

The use of waste heat from power plants and enrich­

ments facilities in aquaculture also shows promise e Studies 

have shown that some fish species espec i ally those in the 

catfish family show a marked increase in growth rate at tem­

peratures around 85 degrees (Yees, 1970) o Temperatures in 

this range could be obtained relatively easily at or near 

the discharge point of condenser water from a nuclear power 

plant. An aquaculture operation raising catfish could be 

easily set up in a cooling pond or cooling canal system o It 

is estimated that a 2000 acre cooling pond could conceivably 

raise 500,000,000 pounds of fish per year using a system 

that uses sewage effluent to raise algae which in turn feeds 

zooplankton and larger crustaceans that in turn act as food 

for the fish (Keller and Sowards, 1970) o 

Peterson and Jaske (1970) have shown that irrigation 

canals can be used very effectively in dissipating waste 

heat from thermal power plants . This concept seems very 

promising and has been given consideration in the water 

availability studies described later . A cooling scheme 

using a canal system would generally consist of diverting 

all or part of the discharge in the canal through the con­

densers of the power plant . The heated water would be 

discharged back into the canal where heat rejection to the 
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atmosphere would occur o A diagram of this system is shown in 

Figure ll o The distance from the power plant to the first 

farm lateral would have to be great enough so that the temp­

erature of the canal water would be low enough not to harm 

the field crops o 

Presently most canals in Idaho are operated on -a 

seasonal basis o This would present some obstacles to their 

use as cooling canals but it might be poss i ble through oper­

ation agreements to arrange to have the canals flow on a 

year around basis o Introduction of an additional heat load 

to a canal would increase the evaporation rate o The water 

rights problem caused by t h i s increased evaporation will be 

discussed in a later section o 

Another problem t hat might be encountered i s increased 

vegetal growth in the canal sys t em o Growth of moss and 

other water borne plants would probab l y be accelerat ed 

because of the increased water temperat ure in the canals o 

The accelerated growth rates c ould result in increased main­

tenance costs for the irrigation companies o The utility 

sponsoring the power plant would probab l y be expected t o 

assume the cost of this increased maintenance o 

The possibility of using either or both the upper and 

lower reservoirs of a pumped storage project as cooling res­

ervoirs shows much promise e A c omb i nat i on nuclear power and 

pumped storage facility has many economic and environmental 

advantages over separat e facil it ies o The nuclear facil ity 

with · its high capital cost but low fuel costs is designed to 
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be operated at a high load factor, whereas, the pumped stor­

age plant with its low maintenance and operating costs is 

designed to run at a low load factor o The two systems com­

plement each other in supplying power to a fluctuating load 

pattern (Stubbart, Zambotti, 1966) o 

Some advantages of combining both facilities at one 

site include common facilities for both plants and lower 

transmission losses because the pumping load could be sup­

plied directly from the nuclear plant o Idaho has many 

promising pumped storage sites and the possibility of com­

bining these sites with nuclear power plant looks promising o 

Schematic diagrams showing possible layouts for combined 

nuclear power plants and pumped storage plants are shown on 

Figures 12, 13 and 14 . 

The use of waste heat from nuclear power generation 

for space heating, air conditioning and i ndustrial purposes 

has been suggested by many. In Europe hot water from nuclear 

power plants has already been used for district residential 

heating (Diamant, 1970) o A typical three-bedroom house 

requires 75,000 BTU/HR . f~r winter heating and 72 ~ 000 BTU/HR " 

to provide the 36,000 BTU/HR . required for summer cooling 

assuming a coefficient of performance of Oo5 for the air 

conditioning system (J.A o Nutant, 1970) o If the steam 

extraction system at the turbine is modified somewhat so 

that 220 degree steam can be used, a 1000 MWe nuclear power 

plant could supply enough heat to heat and cool housing for 
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a population of approximately 450,000 people (J.A. Nutant, 

1970). Using this system would reduce the power output from 

the power plant, but the total energy utilization would be 

.much greater. The use of waste heat from a power plant for 

space heating purposes would require an extensive system of 

piping and heat exchangers. This type of system could be 

adapted to an existing town, but the economics for using 

such a system would be much more favorable in a new town 

situation where the town and the heating and cooling systems 

could be designed into an integrated unit. 

Industrial use of power plant waste heat is also an 

attractive alternative, but most industrial processes re­

quire temperatures much higher than the temperature of normal 

condenser cooling water. Consequently special steam extrac­

tion systems would be required in order to make industrial 

use of waste heat from nuclear power plants very favorable. 

There are a multitude of different uses that can be made of 

waste heat. Some of these uses and the temperature require­

ments are listed in Figure 15. Combining industrial, space 

heating, agricultural and other uses of waste has also been 

proposed. These combinations could be accomplished in a 

nuclear p~wer park new town complex. Figure 16 shows a 

schematic of this sort of combination. 

It is possible that the above mentioned unconven­

tional use schemes would not be able to reject the total 

heat load ofthepower plant at all times. In this case 
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combinations of unconventional uses with conventional cooling 

methods such as cooling towers might be required. In all 

cases extensive economic and energy conservation analyses 

would have to be made to determ1ne which combinations would 

present the most attractive alternative . 



IDAHO'S WATER QUALITY LAWS AND THEIR AFFECT 
ON PLANT COOLING SYSTEMS 

In order for a nuclear or geothermal power plant or 

a uranium enrichment facility to discharge any effluent into 

the streams of Idaho, the effluent must conform to the water 

quality standards of the State. The primary standard that 

will effect the above plant facilities are the thermal ef-

fluent standards. These standards are published by the Idaho 

Department of Health and Welfare in the publication dated 

June 1973 and entitled, "Water Quality Standards and Waste 

Treatment Requirements". The temperature standards are 

listed on page 11 and 12 of these Water Quality Standards. 

Following is a list of temperature variations to which 

waters of the State will be ' limited. These are copied 

directly from the standards. 

1. Any measurable increase when water tempera­
tures are 66° F or above, or more than 2° F 
increase other than from natural causes when 
water temperatures are 64° F or less (unless 
otherwise specified). 

2. Any increase exceeding 0.5° F due to any 
single source, or 2° F due to all sources 
combined. 

For purposes of determining compliance, a 
"measurable increase" means no more than 
0.5° rise in temperature of the receiving 
water as measured immediately outside of an 
established mixing zone. Where mixing zone 
boundaries have not been defined, cognizance 
will be given to the opportunity for admix­
ture of wastewater with the receiving water. 

3. Any measurable increase when water tempera­
tures are 68° F or above, or more than 2° F 
increase other than from natural causes when 



the water temperatures are 66° F or less in 
the following waters : 

a . The main stem of the Snake River from the 
Oregon-Idaho border (R . M. 407) to the 
interstate line at Lewiston, Idaho (R . M. 
139) . 

b . The Spokane River from Coeur d'Alene 
Lake outlet to the Idaho-Washington 
border . 

c . The Palouse River from Pr i nceton to the 
Idaho-Washington border. 

d . The Pend Oreille River from the Pend 
Oreille Lake outled to the Idaho­
Washington border . 
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The temperature standards would have the most effect 

on once-through type cooling . In fact , the limits prescribed 

would probably eliminate once-through cooling as a possible 

type of cooling method for thermal power plants . Since a 

thermal power plant would be considered as a point source, 

the temperature increase limit of 0 . 5 degrees would be im-

posed on all streams in the state with the exception of the 

four streams listed i n section VIII , D, 3 of the Water Qual-

ity Standards . In order to mainta i n this 0 . 5 degree tern-

perature rise, a 100 MWe plant would requi re continuous 

flows of approximately 6000 cfs , and a 1000 MWe plant would 

require continuous flows of approximately 60,000 cfs . There 

are very few places in the state where e ven the 6000 cfs 

requirement for the 100 MWe could be met at all let alone 

year around. The 60,000 cfs requirement for the 1000 MWe 

plant would be virtually impossible to meet . The two degree 
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temperature increase limitation listed i n section VIII , D, 3 

of the Water Quality Standards could be met for a 100 MWe 

plant with a s tream flow of approximat ely 1 500 cfs o A 

1000 MWe plant would require flows of about 15,000 cfs o 

Here again , the possibilit i es of plant s ites for the 100 MWe 

plant with once-through cooling are not too numerous and the 

sites for the 1000 MWe plant would almost be nonexistent o It 

can be seen, from looking at t hese temperature standards , that 

the future for onc e-through cooling in the St ate of Idaho 

looks rather dim o 

Another important question that mus t be reconciled is 

how the state ' s thermal effluent standards will effect a pri­

vately owned cooling pond, or an irrigation canal that is 

being used for cooling purposes o Under the very strictest 

interpretation, the Water Qual ity Standards include all the 

waters of the state o Wat ers is defined on page 4 of the 

Water Quality Standards as "all the accumul ations of water , 

surface and underground , natural and art i ficial , public and 

private, or part thereof which are wholly or partially with­

in, which flow through or border upon the state" o By this 

definition, irrigation canals and cooling ponds would come 

under the jurisdiction of t he St ate Water Quality Standards, 

but these standards probably would not be enforced on an 

artificial cooling pond or an irrigation canal used for 

cooling as long as either of the uses did not interfere 

with other uses made of t he water and they did not cause 

the Water Quality Standards to be violated in a natural 
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stream. This is a personal interpretation from conversa-

tions with Mr. Henry Moran, Environmental Engineer with the 

Idaho Department of Health and Welfare o 

The Environmental Protection Agency is required by 

the Federal Water Pollution Control Act Amendments of 1972 

to set forth the greatest degree of effluent reduction 

achievable for . specific categories of sources o One of these 

categories is steam-electric power plants o In the October 8, 

1974, Federal Register, the EPA published its effluent lim-

itation guidelines for steam-electric power plants o Under 

these limits, the best available technology and standards 

of performance call for no discharge of heat except that 

discharge of blowdown from the cool side of a closed cycle 

cooling water system is allowed o Plants constructed after 

July 1, 1977, would be required to meet this no-discharge 

limitation. These guidelines have the effect of completely 

eliminating once-through cooling as a possible method of 

cooling steam-electric plants o The only recourse avail-

able to power plant planners is contained in section 316 of 

the Federal Water Pollution Control Act Amendments which 

states: 

Whenever the owner or operator of any such source , 
after opportunity for public hearing , can demon­
strate to the satisfaction of the Administrator 
(or if appropriate the state) that any effluent 
limitation proposed for the control of the ther-
mal component of any discharge from such source 
will require effluent limitations more stringent 
than necessary to assure the protection and pro­
pagation of a balanced ~ indigenous population of 



shellfish, fish and wildlife in and on the body of 
water into which the discharge is to be made, the 
Administrator, (or, if appropriate the state) may 
impose a different effluent limitation for the 
thermal component of the discharge than would 
ordinarily be required under section 301 and 306 
of the Act. Effluent limitations imposed under 
section 316(a) must assure the protection and 
propagation of a balanced, indigenous population 
of shellfish, fish and wildlife in and on the body 
of water into which the discharge is to be made. 

It is important to note that the burden of proof as to the 
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absence of damage is on the owner or operator of the facility. 

This proof would probably require extensive environmental 

study of the stream system, but this is the only way that 

once-through cooling could ever be used as a cooling method 

under these rules. 



