IN THE MATTER OF APPLICATION FOR PERMIT NOS. 65-13912 AND 65-13913
IN THE NAME OF CAROL LYNN MACGREGOR

PANCHERIS® HEARING FXHIBITS

NO.

DATE

DESCRIPTION

OFFERED

ADMITTED

100.

January 27,
2005

IDWR Staff Memorandum authored by John
Westra, together with the materials attached
thereto and/or cited therein

101

January 1971

Merle W Wells, Heat From the Earth’s Surface:

Early Development of Western Geothermal
Resources, reprinted from Journal of the West,
Vol X, Number 1

102.

October 30,
1972

Arthur A Hart, “ldaho Yesterdays: Indians
Used Warm Springs,” The ldaho Statesman, at
12

103.

N S Nokkenived, “Report: Water Pumping
Reduces Bruneau Springs,” The Times-News

iy
-
v

104.

1993

Charles Berenbock, Effects of Well Discharges
on Hydraulic Heads in and Spring Discharges
from the Geothermal Aquifer System in the
Bruneau Area, Owyhee County, Southwestern
Idaho, USGS Water-Resources Investigations
Report 93-4001, Boise, Idaho

v

105.

April 22-24,
1985

Wilt L. Burnham and Spencer H. Wood, Field
Guide; Boise Geothermal System, Idaho, 38th
Annual Meeting, Rocky Mountain Section, The
Geological Society of America

i

A

106.

June 1998

Kenneth W Neely, Production, Temperature
and Water L evel Data for the Four Heating
Systems in the Boise Front Low Temperature
Geothermal Resource Area, 1977-1997, idaho
Department of Water Resources Planning and
Policy Division, Technical Services Bureau,
Ground Water Monitoring Section, Open File
Report

107

December
1995

Kenneth W. Neely, Production History for the
State of Idaho Capitol Mall Geothermal System

19283-1994, Idaho Department of Water
Resources

NN

108.

August 10,
2003

Christian R. Petrich, Investigation of
Hvydrogeologic Conditions and Ground Water
Flow in the Boise Front Geothermal Aquifer
{Executive Summary), ldaho Water Resources
Research Institute, Research Report WRR!
2003-07, Draft
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IN THE MATTER OF APPLICATION FOR PERMIT NOS. 65-13912 AND 65-13913
IN THE NAME OF CAROL LYNN MACGREGOR

PANCHERIS’ HEARING EXHIBITS

NO. | DATE . DESCRIPTION | OFFERED ADMITTED
109 | October 2003 Christian R. Petrich, Investigation of
Hydrogeologic Conditions and Ground Water
Flow in the Boise Front Geothermal Agquifer
{Executive Summary), ldaho Water Resources
Research Institute, Research Report IWRRI /
2003-07 |/ !
110. Well log notes from Clements well L /
111.| July 14-15, Notes from Larry Hellnake Well No. GEO-1,
1083 Weil No 2, and Spring, Roystone Hot Springs i/ /
1121 April 1, 1980 Lithologic log and temperature gradient, Well
No. GEO-1, Roystone Hot Springs / /
113 | October 22, Ground Temperature Contours, Roystone Hot / ’
1980 Springs
114, September 26, | Ken Neely, Semi-Annual Review of the
2003 Monitoring Data for the Boise Front Geothermal
System, January-June 2003, Idaho Department
of Water Resources
115 | December Geothermal Resources of Utah — An Overview,
2004 Geo-Heat Center Quarterly Bulletin, Vol 25,
No 4, at2 )
116.| December Crystal Hot Springs — Salt Lake County, Geo-
2004 Heat Center Quarterty Bulletin, Vol. 25, No. 4, at /
26
117 | July 1, 1999 Correspondence from Terry M. Scanfan to Jo
Beeman, Subject: MacGregor — Belvidere and
Raspberry Ranches
118. 1 November 10, Correspondence from Terry M. Scanlan to Carol
2001 MacGregor, Subject: Belvidere Spring
Monitoring — September 26, 2001 and
November 2, 2001
119. [ June 3, 2002 Correspondence from Terry M. Scanlan to Carol
MacGregor, Subject: Belvidere Spring
Monitoring — June 1, 2002, and attachments
thereto
120.} October 12, Correspondence from Terry M. Scanlan to Carol
2002 MacGregor, Subject: Belvidere Spring

Monitoring — October 9, 2002, and attachments
thereto
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IN THE MATTER OF APPLICATION FOR PERMIT NOS. 65-13912 AND 65-13913
IN THE NAME OF CAROL LYNN MACGREGOR

PANCHFERIS” HEARING EXHIBITS

NO. | DATE DESCRIPTION = OFFERED | ADMITTED
121.| September 2, Correspondence from Terry M. Scanlan to Rob
2003 Whitney, ldaho Department of Water
Resources, Subject: MacGregor Test Well
Proposal, and attachments thereto
122 | May 20, 2003 Correspondence from Sherl Chapman, ERO
Resources Corp., to Scott Campbell
123.| October 1, Correspondence from Sherl Chapman, ERO
2003 Resources Corp ., to Scott Campbel!
124 | October 14, Correspondence from Sherl Chapman, ERO
2003 Resources Corp , to John Westra, Idaho
Department of Water Resources
125. Photograph taken by Buane and Laura
Pancheri e v
126. Photograph taken by Duane and Laura o
Pancheri L//’
127. Photograph taken by Duane and Laura
Pancheri v C///
128 Photograph taken by Duane and Laura
Pancheri V/r {////
129 Photograph taken by Duane and Laura
Pancheri b/// v
130. Photograph faken by Duane and Laura
Pancheri L//r L///
131 | March 2005 Photograph taken by Duane and Laura / /
Pancheri v
132. | March 2005 Photograph taken by Duane and Laura ,
Pancheri L//, L///
133 | March 2005 Photograph taken by Duane and Laura
Pancheri L/’/f i_//
134 .| March 2005 Photograph taken by Duane and Laura v
Pancheri L///
135, | March 2005 Photograph taken by Duane and Laura
Pancheri i o///
136. | March 20605 Photoegraph taken by Duane and Laura
Pancheri
137 | March 2005 Photograph taken by Duane and Laura /

Pancheri

N
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IN THE MATTER OF APPLICATION FOR PERMIT NOS. 65-13912 AND 65-13913
IN THE NaMFE OoF CAROT LYNN MACGREGOR

PANCHERIS® HEARING EXHIBIIS

NO. _DATE i DESCRIPTION OFFERED ADMITTED
138.{ March 2005 Photograph taken by Duane and Laura
Pancheri y,/
139 | March 2005 Photograph taken by Duane and Laura
Pancheri
140. | March 2005 Photograph taken by Duane and Laura
Pancheri
141.| March 2005 Photograph taken by Duane and Laura
Pancheri
142 | March 2005 Photograph taken by Duane and Laura
Pancheri
143.| February 9, Photograph taken by Darwin and Joan Pancheri
2005 v l/
144 | February 9, Photograph taken by Darwin and Joan Pancheri
2005 e i /
145 | February 9, Photograph taken by Darwin and Joan Pancheri
2005 r/ yd
146 | February 9, Photograph taken by Darwin and Joan Pancheri
2005 v L
147 | February 9, Photograph taken by Darwin and Joan Pancheri
2005 (/ ,/
148.| February 9, Photograph taken by Darwin and Joan Pancheri
2005 v v
149, | February 9, Photograph taken by Darwin and Joan Pancheri '
2005 v
150.| February 9, Photograph taken by Darwin and Joan Pancheri / /
2005
151 .| February 9, Photograph taken by Darwin and Joan Pancheri /
2005 f
152. Photograph taken by Sherl Chapman
153 Photograph ,/ Pl
154. Photograph taken-by-Sher-Chapman e /
155, Photograph tekermby-Shert-Ghapman o /
156. Photograph taken by Sherl Chapman
157. Photograph teker-by-Sherl Chapman iy ._/
158. FPhotograph taken by Sherl Chapman

BOI_MT2:578206 1




IN THE MATTER OF APPLICATION FOR PERMIT NOS. 65-13912 AND 65-13913
IN THE NAME OF CAROI LYNN MACGREGOR

PANCHERIS® HEARING EXHIBITS

NO."| DATE " | DESCRIPTION =~ OFFERED - | ADMITTED
159, Photograph taken by Sherl Chapman
160. Photograph taken-by-Sherl-Chapman- / L
161, Photograph taken by Sherl Chapman
162. Photograph takerrby Stert-Chapmai- / e
163, Photograph taken by Sherl Chapman
164, Photograph taken by Sherl Chapman
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HEAT FROM THE EARTH’S
SURFACE:

l;ar])' Dcvc/opmcnt gf Western

~ Geothermal Resources

By Merle W. Wells
frehie sz, Lo State hstericol Suciety, Boise, snd
Daditor, Idabio Yesterdays

O8I RGEAT. isirisy clon of geothermal resources commenced
atound the tun ol the century on a modest scale 1 two dif-
lerent kmds of enterprise and in two widely separated arcas
['hese mteresting contiibutions to economic geology repre-

sented a major divergence Lrom Gaditional exploitation of hot springs
for resort and recreational purpose in the form eof natatorivi and tourist
atlractions  In one case, artesian hot water cane nto commercial use
i the Westan United States for heating of houses and buildings i 189,
In the other, geothermal power development got underway i Ualy in
18504 Whether in the Torm of space heating and distribution of domes-
tic hot water (that otherwise would have to be heated from some other
power source) o1 of powar for general commercial purpeses csuch s
generation of electiicity), these two uses of geothictinal power pointed
the way toward moie widespnead applications by the middle of the
twentieth century. Unlike fossil huels, geothermal power (whether used
for heating or {or other puaposes), i developed wisely, won't be ex-
hiausted too casily. Anyway. it wonld take quite an ambitious euterprise
to cool off the nirddle of the earth. Although pollution problems some-
tintes are associnted with utlizvation of geothermal power, other nine
teenth century heat sources (mostly coal and wood In Westarn frontier
communities) could not begin to compare with pure avtestan hot water
for cleanliness and convenience.

Jul in spite of impoertant and undeniable advantages, geothermal
power has beent developod guite slowly for conmmerclal purposes Lix-
cept for space heating, most conmnercial wtilization of geothermal en
ergy tikes the form ol steam gencrating plants for electric power. In
recent years, Now Zealard (1950) amd o number of vther conntiies (Ice-
land, Mexico, the United States, Salvador, Japan, and Russia) have
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rourNat of the wWes:

comuncacod to caploit o at Jeast o expluore thelr steam felds ' Bnt hot
watcr heatiog, excopt lor Teelomd, has provecded more slowly - In the
widespread cunrent inderest in geothermal power, i fact, hot water heat:
ing s st alimost ovorToohad outside that one island

A Lt zone ol nwmjor hot springs extends from the Yeltowstone
Pk conntey westwind to Mot Lacsen and the Pacitic Coast Buolse
arow inlo a brontics ity pear the center ol this BCll[]lUlliliCiluy favarod
o Hal spiings occin ovee much of southon Idaho, and ensigrants
beaded west on thie Orcpon Liadl used to enjoy cooking meals in het
springs about hoth sy between Snake BRiver crossing (near madern

lenns Pooy gy and Boise Coromercial development of o number of

Biet spingee i the Boise ard Woord River mining regiens began vigli
altcr the 1862 sobd rushs most of the mining camps in the area (Idalio
City, Rocky Do, Athina Tailey, and Ketchum primaridy) had hot
spings sorneshere noarhy, ond thcir possibilities for resorts were 1eal
ized ey oin e utindng o Connnerciat use of hot springs near {daho
City still continues more than a century alter that 1esort provided the
scene for some ol the ociting episodes i Tdaho’s early terzitorial his-
tory, andd the devilopnent ol a major Western ski resort (as well as
stmner tesort) at Sune Valloy since 1030 makes good use of some of the
fee Wood Bivar Lot springs that had proved w be 2 great attraction
Lor early dovilopos Andiew Mellon, Tay Gould, and the Hachmans
of the Union Pacilic wore connected in one way o another with promo-
ton ol these Wood River hot springs, and before the end of the nine-
teenth contury, Bolse and Waood Biver hot springs were attracting a lot
ul attcuation

Arlcsion water puossibilities were secognized around Buise when
diitlers woent to work only vight years alter scttlement began  Explor-
ing for a watw company, they did not know precisely what to expect
According toa press acponl,

The Witesinn will boring was commenced  The apparatus works

alt izttt They are bound to strike sonething 1L is a mooted guestion

whether they will stiike cold water, oil, or hot water There is thourht

tr In =ome danger ol the Tatter catastiophe. The boiling spring, a few

wides up the vatley, oo the same side, and the well at the penilentiary

viclds warin water Then s une consolation for us, in case they do tap

a boiling apritg we can conunenee daising aops in the winter ®

Flot wator ik not materialize from that carly effort: an equipment
lndure Teft the duvillgrs nnable to discover anvthing at all®  BEut the
possibility L ot waler semained '

Not too many years alter most of the modern comveniences nf the
e ctelertaph and telephose senviee, railway transportation, electric

