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Mal-ta, IdahD, has one cafe. If you wanted a cup of coffee vftule 
driving frcra sou-them Idaho (Twin Falls, let's say) to.Salt Lake City 
(to go skiing, perhaps?), the Valley Cafe would be one of your few 
choices between Burley and Trenonton. 

\ - ^ As you kick -the snow off your shoes and enter the lit-tle cafe, 
you notice the flowers. Every window frames at least one dahlia, and 
every table holds a vase of tvro or three. The nearest retail florist 
is 50 miles away, you realize, and flowers don't grow in snow. You 
can't imagine how much it vrould cost to hejat a greenhouse in -this 
Rocky Mountain ';>rLnter. Does 'the cook double as an indoor gardner, 
growing flowers londer artificial light in a room behind the kitchen? 

That's not the case, you soon discover. But there iŝ  a greenhouse. 
Tlie heat is almost free—Crook's greenhouse in -the Raft River Valley is 
heated by geothermal energy. 
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Crook's greenhouse at Malta, Idaho 

The valley is a center of geothermal research, in fact. Nearly a 
Jtiile beneath the valley floor lies a reservoir of 300°F \i/ater, and the 
Department of Energy and EG&G-Idaho, Inc. are conducting research for 
their Jfoderate Totperature Geothermal Electric Program 15 miles south of 
Malta. The hot water should one day give the town all the energy it needs. 



The valley's geothermal resources are anything but unique^ however., 
Vfeters of this kind—of modera,te taiiperaturer--ore .abundant throughout the. 
West.̂  If techniques now being tested at Raft River prove effective, the -
ener^ problems, of -the Rocl<y-Moun'bain -West may be greatly alleviated.. 

Pilot generating plants will use a dual-cycle system; geo'thermal 
water- 'will heat a fluid known as' isobu-tane, vAiich in turn will drive a 
turbine g^^erator.. In tliis WLy,. the sqnewlTat corrosive waters, will, not 
he able.-to fojal eKpensive.-equiprient,, -and' the brines, can be easily' 
injected back into the ground./ If the systan works,, and' if the power 
can cqrrpete econcmically wi-th electricity produced in' nuclear and coal-
fired power plants, the nation will be a great d^al more energy-independent. 

THE RESERVOIRS: AND WELLS 

If an engineer, from the test site has stopped at the- cafe on his 
way back to Idaho Falls, p^haps he'll tell you about the tests, -that 
have been run on -the four existing wells. Reservoir engineers are 
oosipilirig; a more cottplete picture of Raft Riyer's; geothermal topography 
as they eKamine da-ta frati last year's, tests. 

Tlie geothermal water produced by. the Baft River wells is; dra'wn frem 
a fracbared zone 3,750 to 6,00,0. feet de^. Faulting lias, produced nuraerous 
fractures th.at hold the. hot water, creating, reservoirs, vdiich wells, can 
pene-trate and use. It now appears that water from the- zone below RRGE-3 
is welling up tliroughthe fractures, then spreading, sideways through porous 
rock forma'tions close to •the surface. As researchers picture the resource, 
tMs water does not nux. with that frcm below RHGE-1 and RRGEr-2, which seans. 
to be naturally corifined below a rela-tively impemitieable layer of rock. The 
v^ls have thus tapped twD separate resources. 

Considered as a vAiole, though-, the known geothermal reservoir is 
about five square miles in extent. Engineers predict the actual, reservoir 
may cover more than ten times that area. A conservative estimate predicts, 
a volume of 300,000 acre-feet; more realistic estimates run as high as four, 
million acre-feet. 