IDAHO'S WATER RIGHTS LAWS AND APPROPRIATING 
WATER FOR POWER PLANT COOLING PURPOSES 

The right to appropriate the water of the state to 

a beneficial use was established in Article XV, Section 3 

of the Idaho State Constitution. It states, "The right to 
I 

divert and appropriate the unappropriated waters of the 

state shall never be denied". The right of the first 

appropriator was established in Article XV, Section 5. It 

stated, "Priority in time shall give superiority of right 

to the use of such water in the numerical order of such 

settlements or improvements" . With these inclusions in its 

Constitution, Idaho followed the basic water law pattern of 

many of the other arid western states . This basic doctrine 

became known as the Doctrine of Prior Appropriations or 

the Colorado Doctrine . In Idaho this doctrine has pre-

vailed to the exclusion of the Riparian Doctrine (Hutchins, 

1968). 

There are two methods of appropriating water in the 

state. The first being the Constitutional method . In this 

method, the appropriator simply diverts the water from the 

stream and applies it to some beneficial use . The date of 

appropriation is the same date as the water was applied to 

the beneficial use. The second method is the statutory 

method. In this method the appropriator, before starting 

work on the diversion, files an application with the State 

Department of Water Resources. A permit for construction 



of the diversion works is issued and when the water is 

applied to beneficial use , t he water use permit is issued 

with the date of appropriation being the date that the 

application for construction of the diversion works was 

filed. 
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There is no strict def i n ition of beneficial use given 

in the State Constitution ~ al t hough there is a list of prior­

ities among some various kinds of benef ici a l uses . These 

are domestic use, agricultural use , manufacturing and mining 

and milling in conjunctio n with mining o The priorities are 

as listed except in an organized mining district where mining 

uses have priority over agricultural or manufacturing uses o 

This list does not cover all the benef icial uses that are 

possible. Cromwell in h is book "Research i n Idaho Water 

Law'', defines a benefici a l use as any use t hat promotes 

economic betterment wi t h i n t he commun i ty o Hutchins ~ Ellis 

and DeBraal in their book "Water Ri ghts i n t he Ni neteen 

Western States", define benef ic i a l use as ~ "The use of such 

quantity of water when reasonable intelligenc e and reason­

able diligence are exerci sed in its appl ication for a law­

ful purpose, as is economically necessar y for that purpose". 

These definitions are probably a good represent ation of the 

criteria used by the Department of Water Resources to judge 

the validity of a beneficial use , 

Many states are b roaden ing their def i n ition of bene­

ficial use in order to p rotect such in-stream uses as 
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recreational use, scenic beauty and water quality (Dewsnup, 

Jensen, Swenson, 1973). By broadening the beneficial use 

definition td include the above non-diversion values, these 

values are afforded the same protection as any other legally 

appropriated beneficial use. Idaho has followed in this 

trend in that the Legislature has passed appropriate legis­

lation authorizing the State Parks Department to file on 

water in certain streams for public use by the people of 

Idaho. A recent Idaho Supreme Court decision (Supreme Court 

Decision, 31 December 1974, Idaho Department of Parks and 

Recreation vs. Idaho Department of Water Administration) 

has upheld the right of the state to appropriate water for 

public use. This decision also held that no physical div­

ersion is required for the use to be a legal one under the 

state's laws and constitution. 

If this newly established legislative authority were 

used in other streams of the state, especially in establish~ 

ing minimum streamflow standards, there could be reductions 

in the amounts of water available for power plant cooling . 



LEGAL MEANS OF OBTAINING WATER FOR 
POWER PLANT OR ENRICHMENT FACILI TY USE 

There has been no appropr i ation made in Idaho for 

water to be used as cooling water for a t hermal power plant . 

Idaho Power Company has applied for a wa er right for 30 cfs 

of water from the Snake River to be used for cooling pur-

poses in their proposed Pioneer Plant a t Orchard ~ but a 

water right has not been granted (Fleenor ~ 1 975) . Since 

the basic requirement for appropriation is t hat the water 

be applied to beneficial use ~ and powe r product i on is defin-

itely of benefit to t he peo p l e of the state ~ it would be 

hard to imagine a case where ~ if the water were available~ 

a license to appropriate water for power p l ant use would be 

denied . Mr . Bobby F l eenor , of t he Water Rights Bureau of 

the Idaho Department ·of Water Resources , agreed on this 

point and added that this wate r use woul d b e class i f i ed as 

an industrial use and an appropr i at ion be made as long as 

the use for power does not inter fer e wi t h o t her exist i ng 

uses . 

The purchase of existing i rrigation ri ghts is another 

possible method of obtaining r i ghts to water to b e used for 

cooling purposes . This could be accomplished 1n Idaho and 

the use classification could be changed from agricultural 

to industrial as long as n o harm was .done to any existing 

water rights (Hutchins, 1968) . It is important to empha-

size the word existing bec ause this means a ll appropriat ors 



are protected even though their date of appropriation may 

be junior to the right that is being changed o The date of 

appropriation for the new use will be the same as the date 

of apFropriation of the original use (Hutchins, 1968) o 
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Another possible method of cooling power plants would 

be to use existing irrigation canals. This would involve 

an agreement between the irrigation company and the power 

producer in which all or part of the flow in a canal would 

be diverted from the canal and returned immediately after 

running through the condensers o This possibility presents 

a problem in that the return water from the power plant 

would be warmer than the existing canal water and this 

increased water temperature would increase evaporation 

rates in the canal . The increased evaporation rates would 

cause higher losses than would be encountered under normal 

operation o Since the original appropriation for the water 

in the canal would be for irrigation and not for losses 

due to an artificial cooling load, the irrigation company 

would be using the water for a use other than what it was 

originally appropriated and would be in danger of losing 

right to this water o For this reason, the i rrigation com­

pany would probably require the power producer to purchase 

the right to the water that would be lost due to excess 

evaporation o This type of transfer of right was discussed 

in the preceeding paragraph o 
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If existing reservoirs were used as large cooling 

ponds, many of the same problems would arise that were dis­

cussed in the preceeding paragraph o If the water were ap­

propriated to another use, it would have to be changed to 

industrial cooling use o Even if the water was appropriated 

only for power production, some compensation would have to 

be made for the hydro-power losses due to the increased 

lake evaporation caused by the thermal cooling load . 



GEOTHERMAL RESOURCES ACT 

Geothermal power production may be a possibility in 

Idaho. This type of power production probably would require 

cooling systems similar to other thermal power production 

plants. These cooling systems have been covered in pre-

vious sections of this paper, but the geothermal fluid 

itself requires some special consideration o Sec tions 42-4001 

through 42-4015 of the Idaho Code is the Idaho Geothermal 

Resources Act o This act contains the laws appli c able to 

the exploration and development of Idaho 's geo t hermal 

resources o In Section 42-4Q02, C, of this act the defini-

tion of a geothermal resource is given as : 

The natural heat energy of the earth , t he energy 
in whatever form~ which may be found i n any posi­
tion and at any depth below the surface of the 
earth present in, resulting from, or created by, 
or which may be extracted from such natural heat , 
and all minerals in solution or other products 
obtained from the material medium of any geo­
thermal resource . Geothermal resources are found 
and hereby declared to be closely related to and 
possibly affecting and affected by water and min­
eral resources in many instances o 

Any person who proposes to construct a geothermal well 

in the state must first file an application with the State 

Department of Water Resources o This application must con-

tain information pertaining to who is maki ng the applica-

tion, the location of the well, a detai~ed description of 

the proposed well, character and description of the material 

expected to be derived from the well , how the geothermal 

fluid will be managed, whether the well i s for production 
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or exploration purposes, and any other i nformation that the 

Director of the Department of Water Resources feels is nec­

essary . After receiving th~ appl i cation , t he Depart ment of 

Water Resources will study the proposal to see if the pro­

posed project will be in the public interest . Some items 

that might be considered in this study f or the geothermal 

permit would include financial resources of the applicant 

and his ability to bear the costs of construction and main­

tenance of the wells, adequacy of measures to safeguard 

subsurface, surface and atmospheric resources from degra­

dation due to the proposed project ~ the possibility that 

construction of the proposed project will cause waste o r 

damage to another geothermal resource and t he poss i b il ity 

of interdependence between the proposed source and waters 

from aquifers that are ·already being appl i ed to benef i-

cial use. If after making t he study ~ t he Department of 

Water Resources feels that t he proposed project i s i n the 

public interest, according to the guidel ines se t out by 

the act, a geothermal well permit will b e issued . 

It appears that Idaho is on its way to a well p lanned 

development of the geothermal resources of the s t ate . If 

the Department of Water Resources follows the guidelines 

presented in the Geothermal Act , and this agency works 

closely with the geothermal developers and researchers ~ the 

geothermal resources of the state should become a valuable 

asset to the citizens of Idaho . The ques tions that must be 
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answered now are where are t he best geot hermal fields for 

power production located, and what are t he economics of 

developing these areas into power producing geot hermal 

fields . These questions can be answe r ed only by t he explo­

ration and research studies that are currently under way o 



DETERMINATION OF WHERE WATER IS AVAILABLE FOR 
CONVENTIONALLY COOLED NUCLEAR POWER PLANTS 

This section will describe the methodology ~ sources 

of data, and final results of the investigations t hat were 

made to determine what quanti ties of water are available in 

the State of Idaho for use i n conventionally cooled nuclear 

power plants o The first cooling system that wi ll be c overed 

will be once-through cooling o 

The present thermal effluent standards of the state 

and the present effluent limitation gui del i nes for steam-

electric power plants published by the Environment al Pro-

tection Agency would restrict t he temperature r i se to at 

least 2 degrees or less o In some cases these regulations 

might be too restrict ive and possibly i n t he future here 

might be a relaxation of these standards o In order to 

present a more complete picture of the cooling water supply 

for once-through cooling ~ t he total stream flow required so 

that a 2, 5, 10 and 1 5 degree temperature rise would occur ~ 

assuming complete mixi ng of the condenser cooling effluent 

with the remaining stream flow , wi ll be i nvestigated o 

Since the quantity of water available for any type 

of cooling purpose is dependent on the degree of development 

of other uses that would c onsume water , a referenc e time 

frame must be established so t hat the water availability 

can be placed in some time perspective . All cool i ng wat er 

supply investigations in this s tudy were based on stream 
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flows at the 1970 level of development. Future development 

of agricultural, industrial and other uses of water would 

have the effect of reducing the amount of water available 

for cooling purposes, but predicting the development that 

will occur in the future is beyond the scope of this study " 

For a 1000 MWe nuclear plant, assuming 33% heat 

energy conversion efficiency, the totai flow requirements 

for 2, 5, 10 and 15 degree temperature rise would be 15,000, 

6000, 3000 and 2000 cfs respectively " These requirements 

would be on the high conservative side if the higher ef­

ficiency gas cooled or fast breeder reactors were being 

considered . 

In order to determine the once-through cooling 

capacity of a given stream, it is necessary to choose some 

specific frequency low flow of that stream and assume that 

this flow is the governing flow as far as the thermal cool­

ing capacity of the stream " For this study the annual 7-day 

average low flow with a recurrence interval of 10 years was 

used o This flow will be referred to as the 7-day 10-yr " 

low flow condition . This flow condition has been used by 

many state agencies as a basis for their stream water qual­

ity standards (Singh, Stall, 1974) " Although Idaho does 

not presently use the 7-day 10-yr o flow in their thermal 

effluent standards, it is considered that this criteria 

· would be a reasonable one to use as a basis for this study o 
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In order to determine the 7-day 10-yr o average flow, 

a statistical analysis was made on the flow records at key 

study locations on various streams of the state o Five basic 

criteria were used to determine approximately where these 

key study locations should be located. These criteria 

were Indian reservations, national parks, existence of 

wild rivers, population and availability of flow records o 

All Indian reservations, national parks and reaches of 

wild rivers were eliminated as possible reaches of study. 