I Banw BONLNGU Farrorvran asn Deverorsmen1 ow Grotngnneal Powen v Carvon-
My (San bomcseo 19035 p B

2 Lt Stetisnan, Taly 15 1870 p 3 ¢ 2
3. Thad duly 018t p e 2
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Heat from the Rarth’s Surface

power and fights, for example) had been introtaecd, comnsty lendors
in Buoise concludad that the tinme had come to install an adequate city
water syslon. Belore Idabo became a stale in the summmer of 18480, no
one could 1econmend Boise's water supply, either {or domestic use ot
for dire protection A lirmited amount of wale was avatlable frony exist-
ing wells serving indnvdual owners. Others got water out ol varlous
siall springs or out of the river, Irrigation ditches ran through town,
hat altogerher the domestic wate supply remained far Trom adequate
Sone kind of comnumity system clearly was needed  Theninthe spring
of 18930, Boise suddenly had e opportunity to gel a cornplete city water
system In facy, for alose who thought that only oie cily water sys-
e might not be enough, vival groups of imvestors organized two cont-
petitive compames that fnne  Right a the hepinning; the evils of o
opoly (whicli were recotving a lot of attention that year, when Congress
was busy adopting the Shoman anti tust act) had becume apparent
When the wriginal company demanded thiee dollars per month per
fancet, this rate was considered exorbitant* - So an opposition group
decided o offer conpetition at a lower price

Acting from a need to oblain better water for their Overland Hotel
——a well ke Boise lundinark since 1864 — the vwners had decided
o expand theit supply system Tor yoars they had offered a hmiited
water service to their neighbors as well as for their hotel from Hull's
Gulch, a mile or more away on the north side of town.  With permis-
sion obtiined from the city conncil, Oclober 3, 1889, 10 place @ new pipe-
line in Boise streets, they decided to diill for rmwore water than their
springs provided.  Alter some months of work, mostly in the spring of
1800, they developed three artesian wells by the middle of May Pro-
ducing 800,000 gallons of cold water a day from a depth of only tv enty
feet, they had enough water to consider providing a system for the entire
city.”  When they announcad that theie existing high charge would
apply to theiv whole new projected system, another water syndicate en-
tered the lield  One ol Boise’s pioncer merchants, who owned a lot of
land in Hull's Guleh near the Dastman tOverland Hotel) artesian wells,
decided 1o drill lor atlesian water on his propeity, too.  Confident of
success, he joincd a mumber of other praminent Boise pioncers in itcor-
porating the Artesiin Water and Tand Improvement Company, June
0 1800 Then on Tune 24, just before the Artesian company struck
artesian water in Hulls Gutelr near the original Lastman well, the Fast-
man Overland Hotel interests (whe abeady had arranged £ set up
Joise’s original domesti waler systemy incorpuoraled ihe Boiwe ¥ate
Works T Although the Aviesiun company was tncorpoiated earlier, it

Thed  July 11 18, p 2« ¢

¥
G Ibid, Muy 15 1890, p 2« top 3, e L, Sali Fahe Tribune, May 27, 1890, p. 1 ¢ 3.
Sicresstul diilling of e oviginal Fastnuae ortesian well o Bull’s Gulch was completed
Iy the middle of May, 1890 '
6 Beords of Tmeoarporation, Ydsha Toeritory, ok C p. 108 Idaho Stute Archives
7. Ihid | p 1, Ldicho Statesmun Jone B8, 1890, p 3 ¢ 2

prages

ol

P AR -\53’3*‘--? RELER TR T TP Y P




JOURNAL of the wesrt

suppliclopposition 1o the (xisting Lastian group, and believed in com-
petition as a mcans of holding down prices i the water businoss, In
contrast, the Dastman Overland Hotel concern preferred a single water
svstenn for the cutive coommunity, with nonopoly an inherent feature
ol the systonn

B thie race to instat? prpes from cold artesinn wells that both conr-
putics devcloped in Hall's Guteh on the north edge of town, the appo-
stion conceran took advantoce of its head start. But by Aunust 12, when
the Sttesian company hea i 1o install pipe, the Overland Tlotel's Boise
Water Waoule bed pipe oo hand ® Lhot sumiier and fall Boiseowas grow-
g rapidly o spitc of the inconyenience of having the streets totss up
by two rbval wator companics (Ihe companies got into vight of-way
trouble el Tieation, as misht be tmagined. They also had problems
of davieses when bucals o one company’'s pipe led to erosion of the
cthors nncompietcd eacin itions for water lines Y* From a population
ol 2500 whon the Uinited States censos was taken June 1, Boise grew to
R Dy Soptomber 19 whon the Board of [rade inet content with an
optitui:lic bhat unvedilicd estimate) prepared e signed registry of the
nith hitangs

Major brnigation ol constiuction underway next to town that
sirmaner accounded Jor ek of the expansion. In addition, a substan-
tial ity huilding hoom, nnmatcled up Lo that time, was transforming
the appeatance of the capital ¢ity of the new state of Idaho  Aside from
arconthioest ol aptimian that came with state admission, Boise served
as astape coaclbmanulaciuring comter (an industiy without a long range
futize, but good L nove than another decade) as well as a popular
camping spot lor cotipeint wagons that still came by mn large numbers
o the Orcpon el ' Autemobiles which would put the emigramt
wagons and stape coaches off the roads had not yet malerialized, and
with preparations under way in the surmumer of 1890 to install an elec.
T strect cin svsteny, Boise expected 1o have all the conveniences of any
mogressive city within o yoar or two ' Tames T 1L was 1eported as
prog Y } ‘
prepared to bnild a raibroad from San Francisco through Boise to Butte
as a major exparsion of the Great Northern, so that Idaho’s capital would
not hinve o depend entively upon the Union Pacific.?®  The two water
companies looked with confidence toward rapid expansion to serve a
grawing conununity that would thrive with major irrigation projects
which would make fanming more important as a regional economie base
B Hdalio Statcssmers, Avprast 19 1850 5 4 £ 1 _

G Abid Augiet 2R N0 5T, September 3, 1590 ¢+ c I, Septemiber 4, 189G p f,
o5 Septernher ThOLRO0, kg T

b ead ) Soptomber 20 TRID p b 1 Octoher 4, 1880, p 4, ¢ 2

Vo ud Tuly U2 THSD b b0 L Aagonst 13 1800, p ol

20 Anpast £3OIO0 p o+ ¢ 1 August 14 1890, P 2 ¢ 1, August 16, 1890, p 4,
w23 A hes of i ation woere deaftod for the Boise Rapid Transit Company,
Awgnst B2 el notiee for bids for rails and tics Tor an electric street rallway was given

wthe sann i lirn_:
V3 dbid July 20 )y 20 2
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Heat from the Larth's Surface

Newrby lode mining camps, for whichh Doise eriginally had been estal
lishod as a0 scevice commmunity o generation hefore, were approaching
their manimum development. Part of the mining cera fortune that some
ol © ho's pioncer settlas had acommualated was available for ivestiment.
and the Boise water works and electrie street ca projects provided y vod
sutlets for looabcapital in 1850

As soon as service became available o the two competing waler
systenns, a bitter fight for supromacy pave prospective custoniers some
exceplionalis  pood olfers The opposition wunpany, anxious to hold
Back peb ntial castoniers lrom the Overland ot group, advertised
'(‘,(u’!‘.y it (e tobor that no one should STPT 1 sersice contract W ihot con
siderinee the Aatestan ofler Not to be antdone, the Boise Water Works
announced that they wonld provide hrec walcr until 1892 to those who
would contract for their seevice ™ The Overland groap obviously pre
ferred 1o opeorate as o menopoly  Fearimg that they wounld ho cut out
altoecthor, the oppositior syndicate continued o advecate the merit of
meintaininge two indepondent commmnity water syslems, arscrting that
tvo compr ting companics wonld be required to presarve a lowarate stine
ture  Duplic to pipe systems o the same streets wonld olfer customers
a frec choice:; o no othoer way wonkld Botse be assured the low cost water
supply that the community deserved.

Corpeling loy conbiacts o supply city fire hydrants as well as to
aatn privale costomers, the two water companies took their fight to the
cily comncil o Noversher 6, 1830 Afior suceessful testing of a fite
hydrant on thoir new system the Artesion Wator and Land Iinprovement
Company oficred to place twenty five five plugs {owned and supplied
by the ity ) oo their lines, and to provide service for all of them for $600
a year  Lhis rate tan 82230 anmnably for cach fire hydrant At the
same meeting, the older and larcer Boise Waoter Works asked permission
to bid on the five hydrants before a contract should be let to their coni-
petitors!  No one deubted the inadeqgquacy of the existing system, but
the city council hodd ap proceedings for a few days, when the matter
might be tesolved tna spocial mecting - Some of Botse’s most prominent
and successful plonecrs represented by Y stunuing anay of Tegal
Lighits, " tuened omt Toc the shown-down on November 8 At this point
the Artesian crew suggosted that each company assume half of the fire
hydeant contract at whatever rate the ity might specily - With repre-
sertation on the council Cno onc seemead to worry too much about can
Mt of intcre-t vieht theny, the Artesian cornpany had Tittde fear that
the ehurge would he sl too Tow AT aloma, the newer Artesian com-
pany. in ondor to stay in husiness at all, had to argue that the community
interest domanded proservation of Bvo competing water systems, and
that their Tire prolection praposal would help inswe thetr stuvival so

v Shid Oitolo e BO1RO0O o b o 2 Octaler 11 18450 p + ¢ 3
5 i Novomhor 7O0E o102
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jounNat of the wrst

Mt cotpetition conld be assured. But the delegation “upholding the
dignity oi the VWattrworks  declined te concur They wanted time 10
prepare o connten allo whicly would 1estore their monopoly A Mdense
stlenes "o s
Al o Ly ors’ peliion regue sted Darther tests of the two com-

panes’ capabilities, negolintinns tor a division of the fire hydiants con-
finced Aninepectionm ol hoth companies’ fadilities, Novewmber 13, con-
Cinced tie ity council that cach was adequate 7 Adopting the position
ol the comperitive Artestan compaily., the council propused an ciial
division of the fire bydiants - But the original monopoly Boise Wate
Warks dlivscnted agaip. Objecting to the selusnl of the council o accept
Lids Jor saviec by anly one company, the Svater Warks furmally of-
[ercd, Nowember 21, to supply the five hydrants at eight dollars each.
Compared withe the 52250 Artesion company olier, this bid appeared
¢ Dbe low tnonzh o support queite adequately the monopoly cotupany’s
ocizial rogquest Tor the eatire city palionage 8 Niyentually, the council
di cided, Decomban B ERS0 T allot thitty Iy doants o the larger Buse
Water Works at their bid price of eight dollars each, and to contract
with the smaller Artesian company for twenty hydrants at twenty-five
dollars cach f This fizme oaceeded the latter’s original bid of §22 50
only shightly ) The cight dollar sugaestion appearcd 1o be a low ini-
tal bid 1o captuce business, and the council’s excuse for offering a rate
more than three time as liggh had to be justificd on the grounds of pie-
sorving competition ™ Constdering that the larger Boise Water Works
was offering free waler to everyorne else, something had to be done if the
Artesinn Conpany sete 1o overinime the disadvantage of having to charge
al least o nominal rate lor service Noone expected the unrealistic low
Lid of the Water Works to be renewed after the initial year, And no
one expected the il frec vwater sorvice lo continue indefinitely for
other custorners [ the council played aomean trick on the Boise Water
Wenks by accepting thar astonishingly Tow bid while paying the Arte-
sian company more han three tines as mucly, an explanation could be
(o in Uie conncils intowest in protecting the city [rom a still higher
monepoly rite e o subsequent yea Since the Water Works reftained
from entering the Avlesian campany’s proposal to divide the market at
a higher rate, the v 0 lrdly had any other choice if botli companies
were to be pesoved o ainiain competition The way things turned
outl, the Boise Water Works nover ot atonnd 1o supplying any eight
dollar hiydrants and snstained oo lass ian the matter
”l Thid Nosvembor B 18ME po 40 $.
17 thid Nowomber 131890 p b4 2
i Mid . Novemler 2108000 p b 2 Novemler 231890 p 6 ¢ 3
19 Hhid . Decombor 5 RS p oo a
20 ATinutes of the Bowa Ciny Cowneil Tanuary & Tune | Tuly 6, 1891, in the office of the

city clerle this sl mnch of th inf nmation - onecrning early activity of these com-

ponirs o heon oy plivd by Thomas G NI adde i of the Bdaho State Histor icnl Society.