The wells have been tested to 
determine their ability to. produce 
this water. Flow tests have been 
run on -the existing production wells, 
RRGE-1, RRGE-2, and RRGE-3, as 
shown in the• following bar charts. 
Researchers conclude -that 1,000 
gallons of fluid could be purrped 
frcm RR3E-1 every minute for ten 
years. RRGE-2 and RRGE-3 could pro
duce at least 800 and 450 gpn for -the 
same period-—all without noticeably 
affecting the pressure of the resource. 
Thus, these three existing wells could 
produce at least 2,250 gpm for ten year s. Flow testing at Raft River 
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The fourth well , RRGI-4, may be used for injection or deepened 
for production. The •well was interded for experimental injection, and 
tests have prc)ven that it can easily accept a flow of at least 600 gpm. 
If i't is to be used as an economical geo'thermal injection well, it 
must accept 1,200 gpm flows for many years. Tests to determine its 
long-term capability will start before spring. 

In Boise, Idaho, v\̂ ere research into geothermal space-heating now 
centers, engineers are also beginning to understand more about the under
lying reservoir. The Boise resource is cooler (about 170 F), but it can 
be found nearer •the surface (around 900 feet). Future production wells 
should be able to puirp fron 600 to 1,000 gpm each. 

The Boise reservoir may be 
part of •the extensive Snake River 
Plain aquifer system. Producing 
geotliermal wells extend 1-1/2 
miles along the Boise Front Fault. 
Engineers suspect, however, that 
good production could S'tretch as 
far as three or four miles. 
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Boise test well 



1977 TESTS 

During the last year, a number of Raft River experimeihts iexamined 
the effectiveness of hardware that will be used in geothermal plants. 
Engineers evaluated conventional equiprient that will be applied to 
geothermal uses (like purtps arid pipelines), and they tested ad̂ vanced 
coirponerits that have been designed specifically for .geothermal applica
tions (like special heat exchangers). ' 

TwD kinds of purtps- have be^i analyzed during production tests: 
lineshaft and suliaersible. A number of factors tend to favor long-term 
use of the -subtnersible type. The. punps will force the fluid out of the 
wells and through cotient-asbestos pipelines. These pipes have given 
satisfactojry service, and their cost is less than half that of conventional 
steel̂  pipeline. , 

Different metals were analyzed in corrosion and deposition tests on 
the test loop at RRGE-1, Brasses and bronzes (except nickel-bearing ' 
alloys), cast iron and steel in thick sections, titanium, some ŝ tainless 
steel alloys), and various exotic alloys are all usable with proper pre
cautions. Copper-zinc admiralty brass will be used in the heat exchangers 
conŝ tructed for Raft River uses, because it xs the leaŝ t expensive of •the 
acceptable materials. 

Corrosion test trailer 
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Attenpts to find less expensive devices to transfer heat are 
continuing. Botih fluidized-bed and direct-contact heat exchangers 
have been developed. Models of the fluidized-bed exchangers, which 
will use a bed of floating sand' to scrub 'the scale fron heat-exchanger 
tubing, were tested to analyze their flow dis-tribution characteristics, 
it now appears, however, that catponent development will center on the 
direct-contact exchangers. I-lock-ups of direct-contact boilers and pre-
heaters were tested at iihe Raft River site, and the models performed 
well. 

Perhaps the most exciting project at Raft River, •though, was the 
construction of the first power genera'tor. A 60 kW(e) generator will 
begin producing power in early 1978. For the first time, a systan using 
moderate-temperature geothermal fluid in a binary systan will provide 
electricity to a conmercial power grid. 

60 kW(e) generator 

As engineers successfully tested fluid-supply equipnent and power-
plant components, they continued to be concerned about the consumptive 
use of \-jater. Biologists joined tlie team in efforts to find effective 
agricultural uses for waste heat frcm power plants. In one experiment, 
a grid of small pipes was buried under a 2.6-acre plot of land. Researchers 
will pump power-plant condenser water through the grid and test the reactions 
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• of crops and 'trees to •the added warmth. If -things work out -as planned, 
such plots could take the place of open cooling towers in power cycles. 
The, dissipated heat would lengthen the growing season and increase the 
productivity of the land. The loop would cool,the power plant without 
consuming .tha water that could be used in agriculture. 