A 25 mile radius was drawn around all cities expected to 

have a population greater than 25,000 by the year 2000 o In 

most cases the areas within the circles were excluded from 

consideration. This population criterion is similar to 

that used by Dames and Moore in their study titled, "Pacific 

Northwest Regional Nuclear Power Plant Siting Study" o The 

remaining areas were evaluated as far as the availability 

of flow records and the key study locations were then 

selected. These same key locations were used for the water 

availability studies for all of the cooling methods. 

The stream flow data used for analysis on the un­

regulated streams investigated in the study were taken from 

the U.S. Geological Survey water supply records. These 

records were analyzed and the 7-day average low flow for 

each year of record for the stream of interest was recorded. 

A statistical analysis on these 7-day average flows was made 

and a frequency curve was computed using standard methods 
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described in "Statistical Me t hods in Hydrology 1 " by Leo 

Beard . The 10-yr . recurrence low flow was taken from 

this frequency curve . The 7-day 10-yr . average flows 

for the var i ous s treams that were studi ed and t he power 

plant cooling capac ity of the streams for t he four dif-
I 

ferent temperature increases that were studied are s hown 

in Table 1 . 

The method of determin i ng the 7-day 10-yr . average 

low flow for streams where the flow has been modified due 

to diversion or regulation was approached i n a slight l y 

different manner o No records of daily flows modif i ed to 

the 1970 l evel of developmen t were available so it was 

necessary to use mont hly average modif i ed f lows . These 

monthly average modified flows were taken from studies made 

by the Idaho Departmen t of Water Resources and studies made 

by the Columbia River Wat er Management Group . The study 

by the Water Management Group is titled ~ "Provisional Report 

on Modified Flows at Select ed Sites 1928 to 1968 for the 

1970 Level of Development Columb i a River and Coastal Basins" . 

These modified flows a re analyzed and the low monthly aver-

age flow was recorded for eac h year of record . A statis-

tical analys i s was made of t hese annual low monthly average 

flows and a frequency curve was made us i ng t he same method 

described above for the unmodif i ed s tream fl ows . The 10-yr . 

recurrence low monthly average flow was t aken from t he 

frequen c y curve . 



TABLE l 

AVAILABILITY OF COOLING WATER FOR ONCE-THROUGH COOLING 

10-YR o RECURRENCE 7-DAY 10-YR . SIZE OF POWER PLANT 
MONTHLY AVERAGE IN MWe WITH TEMP . 

STREAM LOCATION AVERAGE FLOW LOW FLOW . RISE IN STREAM OF 
cfs cfs 2 ° F 5°F l0°F l5°F 

Snake King Hill 6550 5880 392 980 1960 2940 

Snake Weiser 8100 7300 487 1217 2433 3650 

Salmon Salmon NA 600 40 100 200 300 

Salmon White Bird NA 2400 160 400 800 1200 

Clearwater Orofino NA 680 45 113 227 340 

Coeur d'Alene Cataldo . NA 230 15 38 77 115 

Pend Orielle Alben i Falls 4350 1000 67 166 333 500 

Kootenai Bonners Ferry NA 2159 144 360 720 1079 
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The next step was to find the relationship between 

the annual low monthly average flow and the annual low 7-day 

average flow o This was done by correlating the annual low 

7-day average flow found in the UoS o Geological Survey Water 

supply records with the annual low monthly average flows of 

the modified flow studies o This correlation was made for 

the last 10 years of record available o It was considered 

that 10 years of historical data would be sufficient to 

make an approximate correlation between the annual 7-day 

average low flow and the annual low monthly average mod-

ified flow o It was also considered that the development 

in the last 10 years would not have changed enough in 

that period t o rna erially affect the correlation so that 

it could be assumed to be valid for the 1970 level of 

development o Using the 10-yr o recurrence annual low monthly 

average flow found in the frequency study and the correla-

tion between this flow and the annual 7-day average low 

flow, the 7-day 10-yr o low flow could be found o All t he 

low flow i nformation for the key study locations on the 

Snake River and Pend-Oreville River were found in this 

manner o The actual flows and the power plant cooling cap-
"7~ I 

aci ties' :fo:~ (the fo~~ ' differ·~~·t t'emperature incr~ase values 
t: 

are shown in Table l o 

The method of gett i ng the 7-day 10-yro average low 

flow for the Kootenai River at Bonners Ferry was approached 

in a slightly different manner s ince it is a modified stream 
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but there were no modified flow records available for the 

reach near Bonners Ferry o The 7-day 10-yr o flow at Bonners 

Ferry was determi ned by adding the expected mi nimum flow 

from LibbyRe-regulationDam with the 7-day 10-yr o flows 

from the Moyie and Yakk Rivers o The estimat ed minimum flow 

from the proposed Libby He-regulation Dam was found through 

telephone conversations with Mr o Larry Merkel of the Seattle 

District, UoS o Army Corps of Engineers o This flow was 

found to be 2000 cfs o The 7-day 10-yr o a verage flows for 

the Yakk and Moyie Rivers were determined in the same way 

as that used for the unregulated streams whi c h is described 

above o This approach gives flows that are probably on the 

low conservative side because the local contributions from 

the drainage area between the proposed Libby He-regulation 

Dam and the Yakk River and between the Yakk and Moyie 

Ri ver are not consideredo Results of t his study are shown 

in Table l o Figures 17 and 18 show the approximat e location 

of the key study reach locations and also the once-through 

cooling capacity of each reach of the stream o 

The most probable legal problems that wi l l be en­

countered in once-through cooling will be the problems of 

thermal effluent standards o As the laws are now written 

it would be very unlikely that a nuclear power plant wi th 

generating capacity of more than 500 MWe employing once­

through . cooling could . ever be brough on line i f natural 

streamflows are used for cooling o The only real chance 
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for once- through cooing in t he s ~ a e would c ome wi t h 

relaxation of t he s ate ' s hermal eff l uent s wandards and 

the E .P oAu gu i del i nes on steam-powe r p l ant operation o 
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The next convent ' onal c oo l i ng system hat will be 

covered in this i n vest · gation wi ll be t he closed c yc l e 

cooling systems o These s ys t ems inclu de evaporative c ool i ng 

towers , spray coo ling p onds and ordi nary cooling p onds o The 

quanti t y of water available from a natural stream for c on­

sumpt ive use n a c losed c ycle cooling system was assumed 

to be 1/10 of t he 7-day 10-yr o a verage l ow flow o This 

criteria is t he same as t hat used i n o t her siting studi es 

(Dames and Moore, 1973 ) " In tal k i ng wi t h Mr . Wes t of Dames 

and Moore he stated that the use of the 1 / 1 0 of t he 7-day 

10-yr o average low flow as a r ule of thumb for use in power 

plant sit i ng has e vo l ved t hrough t heir many y~ars of exper­

ience i n maki ng power p l ant siting s t u d ies " Because of the 

limited resources and time of the study it is felt that 

using t h i s rule of thumb cr ." teria ~ t hat has been used by 

others, is v alid for a general water a vai l abil i ty s t udy o 

When more detai led a nalysis i s made of speci f "c sites , it 

wil l be poss i b le to further refine t h i s crite r i a wi th b io­

logical and other s tud ies o 

Va lues of quantit i es o f water availab le for closed 

cycle cool i ng for t he key study locations i n streams of the 

state are shown in Table 2 o These v alues were o b tained sim­

p l y by t aking 1 /1 0 o f t he v alues found i n t h e once-through 



TABLE 2 

AVAILABILITY OF COOLING WATER FOR EVAPORAT I VE COOLING SYSTEMS 

SIZE OF POWER PLANT 
l/10 IN MWe ASSUMING 

7-DAY 10-YR o 7-DAY 10-YR o EVAPORATIVE COOLING 
STREAM LOCATION AVERAGE LOW FLOW AVERAGE LOW FLOW TOWERS* PONDS** 

c fs cfs 

Snake Ki ng Hi ll 5880 588 20,000 33 , 000 

Snake We i ser 7300 730 24,000 40 ?500 

Salmon Sal mon 600 60 2 , 000 3 , 000 

Sal mon White Bi rd 2400 240 8,000 13 , 000 

Cl earwat e r Or of i no 680 68 2 , 000 4 , 000 

Coeur d ' Al ene Cat a l do 230 23 800 1, 000 

Pend Or i e lle Al ben i Fall s 1 000 100 3,300 5 , 500 

Kootenai Bonners Ferry 2159 2 16 7 , 000 12 , 000 

* Power p l ant size taken from Fi gur e 

**Power p l ant s i ze t aken from Fi gure 
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cooling studies. The values of power plant capacity that 

each stream could support was obtained by dividing the amount 

of water available for consumptive use by the quantity of 

water required for the different closed cycle systems per 

MWe of power plant output . The consumptive requirements 

for the different types of closed systems are shown in 

Figure 9 and Figure 10 . Figures 19 and 20 show the loca­

tion and approximate closed cycle cooling capacity of the 

various key study reaches that were investigat ed o 

A special case of the cooling pond would be the use 

of a natural lake or an already existing reservoir as a 

cooling source o This is not too likely in view of Idaho's 

thermal effluent standards and the E oP oAo guidelines on 

steam power plant generation, but if these critierion 

were relaxed there are several large reservoirs where this 

type of cooling could be employed . Pend Ore i lle Lake , 

Coeur d ' Alene Lake, Cascade Reservoir and Dworshak Res­

ervoir are all likely candidates for this type of cooling 

system o There is water available in all of these reser­

voirs to offset the losses due to increased evaporation 

caused by t he power plant heat load . These increased con­

sumptive losses would reduce the hydroelect r ic power out­

put of the downstream dams o Coeur d'Alene Lake would also 

present some special problems because of the issue of 

Indian claims to rights to the waters of the Lake o 
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Another possible source of water for evaporative 

cooling systems is water that would be saved if existing 

irrigation practices were made more efficient o Studies 

done by the UoS o Soil Conservation Service show that 
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annual savings of 116 ~ 600 acre feet of water could be made 

in the area irrigated from the Henrys Fork River upstream 

of its confluence with the Snake River (McArthur, 1974). 

If this water were managed appropriately by upstream stor­

age it would mean that a continuous supply of 159 cfs 

would be available for some other use o This would be 

enough water to supply a 5300 MWe plant which was cooled 

by evaporative cooling towers. McArthur ' s study further 

shows that 1,282,800 acre feet of water is available through 

increased efficiencies in application and conveyance in 

irrigation of those lands irrigated from diversions from 

the reach of the Snake River from American Falls Reservoir 

to Milner Reservoir o Again if proper upptream management 

facilities were available and properly operated this volume 

of water would amount to approximately 1757 cfs o This is 

enough water to supply evaporative cooling water for plants 

t o t alling 59 , 000 MWe in capacity and once-through cooling 

water for a 1200 MWe plant o 

One problem with consumptively using this saved 

water is that water used in this manner woul d not have 

the chance of entering the Snake River aquifer or re­

turning to the Snake River as it normally would if it 



were being used in the present irrigation system o This 

reduced recharge could ultimately have the effect of 

reducing the fl~ws of Thousand Springs and possibly re­

ducing groundwater levels in the Snake River aquifer. 