4 Mlowhe Sehintin whie curnnemt tescarely interost i3 Boise's water system in the nine-
teenth tentuey
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latted and shifcT swere rampant — S the ficree factional hght™
for nustery over Boise™s water systeon® e their searehl o oo way o
rain control, sone of the major Water Warks investors decided o go
inte the hol water business as well They chose o nnestipate a poten
tial attesion well site whete hot water secepage made a swaiep at the
edge of a hill nortlwest of the state ponitentiany, Dudlling comnenced
shortly belove Chiistmas, in Ume lot an anoeuncenent on Decermber
2, 1800, that warm water (927 liad been struck at a depth of cighty
feet ™ That was only the heginnine . After penctrating a hard vock for-
nration, Decombor 27, amuch sthienger How was enconntored at 112 Lect
Here the w der temporatie had visen to 1127 with enough sulphur’
that the whole supply was fdentlad os coming “vight from Hades ™

Flive et s ovenidoncd te e b Brhic ] we ! li‘.Siil;}_j To =ueh an

cxtont thor o became ne sy Lo tap the pipe cveral Teer betow inonder

e dras off this oo v s ot o inteslene sl the dudl o The come

pany will continue to sinh the v oIl i the bope that at o greater aepth o

highe: wopoatiie o he oohitaieed The ontceme of this experimont

i+ ol contac prablomution] dopending enticehy on this dusired veznll - The

water e ol bt ston By hopecomated with sutpliur A Targe numben

of cutions people sisitd the well vestorday aftonnson. The eompany

will sink 1vo more wells vory shortly

defore the vears end, the diiller’s tive jnch pipe delivered a sull
warmer, bueer low fram 163 feet: during the fist week of lanuary,
both the supply and the temperataee increased daily as deilling prog-
ressed * Thon at 308 Teet on Janmary 130 the Dolse Water Work's stock-
holders were jubilent to lind a “preatly agnmented” fow with the "tem-
perature very matcrially vaised” that gove them 130 gallons a minute
of 1317 water. “The water now is hotter than that in any of the famous
hot springs in Arkonsas, and visions of bath houses and all the para-
phernalia of a springs 1esort ave ahcady torcing themselves in the minds
af the lottunate possessors ol the well 7% Jincouraged by these prom-
ising xesults, the drillers went on until January 22, when their equip-
ment lailed  Pressure por so great that their bght drill could be used
no longer Sending out for a heavier drilly they struck their real bo-
nanza, Jameny 24 At a depth of ncarly 400 feet “a tremendous flow
of water was encommtered, and firther operations were necessarily
discontinued "8

During Febriary, the company sank another well through harder
rock about filty feet from the first one. Ilere the results were almost
as spectaculin Going ool the same stages as the first, the new well
liad highor temperatures as the dritters worksd their way down Whoen
B ldaho Stere vt March 29 1891, p 8 ¢ 1.
292 Ihid Decomber 20 1840 p BT 1
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the main senrce was reached at H0t feet, DMarch 12, arge chunks of
vock were Toreed up and the total volutue (at 170°) exceeded 800,000
gallons daily ¥ AWhile the second well was heing drilled, a Uinion Pa-
cilic chomist who tostad the water promonnced it excellent for boiler
purposes = e one ol the company stockholders, United States Sen
ator George I Shonp, sot the Tinited States Department of Agriculture
to undertihe carelul chiomical wsts of the water. When it turned out
to bcanore thom pure cnouehe for houschold use, the company knew that
e addition toa resoel thor w iy they had maore than enough hot water
decadys thoy had a truly  ecalossal hwot water heater for domestic
tonusinption =

Satisficd with these reports, the vwners ammediately purchasod a
sile dora natitorinm on Warnn Springs Road and began to consider going
into the hot water business. Although they would be competing with
Kelly’s Hat Springs — a resort on the other side of Table Rock, a few
miles farther away - which had opened in 2 big way in the summer
ol 1890, their natatorinne had more definile promise than their domes.
Lie hot water system ™ Some peossimists doubted that their hot artesian
water wonkd stay hiot, o that the supply would Jast indelinitely  But
the compary went tieht abead, and the promise of being able to provide
both hot and cold water [or domestic use gine Lthe Bowse Water Waorks
the upper hand in their battle for the city market. Within weeks the
Artestan company pave up the fight, conceding monopoly to be superior
o competiion after all. The Boise Water Wuaks absorbed their rival
moa consolidation completed March 28 Yet the name under which
the new corporation cmerged, the Artesian Hot and Cold Water Corn-
pany, sigpested the opposition company. Stock was exchanged on a
basis favuring the company that had the hot witler, Lwo shares 1o one ™
As a conseijrence of the artesian hot water discovery the corporate pur
poses were expanded: inaddition to the original “'municipal, fire, sani-
tary and meclimical purposes,” and “domestic and ormamental uses,”
the consolidited ventiue assumed authority to “hnnish steain fov heat-
mg, motive pover and mecnmnical purposes. o addition the new en-
lerprise proposed to “mnintain sanitariums, hotels, baths, hath houses,
and all other nccessary or convenient budddings at or near said Boise
City 7

Concerned over the effect of the merger on the rate structure, ihe
customers of the two companies wondered whether they would have i
#o back to the original high watcr cost proposed helore competition had

2eodbid Ty 508 p A ¢ 1 bebrusry 11, 1801 p & o 1 Frhouary 2%, 1891, p
Boe 1OATch 11 0890 p & ¢ 1 DManch 13 1K1 p 8¢ 1, March 12 1891, p 8 ¢ 1
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e e duonof GOV Voo o of the carly adnocates of using geothermil heat-
b in e pad wlee brldage s wan o faest e sidionee  Boise, Hiaho 16 emplon
the e thend

altered the dtoation Phe merger Tad hoen anticipated for months
After all ncither compiny cohd he expeaie d to supply water indelinitely
At i Joss Deoanse the competitive Arlosian conipany hadd oftered nom
inal tates until 1RO trthe sanm petied that the Boise Water Works
charped nothing at alb aoel reasorable rates in the tanre, hope was
cxpressod thal the Arvtc:bin eloment in the combine might try 1o keep
the price rcisonabdc altor the merpe Iawever, the original manopoly
companry which abmnbod s competition had heen smart ¢nough not
1o prennise anything Tk low hinges in the foture NMoreover, their
ol of frer aweter il FEO2 was
o ccad o Tor the bt bt Lol one ton the compny . Nubeds
domended i nebaody thow, B thad it was st i wood Tuith bt ol I
Wral it wa 1 LIl A hee tocd csmipany and would List ondy until o con
bl tion s et dane s they s piviny come hiog for nothing
thit vveopany [ ahiche Tl divconerod hol il waler | oy not e
Blamesd ol i promise i- not kgl

B the Art e Waner and Damd Tinproseinent conspray offcred in
the Lanena s of 31 cand 1o Larni<hl water at reasonahie rates wntl that
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tirne, and continne o do he saome thooatter ™ By sitae of that ofter
it made o contiaet o fornish watcr of Trcusonablo rates” The sates were
extablishod wodd poophe weerptod them wdd placcd e pipes i their
bonnses Fhose contrat swore ndostood 10 hold good wntil Janvary 1,
b2 WAl the B and Cold waler poopde Tthe new consolidated cam.
pany | about one B ol whom wore st holders jo the Artesian cony
pans. =0t that the old rates wre maintdned

Fhe smmomnt inve ted by the wo watn compomies was a larpe sum
Nobodv wilt deoy thar wovcan onadhile pralit <houtd be dobved From the
tvetoment Aloncy phacad fnowork s of this chivactor docs not e long o

the pubilic Lot ra e dodicidond Fhe dnvctmont hetped the city and
wddid porneoe ity o e o ccoaod valnations tharely e measure, de-
cevastne the sole ol Lirvation That, we hebiove s the argnmeat which

the vomgpun oD usc swhen thoy Bt now sales

Bov b vate povey b o iz bt b T oo <houd Pl a1es

ot (S PRETHY Y S RO P TR LT o gy rereise farrow
TSRS T Y ' : orrdoan i s Dt e paver B met
cathe oo win oo e vt o b fovars e miuny Gan
e withone o0 TE the vanee oo - eed o higdo the company wald find a

decicase of patran g bat if 0 resonable sate - omaictiened, and the
pronti-c~ nunde 1o the pabhic o kopr, thoe will e tnonbde aboat it
“Fl.i [RLD] l ||l|||!l|i“( Illl”l [!! IllllElI( 4
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Althoueh the consolil ied company held o L & while, a modest
inereise Toa thiid of the carlio three dollay monopoly rate was imposed
Lefore the tntcipal clee o i Tuly

Drring the campatgn for mayo and ity conndl, @ combine af
the nesy worlor ooy and the s Clechic shieal cat company nter-
vencd inan noeapectodway o in addition to the rezudin Republican and
Demuoeratic tickota thos atilities offcred a thind pinty with a Gitizans’
dekor Wih oy ol Tdal s most prominent political leaders joined
(s nlihity Tvestors) o snpporting His independont slate, the reeutar
pirly organization Condlicdates Telt Hancatencd Tndesparation. the Re-
publicans (who nonm by niehit have been expected o triumph) ap-
pealed o tin Dome rats e ctay with thcir swn party ket rather than

v descrt To the s otor won b aand stecb e panly 1he ntility mterests
wont To the tonble of clarting dindy nev spapr ol thelhr vwn - the
Botse CItizc —-a- 0 tamnpaign orgatl Cwith sever editors, anl pratui-
sous cirenlation ol aovoral P ed copies st They had to Teply

fo e larpes Lo the Jdalio Dhredv Steete e (1he 0ity's long established
1t Thid Tuly 1norsut oo |
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Wannal Seninas Avesur Siareg Can
Phis s woetod e rosedonts of findionedlc Warm Springs Arenue and the citizens
of Buise 1o ho spent theie vcecetion hours at the Natatorivin Note the unpaved stree!

Republic s organ) Magainst rapicity of these water fiends and money
cormuorants U

As a campaign issue, the Republicaus Tocussed apon the evils of
having the ity cmuncil composed ol onwnors and agents of the water
cotnpany awitlowhich the vy wonld ianve o contract for water  Snnilar
opposition was voiced against the clecnie street car candidates  { They
actually were mostly the same people Y Problems ol conflict of inter-
et wore pointod oul cearly and specilically On top of that, the util-
ics Jaced othor disparaging accusations: “Tis notovious that the salodns
on Main strcet e amply supplicd with tonds” Trom the utilities to
swing e cloction, “wnd that these saloons are now reaping a harvest '3
Porhaps the water and shrcel coe combine succeeded 1 corraling the
Main Strecl vole At least enovgh of the electorate was unimpressed
by the possible dangor ol making the Gty couneil the agent of the water
and stroet cae companies Al all these concerns were established hy
sore ol the Teading Citizens of Buise innorder to bring progress and pros-
perity to the conmmanity Wihen the volts wore counted, the water cont-
pany’s Cilizens ticked cmerged on top W I Botith, who had settled

37 Ihel Toly 11 1801 p 2o 2
W, Jbad Tuly 10 IEOQL p 2o
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Teat [rom the Larth’s Surface

in Doise in the fall of 1890, led the Republican ticket as candidate for
city attorncy and was nearly elected.  But the 1est of a strong party
tichet faltercd against the assault of the water forces.®

Foars 1hat domestic and municipal rates would soar after thic water
company ook over the ¢ity conneil (along with the rest of Boise’s aity
rovernment) faited to matenializve  Since the eight-dollar a year fire
hydrant bargain nover had materialized either, all the city business had
gone to the opposition company which the council had upheld in an
mnsitecessiul arrangement to divide the fire contract. So the new city
council stabilized the city’s monthly bill at 511458 —a fipure close to
what the earlier council had figured was fair when the two companics

\ .
hisd beon comps ting,

Meanwhile the consolidated water company weni 1ight ahead
with plans to enter the hot water business Engaging the services of
Tohn C Paulsen, a tilented Helena architect who also was designing
nurnsions loe some of the wealthy water company Investors, the com-
pany hastened to build Boise's widely admired natatorinm . This be-
came a show place of the Northwest.  While consiruction was under-
way | interest was monnting in the prospect of hot-water heating  (Until
the water could be used at the “Nat” and for domestic heating, the com-
pany had 1o resort fo such undistinguished outlets as street sprinkling
A better disposal of the iimmense hot water supply certainly was needed )
A lape nnmber of houses were being built along Warm Springs Ave-
nue, where hot water sorvice was expected 't The company really
necded o reliable test of liot water heating, though — Conscious that
theirs was a pioneer cflort in an entirely untiied enter prise, these nat-
ural hot water experimenters decided to see how their system worked
in some of the owner’s Jinmes  They started with the company president

C W Moore. who had joined B DM DuRell in founding the First
National Bank of Idaho in 1867, set up the initial test He had a sub-

37 fhid duly 110 (B4 po 8 o 1 En the dlection returns, Dorah was reported as losing
16 © U Stevenson 377 to 369 hut a few years later he was wld that ke actually had
Wad tnore wotes: the ranvasats amply hied decided they had hetter make sure that the
atility tichat candidate butame ity atterney  Glandius (0 Johnsen, Bonair or Inanoe
(Niw York 1536) 40 - .