Soil-warming experiment 

Qeothermal water could also be 
used to i r r i g a t e the crops, thus 
doubling the benef i t of a s o i l 
heat -diss ipat ion cycle—^espgcially 
in the arid West. 
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Alfalfa field at Raft River 
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A crop of winter barley 
was planted in the fall of 1977, 
and sugar beets, alfalfa, mixed 
grasses, and various vegetables 
are being planted this spring. 
The trees,including species of 
poplar, elm, willow, ash, spruce, 
fir, pine, juniper, and Russian 
olive, have been growing since 
October. 
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Barley field at Raft River 

In a separate agricultural experiment, researchers have irrigated 
an additional plot of barley, alfalfa, oats, grasses, and hardwDod trees 
witli geô tJiermal fluid frcm RRGE-2. Control crops have been sprinkled with 
water frcm conventional irrigation wells. The analyses showed sane surface 
contamination of forage crops by fluorides, at a level vfcLch would be of 
concern to the healthiness of teeth in cattle. Kbwever, for tJiose crops 
\̂A•u:ch receive a rainfall before harvest, fluoride content should be quite 
acceptable. Preliminary analyses of yield and feed value have indicated 
that there was essentially no difference between the experimental and 
control crops. 

A similar experiment has tested the effects of heated water on 
fish and slirinp. Channel catfish, freshwater shrimp, and a warm-water 
African fish called Tilapia have been grown in an environment simulating 
power-plant discharge. Though it seans difficult to culture shrimp, "the 
catfish and Tilapia have thrived during the past year. 

But the direct use of geothermal energy for space heating as 
in Boise, may have more potential for contributing to our national 
energy budget than any other application. 

A 

At Raft River, several trailers and buildings have been heated 
with a geothennal system. Water frcm RRGE-1 passes through a heat 
exchanger to heat a solution that is in turn piped through conventional 
horizontal heaters. The building-heating loop has averaged 171 to 190 F. 
The systan should save an average of 110 barrels of oil per year. 



Attention must shift back to Boise, though, for a look at :a real 
space-heating project.- For.more than 85 years, two wells have pumped 
up to 1,800 gpn of 170°F water. The systan now serves about 200 hones 
and a large state laboratory and office building. EG&G-Idaho, Inc. and 
the Boise- City Energy Task F6rce have been conducting a complete, study 
Of the-Boise resource's potential for powering a much expanded systan, 
and their conclusions should be reported sometime •this summer. 

Geothermal testing at Boise 

The Boise office of the Bureau of Land Managanent has begun 
constructing its- own heating systan. The systan will use water fron 
the INEL test wells drilled during 1976. Two ELM office buildings 
and a shop are being prepared for -the project. 

Boise city also'lias another plan for us'ing-its geotherriTal water. 
The city will clear sewers of -tree roots by killing the roots with hot 
water. If the roots can be subjected to 140 F heat for 30 minutes, the 
project should succeed. In one test of li±ie plan, 40 blocks of sev̂ er 
line were filled witla 160°F water for an hour; the results were premising. 
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THE ENVIRONMENT 

3 .. Clearly,, the moderate-tanperature geothermal program is maturing. 
Commercial power plants are only a few years away, and space-heating 

I projects are already underway. In addition -to economic feasibility, 
p-''̂  researchers are now danonstrating the environmental soundness of develop

ment plants. 

First, the impacts on the surface environment must be considered. 
An analysis of the native mammal, bird, and insect populations is being 
catpleted, and continuing studies will assess the effects of gectherraal 
developnent. A vegetation s-tudy is also being conducted, and •the air 
around •the wells is periodically analyzed for pollutants. 

Tlie subsurface effects of fluid production and injection must 
also be very carefully analyzed. A network of monitoring wells is 
now being drilled. These wells will be used to monitor the effects 
of fluid injection, primarily to ensure •the safety of aquifers pro
viding water for irrigation and donestic uses. The s-tudy will also 
make certain there is no chance of subsidence, or ground-settling. 
In addition, ins-truments will measure the seismic effects of a fluid 
loop; they would detect tiny 'tranors if 1±ie ground showed any 
structural weakness. 