Even if irrigation water savings could be accomplished 

there is still no guarantee that all or even part of the 

saved water could be used for cooling purposes o There 
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will be a keen competition for this water o Land developers 

and industrial water users will be interested in any new 

water sources that are made available o Under the present 

water law system there is no incentive for irrigation 

districts to conserve water o It appears that if conser­

vation measures are to be implemented, those desiring to 

use the saved water will have to bear the burden of the 

cost of the water saving measures o It will then become a 

question of economics as to which prospective user will 

be able to justify his purchase of saved water o 



SUPPLIES OF COOLING WATER FOR 
URANIUM ENRICHMENT FACILITIES 

In e valuat ing the availability of water for an 

enr i chment facility it was assumed that any water avail-

able for evaporative tower cooling of power plants would 

also be ava i lable for cooling of a uranium enrichment 

faci lity . Al l the sites listed in Table 2 except the 

Coeur d YAlene River at Cataldo site have adequate cooling 

water for a 8750 metric ton SWU plant . If a gaseous dif-

fusion plant were constructed in the state it would prob-

ably be necessary to construct a power plant to supply 

all or part of the huge power requirements of the enrich-

men t plant . The possibility of an enrichment plant and 

power plant bui lt at the same site is an alternative that 

mi ght be considered . If both plants were cooled using 

evaporative coo l ing the total consumptive use requirements 

would be approximately 120 cfs . This assumes a 8750 metric 

t on SWU gaseous diffusion plant and a 2500 MWe nuclear 

power p l ant o Cooling for such a combined plant would be 

available at the King Hill and Weiser key study reaches 

on t he Snake River , Salmon River at White Bird, the Pend 

Orielle River at Albeni Falls and the Kootenai a t Bonners 

Ferry . Dat a on water availability for cooling at these 

points are shown on Table 2 . 



SUPPLIES OF COOLING WATER FOR 
URANIUM ENRICHMENT FACILITIES 

In evaluating the availability of water for an 

enrichment facility it was assumed that any water avail-

able for evaporative tower cooling of power plants would 

also be available for cooling of a uranium enrichment 

facility o All the sites listed in Table 2 except the 

Coeur d vAlene River at Cataldo site have adequate cooling 

water for a 8750 metric ton SWU plant o If a gaseous dif-

fusion plant were constructed in the state it would prob-

ably be necessary to construct a power plant to supply 

all or part of the huge power requirements of the enrich-

ment plant o The possibility of an enrichment plant and 

power plant bui lt at the same site is an alternative that 

might be considered o If both plants were cooled using 

evaporative cooling the total consumptive use requirements 

would be approximately 120 cfso This assumes a 8750 metric 

ton SWU gaseous diffusion plant and a 2500 MWe nuclear 

power p l ant o Cooling for such a combined plant ·would be 

available at the King Hill and Weiser key study reaches 

on t he Snake River , Salmon River at White Bird, the Pend 

Orielle River at Albeni Falls and the Kootenai at Bonners 

Ferry o Data on water availability for cooling at these 

points are shown on Table 2. 



SUPPLIES OF COOLING WATER FOR 
GEOTHERMAL POWER PRODUCTION 

Any water supply that was found to be available for 

cooling of nuclear plants would also be available for use 

in geothermal power production. The quantities of water 

required for geothermal power production will be 2 to 3 

times greater than that required for a nuclear power plant 

with the same power output, but the geothermal power plant 

output at each site would generally be less than that at 

a single nuclear power station. Determination of actual 

cooling capacity of the available water supply will depend 

on complete exploration of each geothermal field . One 

problem that must be faced in geothermal power production 

is the fact that many of the promising geothermal areas 

are at fairly great distances from adequate supplies of 

cooling water . This consideration may adversely affect 

the economics of geothermal power production . Environ-

mental problems such as air pollution, groundwater con-

tamination and land subsidence must also be solved before 

geothermal power production can become a practical energy 

source in Idaho . 



WATER AVAILAB ILI TY FOR UNCONVENTIONAL 
COOL I NG SYSTEMS 

The first uncon vent i onal use scheme t hat will be 

d iscussed i s t he use of existing or p l anned irrigation 

c anals as cooling canals o This sys t em woul d i nvolve di-

version of al l o r p art of t he canal flow t hrough the con-

densers o f t he p ower plant o Af t er t he fl ow has passed 

t hrough t he condensers it -would b e returned d irectly to 

t h e c anal o The c anal d ischar ge requirement t hat was 

used i n t he study was a minimum of l a5 cfs per MWe output 

of t he power p l an t o At t h i s flow rate t he t emperature 

rise of the wat er go i ng t hrough t he c ondenser would be 

20° F o It was felt t hat the l o5 cfs per MWe of power plant 

output would be adequate f o r a preliminary water supply 

s t udy for this type of cooling sys t em o 

The first group of canals t hat were considered 

were t he North Side Twi n Fal l s Canal ~ Milner Gooding Canal 

and Sout h S i de Twin Fal l s Canal o The h i storical del iveries 

of e a c h of t he three canals were e valuated separat ely as 

to avail ability of water t o accomodat e a power plant 

emp loy i ng once-through cooling us i ng the criteri a dis-

· cussed above o Next t he combination of t he No rth Side Twi n 

Falls and Mi l ner Goo ding Canals and t h e c ombi nat i on of a ll 

three c anal systems were e valuated o 

Dat a c ompiled by the S aC oS o was used in deter mining 

t he quantities of water availabl e in t he various canal 
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systems (McArthur, 1974). This study contained data on 

present use of water in the systems and projected use if 

increases in application efficiencies were made and more 

efficient conveyance systems were used. Operation studies 

were performed on each of the canals and the canal combin­

ations discussed above. Each canal system was evaluated as 

to its capability to support various size power plants. If 

water presently used in the system was in excess to that 

which McArthur had determined was necessary and in excess 

to that required for the particular size power plant under 

study, it was assumed that this water could be switched
1 
to 

another time period. This other time period would be when 

the presently used amount was less than that required for 

power plant cooling. In each case it was deteTmined whether 

there would be an excess or deficit of total water needed 

for cooling for each particular sized power plant . A 

sample of these computations is~shown in Table 3 . Units 

of flow volumes involved were all measured in thousands 

of acre feet . A 1000 MWe nuclear power plant operating 

with a 20°F temperature rise through the condenser would 

be expected to use 89 thousand acre feet per month . Water 

requirements for other size plants were assumed to be di­

rectly proportional to the plant power output . 

Another source of cooling water for the three canal 

systems is the flow of water that passes Mi lner Dam i n the 

winter season. The minimum flows of record passing Milner 
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TABLE 3 

COMPUTATI ON OF WATER AVAILAB ILITY FOR CANAL 
COOLING US I NG COMBINED FLOWS OF MILNER , 

GOOD I NG AND NORTH SI DE TWIN FALLS CANALS 

MO,NTH 

NOV o 

JAN o 

FEB o 

MAR o 

APR o 

MAY 

JUNE 

JULY 

(Uni ts are i n t housands of acre feet) 

POWER 
PLANT 

PRESENT* FUTURE * REQU I REMENT DEFICIT 

89 o4 77 o9 89 QO 

27 o2 00 89 6 l o8 

00 00 89 89 

00 00 89 89 

00 00 89 89 

00 00 89 89 

TOTAL 4 17 o8 

TOTAL REQUIRED FROM OT~ER SOURCES 

417o 8 - 22l o5 = 196 o3 thousand acre feet 

*Data from s tudy by Ro McArthur ~ 1974 o 

AVAILABLE 
TO BE. 

SWITCHED 

00 

00 

00 

00 

00 

22l o5 
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Dam adjusted to the 1970 level of development were taken 

from studies by the Idaho Department of Water Resources. 

These flows were summed and it was found that they amounted 

to a total of 131.7 thousand acre feet for the period from 

October to March. It was assumed that these flows could 

be used to supplement the flows in the canals in the winter 

period when the total flows were not enough to support a 

given size power plant. The final results of the once­

through cooling studies are shown on Table 4. 

Even when the Milner flows were used to supplement 

the canal flows there was · a deficit of water in some of 

the studies. This water could be supplied from savings in 

water from various upstream irrigation projects. It is 

recognized that a portion of the water that could be saved 

is already reentering the Snake ~iver before the -diversion 

for the three canals under study. But because of the huge 

volume of water that could be saved it is felt that if there 

is enough upstream storage available and if this storage is 

managed properly enough water could be saved for use in 

power plant cooling using all or parts of these canal systems. 

Another problem that will have to be overcome is 

the wintertime capacity of the canal systems. Since there 

will be little agricultural consumptive use of the flows 

in the winter months, the quantity of water delivered to 

the waste ways and downstream canals will be greatly 



TABLE 4 

WATER AVAILABILITY FOR CANAL COOLING ON 
TWIN FALLS SOUTH SIDE, MILNER GOODING 

AND NORTH SIDE TWIN FALLS CANALS 

(Units are thousands of acre feet) 

TWIN FALLS SOUTH SIDE CANAL 

a o 1000 MWe Plant 293 o5 deficit 
using flows passing Milner 161,9 deficit 

b o 500 MWe Plant 48 defic i t 
using flows passing Milner 83 o7 excess 

MILNER GOODING CANAL 

a o 1000 MWe Plant 597 o4 deficit 
using flows passing Milner 465 o7 deficit 

b o 500 MWe Pl ant 196o5 deficit 
using flows passing Milner 64 o8 deficit 

NORTH SIDE TWIN FALLS CANAL 

a o 1000 MWe Plant 3ll o3 deficit 
us i ng flows passing Milner 179 o6 deficit 

b o 500 MWe Plant 42 ol deficit 
using flows passing Milner 89 o6 excess 

COMBINED MILNER GOODING AND NORTH SIDE TWIN CANAL 

a o 1000 MWe Plant 196 o3 deficit 
using flows passing Milner 64 o6 deficit 

b . 500 MWe Plant 39 o3 excess 

COMBINED MILNER GOODING 2 NORTH SIDE TWIN FALLS AND SOUTH 
SIDE TWIN FALLS CANALS 

a o 1500 MWe Plant 230 o2 deficit 
us i ng flows pass i ng Milner 98 o5 deficit 

b o 1000 MWe Plant 7 o7 deficit 
using flows passing Milner 124 o0 excess 

68 
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increased o The availability of adequately sized waste ways 

and downstream canals to handle the larger wi nter time flows 

will have to be i nvestigated o If required capacities are 

not available then enlargement of the existing system and 

possible new construction may be required o Another possi­

bility i s to use a reservoir to store flows t hat can't be 

adequately handled by the existing waste way syst e~ o Water 

stored there could be put to other use on new o r ex i sting 

irrigation projects or wasted to the Snake River a t a 

slower uniform rate for the entire year o In years past 

there was a certain amount of flow passing t hrough . the 

canal systems i n the winter for stock watering purposes o 

This pract i ce has c eased since the const ruct i on of the 

Palisades project because the winter f l ows t hat were passed 

down the canal system are now used in f illing Palisades 

Reservoir (U oS o Bureau of Reclamation , 1968) o In order to 

reestabl i sh wint er time flows in canals for power plant 

cooling purposes , operating procedures and agreements might 

have to be re-negotiated o In order to do this; operation 

studies of t he whole system would have to be made to deter­

mine the feas i b i li y of this type of oper ation and that is 

beyond t he scope of this study . Figure 21 shows the location 

of t he proposed power plant and cooling canals for this cool­

ing scheme o 

Ano t her unconventional use scheme that was considered 

was the replacement of some of the canals i n the irrigated 
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area below Heise o In this plan one large diversion would 

be made from the Snake River above Heise o After the diver­

sion the water would be passed through a power plant and then 

into closed conduits which would conduct the heated water to 

the irrigation projectso Figure 22 shows the approximate 

location of the proposed project o Because of :the high 

elevation of the point of diversion and the fact that closed 

conduits are used, it would be possible to deliver the water 

under pressure o This pressurized water could then be used 

in sprinkler applications if desired o Another aspect of 

this project is the fact that the closed conduits would 

retain much of the heat that was added to the water at the 

power plant o There is the possibility of using this heated 

water in soil warming applications on farms serviced by t he 

system o If the economics of using pressure conduits on this 

project proved unfavorable it would be poss i ble to construct 

new canals in place of the pipelines o 

Summer time flows in the canal system would be suf­

ficient to support a 1000 MWe power plant using once-

through cooling o Winter flows are lower in all of the canal 

systems so water would have to be made available through 

additional diversion of Snake River flows o There seems to 

be sufficient flows in the Snake River above Heise in the 

winter to supply the necessary cooling requirements o These 

winter flows would not be lost from the system, only rerouted 

through the new conduit or canal and later re i ntroduced to 
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the river after sufficient cooling had taken place . This 

project would probably face the same winter time capacity 

problems as the previous canal use scheme . Waste ways and 

downstream canals might have to be enlarged in order to 

accomodate the larger flows that would occur in the w~nter 

months . 