38 Cown it Miputes, Septembor 24 1891.November 3 1862, February 2 Tuly 6, 1893.

3 €7 W DMeore wont 1o Helena in Apil, 1891, to examine the natatorium there and to
engape Patern’s sovices . Work on the Baoise Nat” praceeded capidly. with the pronl
soetiont buiht e fore the rest of the desipgn was even finished  Paulsen came to Boise
Septeanber 2221 after the huthling contract was let  fdako Statesman, April 4, 18%1
poB e 3 May 26 150 p & o 1 Tune A0 1801, p B, ¢ 3 Julv 2, 1890, p. 8 ¢ 3
Seprdinber 7 1891, po 8+ L Siptomber 15, 1891 p. 8 ¢ 3. September 23 1894, n. a,
¢ 1 Septemba 25 1491 b0 8w Octoher 14, 1BOU p 5, ¢ 12 Outober 23 18591,
p 8 . 3 A hiographicel notice of Panlsen, from the Helena Daily Independent, Aqril
1. 1897, wppr ns in T0od Whitcside, CLhe Graft that Failed,” Montana Magazine (Au
v 1959 po 10 Arthne A Tt director of the 1daho State IHistorical Muscum,
is gy in reeearch oon Pandson ul Noise architecture and supplied most of this
mforution

W Teehn Stete snrgn, Ao 1 08 180t o 8 ¢ 3y Idalio Dermocrat {DPoise). gquoted in the *
Cablet! Tribene Tavweey 31893 fi,4. 3.

a1 Idaho Statesman, Oviobor 5 18010 p 8 © 3. May 24,1892, p 5, ¢ 1.6
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stantial new “elegant mansion” completed at the beginning of 1892.
During February and March he found that his novel heating system of
natural hot water performed beautifully.#  Next door, I1. B Eastman -
of the Overland Hotel followed up with similar success when his new
house was donue.  Fastman’s company already had suggested that the
new oity hall, as well as the [ire station, resort to natural het water
heatine: now that feasibility was being demonstrated, at “least one-
third of the Main strect property owners” had “evinced their willing-
ness to become the pations of the company” for heat as well as for water
by the end of March ' Special costs for installation of the hot water
lines were expected to bring the community heating investrment 1o
$20.000 Bt fue! savings, figured for the community at $50,000 a year,
would more than justify the expense Fire insurance savings offered
an additional incentive  With litle heat loss expected in several miles
of pipe, and with a head “sofficient to force the water into pipes upon
the top floor of an ordinary four or five-story building,” success for the
enterprise was assured

A full explanation of thie merits of natural hot water heating ap-
peared in the Idaho Darly Stutesrman, April 2.

1t is probable that Boise people do not fully realize the value of the
hot water that Mows o such abundanee from the arlesian wells Tt is
understoad i a penceal way to be o nice idea to liave houses heated by
such an agency, but very fow whose attention has not been called to the
subject appreciate what the influence of this method of heating will be
npon the future of the city :

There are scveral thines that can make a great city, but of not the
least importince is that it should be a desirable place of residence. Busi-
ness advantages build up a community, but it is often found that people,
while waking their money in one city, will live in another, hecause of
stuperiot attractions of the place that they select for their residence. When
business advantages are equal, the city that offers the greatest induce-
ments as a city of homes, Torges ahead of its rivals: where business and
residence adyantages are combined, as in the case of Boise, the city must
make preat progress.

The hat water supply gives the city a leverage that no other pluce
in the country tnjoys; when we stop to consider what the passibilities
of the system of heating are, that fact immediately appears So far as
we know, coal will always be expensive; so also will wood. At best,
both wond and eoul are expensive, and ereate dirt and smoke Those
who have always had then about the house may have become accustomed
lo their Titter. bul there is no one who would not appreciate a heating
system that would be free frem all the objectionzble featsires of the stove
and fireplice. :

In time, this hot water will come into general use, Al houses will
be heated by it and the heating wiil be done without care or annoynnce
on the part of the eccupants, while the savings in expense will be
ENnornnils

42, Ihid Octoley th 1801 p & ¢ 1, February 3, 1892 p B, c 1, March 20, 1852, p 8 ¢ 2.
43 Ihid, Minch 30, 1892 p 5, ¢ 1, November 22, 1892, p 4, ¢. 1.
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The poorist family with cultinred tastes will be able to maintain a
conseryatory filled with lowers the year round _
_ Housework will he nade casy, because of the wonderful cleansing
“power of the water, :

Pyery Tamily will be able to maintain a bath, without the vxpense
and danger mewrred inopihing i water backs and boilers, and 1t will

be o lifc giving mincial bath ieto the bargain.

The new well which is propesed will probably bring beiling water,
and this uwsed for lushing the sewers, will inake the health conditions
of the ity perfect.

Under plass in his back yord, every resident can produce a con
stint supply of dulicate parden products, gathering lettuce and radishes
For Tiis tuble ju the coldest weather

Such are 2 lew ol the advantages that the hot water brings to Boise

It roquires no sticteh of -the imagination to foresee that they witi
make this place the Favorite residonee city of the intermountain country.
Tt is a great point to be able to say to the people whose business is in

these mountains “We can alford you the finest residence conditions that

exist in the country

People quickly approdiate such eonditions; and we have but to get
along a littte funther and tuke on more metropolitan airs, to line these
strects for miles with the howmes of men whose bhusiness reaches {rom
Bear ! ake County in the southeast o Kootenai County in the northwest

While the citizens of Bolse weie anticipating the wondets of nat-
ural hot water heating, they had a chance to try out the large indoor
swirnming pool that artesian hot water also made possible Completed
in time to comnence business on May 25, 1892, the “Nat” (as the Nata-
torium was kunown) immediately became a great attraclion. A grand
dedication ball, Tune 2, demonstiated that the new building was good
for more than swimming and bathing A special ballroom floor could
be installed over the pool, converting the plunge area into quite a dif-
ferent kind of establishment®  Nany important social affairs were
held there. inclnding o number of inaugural balls.  Aside from the
pool ar ballreom area, this large suncture (100 by 150 feet in ground
area) contained “Hifty bath and dressing reooms "** A special system
of wooden pipe brought hot water one-half mile or more to the “Nat,”
and for heating purposcs was extended down Warm Spiings Avenue
into the business distzict  The wooden pipe, chosen to provide insula-
tion, was no jnnovation: the Ilelena Natatorium (which the architect
had desigred previously) used that arrangement ** But from there on,
the Boise natural hiot water heating pionsers went on their own

With no experience ov precedent to guide them, the developers of
Boise's hot water system had 1o zo to considerable expense to solve their
supply and distribution problems By 1894, their two hot waler wells
leaked so badly that they required packing  This reduced their size so

44 Thid , May 26 1802 p B ¢ f June 3. 1892, p 8 ¢ 1.
45  Ihid Nay § 1891 p 15 c 1.2
46 Thid, May 27, 1801 p B ¢ 2
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muach that o thitd well (430 feet deep) had 1o be installed 1o restore
the originl S00.000 zallon daily fow 7 {Yet with 550 gallons a win-
ute, their Lot water supply was alimost as Targe as all of their cold arte.
sian waten obtained from Uall's Gulch )* Wooden piping had to be
abindoned in 1896 *as” dangerous and useless.”” and some of the other
experiments proved futile as well as expensive ©?

Capturing enough hot water heating business to absorb their sup-
ply, the company at least refrained from going to the effort of develop-
ing botlor technology and natural hot water power  Their chiel innova-
ton tuoed out to be commercial utilization and distribution of hot
watcr along lines guite different from the traditional resort and nata-
torivn devcloprnent that required little or no imagination to work out. -
Boise's meeds cave thenr a pood outlet for household and commercial
Licating, hat did not encourage power generation that the company had
considercd aloneg with the other possihilities  Conversion of Cytus
Tacohs' fTonr mifl water power system into a hydroelectrie plant to
operale city streel o oservice came just at the same time that artesian
hot waler hecame available © Cold water ont of the river provided more
than «noneh dectrical gencrating capicity to nicet current needs, and
cokl river water had no application for heating houses or anything else
A itk over o decade after Boise’s Artesian Hot and Cold Water Gom-
pany bogin to provide cominercial distribntion of geothiermal 1 esources,
an Halian entorprise nnderlook geathermal power generation in 1904
Both of these novel contiibntions 1o economic geology — cominercial
acothermal heating and commarcial genthermal power — are closely
related, and bath commenced at close to the same time, if in widely
separated places

Iflorts 1o inrease the hot water flow Ted 1o a lot of trouble be-
fore they proved successinl - With three wells of 394, 404, and 450 feet
in depth, the company spent a lot ol meney on additional new wells,
but the How did not change ® Then alr purnps increased the hot water
supply by twenty five percent. But the original punips proved un.
reliable, and within fowe years the atr ad rusted ont the melal pipes
of the entive systern At thal point, the company drilled a new sixteen-
inch well entarged one of the others to sixteen inches, “and installed
o ten-ingh Beron facksan Five Stage Perpendicular Centrifugal Pumps,
hoth electrically dhiven and placed one hondred and fifty feet down each

Potas Achsian Hot st Cold Watar Compansy, Tarft Bulvs snd Regidations Governing

the Use-of Hor and Cold Wearer (Posse 1018) pp 1016

18 taracl € Buswdl Pursisrany lvone on ARjisIan Basins IN SOUTHWESTERN IpanO
anep Sotirne smine Ows os (Woashington, t903), 20 30,
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well 79 Fhese new pumps sncceeded perfectly, bringing the total flow
to 1,200,000 gollons o diy Natural Tow, however, remained at the
ortginal 800,000 gallons that had been constant from the beginning In
spite of some early doubt, water temperature never changed, so the com-
pany's hist waler resource proved quite stable over the years _
Aside from technological problems, the company also had difheulty
in petting custoners tn collserve hot waler. Cold water meters enabled
the company Lo abandon a complex rate systeni based npon house size
or, for commercial customers, the kind of business  Hot water meters
proved ineffective, althoueh the flat rate of two dollars a month was
modest indord {or homes of eight 1ooms, or less  Larger houses ran as
hiah as Unee dollars a month, cotainly a competitive rate when coal
cost seven or cieht dolfars o ton el the way the company explained
matters, all Linds of unfortunate practices had to he curbed:
e wa-le and wnamothorized oee of the natural hot water is enor
i amd L heoome amenace o the officiency of the service In very
cold woathor thi= woste amounts 1o a farge percontage of the whole and
practicalii alb of 3t moamneecssary
' Some of the mosl prominent ways in which the water is wasted are:
Opuning the Taoeccr and Jetting the water run continuously, with the
hope of setting more heat
Attaliing a towe ] or othor fabric o a faucet and allowing it to hang
into a wash howl, sink. bathtuh o other set hixture, turning thie water on,
and illowing the cleth to smuther the steam and noise.
Fising hose Tor The sunw purpose.
i ing openings not mthorized
Having a toilet attached, and similar other ways
ATl of the above practices wasle much water, and most of them
weakon the sorvice that s expected 1o he benefited.
[ etting the watcr run a very short time will get as hot as it ever
will be  In a house that is heated with natural hot water it will not take
over two minutes to ohtain hot water at the faucets M

With nine miles of hot water pipe, about half in large (four to
twelve inch) main lines and the other half in smaller {eeders, the Boise
hot water licating system emerged as a stable, unvarying enterprise ™
The heating system, iu fact, tuned out to be {ar more durable than the
traditional natatorinm development  Construction materials {but not
design) of the “Nat” proved unequal to the strain of supporiing a large
building in damp sunoundings.  After forty years the framework and
trusses got into “an extremely wotten and decaying condition 7% Mois-
ture from’ the pool wiis blamed for the decay This unsatisfactory sit-
wation camé rather abruptly to public notice, July 30, 1934, when part ’
of the roof Llew in during a sndden twenty-minute afternoon thunder-
3 Tanill Rules 16
54 . Mad . 22 .