Finally, power-plant designers are considering the environmental 
effects of different piant configurations. The low thermal efficiency 
of geothermal power plants could cause problans. Conventional cooling 
towers, again, would lose millions of gallons of valuable water •to 
evaporation. The soil heat-dissipation experiment may provide one 
solution to this problan, and other non-consumptive water-cooling loops 
are being designed. 

Socioeconomic effects are more difficult to estimate, but geothermal 
plants appear to have built-in advantages. Geothermal energy complexes 
will be most ecoronical in small units. A study by the Battelle Human 
Affairs Research Center concluded -that the developnent and operation of 
a 5 or 10 MW(e) power plant would have little impact on local conmunities. 
The study also identified the most likely level of additional developnent 
(4.5 acres of greenhousing and one fish farm producing and processing 125 
tons of warm-water fish annually) and •the maximum possible developnent 
(53 acres of greenhousing; one fish farm handling, 496 tons of fish 
annually; one 20,000-head feedlot and an associated manure-processing 
facility; one 50 MW(e) power plant; and one pô bato processing plant 

^ producing 100 tons of hydrated flakes per day). The maximum possible 
development, the Battelle researchers decided, could require 30.0 non-local 

- workers by 1983. 
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PLANS 

There's an exciting plan for 1978. The catpleted 60 kW generator-
will be operated and tested. Biologists will grow and analyze crops iri 
the agricultural experiments, and they will, culture and test fish in •the 
acjuacultural test. Environmental engineers will continue -their studies 
of wildlife populations and begin a special examination of the ferruginous 
hav^. The Raft River space-heating system will expand as the installation 
grows. In Boise, the BG&G report, of the city's geothermal reservoir , 
potential will be published tliis summer. The city can then make decisions 
about expanding the heating nê twork. By all present indications, most of 
•tlie. city of 100,000—certainly all downtown buildings and the residential 
areas north of the Boise River—could soon be heated with geothermal energy. 

GEOTHERMAL MODERATE TEMPERATURE UTILIZATION TEST FACILITY 

I tuprxr 
I coMTRiK-ORaoucriaHCASiNCTCfrs 

1 COOUHC TOWIRS TO»»Withi 

i THEE BBODUCTtO" 

'. ClCCTniCAt. CENERATIOH 
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Artist's conception"of an expanded geothermal facility 

This year, crews will also 'complete an enlarged fluid supply arid 
injection systan. By -the end of the year, -three new wells will be added 
to the Raft River systan. The conpleted well field will consist of seven 
wells: iihree production wells, two injection wells, and a reserve well 
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of each type. RRGP-5,intended for production, will be drilled west of 
RRGE-1 and RRGI-4. The two new injection wells, RRGI-6 and RRGI-7, 
will be located east and southeast of RRGE-3. Three miles of new pipe
line will connect the wells. 

INEL-A-6827 

Raft River geothermal well" locations 

£>. 
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The catpleted well and pipeline systan will supply more than enough 
fluid for the biggest experiment yet—a pilot power plant. During the 
summer, crews will begin constructing a 5 MW(e) plant—a unit vMch will 
produce alrtost a hundred times as much electric power as the 60 kW generator, 
or enough for a city of 5,000 people. 

13 



The pilot plant will be. built ijust west of RRGETI,. and the first 
full^xjwer operation will ,take place in March of 1980. During the 
opurse o t its five-year life, the plant will dahonstrate the. workability 
of a geothermal power plant and generate •the data fron which ccmmercial 
costs can be estimated. The plant will also provide a realistic setting 
in v^ch to test the perfomnance of materials and components. 