73 

Another canal system that was given consideration 

for use as a cooling canal is the Boise canal system . In 

this scheme, once-through cooling water would be diverted 

from the New York Canal just after it leaves the Boise 

River . After passing through the power plant condensers, 

the water would be returned to the canal system for cooli.ng 

and delivery to the farms . If a 1000 MWe nuclear plant 

were used in this plan, there would be a maximum annual 

shortage of cooling water of 397,000 acre feet . Part of 

th i s water shortage could be made up by purchasing uncon­

tracted water that is available in Lucky Peak Reservoir. 

This unc ontracted storage amounts to 110,000 acre feet 

(Warn i ck, C . C . , Brockway, C . E . , 1974) . Other sources for 

the water deficiency might be new storage projects on the 

Boise system and also water designated as transfers from 

the Paye t te River system for the Southwes t Idaho Develop­

ment Projec t could be an alternative source fo r th i s de­

ficiency (U . S . Bureau of Reclamation, 1966) . 

Winter time capacity of the Boise canal system would 

probably be insufficient if 1000 MWe of cooling capacity 
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was desired o This system does have an advantage in that 

there is a capability of transferring water through the 

system to Lake Lowell, but additional wintertime capacity 

would have to be obtained through enlargement of downstream 

canals and waste ways o The most serious problem that this 

scheme would face is that of population proximity o Under 

current AoE oCo safety regulations construction of a power 

plant a t or near the present Boise River diversion would 

be impossible because of the high population dens i ty of the 

area . 

The final canal cooling project that was considered 

is one at Black Canyon Reservoir on the Payette River o In 

this scheme a new cooling canal would be constructed that 

would extend from the upstream end of the reservoir to the 

dam as shown in Figure 23 o Once-through cooling water 

would be d i verted from thePayetteRiver through the power 

plant and down the new canal to the dam e The water would 

be returned to the river either just below or just above 

the dam or allowed to flow down Black Canyon Canal or any 

combination of the three possibilities o The course the 

water would take at the downstream end of the cooling 

canal would depend on flows in the Black Canyon Canal , 

the temperature of the water at the downstream end of the 

canal, storage in Black Canyon Reservoir and the quantity 

of flow passing Black Canyon Dam e 

.. : 



Figure 23 

Black Canyon Reservoir Bypass Cooling Canal "'~ 
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Evaluation of the available flows in the Payette 

River and in the Black Canyon Canal from normal irrigation 

operation show a maximum annual deficiency of cooling water 

for a 1000 MWe plant of about 209,000 acre feet . 

This deficiency would have to be made up by using 

space i n upstream storage projects such as Deadwood Reservoir 

or Cascade Reservoir o At present Cascade Reservoir has 

378 ~ 312 acre feet of uncontracted storage that possibly 

could be made available for cooling use (Alan Robertson, 

1975) o 

The next unconventional cooling scheme that will be 

investigated is the use of one or both of the reservoirs 

involved in a pumped storage plant as cooling reservoirs o 

Any water that was found available for use in cooling pond 

systems would be available to make up for increased evapo­

rative losses i ncurred if a pumped storage reservoir were 

used as a cooling reservoir o Table 2 lists the amounts 

availabl e for pond cooling and the approxi mate location of 

that water in t he system o 

The Investigations Division of the Idaho Water 

Resources Board has made a study of the pumped storage 

potential i n subregion 5 in Idaho as designated by the 

Columb i a-Nor t h Pacific Region Comprehensive Study (Mellin, 

1974) o This study was a map reconnai sance i nvestigation 

and the results were a listing of 40 potential pumped 

storage sites in or near subregion 5 o Reservo ir location, 



potential head and other information is listed in this 

study o 

Several of the sites show good promise for use in 

this cooling scheme o Two sites near the King Hill study 

reach seem to have very good possibilities o These are the 

Sinker Creek Butte and Rabbit Creek sites o The upper 

reservoirs have the areas required to cool nuclear power 

plants in the 1000 MWe rangeo The cooling pond studies 

that were described early in this investigation show that 

there is adequate water in the Snake River to supply the 

make up water required if the upper reservoirs of these 

two pumped storage projects were used as cooling reser­

voirs o 

There are several possible pumped storage sites 
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using Cascade Reservoir as the lower reservoir o If the 

upper reservoirs at these sites were used for cooling reser­

voirs the plant size would probably be restricted to less 

than 1000 MWe because of the small size of the upper reser­

voirs o If Cascade Reservoir was used as the cooling reser­

voir a 1000 MWe plant could easily be accomodated . Using 

Cascade Reservoir for cooling purposes would require changes 

in both Idaho water quality standards and the EPA power 

plant guidelines . No matter which reservoirs were used for 

cooling at least part of the consumptive loss water would 

probably have to be obtained by purchase of existing uncon­

tracted storage in Cascade Reservoir o 
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Another favorable pumped storage site is the combin­

ation of Anderson Ranch and Little Camas Reservoirs . If 

either the upper or lower reservoir were used for cooling, 

a change in the state and EPA water quality standards would 

again be required . The streamflows in this area were not 

surveyed to see if cooling make up water requirements could 

be met by normal streamflows . It is considered that if 

streamflows are not sufficient, additional make up water 

could be taken from the portion of the uncontracted storage 

in Lucky Peak Reservoir that originate upstream of Anderson 

Ranch Dam . This site could easily accomodate a 1000 MWe 

plant at either reservoir . 

The North Pacific Division of the U. S . Army Corps of 

Engineers is in the process of making a pumped storage poten­

tial study for the entire State of Idaho (Bruton, 1974) . 

This study will undoubtedly uncover other pumped storage 

sites that will have a good potential for use in pumped 

storage cooling reservoir schemes . 

The use of heated water from a power plant in indus­

trial application and in space heating is probably not too 

likely on a large scale in Idaho under present conditions . 

It is possible that new industries might come into the 

state which could use more waste heat, but probably most 

power plants would still have to rely on a back up conven­

tional cooling system even if these kinds of waste heat 

uses were incorporated into the total cooling scheme . 
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Because of these required conventional cooling back up systems 

the siting would probably still be confined to the areas 

already defined as good siting areas in early parts of the 

study o 

The energy park concept where large users of power 

and waste heat would be concentrated in one area is an idea 

that has been mentioned for Idaho o Even with this concept 

there would still pro~ably be a need for some type of auxil­

iary cooling such .as cooling towers or ponds o This require­

ment would indicate that some make up wat er will still be ' 

needed o If agricultural development is planned into the 

energy park system , there will be further requirements for 

water o It is considered that without extensive economic 

studies it would be hard to predict the total water require­

ments for an energy park system o Water which was found 

available for other cooling methods would be available for 

an energy park system o If there are fairly large water 

requirements for the energy park it would probably be more 

likely to be sited in the Snake Basin in the area downstream 

from where Thousand Springs flows into the Snake River o 

The use of groundwater as a source for the con­

sumpti.vely used water in energy facilities has also been 

investigated o The Snake Plain Aquifer is probably the most 

likely source of this groundwater supply in the state o This 

aquifer i s capable of providing ample amounts of cooling 

water without adversely affecting water table elevations 



or spring flows . However, certain specific areas offer 

greater potential and would cause smaller d i sruptions in 

the normal flow pat tern . 
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Figure 24 shows the general boundaries of the aquifer 

and the irrigated areas on the plain e A majority of the 

recharge is derived from irrigation. 

Two major factors need to be evaluated when cons i der­

ing groundwater as a cooling source . First is the aquifer 

potential water transfer capability and second i s the poten­

tial effect on aquifer discharge and water table o The water 

transfer capability is measured by the transmissivity prop­

erty which is the product of the Hydraulic conduct ivity (KH) 

times the aquifer thickness . For the basalts of the Snake 

Plain Aquifer, these values vary from Oo2 to 20 million 

square feet per day. High transmissivity occurs in an area 

from Rupert north to the Craters of the Moon , north and 

east of American Falls Reservoir and in the area between 

Idaho Falls and Mud Lake o Transmissivit i es in the west end 

of the aquifer near Jerome and Shoshone are generally lower 

than in the eastern part . 

Locations of large pumping facilities adjacent to 

major spring areas could be detrimental to exi sting devel­

opments on the springs such as commercial fish facilities 

and recreation sites . Therefore, potential locations of 

major pumping in the part of the aquifer west of Burley are 

probably not feas i ble o Also major development at short 
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distances north and northeast of American Falls Reservoir 

offer less potential . 
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In evaluating the expected net effect of major 

groundwater pumping for cooling purposes, the total quan­

tities of water involved should be examined o For instance, 

the total flow of the western springs (Milner to King Hill) 

is 4 . 9 million acre feet annually and the total annual out­

flow from the aquifer in the American Falls reach (Blackfoot 

to Neeley) is l ol million acre feet. A major pumping facil­

ity to serve a 6000 megawatt nuclear generating plant may 

require 150 cfs or 108,400 acre feet per year for cooling 

purposes. This quantity represents only about 2 percent 

of the total spring outflow from the basin so that unless 

the pumping is performed at short distances from the spring 

outlets detection of the diminished flow may not be possible . 

The Idaho Department of Water Resources has performed 

some preliminary tests using an aquifer model to determine 

the effect on spring flows due to pumping or decreased 

recharge in specific areas of the plains . Remov al of 200,000 

acre feet per year (277 cfs) in the Rigby-St . Anthony area 

caused a decrease in annual flow of the springs in the 

American Falls area of 7 percent and a decrease in the 

western springs of . 01 percent. 

A removal of 300 cfs distributed over irrigated lands 

from Minidoka to King Hill plus 400 cfs removal in the St . 