85 Jbil 1617 _
56 Ldahwo Statesman, August 21934 p.6,¢. 1

' | 69

e gy g 2o 4 .
L E DI \ . R O L A PR~ R TT T T T _




JounrNaL of the west

storin. A twenty six mile an hour wind {about as strofip ds Bolse ever
gets) and o deluge of rain brought havoc over the commiunity, mainly
o trees. [ lie ¢ity building inspector, who thought he waslucky to get
out of the building alive, found the “Nat” “in au extreme state of decay
and deterionation, rendering it unsafe and extremely ‘hazardous. . "
when he examined the situation, August 1 He concluded that “the
only thing that is holding the roof together is the shape of the arch which
puts pressure o broken beams and prevents them {from caving in"%
The builiing could not be saved under such conditions, but the city
took over the pool (which never had been especially profitable by it-
sell) and preserved it as a regular outdoor cold water plunge ¢  Still
in operation, the pool serves as a reminder of a bygone time when the
“Nat” was one of the real attractions of the Northwest

Hot water heating quictly continues to serve a section of the city
that the warm water system did so much to develop after 1890. Warm
Springs Avenue, which the liot water heat line made into_the commu-
nity’s most iinportant 1esidential street (in place of Grove Stieet, where
only one of the old mansions has surnvived) still has most of its putstand-
ing houscs, including C. W. Moore’s home that pioneered the natural
hot water system.  Artesian hot water heating continues to be practical,
and more than econeimically competitive.  Rates are determined by the
size of the hot water discharge outlet, and run around twoe hundred dol-
lars a winter for an average house on the system  This price includes
hot water for’ domestic nse (making a hot water heater unnecessary )
as well as for heat®®  Ixcept for the coldest weather, natural hot water
heat is adequate, although an anxiliary system is necessary for large
stores and buildings when conditions get severe.  Such conditions do
not occur too often: although a prolonged stretch of sub-zero weather
would put a strain on an artesian hot water heating system, Boise has
gone eight years now since the temperature got down to zero, and even
when a severe gold wave strikes, the mumber of hours in a year that the
temperature runs below zero is very small  In a more extreme climate,
such a heating system might not be so practical

Expansion of the arlesian heating system cannot be managed on
any major scale because of the 1,200,000 daily gallon limit~ In the
past decade, in fact, @ gridual decline in patronage has set in. As late
as 1058, 244 customers used artesian hot water lo heat their houses or
businesses; by 1970 about 200 houses and ten or a dozen business estab
lishments remained  New developments in the cliy, with some of the
old howses giving way to coramercial development, with other natoral
hot water houses displaced by the stale capitol complex (heated and

57 Ibid. auld sie also ldaho Statcsman, July 31 1934, p t, ¢ 1, p 2, ¢ 1-2, August 2,
070 p D1, 123 L. :

B8 Tdahe Statosener, Supast’?, 103 p toe 1.2, August 4, 1934, p 5 ¢, 1.3,

50 Infornistion concerning cutrent service and rates comes from the staffl of the compuny,

Degember 18 1970

70




Heat from the larth’s Swrface

cooled by an unnatural hot and <old-water systems, and with urban
renewal projects taking out sonie of the ‘established business customers,
distupt the artesian ]Jcaliir_ig"-’?;'YS’E&;iil - No new establishments have
adopted natnral hot water hent for at least several years In spite of
inflation, though, rates h;nc:‘.‘m\_t,.;ii{éil; those fortunate enough to be in
the systemn liave a petly good and convenient hieating bargain that prom-
ises to Jast a long tirue T

Boise mo longer can boast of being unique in utilizing natural hot
water for space heating  Most notable of such geothermal enterprises
has been widespread use in Teeland  Tacge volumes of natural hot
water, along with important steam fields, pive geothermal heating a
great boost there,  Tack of any other Tuelbin abundance also enthances
natural hot water as a domestic and connmercial heat source Reykjavik,
the capital, with a population close to thatof Baise, commenced natural
Lot water heating in 1028 and expanded the system ereatly in 1942.
(Tn connection with the expansion project. engineers came from Iceland
10 examine the Boise system ) Oiie hall of all of Iceland’s heating now
comes from hot springs water, and ninety percent of Reykjavik depends
upon geothermal heat.  Some water comes fen miles to help heat Tee-
land’s cepital, and drilling projects continue b expand the system That
way less oil has to he imported for heating % Geothermal heating has
come a long way since some Daoise proneers commenced 1o experiment
with a natural hot waler systemr,  And with rapidly mounting concern
for environmental pollution, geothermal heating s likely to expand
substantially in order to give maore people the advantage that its Boise
promoters saw so clearly back in 1892

Recent nndergronnd nmclear tests in Nevada liave developed a sys-
tern by which massive geothermal plants might be installed in a favored
location where magma (hot underground rock) might occur near the
earth’s surface A nuclear device exploded at a depth of 2.000 to 3,000
feet would blast a large cavity but leave it full of loose rock into which
water could be piped down from the surface  Steam (to supply a gener-
ating plant in a closed system). would tise through a separate vent  In-
stallation costs (of ene million dollars or so) would be competitive, and
Western stale nuclear commissions would be interested. A practical site
should be in a dry area, away ltom springs and other underground
water to avoid widespread contamination  So far, no satisfactory site is
known: the vast lava beds of the Svake River Plains, for exanple, have
far too much underground water to qualily © Subject to discovery of a
suitable location, geothermal energy in the future =ill not be restricted
to matural steam and hot water sites of the kind presently used

60 Wright Britton, “Saiting Teeland’s Rupged Cossts,” National Geographic (August, 1569),
116:040. s

61 5 M. Batton o Buise mining «nginesr and o member of the Tdalie State Nuclear Energy
Cosmnission, mentioned this kind of possibility 1o the Iduhn Commission, on Jenuery 19,
1971, after returning {rom an inspection of the 900-foot cavily in the Nevada test site
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Warm Sp rings

By ARTHUR A HART Travefers ta the Springs
Director, ldaho iveit o **buss’” from there -
Hestorical Museum horse<drawn, of course. The

{0t spHINEY are & common fare ‘was twenty-flve cents,
dural fculure n Just about compared to the fifly centd it
| pargs of ldaho, and 1 had cost [ifteen years ear-
ast parts of the state have  lier

en developed for recrei- Conunued deciining health
nal or therapeutic use.  forced Milton Kelly to return
Jquraily, these lecauons o Bowse for the winter of
e woll knuwn to the urig-  1851-92. On February '8, ‘he
ol wmhabilgnts of the regn deeded  lus Hol Springs
0, and were popmiar win- - Ranch and other properly to
nang spots for 1daho’s In- his davghler, Mrs. Joseph
RLTS Perrault, with whom he wus
Fwve miles up the river  staymg. When Kelly died, on
om Huise, i a draw on the  Aprii 9, 18392, the property
\st s1be of Table Rock, once  passed mto the hands and
awed the best-known warm  management  of the  Per-
ings in this part of ldaho.  raults, who continued to
5 vutly a5 1669, on account  makemprovementsn it

; The Statesman mentians
ial ot detachment of sol-
wrs frtom Furt Boise wus

The drilling of wells west
of Table Rock wn 1831 jed w
qundin, up all ol the tns the EEEJ:EE: of the fa-
ans M tewn and traps.  oua Natstorium .E:._
orting hen W “'ther old m.w:._vmm natural hot E;En‘
rounds  abeve  the warm system — :.ﬁma of its kind in
prngs, wivre they wull be the United .r:..:cmr ] )
vyt by themselves  here- Whether  this  wus  he
fier.” cause of it or nut, Keily's

. Hot Springs declined there-

Fear of a smallpox epl-  after, although Joseph Per-
emic uccounted for. this  rault conducted drilling op-
1ove, for the urlicle notes eraligns there a5 latg as
nat “‘as @ measure of
aicty, they have all been
acipated."

Ry 1471, the springs had
wen deveioped into a resort
ar the peuple of Boise and
gotnity, and e propriglors,
Aubbs & Call, were running
epuiir PussEnger CHITlRCs
rom Bose,

The road, which wus not
he main route 1o Wdahe City
ot that time, since there was
1 toli road up Rocky Canvon,
jecame  knuwn as Warm
springs Road, und has con-
inued tu the present day as
Nurm  Springs  Avenue.
stubby & Call proclawmed
thui “Lhe arrangements are _ SEEAW,
compleied fur a luxurtous ; : g b, ERTAL Y P .
bath, *steam,  shawer, or e ] 3 .
plunge, as may be desired,
1.oub Jur the wagon.'

in 1871, i« Dr. Stevens ad-
vertised that he had “built a
gulpstantial and comfortable
sel vi hoth roomy AL the hot
spring s dud otherwise m-
proved  this detighiful  re-
Sl

tons resort neagr

o

wents sand that “alter

emerang  am the  suls
Fhgivis teswi’ of the hoath . . oA
Tosiy 2 Polaeil can o slosh

e csithout s daaper ol
Frilng to. St barked
Mo, osad Moo N Payne
were now listed as poeptg.,
Lors, . B m?
By 154, by mmuyot of
fres RpADE 1 The
dovoiad - to el Dot
resort suggess that Judge
Milton Keilly,  editor and
owner of thy paper, pad ac,
quiced the propegty. Rally. -
owned an extensive rangh.in
that grex. oo
lal life at the spring
sleo picking ug, agcord-
g 0 these aceountm, for
even n mid-winjer of 1876, a
Jdance was held thepe, “Tat-
ro’'s  coach and  Agngw's
bug,"” haulipg people 'to the
affar.
Milten Kelly's Hot Springs
Hanch included the springs
themselves, but the judge
leassd their actual operation
to pthers. Through the years
the pames of James D.
Dunn, Thomas Clark, Joseph
Perraull (a2 son-in-luw), and
F. A. McCarthy appear in
ads {or the resort,
In 1389, Kelly sold The lda-
ho Stotesman and retired 1o
Hat Springs Ranch in failing
heaith, He had a paralytic
stroke, but was recovered
sufficiently by Septamber,
1891, that he could greet old
friends at the Springs. By
this time the riew strectcar
lines ran out Warm Springs
Avenue ay far as the site of
the Natatorium, then under
construction,
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CONVERSION FACTORS AND VERTICAL DATUM- -

Muitiply By To obtain e
5 acre 0.004047 . square. kilometer S
i acre-foot (acre-fi) S 1233 : * cubic meter::
acre-foot per year (acre-ft/yr) _ 1,233 cubic meter per yea:
¢alore per second (callsy 4184 - © wat
cubic foot per day (fr’/d) 0.02832 . cubic meter per day
cubic foot per second (ft¥/s) 002832 cubic meter persecond -
cubic mile (mi®) : 4:168 cubic kilometer .
foot (ft) ~ (3048 . meter -
foot per day' {fv/d) 0.3048 meter per day.
foot per mile (ft/mi) 01894 meter per kilometer
- .. . footper yeai‘ (fryr)- -~ . - 03048 . meter per-year LR
o foot squared per day? (ft/d) . . . 0 09290 .. metersquaredperday. i
o SR gallon per minute {gal/min) ' - '0:003785 .. cubic meter per minute. '
ERRRE A gallon per minute per foot [(gal/min)/ft]. -~ © 02070 ~ - liter per second per metex
v inch (in) : 254 miflimeter
: inch per year (infyr) 254 . . millimeter per year
kilowatthour (xWh) 3,600,000 joule
* - mile (mi) 1.609 " kilometer
plcocune per liter (pCi/L) - _ 0.037 becquerel per liter
square mile (mi%) _ 2590 square kilometer

Temperature in degrees Fahrenheit (°F) can be cbnveried to degrees Celsius (°C) as follows:
°C = 5/9 (°F-32)

Sea level: In this report, “sea level” refers to the National Geodetic -Vertical Datum of 1929—a gecdetic datum
detived from a general adjustment of the first-order level nets of the United States and Canada, formezly called Sea-

Level Datum of 1929

: EEh 1_T_he standard unit for. hydrauhc conductmty is cubl‘ s ot pe'r.,t.:lay_ péf.séuarg foot.;.- This mathe aI é;(press:_io;i. reduces .
7 . to foot per day, which is used in this report. o -
ST ey i The standardunitfortranSiissivity is cubic fbot per day per square foot t:mes foot of aqu}fer thnckn

exprcssaon reduces to foot squared per day, which is used'in thi§ report,

i This mathematical
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i - .-Abeoan in thie Iate 1890’
,thiough 195 1, annual discharge was less than e
‘ r.il 100 gallons per minufe..

sEffects

of:Well Discharges on Hydraulic Heads in-
‘and- Sprmg Dlscharges from the Geothermal

; 'Aquifer.System in the Bruneau Area, Owyhee -
County, Southwestern Idaho do :

By Charfes Berenbrock

Absiract

. Demand for ground water in the 600= -

square-mile Bruneau study area has increased
. since 1954 because of agricultural develop-

" ment. Declining flow at Indian Bathtub Sprinig
is adversely affecting a unique spemes of snaJI'

. that inhabits the spﬂng
The Bruneau study area is undetlam by

) sedlmentaly and volcanic rocks that forma .
- .reglonal geothetmal aquifer. Sedlmentaxy :

tocks range in thickness from zero in the-
W_southem patt of the study area to more than

- southward to the Jarbidge Mountains. Inthe
-central part of the study area, the volcanic
rocks are probably 2,000 to 3,000 feet thick.

For purposes of study, the regional geothermal
aquifer system was divided into sedlmentaly—
“and volcanic-roek aquifers.

) Ground water flows northward thtough

" the volcanic-rock aquifer to the sedimentary-

rock aquifer, from areas of recharge along the

Jarbidge and Owyhee Mountains into the study

area, where it is discharged as spring flow or
. leaves the study area as underflow. Prior to

- extenswe ground- water development, about

10,100 acre-feet was discharged by springs.
' Ground—water discharge from wells
From the 1890’s:

0,000 acre- -feet. From 1952 to 1978, a.nnual
'd.tscharge mcreased to about 40,600 acre feet

~

Dutmg 197891, well discharge declined from-
. 4he maximum of 49 900 acre-feet in 198110 .

-3, ,000 feet in the northeastern corner. Volcanic - -
T rocks underlie the entire study area and extend

34,700 acre-feet in 1991, Through 1991,
nearly 1,400,000 acre-feet of ground water

d1schatﬂed from wells; abéut 546, OOO acre -feet

d1schat oed from 1978 thr ough 1991 -Most

 pumped water is from the voIcamc IOCk
aquifer.”