Artist's conception of 5 MW(e) pilot power plant 

Design is now proceeding on more advanced, conversion syŝ tans, which 
should be even more econanical. Assuming that the results of this work 
siiow that the moderate-tanperature resotorces are a viable source of-
elec-trical power, the construction of a 50 MW(e) dannonstration unit would 
be. tlie next logical step. This unit would probably be built with signifi
cant utility participation. - - • • - -

14 
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Next year, as travelers pass through Malta, the electricity that 
lights iihe Valley Cafe may be generated fran geô therraal energy. Winter 
dahlias are just an early flowering of a growing concern, and with the 
construction of i:he full-scale plant, probably before 1985, the 
ocramercial production of eleĉ tricity fron carmon, moderate-tanperature, 
geotlienaal resources will be a reality. Within a decade, today's 
geothermal research may bring a significant degree of energy independence 
to the Intermountain Ifest. 

For fur̂ ther information, contact: 

EG&G-Idaho, Inc. U. S. Department of Energy 
Box 1625 or Idaho Operations Office 
Idaho Falls, ID 83401 550 Second St. 

Idaho Falls, ID 83401 
Energy Technology Programs Geothermal Office 
208-526-0241 • 208-526-1668 
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June 1980 

EVENTS 

1890 Two hot water wells drilled northeast of Boise City, 400 feet, 170°F. 

1891 Owners of the wells transferred them to the Artesian Hot and Cold Water 
Company, which later became the Natatorium Company. The Natatorium was 
built to serve the community as a recreational center and health spa. 

1930 The two hot wells heated 400 homes and businesses. 

1940 The Natatorium Company was purchased by the General Water Works, owners 
of Boise Water Corporation. 

1950 Many customers using the hot water converted to fossil fuels. 

1974 The Natatorium Company was transferred to the newly formed Boise Warm 
Springs Water District by the General Water Works. 

1975 The State of Idaho through cooperation with Boise State University and the 
Idaho National Engineering Laboratory drilled geothermal expiatory wells 
to study the possibilities of heating various state buildings. 

1976 Mayor Richard R. Eardley opened the Boise Energy Office to investigate 
geothermal energy for space heating in Boise City. 

Boise Energy Office receives funds of $71,502 from the U.S. Energy 
Research and Development Administration to develop the Preliminary Boise 
Geothermal Energy Systems Plan. 

1977 State of Idaho retrofitted the State Health Laboratory to geothermal 
energy supplied from the Boise Warm Springs Water District wells. 

Boise Energy Office received $141,848 from the U.S. Department of Energy 
to develop Boise Geothermal Energy Systems Plan. 

Boise Redevelopment Agency voices interest in utilizing geothermal in the 
downtown mall. 

1978 The U.S. Department of Energy Program Opportunity Notice is submitted by 
the City of Boise and Boise Warm Springs Water District for $15.3 million 
cost shared proposal. 

National legislation was passed for giving bubsurface rights to the City 
of Boise on Military Reserve Park. 

1979 Boise's proposal to the U.S. Department of Energy Program Opportunity 
Notice Program is approved for $4.9 million. 

The City of Boise and Boise Warm Springs Water District formulates a legal 
working relationship in the form of a resolution to open the Boise Geo
thermal office to implement the geothermal program for both entities. 



1979 City of Boise water applications are approved by Idaho Water Resource 
Administration. 

The U.S. Economic Development Administration application is approved for 
$500,000 to the City of Boise. 

Boise Geothermal began the environmental report, geology data review, pro
gram planning, market/rate study, and legal research studies on ordinances, 
resource royalty agreements, leases, resource pooling, unitization agree
ments, and local improvement districts. 

Continuation of seeking funds from private and public sources to complete 
system. 

1980 State of Idaho files for water rights and drills well near the Capitol 
building to service state buildings. 

Boise Geothermal negotiates with the Department of Energy/Idaho for a new 
contract. 

Completed the environmental report, geology data review, preliminary 
engineering design report, and the market/rate studies. 

Began negotiations with the do'wntown building owners. 

Boise Geothermal completes negotiations to,obtain subsurface rights on 
Military Reserve Park. 



CONTACT: 

Lee Post, Information Director 
BOISE GEOTHERMAL 
649 W. Idaho Street 
Boise, Idaho 83701 
(208) 384-4013 

June 1980 

PRINCIPLES 

BOISE GEOTHERMAL 

a joint program between the City of Boise and Boise Warm Springs 
Water District to refurbish and expand the existing system for the 
district and a complete new system for the City of Boise. 