Anthony area caused a 4 . 7 percent reduction i n Thousand 



Spring flows and a 5 o8 percent reduction in American Falls 

springs o 

It is l i kely therefore that pumping of 150 cfs or 

less from several areas in the aquifer would be possible 

without adversel~ affecting spring flows o The area in the 

north central part of the plain near the Idaho National 

Engineering Laboratory has generally lower transmissivity 

than many other areas in the aquifer o The areas in which 

aquifer conditions are most favorable and where pumping of 

150 cfs or less would have the least impact on the spring 

flows are shown on Figure 24 o 
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Any potential locations will require in depth geo­

logic and hydrologic studies to determine optimum well 

spacing and pumping rates to avoid interference o Some wells 

in the eastern part of t he plain have been tested at 6-10 

cfs with negligible drawdown o The above i nformation on 

water availability in the Snake Plain Aquifer was obtained 

through conversations and correspondence with Professor 

Charles Brockway of t he University of Idaho o Professor 

Brockway has been involved with many studies concerning 

this aquifer and is very familiar with the physical para­

meters that determi ne the flow characteristics of the 

aquifer o 



SUMMARY AND CONCLUSION 

The general outlook for suppl ies o f cooling water 

for all t ypes of cool i ng systems for nuclear power plants, 

geothermal power plants and uranium enrichment facilities 

appears very favorable o As can be seen on Table 2 and 

Figures 19 and 20 t here i s a large supply of cool i ng water 

for evaporative cooling towers and cooling ponds o There is 

also a supply of water that could be available for once-

through cooling i f the laws or regulations prohib i ting 

stream temperature i ncreases on t hat type of cooling were 

relaxed o These supplies are shown on Table l and Figures 

17 and l8 o The possib i l ity of us i ng groundwater as make 

up water in closed cycle cool i ng systems has very good 

possibilities o The Snake River aqui fer has excellent supply 

potent i al for water used for t h i s purpose " The more pro-

mising aqui fe r supply sites are shown on F i gure 24 . 

There a r e also many poss i b ilities o f using uncon-

ventional cooling schemes for cool i ng power plants o These 

schemes include such possibilit i es as use of irrigation 

canals as cooling canals ~ c omb i n i ng nuclear power plants 

and pump e d storage facilit ies and the use of waste heat from 

a thermal power plant to stimula e agr i cul t ural production o 

Table 4 and Figures 21, 22 and 23 show water availabili t y 

for and location of several c anal cooling s c hemes o Several 

combined pumped storage-nuclear power plant sites are listed 
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in the section on unconventional cooling schemes o 

The possibility of a combined nuclear power plant and 

uranium enrichment facility appears promising from a water 

supply standpoint o There are 5 sites in the state where 

presently there is enough water to supply the needs for 

a 8750 metric ton SWU gaseous diffussion enrichment plant 

and a nuclear power plant to supply its required power load o 

These sites are indicated in the section on uranium enrich­

ment facilities o 

The outlook for cooling water for geothermal plants 

is favorable also because any water that i s available for 

cooling of power plants would be available for cooling of 

geothermal power plants o The biggest problem that will be 

encountered is getting the available cooling water supplies 

to the geothermal areas o It will be hard to get a clear 

picture of the water supply problems for geothermal power 

production until adequate exploration has been accomplished 

to delineate the most promising geothermal power areas and 

to determine the quantity and quality of heated effluent 

that will be encountered in these areas o 

The water required for the various cooling methods 

will come under the jurisdiction of the wat er rights laws 

and water quality standards of the state o Under the present 

water rights laws, there seems to be little problem in 

making an appropriation of water to the use of power plant 

cooling o The beneficial use classification of the water 



would probably be considered as industrial and the appro­

priations would have all the same rights as any other 

industrial use in the state. Changing of an established 

appropriation such as one made to irrigation to power 

plant cooling also seems entirely possible o Although 

there are not many legal precedents in Idaho on this type 

of case, experts in the field agree that this type of 

water rights transaction could take place o 
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The state thermal effluent standards could have a 

very limiting effect on the possibility of once-through 

cooling of power plants in Idaho . These standards allow 

such a small increase in water temperature of the receiving 

body that flow rates of . the quantities required for once­

through cooling would almost be impossible to f i nd in the 

natural streams of the state . Under the letter of the law, 

private cooling ponds and the use of irrigation canals as 

cooling systems would come under the jurisdiction of the 

thermal effluent standards, but indications are that these 

types of systems will not be forced to comply with the 

regulations if these cooling systems do not present any 

problems to existing water users or to the water quality 

of the natural streams of the state o 

The Environmental Protection Agency has issued a 

new set of standards for steam-electric power plants o 

These standards call for an end to the use of once-through 

cooling as a possible source of cooling for new steam-
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electr i c power plants o If once- t hrough cool i ng is to be 

used by a steam-e l e ct r i c power plant ext ens i ve pre-construc­

tion studies woul d have to be made t o prov e t o the satis­

faction of the Admi nis t rat or of the Envi ronmen t al Protection 

Agency that the use of once- t hrough cooling would not en­

danger the ecosy~t ems of t he receiving body o Geot hermal 

power production , al t hough not very far along in its 

development , seems t o be on a strong and protec tive legal 

base i n t he stat e o The Idaho Geothermal Act i s a start in 

the right d i rection in t he proper development- of t he geo­

thermal resources of the stat e o In order to maintai n this 

direction of development , a c lose liason wil l be required 

bet~een t he geothermal develope r s and researchers and the 

Department of Wat er Resources o 

Al t hough no t tied d i rect ly to thermal power production, 

i rrigat ion use of wat er has an effect on almost every t ype 

of wat er use i n the s t a t e o It has .been shown that there 

are places i n -he s t ate where i rr i gation use of. wat er i s 

greater t han ne ed be for good crop pro duction o The writer 

cont ends that t he re is wisdom i n changi ng t he State Con­

stit u t ion and s t a t e laws t o provide legal i ncent i ves for 

farmers to use more e f f icient i r rigat i on practices o These 

changes would be slow t o come and very hard fough t bec ause 

of t he St a t e Const itution and s t atuatory law obstructions 

and bec ause of the resistance of t he farmers to c hanges in 

their i rr i gation practices o If these c hanges were made 



large amount s o f water woul d be made available for other 

uses includi ng t hermal power product i on . 

Ano t her poss i ble affec t on cooling wat e r suppl i es 

wil l be the expans i on o f exist i ng water u s i ng i ndu s t ries 
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and the poss i b l e i n t roduct ion of new i ndust r i es t hat con­

s ume wat er . Bo h of hese would hav e t he ef fec o f reduc i ng 

t he supplies of wat er that were p r edi c t ed as be i ng a v a i lable 

for coo l i ng purpose s . 

Anot her poss i ble affec t on cooling wat e r supply is 

t he possibili y o f t h e s t ate apply i ng f or wate r right s for 

mi n i mum f lows in t he s t ream; or for o t her public uses . 

This would i n effect reduce t he wat er a v a i lable f o r any 

o t her uses . 

Under t he present thermal effluent l aws t her e are 

vir t ual l y no si t es a v a ilable for t hermal p l an t s us i ng once­

t h r ough c ooling . Thi s i n itself has a n e f fect on t he c oo l ­

i ng wat e r supp y system . Once- t hrough c oo ling does not 

c onsume as muc h w·ater as closed e v aporative s ys ems so 

app l y i ng exi s ting s t andards has the e f f ect of r educing 

tot a l coo l ing wate r supplies . Poss i b l y hese st andards 

could be change d . The s t andards are r e latively new and 

perhaps a f t er s u dyi ng he t her mal ef fluent p rob l em i n 

greater det ail ~ t hese s t andards will be relaxed ~ Thi s 

would i n effe ct r educe tot al consumptive u s e a nd make 

a v a ilab l e wa er f o r o t her uses . Changi ng hese s t andards 

would not on l y re~u · . re s t a t e a ct i on but wou l d a l so requi re 
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changes by the Environmental Pro t ection Agency o These 

changes would probably be hard fought and slow in coming o 

Idaho is quickly running out of new power sources o 

Trends show that Idaho has become more and more reliant on 

its ne i ghbor i ng states for electric power (Verl G. King , 

1974) o The Idaho Water Resources Board lists in The 

Objectives, Part I of the State Water Plan, dated June 1974, 

an objective concerning electric energy o This objective 

i s written on page 17 as follows : 

The Idaho Water Resource Board adopts as a 
planning objective , a reduction in the reliance 
upon import ed electric power o To achieve this 
objective, the state water resource policy is to 
promote and encourage those projects and pro­
grams which provide for the development of new 
electrical energy and more efficient use of 
exis t ing energy sources o 

If this objective is to be carried out , Idaho mus t start 

producing more electric power o Most of the more favorable 

hydroelectric power s it es in the state have been developed 

and many of those po t ential sites that aren ' t producing 

electricity are i n s cenic or wi lderness areas where public 

opposition to construction of hydro power developments is 

great o This leaves t he state one alternative to change 

the power supply trends of the past e This alternative is 

thermal power o 

In the course of this investigation, it has become 

apparent that presently there appears to be a lack in the 

planning of state agencies of a program to plan and oversee 
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the development of thermal power in the state . Idaho Power 

Company is already planning to construct a thermal power 

plant in the state, so this type of power development is 

not far in the future . The State of Washington , which 

already has operating thermal power plants, has established 

a Thermal Power Plant Site Evaluation Council . This coun­

cil accepts applications from power developers and makes 

recommendations to the Governor of that state on the 

acceptability of the development which is seeking certi­

fication for construction . The writer suggests that Idaho 

should have a similar council with similar duties . 

There is also a need for further planning in the 

area of thermal power plant siting. It is the writers 

understanding, through conversations with Mr . Steve Allred 

of the Department of Water Resources, that a planning pro­

gram is being organized whose function will be thermal 

power plant siting . In order for this organization to 

provide adequate planning, a multidisciplinary look at 

power plant planning will have to be made . Water supply, 

legal aspects, electric loads, environmental concerns, 

transmission costs and social aspects are just a few of the 

problem variables that must be input into this type of 

planning effort . The sooner this type of planning effort 

could be initiated the better Idaho would be able to plan 

for the required new thermal power plants in the state . 



CITED REFERENCES 

Allred ~ S. Idaho State Department of Water Resources o 
8 March 19740 Personal conversationo 

Battelle Northwest. 1967. 
Northwest (for BPA)o" 

"Nuclear Power Plant Siting in 
Richland , _Washingtono 

Beard ~ Leo R. January 1962. "Statistical Methods in Hydro­
logy. n U.S. ·Army Engineer District » Corps of Engineers o 
Sacramento , California o 

Benedict , Mason and Ri gford , Thomas H. 1957 0 "Nuclear 
Chemical Engineeringo " McGraw-Hill o 

Bruton , 0 . . North Pacific bivision ~ UoSo Army Corps of 
Engineers. 19740 Personal conversation. 

Columbia River Water Management Groupo 1973. vvProvi sional 
Report on Mod i fied Flows at Selected Sites 1928 to 1968 c 
for the 1970 -Level of Development Columbia River and 
Coastal Basins. " 

Cromwell ~ J.F. 1935. nResearch in Idaho Water Lawo " Law 
School University of Idaho , Moscow , Idaho. 

Dallaire ~ Gene. December 1974. nThermal Power Plants ~ 
Key Problems ~ Trendso " Civil Engineering ~ Volo 44 , 
No. 12. 

Dames and Moore. 1973. npacific Northwest Regional Nuclear 
Power Plant Siting Study for the Public Power Councilo u 
Seattle , Washington , April 13 , 1973. 

Dewsnup , R.L. , D.W. Jense and R.W. Swensen. May 19730 nA 
Summary Digest of State Water Laws. n National Water 
Commission. · · Arlington ~ Virginia 

Diamant , R.M.E. 19700 "Total Energy. " Page Brose , (Nor­
wi ch) Ltd. J -Oxford. 

Fleenor ~ B. Idaho State Department of Water Resourceso 8 
March 1974. Personal conversation. 

Goodjohn ~ A.J. and Po Fortescueo 1971. YY Environmental 
Aspects of High Temperature Gas Cooled Reactorso " Pro­
ceed~ngs of ·the American Power Conference , Vol o 31. 