Ground-water deve]opment smce the

rmd 1890’s locally has modified the direction

of water movement in both the sedimentary-
and volcanic-rock-aquifers. In 1989, ground
water moved toward four cones of depression

created by pumping-—two in the northern part - © -
- of the study area are in thé SBdi'mentaty rock
‘aquifer, two in the southern partare in the voI-
~ canic-rock aquet Pumpmg has caused "

hydraulic heads in the volcanic- tock aquxfex to

 decline more than 30 feet in much of the area

and at least 70 feet in one well. About 1 mile
from Inchan Bathtub Spnng, the water level
in one well dechned about 10 feet dunnfr

197992, or about 0. 7 feet per year.

Within the past 25 years; discharge from
monitored springs along Hot Creek and the
Bruneau River has declined, most notably
from Indian Bathtub Spring. Discharge from
Indian Bathtub Spring in 1964 was about ‘

~ 2,400 gallons per minute, and by the summer

of 1989, discharge was zero. Discharge began
to decline in the mid-1960’s when the rate of

increase in purnpage acceletated In'contrast,
. ‘dischar ge from Pence, Hot Spnng has ranged
’ from about 700 gallons pe: rmnute to about

Chancres in dlSChaI ce fr om momtoxed

spnngs conesponded with chanoes in hydtau- :

REt

" Iic head, which fluctuates seasonally, and are
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i % sgiibstantidlly less in‘late summer than in the

»' “spring. A hydraulic head/spring discharge’

Crun - Bruneaw;

relation was developed for two sites at Indian
Bathtub Spring and a nearby test hole. The

s telation for Indian Bathtub Spring indicatgd-~
"7 \hat a spring discharge of 2,400 gallons per. '
. minute. would relate to a hydraulic head of

about 2,708 feét.at the spring, which is about:
134 feet higher than the head at zero spring: - * ..

discharge.

. INTRODUCTION. -

. Additional watet i$ needed for irrigation (due to

phasing out of “set aside” irrigated lands) in those

* “valleys A geohydrologic study of the same gen-
.+ eral area by Littleton and Crosthwaite (1957) indi-
:  cited that available surface water was inadequate
Cifor all irrigable lands. They also noted that the

| regional gecthérmal aquifer is perhaps the most
- promising Source for additional water in 1980,

- aboiit 25,000 acres in the study area were irrigated
© . “with suiface water and about 20,000 acres were

" imrigdted with ground water (Lindholm and -

. Goodell, 1986).  Young and others (1979, p 15)

s _estim‘a-ted:t’ha;t in 1978, about 39,000 acre-it of
- ground water was discharged from wells in the
study area. Pumping of ground water for irrigation

has lowered hydraulic heads throughout the area.
Consequently, discharge from monitored geother-
mal springs along the Bruneau River and Hot
Creek is declining, with intermittent:flow from
Indian Bathtub Spring. Young and otherss (1990)

: ' showed that Indian Bathtub Spring did not flow

b

from July through October 1989 and from July

. through September: 1990.

© - " The Briineau Hot Springs snail is present in

7 © - springs along Hot Créek and the Bruneau Riverin =

‘@wyhiee County; Withif the past 25 years, flows -
froin tronitored springs have declined; this decline

¢ thay have réstricted thésnail’s habitat. Several -

"public-agencies, the general public, and Idaho’s

" Congressiondl delégatiof have become concerned

About the dontinuad existence of the snail. The

2 BRUNEAU SNAIL

: :ittle;and Sugar Valleys, within the
7 600-mi? Biungau study area (fig. 1) in north-central
- @wyhes County, have undergone extensive agri-

. - cultural development since the turn of the century.

U S. Fish and Wildlife Service (USFWS) is con-
cerned that declines in spring flow might cause the
snail’s extinction.

' t"i_'\ie"agrenément with the U.S. Geological Survey

- (USGS) to develop and implementa thrée-phase

ground-water study of the Bruneau area. This

" study Tocused on the hydrology of the regional

‘geothermal system and the hot springs. During the

first phase of the study, completed in 1989 (Young

and Parliman, 1989), the hydrologic data base was
updated and evaluated and a ground-water and
spring-monitoring program was implemented in
the Indian Bathtub study area, which occupies
about 145 mi? of the larger Bruneau study area.
The second phase, completed in 1990 (Young and
others, 1990), resultedin the drilling of eight test
holes at four sites near the Indian Bathtub Spring
(fig. 1). These test holes were designed to provide
a better understanding of the relation between
hydraulic heads and spring discharge. The purpose
of the third phase of the study, described in this
report, is to determine the cause or causes of
declining flow at Indian Bathtub Spring.

The third phase, completed in 1992, included
(1) evaluating all available information about the
regional geothermal aquifer system; (2) describing
the geohydrology of the Bruneau study area,

including ground-water recharge, discharge, move-

ment, and hydraulic head; (3) describing vertical
variations in hydraulic head; and (4) determining
the effects of discharge from wells on hydraulic
heads and spring flows in the study area.

Description of the Study Area

The Bruneau study area is near the southern

“margin of the western Snake River Plain, about

65 mi southeast of Boise (fig. 1). The study area
includes the Indian Bathtub area and extends north
from about 42°45' latitude to the Snake River, east
from the drainage divide between Shoofly Creek
and Listle Jacks Creek to the diainage divide
between the Bruneau River and Sailor Creek—an
area of about 600 Ti?" “The study area includes

121987, the USFWS entered into a cOopéra- -
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. Brungau, Little (mcludes valleys of Little and Big ~

it Ticks Creeks): and Stigar Valleys, which are sepa- o
" chiarge directly to some créeks, like Hot Cxeek but

_in the last several years, some monitéred sprmgs T
2% have not ﬂc_)wed diiring-the summer months.-

‘tated by pIateaus sevetdl hundred feet higher than
the vaI}ey floois and ‘included streams. S

' " Teunderstand the hydrology of thé Indlan

Bathmb areix- it is necessary to determine’itsTela--

tion to a larger hydrologic unit, the Bruneau River

‘“f':*“‘”i"'dramaoa basin (ﬁg D). The basin mcludes the -

‘Bruneau study area and is bounded on the south by

itithe Iaxbldge Mountams on the west by the -

" Owyhee’ Mountains and the Chalk Hills, on the
~_north by the Snake River, and on the east by. the -

Bruneau plateaun.
The study area has an arid climate.- Average

" annual prempxtat:on ofi-valley floors is les$ than *

10'in. and thé avérage annual air temperature is
-about SO°F (10°C). Rainfall is infrequent duting
* the summer; most precipitation (which includes
snowfall) is from October through March. Sum-
mers aré characterized by hot days (average daily
" maximum temperature is 90°F, or 32°C) and warm
" nights (avetage daily minimum temperature is

© . 54°F, 61"12°C); winters are char acterized by cool

“:days (average daily maximum temperature is 43°F,

0 lgr 62C) and cold: nights (average daily mmunurn
© - temperature is 24°F, or -4°C),

The Brineaw River drainage area hias a pre-

" dorninantly rural population dependent on ir1 igated

‘agricttlture;  The city of Bruneau, with-a 1990 pop-
. plation of about 300 people, covers several square
. milés in the fiorthein part of the area and is the
" largest community
Most of the Bruneau River drainage area s -

Feédéral 1and leased for grazing under the jurisdic-
tion of the U.S.. Bureau of Land Management
(BLM). Bruneau, Little, and Sugar Valleys have
been irrigated extensively since the tum of the cen-
tury, whereas intervening plateaus are undeveloped
" desert. The main crops are hay and alfalfa, associ-
_ated with the raising of cattle; corn and beans are
also grown in Little and Sugar Valleys. Water for
“irrigation is obtained from streams and fxom flow-
ing and pumped wells:
.- Perennial and éphemeral streams drain the
== study area: The prmcrpal drainage is the Bruneau

‘River; 4 perennial stream that heads in the Jarbidge -

*. ‘Mountains and-fows northward across the plateaus -
" because ground-water withdrawals exceeded

in deeply incised ¢anyons to the Snake River:

“fow only in tespofise to rainstorms or spring run-

4 BRUNEAU SNAIL

iMany streams in the istudy area are ephemeral and .

- off; included are Big: Jacks; Browns, Deer Heaven :

Hot, Littlé Jacks, and Sugar Creeks - Springs dis--

Previous Investigations -

Early studies of ground=water resoutces.in
the Bruneau River drainage area were done by
Russell (1903), Stearns (1922), Piper (1924), and
Stearns and othets (1937) Their reports focus pri-

matily on the artesian conditions. Piper (1924)

- was the first to estimate the annual withdrawal of -

ground water from wells. In 1954, Littletoniand
Crosthwaite (1957) reexamined ground-water -

~ resources in the study area and esumated the

annual withdrawal from wells. They suggested
that further development of the regional geother-
mal system was possible Ralston and Chapman
(1969) studied ground-watet conditions and avail-
ability in northern Owyhee County.

More recent ground-water investigations in

~ the Bruneau River drainage area were directed .

toward geothermal resource assessment Historical -
data from geothetmal wells and springs in Idaho
were summarized by Ross (1971): - Young and
Mitchel (1973) inventoried and sampled 124 geo-
thermal wells and springs in Idaho for chemical -
analyses (6 in the Bruneau area) and suggested
future geothermal studies in 23 areas of the State,
including the Bruneau-Grand View area. - Areas for
study were selected on the basis of estimated aqui-
fer temperatures greater than 140°C. .On the basis . .
of the above recommendations, Young and
Whitehead (1975) inventoried and sampled 94
wells and springs in the Bruneau-Gr and View area
to assess the geothermal system and its probable
sources of recharge. They also described the areal
extent of the geothermal system on the basis of
geological and geophysical evidence. Rightmire
and others (1976) used isotopic and geochemical
analyses of water from springs and: wells in the
geothermal system to determine posmble sources

_of recharge. They also indicated that water- Jlevel

declines since 1954 continued during the 1970s

recharge. Renner and others (1975) estlmatcd o
stored heat in the geothermal system on the basis of




- -.-areservoir temperature of 145°C and a reservoir

-temperature of 107°C and a reservoir volume of

" .. :the discharge from springs and flowing and =
i pumped wells in 1978 was about 50,500 acre- ft

_probably in the Jarbidge and Owyhee Mountams

29,000 acre-ft of ground water per year is
-recharged and.18,000 acre-ft of ground water per

mal system from the Idaho-Oregon State line to
. Buhl (Young and Lewis, 1982, p. 16). _
-Gemperle (1988) described the regional geo-
thermal aquifer system and the overlying cold-
water aquifer He also identified data needs and
proposed ways to optimally manage ground-water
resources in the Bruneau-Grand View area. Young
and Parliman (1989) collected information on well
S and spring locations, well construction, and
=% - -, . hydraglic head. Water samples from 33 geother-
' - . mal wells and 5 springs wete collected for chemi-
- cal and isotopic analysis. Young and others (1990)
- presented geologic and hydrologic data collected
“during January 1989 through September 1990 from
eight test holes drilled near Indian Bathtub Spring
and from selected geothermal wells and springs in
and around the Indian Bathtub area. At three of the
sites, piezometers were installed at different depths
to determine changes in hydraulic head with
changes in depth. At two sites, piezometers were
installed at the same altitude as a nearby spring to
enable moniroring of the zone within the regional
geotherrnal aquifer system that controls the spring
_ discharge. Water samples were collected from
each test hole to aid in understanding the vertical
variations in water quality. Their report includes
completion, lithologic, and gamma logs for the test
holes; hydrographs of hydraulic head and spring
discharge; and chemical and isotopic analyses of
‘water from six of the test holes. ‘
A Regtonal Aquifer-System Analysis
(RASA) of the 15,600-mi* Snake River Plam

¥ beganin Octeber 1979. The main purposes of the:
d- =+ Iwest) The thlrd seﬂment gives the SCCI‘.IOH num-

-:volume.of 1,300 mi. Brook and others (1979) esti~ -
.mated the stored heat on the basis of a reseryoir;

439 mi’.; Young and others (1979} estimated that -
-:;. description of the ground-water-flow system

.- +-{Lindholm and others; 1983 and 1988); (2) a.
.You_r;g__and Lewis (1982) developed a conceptual_ e
" ... model of the geothermal system and speculated . -
s .. . that the recharge area lies somewhere tg the south, . .