Phillip J. Hanson, DIRECTOR 

BOISE GEOTHERMAL BOARD 

. . . the final decision makers consist of the Boise City Council Members 
including the Mayor and the Boise Warm Springs Water District 
directors. 

BOISE GEOTHERMAL EXECUTIVE COMMITTEE 

. . . decision makers for Boise Geothermal and representatives of the 
Executive Committee. 

Ralph J. McAdams, CHAIRMAN 
Dorothy L. Mott, VICE-CHAIRMAN 
Harold T. "Buck" Jones 
Glenn E. Selander 

U.S. DEPARTMENT OF ENERGY 
Division of Geothermal Energy 
Idaho Operations Office 
550 Second Street 
Idaho Falls, Idaho 83401 

. . . source of cost-sharing funds for initial development of the Boise 
Geothermal'& project, funded by DOE's Division of Geothermal Energy 
and administered by DOE/ldaho Operations Office, Idaho Falls, Idaho. 

Mike Tucker, PROJECT MANAGER 



CH2M HILL, Consultants 
P.O. Box 8748 
Boise, Idaho 83707 
(208) 345-5310 

. . . a professional consulting firm headquartered in Corvallis, Oregon, 
with offices located throughout the United States and overseas. 
The Boise office provides services in engineering, planning, and 
environmental studies to Boise Geothermal. 

Nathan Little, PROGRAM MANAGER 

E G & G , Inc. 
P.O. Box 1625 
Idaho Falls, Idaho 83401 

. . . the Department of Energy operating contractor providing technical 
and management assistance as requested by the United States Depart
ment of Energy/Idaho. 

Lynn Nelson, TECHNICAL REPRESENTATIVE 
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June 1980 

BOISE GEOTHERMAL'S TENTATIVE SCHEDULE 

• Well siting, geological survey/data analysis, disposal alternatives, 

environmental report, preliminary engineering design report and 

institutional/financial report will be completed this year. (1980) 

• Legal studies will be an on-going function with research on ordinances, 

resource royalty agreements, leases, resource pooling, unitization 

agreements, local improvements districts and many others. 

• Drilling the Boise City production and injection wells 1 & 2 and Boise 

Warm Springs Water District production well 3 will be accomplished, as 

well as laying pipeline for both systems, during the duration of the 

project. 

• Boise City Hall and the Ada County Administration building will be 

retrofitted to utilize geothermal heat. Also, the Boise City down

town mall will be provided with the hot water. 



BOISE GEOTHERMAL 
DISTRICT HEATING SYSTEM 

BWSWD I f.„ iBWSWD 
NEW W E L L ^ j i y i l f i S G 

^ WELLS 



June 1980 

TOUR SCHEDULE 

12:30 Leave the Red Lion 

12:40 - 2:15 Lunch - Wllson-Mott House (Tentative) 

2:20-3:00 State Health Laboratory 

3:05 - 3:30 Boise Warm Springs Water District Wells 

3:40-4:05 Military Reserve Park 

4:10 - 4:30 Downtown Boise 

4:45 - 5:30 Edwards Greenhouse, 

5:45-6:00 Arrive Red Lion 

6:00 Hosted Reception 



Boise Geothermal 
P.O. Box 5 0 0 Boise, Id. 83701 

, 1, EDWARDS (GREENHOUSE 
2. CENTRAL BUSINESS DISTRICT & CAPITOL 

MALL AREA 
3. DOROTHY MOTT'S HOUSE 
4. MILITARY RESERVE PARK AREA & WELL 

z. SITES 
' 5. WARM SPRINGS WELL SITES* OLD HISTORIC 

STATE PENITENTIARY, & LARGE STATE 
BUILDINGS HEATED BY GEOTHERMAL 

A Joint Geothermal Energy Project of Boise City and Boise Walrn Springs Water District 