Hutchins 8 WoAo 19680 vv idaho Water Rightso vv Idaho Law 
Review 9 College of Law 9 University of Idaho ~ Moscow 9 

Idahoo 

Hutchins ~ WoAo ~ HoHo Ellis and JoPo DeBraalo l97lo 
nwater Rights in the Nineteen Western Stateso 11 UoSo 
Department of Agricultureo Wa~hington , DoCo 

Idaho State ;Department of Environmental and Community 
Services (Now ~ Idaho State Department of Health and 
Welfare)o June 19730 nwater Quality and Waste 
Treatment Standardso n Boise 9 Idahoo 

Idaho State Department of Water Administrationo 
Idaho State Department of Water Resources)o 
Water Laws and Regulationso n Boise , Idahoo 

(Now , 
Hidaho 

Idaho Supreme Court Decisiono 31 December 1974o Idaho 
Department of Parks and Recreation vso Idaho Depart ~ 

ment of Water Administrationo Boise , Idahoo 

Idaho Water Resources Boardo June 19740 ° The Objective , 
Part I of the State Water Plano n Boise 9 Idahoo 

92 

Keller 9 Sowardso 19700 " Constraints and Guidelines in 
Harnessing Nuclear Power Plant Waste Heato n Presented 
at Thermal Effluent Information Meeting Sponsored by 
Idaho Nuclear Energy Commission o Boise 9 Idahoo 

King 9 VoGo May 19740 nPower Plant Siting and Water Needs 
for Future Power Generation _in Idahoo ~~ Idaho Water 
Resources Board Technical Staff Reporto Boise ~ Idahoo 

.Lindal » Bo 19730 n industrial and Ot her Applications of 
Geothermal Energy o vv This paper presented in nGeother­
mal Energy Review and Development ~v which is a collect i on 
of papers sponsored by UoNoEoSoCoOo Paris , Franceo 

McArthur , Ro 19740 Unpublished Report done by UoSo Soil 
Conservation Service for Idaho Department of Water 
Resources a 

Mellin , Ralph J-0 1974 0 npumped Storage~- Idaho Subregions 0 n 

A report prepared by the Investigations Division of 
the Idaho Water Resources Boardo Bo i se 9 Idahoo 

Merkel » Larryo Seattle District , UoSo Army Corps of Engin­
eerso 15 November 19740 Telephone conversationo 

Moran i Ho Idaho Department of Health and Welfareo 9 Aug­
ust 19740 Personal conversationo 



Murphy ~ Glenn 0 19610 nEl eme n s of Nuclear Engi neer i ng 0 99 

Wiley & Sons 9 New York o 

93 

National Wat er Commission o 1 9730 q
1Wat er Pol icies for 

the Futureo n A Water I nfor mation Cent er Publicationo 

Nutant ~ J .. oAo l970o nut i i z i ng Waste Hea for Urban 
Systemso H Paper presented at Thermal Effluent 
Information Meeting _Sponsored by Idaho Nuc l ear Energy 
Cornmissiono Boise , Idahoo 

Peterson 9 DoEo and RoTa Jaske o January 1970 0 nsimulat i on 
Modeling o f Thermal Eff l u e n i n an Irr i gation Systemo u 
Battelle Memor i a l Inst1tuteo Paci f 1c Nor t hwest Lab= 
oratorieso Richland 9 Wash i ngt ono 

Robertson , Alana I daho Depar ment of Water Resourc eso 18 
February 19750 Telephone c onversati on o 

Seat t le City Lighto Oc tobe r 1972o !''Power Generation Alter= 
nativeso n Cone Heid r e n Corporation o Seatt l e 9 Washing= 
tono 

Senate Select Committee on National Water Resourceso 196lo 
Report of Select Commit ee on Nationa l Water Resources 
Persuant to Senate Resolu ion 48 ~ 86th Congress , Jan= 
uary 30 9 l96lo Wash1ngton ~ DoCo 

Sepaskha , AoRo 9 Lo Boers ma , L oRa Dav is 9 DaL o Siegelo 1974 
nExperimental Analysis of a Subsurfac e Soil Warming 
and Irr i gation Syst em Ut i lizing Waste Heat o vv · An 
AoSoMoEo pub lica tion o 

Singh 9 KoPo and JoRo Stall o 1974 0 ]? Hydr ology o f 7=Day 
l O=Year Low F l ows oH Journals o f Hydraul i c s Div ision 
AoSoCoEo Volo 100 9 NO o HY 12 o 

Stubbard :> loGo and BoMo Zambo t tio March 19660 HCombining 
Nuclear and Pumped Hydro i n One Generat ing Complexo n 
Power Engineering , Vola 70 , Noo 3 o 

Tennesse Val ley Aut hori t yo 1973 0 l"Draf Environmen t al 
Impact St a teme n t 0 v Bel e fo n t e Nucl ear P an t 9 Vo l o 10 

UoS. Bureau of Rec .amation o 19660 
Development Proj ect=~ldaho 0 "~ 
Boise 9 Idaho Q 

v~ sou hwest Idaho Water 
P l anni ng Report ~ U.SoBoR. 

U 0 So Bureau of Re c lamation o 1968 o ?- Wo r k i ngs of Palisades 
Water Sav ings Agreementa n S t a t us Report 9 UoSaBoRa 
Boise 9 Idaho o 



VanWinkle~ R. Oakridge National Laboratory. 8 January 
1975. Telephone conversation. 

94 

Vitro Engineering. 1971. "The 1970 Report of the Thermal 
Water Demonstration cProject." Sponsored by Eugene Water 
and Electric Board. Eugene, Oregon . 

Warnick, C.C. and C.E. Brockway. 1974. "Hydrology Support 
Study for a Case Study of Federal Expenditures on 
Water and Related Land Resource Projects. YI Boise 
Project 3 Idaho and Oregon, Research Technical Com­
pletion Report OWRR Title II Contract C-4202-IDA ~ 
Water Resources Research Institute y University of 
Idaho. Moscow, Idaho. 

West , Larry (Dames and Moore). 8 September 1974. Tele­
phone conversation. 

Western Interstate Nuclear Board. 1973. nuranium En­
richment Guidelines - for Assessment and Planning. " 
Published by Western Interstate Nuclear Board. 
Lakewood, Colorado. 

Yees , William C. October 1970. "Food Values from Heated 
Waters." Proceedings of 32nd Annual Conference of 
the Chemurgic Council , Chemurgy for Environment and 
Profit. Washington, D.C. 



RELATED REFERENCES 

Abrahamson ~ Dean Eo 1970o 11Environmental Cost of Elec­
tric Power. n Scientist 9 s Institute for Public Infor­
mationo New York ~ New York. 

American Society of Civil Engineers. June 1972. ncool­
ing Pond Temperature vs. Water Losso n Journal of 
Power Division~ Volo 98 ~ Voo polo 

Armstead ~ C.Ho 19730 " Geothermal Energy Review of Re ­
search and Developmento n UoNoE .. SoCoOo Pariso 

Atomic Energy Commission. September 19730 " Power Parks 
a Preliminary Analysiso " Energy Policy Branch ~ Office 
of Planning and Analysis » United States Atomic Energy 
Commission. Washington ~ D.C~ 

Barclay » D .. E. December 19700 "Electric Power Water Needso n 
Idaho Water Resources Board Planning Report » Number 
6. Boise ~ Idahoo 

Boersmao December 19730 " Soil and Air Temperature Changes 
Induced by Subsurface Line Heat Sourceso n Agricultural 
Experiment Station~ Oregon State University » Special 
Report 402. 

Boersma ~ Tykgost ~ Mack Schmisseur. January 1974. " Crop 
Response to Warming Soils Above Their Natural Temp= 
eratures. n Agricultural Experiment Station ~ Oregon 
State University ~ Special Report 385. 

Bonneville Power Administration. December 1971. nA 
Hydro Thermal Power Program » A Status Reporto n 144ol2 . 

Cecil 9 EoAo » P.R. Cunningham ~ CoJ. Steiert and R.Oo Young. 
June 1972. nDry~Type Cooling Towerso 11 Journal of the 
Power Division A.S.CoEo 

Chemical and Engineering News. 16 November 1970. nHeated 
Effluent Water Finds Reductive Uses. 11 Chemi cal and 
Engineering News » Vol. 48 » Nor. 55. Washington » D.C. 

Chemical News. 1 June 1970. 
the Pig but the Squeal. n 
Hill. 

0 Recycling Waste Heat : All 
Vol. 173 » No. 122. McGraw-

Clark 9 C.D. March 19740 " Survey of Oregon 9 s Water Laws. n 
Water Resources Research Institute ~ Oregon State 
University » Corvallis » Oregon. 



Cohen ~ Karl. 1 9510 HThe Theory of Iso t op i c Separat i on. n 
McGraw- Hil l . 

96 

Committee on I nter i or and Insular Affai rs » U. S o Senate . 1974 . 
vv A St af-f Ana l ysis and Selected Mat er i a l s on Water Use 
in Energy Production . " Ser i al No . 9- 51 (92- 87) . Wash­
i ng t on , D. C. 

Dallaire » E oE. October 1970. " Thermal Pollution Threat 
Draws Nearer on Civil Engineer i ng » Vo l o 40 , No . 10. 

Dicks 9 J oB. May 1972 . nM. H.D. Power : A St a us Report ." 
Mechan i cal Engineering ~ Vol. 94 ~ No . 5 o 

Dorfman , Myron H. 1975 0 " Water Required t o Develop Geo­
thermal Energy , Problems of Residuals Di sposal and 
Geopressured Zones as Water Sources on Pr esented at 
sympos i um t i tled Water Management i n t he El ectric 
Power Industry , Wat er Resource Sympos i um No . 8 » 
January 14- 16 , 1975. Center of Research i n Water 
Resource~ ~ The Un i versity of Texas a t Austin . 

Ege . H. D. 1975 0 nManagement of Wat er Quality i n Evapora­
tion Sys t ems and Residual Blowdown . H Prepared for Cen­
ter for Research i n Water Resources , Bal cones Research 
Center 9 Un i versity of Texas a t Austin o Austin , Texas. 

Eisenbud , Mo and G. Gleason o 1969 0 nElectric Power and 
Thermal Di scharges. vv New York » New Yo r k . 

Engle , M.D. January 1961 . 
It Affect t he River. n 
83 ~ No . 1 . 

ncondensing Wat e r - How Does 
Mechanica l Eng i n e e ring , Volo 

Environment al Pro t ect i on Agency . August 1970 . nA Survey 
of Alternate Methods for Cooling Conde nser Di scharge 
Water Large·- Scale Heat Reject i on Equi pment. n Water 
Qual it y Off ice o Washi ngton , D.C . 

Environmental Protection Agency . February 1971. 99 Research 
on t he Physical Aspects of Thermal Pollu tion . n Wash­
ington , D. C. 

Environment al Pro t ection Agency. 4 Marc h 1974 . nProposed 
Ru l es for Steam El ectri c Power Gener a t i ng Po i nt Source 
·cat egory . n Published i n Federa l Reg i s t e r . 

Faucher , R. J . 1972 0 " Economic Potent i a l fo r Power Plant 
Waste Heat Ut il ization on 

Fr i nk , J.W . and M .. K. Fulcher . March 1967 0 nEffect ive Use 
of Upper Snake Water Resource. n Journ a l of t he Irri­
gat i on and Drai nage Di v i sion A. S.C . E o Vol o 93 , JR 1 . 



97 

Gittus 9 J . H. 1963 . 0 Uran i um .n Butterwort hs ~ London . 

Hoffman ~ D. 1973 . HSpray Cool i ng for Power Plants . " 
Proceedi ngs of the Amer i can Power Conference . 