Using a heat balance equation, they estimated L_hat -

\ year is discharged by undeiflow from the geother-. -

*-‘."rtstudy Were to :eﬁne knowledge of regwnal o:oun

water-flow systems, determine effects of conjunc-

~tive use of ground and surface wateryand describe
.- ground-water chemistry (Lindholm, 1981): Inter-
- pretive RASA reports that include the Bruneau

study area are: (1) a regional water-table map and .

description of the geohydrologic framework

. (Whitehead, 1986 and 1992); (3) water budgets
-and streamflow in the Snake River and ground-

water budgets for the Snake River Plain
(Kjelstrom, 1986 and 1992); (4) water use
(Bigelow and others, 1987; Goodell, 1988); (5) a

-.. map showing irrigated land and other land uses- |
~(Lindholm and Goodell, 1986); and:(6) results of

ground-water-flow meodeling of the western Snake

_River Plain (Newton, 1991}. About 300 model

cells out of 3,000 active model cells were used to
represent the Bruneau study area.
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Weil- and Spring-vNumbering' System

The well- and spxing-riumbering system used
by the U.S. Geological Survey in Idaho (example

~_on next page) indicates the location of wells within

the official rectangular subd1v1510n of public lands,

 with reference to the Boise base line and Meridian,
" The first two segmeiits of the numbel designate the

townshlp (north or south) and range (east or
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" bery:four letters; whrch mdlcate the 1/4 sectmn

(160-acre tract), Va -V section (40-acre tract);

. g-Y4sv4 section (10-acte tract) and, when: needed
< g =Yaslr4=Ys section (2¥2-acre tract); and senal

: numbex of the’ weH within the tract.

+ Quarter sectlons are designated by, the letters%
_A B C, and D in counterclockwise order frorn the

3 ik d

i"northeast quarter of each section. Porty acxe, 10- S
. acre, and 2V3-acke tracts within each quarter | sec-
tion are lettered in the same manner. Well 7SL6E- "

21DBC1, for example, is in the SW1/4NW1/4S_EJ{4
sec. 21, T 7S.,R. 6 E, and is the first well inveri-
toried in that tract. Springs are designated by the

L etter ST followmc the last numer: al; for example :

85-6E3BDDIS

- GEOHYDROLOGY

. The development of a conceptual model of
the oreothermal systert in the Bruneau study area

" of the aquifer- systeth, (2) determining aqu_l__f_er

6 BRUNEAU SNAIL

' E1rm:>]‘.r<fd (1y descrxbmg the géology and boundanes y

.J..

i propemes (3) estlmatma recharae to and dxscharge
= 'f froii the aquifer system, and (4) determining the |
. effects of ground-water development on the aqulfer_ o
£ system. In addition to reports listed under “Previ- -
. ous Investigations,” geolooy of the- study afea-and

~ surrounding areas is, discussed in reports by Malde S

ind Powers (1962) Malde and others (1963)

Harper (1963),and Young and Whitehead (1975). - |
B Gcolooxc structute is d150ﬂssed in most'of these ™

reports However, recent geologic mapping in the
area indicated that the degiee of faulting, espe-

cially near Indian Bathtub (M.D. Jenks and others,
Idaho Geological Survey, written commun., 1992}

is greater than previous investigators thought:
- ‘Only a brief summary of the geohydrology of the i*
- regional geothermal system is in¢luded 'here. The -

reader is referred to referenced reports for a more
complete description of the geohydrology. -

Geology

- Rocks in southwestem Idaho and nomh~cen-

" tral Nevada Iange in age from Precambiiin to
Holocene and represent a varied and complex geo-

logm history. ‘Cores of the Owyhee and Jarbidge
Mountains, west and south of the study area, are
composed of sedimentary and metamorph1c rocks
of Precambrian and Paleozoic age, mtmded by gra-
nitic rocks of Mesozoic and Tertiary age. The
mountains are as much as 10,500 ft above sea Jevel
(fig. 1) Tertiary voIcamc rocks ranging in compo-
sition from Ihyohte to basalt underlie most of the
plateaus Plateaus are from 4,000 to 6,000 ft above
sea level and, at high altitudes, ate dissected by
deeply incised streams. Tertiary and Quaternary
rocks and unconsolidated rocks of fluvial and
lacustrine origin are present in most of the lower
areas and locally are overlain by Quaternary basalt.

For this report, surficial geology was general-

_ized and divided into nine units {Whitehead; 1986,

sheet 1) Each unit was delineated on the basis of
geohydrologic characteristics. The areal distribu-

: t10n of these uruts 1s shown int figure 2’

Pre Cxetaceous (undxfferennated) and gxa
" pitic rocks cxop out only in thie Jarbidge Mountams

n the Bruneau River dramage area (fig. “2A) and

have not been reached by dnllmo i the B’runeau

T




. study area, ;. Young and._Whltehead (1975,p.12) .

Herealfter, the Tertiary and Quaternary basalt

mdlcated that gramnc I¢ cks probably form the coxe_"’,} _ands

“of the Owyhee and Iarbidcre Mountains and are
similar in age and composition to the Idaho

S bathohth Theu' thwkness is unknown.

: tof us_ ages is present in the e
B:uneau Rlver drj' 1age area. The older basalt -
Wthh con51sts chleﬂy of Banbury Basalt of

subsurface, it was not possible to correlate rock -
units from the surface to the subsurface (fig. 3).
Thickness of the older basalt unit is variable and is

) ) unknown m much of the study area -Young and

© Whitehead (19 75) mdmated that, in the Bruneau-

' ;_Gxand View area, the umt ranges in thickness fxorn'

less than 100 t to, neaﬂy 1,200 ft. Ralston and

" Chapman (1969, p. 17-18) indicated that the

Banbury Basalt consists of two types: a relatively
- fresh; nonaltered basalt and a highly altered
basalt, The nonaltered basalt is present mainly in
the eastern paxt of the study area and has well
,developed columnai and platy horizontal jointing.

~‘The altered basalt is present mainly in the western -

part of the study area, where a high degree of
“weathering hds caused secondary mineralization in
. fractures-and cavities (Ralston and Chapman,
: 1969 p I8 - '

Slhcm voIcamc rocks of Miocene and

‘ Phocene age, mcludmg Idavada Volcanics and

~ other rhyolmc rocks, are exposed on plateaus south
. of the Snake Rlver (fig. 2) and underlie the entire
. study area. The predominantly latitic composition
 of the Idavada Volcanics differentiates them from
the other volcanic rocks in this unit They are
mainly thick layers of highly fractured, faulted, and
jointed devitrified welded wiff (Young and White-
‘head, 1975, p. 11) Idavada Volcanics are probably
2,000 to 3;000 ft thick (Young and Lewis, 1982,
. J4); totdl thicknéss of the silicic volcanic tocks is
largely unknown but: may be as much as 7,000 ft
- (McIntyre 1979, P '7-10)

) Basalt of Plexstocene to Miocene age (Idaho

- ‘Gxoup) cr0ps out m one small area adjacent to the
- Bruneau.River near Inchan Bathtub {Whitehead,

. 1986 sheet . Quate;paxy basalt is exposed only
alonc the Snake River, noxth of Bxuneau Valley

o

. qne age 15 exposed throughout the study area,
Although older basalt also is w1desp:ead il the'

and silicic volcanic rocks.are refemed to as the vol- .
canic rocks. -

* Alluvium is of HoIocene to Miocene age.
Older alluyium (hereafter referred to as sedlmen

. tary rocks).of Pleistocene to Mmcene age consists

of fluvial and lacustrine rocks and includes the -

" Idaho Gxoup These sedimentary rocks are com-
"'posed chleﬂy of unconsohdated poorly to well-- ¢
' sorted gravel, sand, silt, and clay. The percentage

of silt and clay increases toward the Snake River.
The secimentary rocks are predominant in the
northern part of the Bruneau River drainage area
(fig. 2A). They range in thickneéss from 0 ft, where
they abut against basalt or silicic volcanic rocks if

* the southern part of the Brurnieau area to more than
3,000 ft in the northeastern part (fig. 4A). The dis-
. tribution of the sedimentary rocks was estimated

from drillers’ logs

(Whitehead, 1986, sheet 2). Thicknesses shown
probably are maximum because interbedded basalt
and silicic volcanic rocks are inclided. The alti-

. . tude of the base of the sedlmentaxy rocks vaties, as . -
¢’ shown in figure 4B

The younvex alluvzum of Holocene age cov-
ers the floors of tributary valleys and the flood
plains of main streams, as in Bruneau and Little
Valleys (fig. 2B) These sedimentary rocks range
in thickness from 0 to about 50 ft (Littleton and
Crosthwaite, 1957, p. 167), Windblown rocks of

. Holocene age consist of a veneer of sand (usually

100 ft or less in thickness) Active sand dunes at
Bruneau Dunes State Park in northeastern Owyhee
County are included in these rocks

The study area is an intensively faulted struc-
tural depression (Hill, 1963) Geologic and geo-
physical data indicate that northwest-trending
fauits are predominant (fig. 2). Young and
Whitehead (1975, p. 13 and fig. 4) indicated that
several hundred feet of vertical displacement along
major faunits may be typical. Faulting appears

-related to tectonic events that formed the present

western Snake River Plain (Malde and Powers,
1962) in early Pliocene and Pleistocene time
(Young and Lewis, 1982, p. J4). Recently, an older
northeast-trending set of faults has been mapped
(M.D. Jenks and others; Idaho Geolotncal Suwey,
written commun., 1992).
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/./ﬂl .

} i . \ P ‘ﬁ Pence Hot Spring
118° 1159

Basa from US Geological Survey

0 10 20 MILES
1:1 000000 maps c‘]ﬁ

T ;
10 20 KILOMETERS

A. Generalized geology of the Bruneau River
drainage basin and adjacent areas

et Figure 2. Generalized geology of the Bruneau River drainage
basin and adjacent areas {A) and the Bruneau study area (B)
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..« Aquifers .

Young and Lewis (1982, p1J9—T 11) also Ieported

; '3"that tritinin and delta deutérinm in cold -water

¢ springs and wells (alluvial aquifer) ranged from 59°

¢+ to 119 TU {tritiurmn units) and -116'to ~128 pérmil, - s
.. :respectively, whereas:tritium in geothérmal springs - --
+ and wells (sedimentary- and volcanic-rock aqui-

1 b fers) was less than 1.9 TU and delfa detterium”

rocks of different types and of different ages that
are permeable and hydraulically connected. For
this report, the term “aquifer” refers to hydrauli-

. - cally connected volcinic rocks and sedimentary
© 70Cks that tocether compose the xeglonal ceothcl
- mal aqu1fer system.

Cold-water and geothermal aquifers are

" present in the Bruneau study area. The cold-water

aquifer is thin (less than 100 ft) and of s_rna.ll areal
extent (alluvium along stream channels, fig, 2).
Cold water is unconfined and recharge is from

- infiltration of precipitation, streamflow, and
_ applied irrigation water. Small quantities of

-recharge may be from upwaxd moving geothexmal
Crdowater,

Undellymg the cold-water aquzfer 1s a geo-

| -thermal aquifer Data are unavailable to ade-
.- quately define hydrologic relations between the
- - two. Therefore, it is not known whether the cold-

water.aquifer is perched above or grades into the

-geothermal aquifer. In 1991, the U.S. Geological

Survey (R, Thompson, oral commun., 1992) cored

a 1,000-ft test hole about 1 mi north of the city of

Bruneau (fig. 2B). Except for the upper few feet,

the entire interval tested was predominantly clay
No cold or hot water entered the hole. During test

drilling near Indian Bathtub Spring for this study
(table t and Young and others, 1990), only geother-
mal water was encountexed

- Cold water d1ffers from geothermal water not

only m tempexarure but also in chemical and isoto-
- pic composition. Your.tU and Lewis (1982, p. J10-
:. J18) reported that cold- -water temperatures ranged

. from 4° to 15°C, whe:eas geothermal water tem-

C pexatures tanged from 27° to more than 80°C.
:.....Cold water is crene:ally a calcium bicarbonate type

. W1th a ci1ssolved sohds concentration of less than

' 120 mg/I_ whezeas ceothexmal water is gene:ally a

:sodlum caxbonate 01 blcarbonate type with a dis- -

o solved~sohds concentratmn of less than 400 mg/L

the regronal -, v ranged from -130 to -140 permil-: (One TU equals
mam parts—the sedlmenteuy rock aquer and Ehe .4
o voIcamc 16¢ck aquer ‘An aquifer can consist of

3H/H ratio of about 103, or about 3.2 x 108 TiCO- o

© . curies per liter.) They indicated that, on the basis of

tritium analyses, the cold water is less than 20
years old, whereas geothermal water is meteoric in
origin and, on the basis of delta deuterium analy-

ses, was recharged during an earlier pluvial period

(late Pleistocene). Carbon isotope analyses of geo- s
thermal water indicate an apparent age of 18,000 to
25,000 years (Young and Lewis, 1982

- p J16-117).