Huff , F . A. , R. C. Beebe , D. M. A. Jones , G. M. Morgan , J~. and 
R. G. Semonin . 1971 . HEffect of Cooling Tower 
Effluent on Atmospher ic Conditions in Northeastern 
Illinois. 0 Ill i nois State Water Survey ~ Urbana ~ GB 
1025 IA 33 ~ No . 100 . 

Idaho Department of Water Admi n i strat i on (Presently Idaho 
Department of Water Resources). 1973 . 91 Geothermal 
Investigations in Idaho Part I .n Water Information 
Bulletin No . 30 , May 1973 . Bo i se , Idaho . 

Idaho Nuclear Energy Commiss i on . 9 July 1970 . nTrans­
action of the Thermal Eff l uent Information Meeting. n 
Boise , Idaho . 

Jaske , R. T. Apr i l 1972 . "Po t enti a l Thermal Effects of 
an Expanding Power Industry : Co l umb i a River Basin. " 
Bat t elleNorthwest . Ri chland , Wash i ngt on . 

Jaske , R. T . and W. A. Reardon . July 1972 . Vi A Nuclear 
Future i n Water Resources Manageme nt : A Proposal. " 
Nuc lear News , Vo l. 15 ~ Nor o 17. 

Jedlicka , C.L . September 1973 . nNomographs for Thermal 
Pol l ut i on Cont ro l Systems . n Of f ice of Research and 
Deve l opment , Env i ronmental Protection Agency. Wash­
ington ~ D. C. 

Jimeson , R.M . and G. G. Adk i ns . 
Disposal i n Powe r p l an t s . vv 
Vo l. 67 , No . 7 . 

July 1971. " Waste Heat 
Chemica l Eng i neer Progress , 

Johnson , D.W . and S . H. Lewi s . 1970 . ncont emporary Develop­
ments i n Wa t er Law . n Center of Research i n Water 
Resource$ , Un i vers i ty of Texas at Austin , Texas . 

Kingman , G. October 1972 . vv Powe rp l an t Cooling Systems." 
Journal of the Power Divi s i on A. S . C. E . Vol . 98 . 

Kolfat , T . D. 1971. nThermal Di s charges ·~ An Overview. " 
Proc eedi ngs of t he American Power Conference , Vol. 31. 



Leung ~ Paul. 1975 0 ~v Evaporati. ve and Dr y- t ype Cooling 
Towers and The i r App l i c a tion to Util i t y System. n 
Present ed at a . sympos i um ti led Wat er Management 
in the El e c tr ic Power I ndu s t ry 9 Wa t e r Resources 
Symposium No o 8 , Januar y 14 - 16 , 1 975 . Center for 
Research in Wat e r Resour c es , The Un i v e r s i ty of 
Texas at Alll.s ti n u 

Lusby , W. S. and E 0 V. Sommer s . June 1 972 0 ·Jv Power Plant 
Effluent - Thermal Pol lut i on or Energy at a Bargain 
Pr i ce. n Mechanical Eng i neer i ng o 

Maelles ~ D. W .. and AoS. Goldi n o June 1969 0 nEnvironmen­
tal Protect i on for Nuc l ear App l ications on Sanitary 
Engineering Proceedings » AoS . C oE o Vo lo 93 ~ Noo SA 3o 

Molina ~ Joseph F o , Jr . and J o e C. Moseley . 1975 0 ncosts 
of Alternative Cool i ng Systems. n P re sent ed at 
symposium ti t led Water Man a g ement i n t he Electric 
Power Industry ~ Symposium Noo 8 9 Januar y 14~ 16 9 
1975. Cen t er of Re s ear ch i n Wat e r Resources , The 
Un i vers it y of Texas a t Aust i n . 

Murray ~ C. Ri chard and E o Bo dette Reeves o 1 972 0 i!Esti­
mated Use of Wat e r i n t h e United St a tes i n 1970o vv 
Geological Survey Ci r cular 676 . 

National Academy of Engi neer i ng o 1 972 o nEng i neering for 
Resolution of t he Energy ~Environment Di lemmao 11 

Commi t t ee on Power Plant Sit i ng . Wa shi ngton , DoCo 

Oleson ~ D.A o and R oR o Boy l e o 
Steam Elect r ic P l an t s . n 
gress , Vol o 67 , Nor o 7 0 

J u ly 1 97 1 . HHow t o Cool 
Che mica l Eng i neer i ng Pro­
New Yor k , New York. 

Pacific Nor t hwe s Rive r Bas i ns Commi. ss i on . January 1973. 
Thermal Power Plant S i t i ng i n t h e Paci f ic North~ 
west. Vanc ouver 9 Washi ngt o n. 

Parker ~ Frank L o 1 975. nwa t e r Re qu ired t o Mi ne 9 Process ~ 
Repro c ess Nu clear Fuel s ~ I n c l ud i ng Storage of Waste." 
Presented a t sympos i um t i t l ed Water Management in 

98 

t he E l ect r i c -Power Industry 9 Wat er Resource Symposium 
No o 8 ~ January 1 4~ 16 p 1 975 . Center f o r Research in 
Water Resour ces , The Un iversity o f Texas a t Austin. 

Patterson , WoDov J oL . Leporat i and MoJ o Sc arpa o 1971. 
nThe Capacity for Cooling Po nds to Di s s i pate Heat. 11 

Proceedi ngs of t he American Power Co nference y Vol .. 
3 lo 



Peterson ~ D.E. ~ G. F. Bailey ~ S . L$ Engs t rom and P.M. 
Schrotke. Ju l y 1973 . v'Thermal Effects of Projected 
Power Growt h : The Nat i ona l Outlook . n Hanford 
Engineer i ng_ Deve l opment Laborat ory for U.S.A.E.C. 
Division of Reac t or Development and Tec hnology. 

Peterson ~ D.E .~ J.C . Sonn i chsen y Jr. ~ and P . M. Schrotke. 
May 1973. nTherm~l Capac i ty of our Nations Water­
ways. " Journal of t he Power Divi s i on A. S.C.E. Vol. 
99 9 No. pol . 

Rogers » F.C. 1971 . 0 Underground Nuclear Power Plants." 
Proceedings of the Amer i can Power Conference » Vol. 
310 

99 

Rossie ~ J.P. » E.A. Cec i l ~ P.R . Cunn i ngham and C.J. Steirt. 
1971. " Electric Power Generation With Dry Type Cool­
ing. 11 Proceedi ngs of the Amer i can Power Conference. 

Ruud ~ Fredrick 0. 1974 0 nPumped Storage Potential at 
Existing Hydroelectr i c Si tes of t he Bureau of Rec­
lamation on United States Department of Interior, 
Bureau of Rec l amat ion Engineering and Research Center. 
Denver » Colorado . 

Sallon ~ Sallonstall ~ Page . 1972. nBrownout and Slowdowns." 
Walker and Company ~ New York . 

Smith v A.J. July 1 974 . nLegal Aspect s of Thermal Dis­
charges. n Proc eed i ngs of A.S . C . E. ~ Journal of the 
Hydraulics Division o 

Thackston » E~L$ 1 974 0 nEffec t of Geographic Variation 
on Performance of Recirculating Cooling Ponds. " 
Prepared for Paci f i c Nor t hwes t Environmental Research 
Laboratory ~ National Env i ronmental Research Center , 
UoS. Environment a l Protection Agenc y o Corvallis» 
Oregon. 

Todreas » N . ·E. (Cha i rman o f Sympos i um ) . 1970 0 " Environ­
mental Effects of Thermal Di s c hargeso H Symposium 
presented at wi n t er annua l meeting of American Soc­
iety of Mec han i cal Eng i neers. New York ~ New York. 

Trelease » F . J· . ~ H. S . Blooment hal and J . R o Geraudo 
ncases and Mater i als on Natural Resources. " 
Publishi ng Company . St. Paul » Mi nnesot a. 

1965. 
West 



r . 

U.S. 4\rmy Corp of Engineers. January 1972. nPumped­
Storage Potential for the Pacific Northwest." Pre­
pared for the Power Planning Committee Pacific 
Northwest River Basins Commission. Vancouver, 
Washington. 

U.S. Atomic Energy Corru;nission. 1969. " Environmental 
Effects of Electrical Power Generation Nuclear and 
Fossil. " Y3 AT 7. Washington. 

UoSo Atomic Energy Commission. 1969. 
and U.S. Nuclear Power Stations. 11 

Washington. 

" Thermal Effects 
Y3 AT 7 : 22. 

Western States Water Council. 1975. "Western States 
Water Requirements for Energy Development to 1990." 
January 25 ~ 1975. Salt Lake City ~ Utah. 

Zinn ~ Walters » Henry. 1964. " Nuclear Power , U.S.A." 
McGraw-Hill. New York ~ New York. 

100 


	Heitz_1975p001
	Heitz_1975p002
	Heitz_1975p003
	Heitz_1975p004
	Heitz_1975p005
	Heitz_1975p006
	Heitz_1975p007
	Heitz_1975p008
	Heitz_1975p009
	Heitz_1975p010
	Heitz_1975p011
	Heitz_1975p012
	Heitz_1975p013
	Heitz_1975p014
	Heitz_1975p015
	Heitz_1975p016
	Heitz_1975p017
	Heitz_1975p018
	Heitz_1975p019
	Heitz_1975p020
	Heitz_1975p021
	Heitz_1975p022
	Heitz_1975p023
	Heitz_1975p024
	Heitz_1975p025
	Heitz_1975p026
	Heitz_1975p027
	Heitz_1975p028
	Heitz_1975p029
	Heitz_1975p030
	Heitz_1975p031
	Heitz_1975p032
	Heitz_1975p033
	Heitz_1975p034
	Heitz_1975p035
	Heitz_1975p036
	Heitz_1975p037
	Heitz_1975p038
	Heitz_1975p039
	Heitz_1975p040
	Heitz_1975p041
	Heitz_1975p042
	Heitz_1975p043
	Heitz_1975p044
	Heitz_1975p045
	Heitz_1975p046
	Heitz_1975p047
	Heitz_1975p048
	Heitz_1975p049
	Heitz_1975p050
	Heitz_1975p051
	Heitz_1975p052
	Heitz_1975p053
	Heitz_1975p054
	Heitz_1975p055
	Heitz_1975p056
	Heitz_1975p057
	Heitz_1975p058
	Heitz_1975p059
	Heitz_1975p060
	Heitz_1975p061
	Heitz_1975p062
	Heitz_1975p063
	Heitz_1975p064
	Heitz_1975p065
	Heitz_1975p066
	Heitz_1975p067
	Heitz_1975p068
	Heitz_1975p069
	Heitz_1975p070
	Heitz_1975p071
	Heitz_1975p072
	Heitz_1975p073
	Heitz_1975p074
	Heitz_1975p075
	Heitz_1975p076
	Heitz_1975p077
	Heitz_1975p078
	Heitz_1975p079
	Heitz_1975p080
	Heitz_1975p081
	Heitz_1975p082
	Heitz_1975p083
	Heitz_1975p084
	Heitz_1975p085
	Heitz_1975p086
	Heitz_1975p087
	Heitz_1975p088
	Heitz_1975p089
	Heitz_1975p090
	Heitz_1975p091
	Heitz_1975p092
	Heitz_1975p093
	Heitz_1975p094
	Heitz_1975p095
	Heitz_1975p096
	Heitz_1975p097
	Heitz_1975p098
	Heitz_1975p099
	Heitz_1975p100
	Heitz_1975p101
	Heitz_1975p102
	Heitz_1975p103
	Heitz_1975p104
	Heitz_1975p105
	Heitz_1975p106
	Heitz_1975p107
	Heitz_1975p108
	Heitz_1975p109
	Heitz_1975p110