The sedxmentary-rock aquifer consists of
unconsolidated alluvial and lacustrine deposits that
partly fill the structural dépression in the study
area. Some volcanic rocks are intérbedded within -

‘the sedimentary rocks. Sechmentaty rocks underlie

about 500 mi of the stidy area; or less than one
seventh of the Bruneau River drainage aréa

“(fig. 2A) The base of the sedimentary-rock aqui-

fer corresponds to the base of the sedimentary
rocks (fig 3B), and saturated thickness is approxi-
mately the thickness of the sedxmentaxy rocks
(fig. 3A) minus 100 ft (the approximate thickness
of the cold-water aquifer) The sedimentary-rock

_aquifer is bounded on the south by silicic volcanic
tocks and older basalt and on the north by younger

basalt (fig. 2A). It is part of a more extensive agui-
fer in the western Snake River Plain (Newtou,
1991, p. 4 -7). The eastern and western bound-
aries for this study are not based on differences in
lithology but follow approximate ground-water-’
flow lines. The eastern boundary is assumed to be
coincident with the topographic divide between
Bruneau River and Sailor Creek. The topographic
divide approximates a flow line based on the
March 1982 potentiometric surface (Moffatt and
Jones, 1984, pl. 2). The western boundary is
assumed to be coincident with the topographic
divide between Shoofly Creek and Little Jacks
Créek. The toPooraphic divide approx1mates a
flow line based on the 1979 potentiometric surface

* {Young and Lewis, 1982, pt.2) - There wasno ~
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__boundanes aftex about90 years of pumpmg
=+ The sedxmentax:y rocks consist pnmanly of

... Fine-grained sedimentary rocks confine or paxtly

conﬁne Watel in -grained sedimentary

e IOCkS whlch are rechatoed by water from the vol-
L camc xock aqulfer (Youn«J and Whitehead, 1975, -

from silt and clay to several hundred gallons per
minute from sand and gravel, depending on the
percentage of fine-grained rocks (Young and

. Wh1tehead 1975, p. 9; Whitehead, 1986, sheet 1.

In the southern part of the study area, the.vol-
-canic-rock aquifer consists of basalt and silicic vol-
canic rocks with-some interbedded sedimentary .
rocks. The volcanic racks extend southward to the
Jarbidge Mountains, The base of the voicanic-tock
- aquifer is poorly defined and has not been reached
.= by drilling; therefore, saturated thickness is largely

unknown Saturated thickness in the southern part
of the study area 1s approximately the thickness of
the volcamc rocks (2 000 to 3,000 ft) minus depth.
. to.the top of the volcanic-rock aquifer Where
._ove:laln by the sedlrnentary rock aquifer, thickness
_of the volcanic-rock aquifer is estimated to be
_about 2,500 ft, prc_;ba,b_}y the average thickness of

significant movement.of ground water’ across these .

Fﬁne sand silt, and clay of low permeability (fig. 4) :

. p 44). Yield from wells completed in the sedimen-'
- tary rocks ranges from a few gallons per minute

the volcanic IOCkS For the f purpose of tms study,
' Lhe ‘eastern and western boundaries of the volcanig-
' rock aquifer flow system are assumed to be the
same as those of the sedlmentaty rock aqu1fex

Tni the northem part of the study area, water in
‘the volcamc rocks is confined by fine- gxamed sed1
mentary rocks; in the southérn part, water is con-
fined by overlying dense volcanic rocks and fine-- o
grairied interbeds. In éach of the test holes at four
sites near Indian Bathtub Spring (Young and oth-
ers, 1990}, water in the hole rose ta higher altitudes
 than first-encountered water during drilling
(table 1) This indicates that water in the volcanic
rocks is confined. “Three wells (115-7E-25ACALl,
12S-8E-6ADAL, and 13S-9E-35CDC1) about 23
“to 35 mi south of Indian Bathtub Spririg Had higher
hydraulic head than first-encountered watér during
drilling (table 1) Recharge to the volcanic-rock
- aquifer is chiefly from precipitation in the moun-
tains south and southwest of the study area where
rocks are exposed at the surface {Young and
Whitehead, 1975, p. 44)

Piper (1924, p. 36-38) mchcated that many of
the springs in the Bruneau study area are controlled
by faults. However, he attributed the control of
springs at Indian Bathtub to the exposure of water-

~bearing rocks at land surface, as in the canyon
walls along Hot Creek. Littleton and Crosthwaite

Tahle 1 Selected wells in the regional geotherrnal aquifer system used to represent confining conditions in the

Bruneau River drainage basin

{Altitude of land surface in fest above sea level Depth of well, perforated interval or open hole depth to first-encountered water. and depth to

water, in feet below land surface]

Perforated ' Date Depih to
Aititude Depth interval of first- Depth
of land of or well encountered to Date
Well No. surface  wall open haole  constructlon water water measured Contining unit
About 23 miles south of Indian Bathtub Spring
'"11S-TE25ACAL 4345 1400 20-1.400 7. -63 1.004 842 7-1-63 °~ Basait
About 25 miles scuth of Indian Bathtub Spring
'128-8E-6ADA] 44350 1400  40-1 400 9. 1-63 1,030 881 9-1-63 Silicic volcanic rocks
About 35 miles south of Indian Bathtub Spring o
'135-9E-35CDC1 5250 953 853873, . 71656 . . 840 623 7-16-56  Rhyolite
_ ' 538953 :
Test holes ) o . : ) o .
77S.6E-29BBAl 28325 760  415-760 5.14:90 157 52390 Tuffaceous silistong
¥78-6E4BCAL 28895 681  322-681 © - 4-2590 211 4.27.90  Basait silt, and sand
2_3_5..55.. QBQ,CI, L2,754, ﬁ . 480 194-480 = :3-3190 .y 7 76.1 . 4-i1:90  Basait and tuffacecus silt and sand
I8S-6E- 4DCDL 2 83‘7 7 500 170-600 4—[4—-90 ‘ 158 . 4-17-90  -Basalt o

" “'Data from drilling records on fiie in the Boise Idaho. uifice of the U.S Ceological Survey

2 San from Yourg and cthers { 1950),
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+ (1957, p.1T3) indicated that many of the spnngs

- . are along faults that allow water to flow. upwaxd

£ high. ..
and reach Iand surtace ‘because of sufficiently xgh. s transxmtte d through 4 unit width of the aquet

o 'undex a unit hydtauhc oradlent (Lohman 1972,

' .;Spnng as at the contact between basalt and weath- - P 6); hydraulic conductivity is the capacity of 4
‘1ock or unconsohdated miaterial to transmit watet
in a unit of time through a unit 4rea under a unit

o ihydrauhc gradienit through a unit length of flow

- .'hydt auhc head Ihey described Indian Bathtub

e:ed taff. Recent geologtc mapping in the study
area by M. D Jenks and others (Idaho Geologlcal

7 Survey, wntten commun , 1992) indicated that

. basalts neat Indian Bathtiib are more faulted and
fractured than previouns investigators thought

the vicinity of Indian Bathtub Spring consists of
many flows with interbedded sediments. ’Ihey

noted no ev1dence of faulting in the basalts or sedi--

~ ments at Indian Bathtub Spring, which indicates -

-~ that the Sprmg is not fault related. Additional geo-
loglc data are needed to determine geologic con:
trols on spnncs espec1ally Indian Bathtub Spnng

 Most previous investigators mdlcated that
neaily all springs in the study area originate fr om
the volcanic-rock aquifer. Young and Whitehead
(1975) and Rightmire and others (1976) suggested
that, on the basis of the similarity of water terper-
ature, electncal conductivity, concentrations of.

*major ions, “and wvalues of stable hydrogen and oxy- -

gen 1sotopes water fiom the springs has moved
upward from the volcamc: rocks. ‘Water from the
eight test holes at four sites near Indian Bathtub
Spring (Youncr and others, 1990) has essentially the
same physical and chemical characteristics as does
watex from the spnngs further evidence that spring
water is from the volcanic rocks,

Hydraulic Characteristics

Aquifer properties, including transmissivity,
hydraulic conductivity, and storage coefficient,
‘affect the rate at which water moves through an

aquifer, the amount of Water in storage, and the rate

- and areal extent of water level declines caused by

crround water developrnent Aquifer propemes in
- ",t_:‘_i_the study area vary considerably because of the -~ -
TR heterogenelty of the rocks composing the aquh g
: - fers. . Aquifer properties were esttmated.fl;gm aquis ,
oo, fershag, and speci‘ﬁ_cf—capacity tests: S

o Transmissivity and Hydraufic Conducﬁvity

'[Iansrmssmty CI ) 1s the rate at wh1ch water |

(Lohman, 1972, p 6) Transmissivity 0fanaqu1fez .

s equal to hydraulic conductivity times aquifer

M D Jenks and others also indicated that basalt in . _thickness. Transmissivity and hydraulic conduc-

. tivity weré estimated from (1) four aquifer tests

conducted by private consultants, (2) five slug tests

_ conducted during this study, and (3) nommerous spe-
- cific-capacity tests conducted by drillers and

entered into the U S. Geologmal Survey’s National
Water Data Storage and Retrieval System (WAT-
STORE) data base prior to the beginning of this
study. Methods used to analyze each of these tests
are discussed in the following sections.

Aquifer Tests

Two wells completed in volcamc rocks more
than 23 mi south of Indian Bathtub Spnng were - ©
tested by Rlchard Young (U.S: Geological Survey, -
written commun., 1963) tedetemune'transmissiv- ,

. ity of the volcanic rocks. Previously, no aquifer

tests had been conducted in the study area. Well

- 118-7E- 25ACA1 (fig. 1), pumped at 27 gal/min for

20 min, caused a water- 1eve1 decline of 24 ft; cal-
culated transmissivity was about 25 fi/d. Well
12S-8E-6ADA] (fig. 1), pumped at 25 gal/min for
24 hours, caused a water-level decline of 11 ft; cal-
culated transmissivity was about 110 ft*/d. These
low transmissivity values probably are iepresents-
tive of the massive, unfractured silicic volcanic
rocks as compared to the highly fractured, more

transmissive volcanic rocks in the Bruneau study

area. . o
Large-capacity irigation wells in the study

area were tested by L. Mink (Momson Knudsen
Company, Inc., written commun. , 1984) to deter-
- mine aquifer properties. In the first aquifer test,
transmissivities of 60,000 ft*/d and 57,000 ft*/d - .
. were calculated on the basis of pressure drawdown L

and recovery, 1espect1vely, in observation well.

" 7S-5E-8BCC (fig, 2B), located about 4,000 ft -
s from pumped well 78-5E-TABB1 (fig. 3). These

GEOHYDROLOGY 15



.. . values probabiy are high because observation well
- 78-5E- 8BCCl is open to 670 ft of volcanic rocks

: “and 410 ft of sedlmentary rocks, whereas the

+i - pumped. well 7S-SE-7ABBI, with an open interval.. .

= :rof 993 ft; is open entirely to volcanic rocks (fig. 3).
» . In'the second aquifer test, well 7S-6E-22CCDA1
{ﬁg ZB}'ﬁowed for 20 hours at a rate of about
2,500 galfmm transnussmty, calculated from the
.7 pressure écovery phase of the test, was about
' 129,000 "ftzfd from an’ open interval of 472 ft. This
“ value is probably a ¢omposite of the two rock
types because one-third of the well is open to
sedimentary rocks and two-thirds to volcanic
rocks. L. Mink (Morrison-Knudsen Company,
Inc, written commun,, 1984) indicated that neither
- of the two observation wells, the closest being 1 mi
from the production well, had any water-level

"7 Changes. The highly fractured nature of the volca-

ic rocks in the study area allows water to be
_ Ieadlly transmitted to wells and accounts for the
o h1gh txansmxssmty

- Sl_u_g Tééts

: The most: commonly used -method for analyz-

- mg water level response to a slug or bailer test,
where a known volume of water is instantaneously

N 1n]ected into or Iemoved from a well completed in

a conﬁned aqu1fer is that of Cooper and others

(1967 p. 263~ 269) This method is for nonoscilla-
toty tesponses. However, three of the five slug

" tests conducted dunng thlS study generated oscilla-
tory responses. Those tésts were analyzed using

: ~ methods developed by van der Kamp (1976) and

| K1pp ( 1985) “Van der Kamp's method is an
approximate solution in the form of a decaying
sinusoidal curve to the equations governing the
well/aquifer system. Kipp’s method uses a numeri-
cal inversion of the Laplace-transtorm solution that
 takes into account memal effects and well-bore
storage. K.Ipp s method is better suited to slug tests

o conducted during th;s st_udy than is van der Kamp’s

. method; therefore, it was used for analysis Analy-

- . S8Is indicated that the oscillatory behavior was
‘ caused by inertial effects,

f e Assumptlons made for both methods were
. that (1); the aquxfer is homogeneous and isotropic,
:.{2) the aquer has uniform thickness with i 1mpex-

(3 the chance 1n volume ‘of water removed of'
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;i'neable uppet and, lo»izfzx confining boundanes, P A :F’__

added is instantaneous, (4) the initial potentio-
metric surface is horizontal, (5) there are no -
delayed yield effects, and (6) the water is of con-
stant den51ty in the well bore and constant com-
pressibility in the aquifer Aquifers are seldom as |
ideal as outlined; however, these assumptions are
most nearly met by confined aquifers where wells
are at considerable distances from aquifer bound-
aries. A full explanation of the theoretical devel-
opment, solution technique, numerical solution and
resulting type curves, and examples of slug test
analysis are included in 1eports by Cooper and oth-
ers (1967, p 263-269) for nonoscillatory behavior
and by Kipp (1985, p 1,397-1,408) for oscillatory
behavior, '

Test holes 8S-6E-3BDC2 and 85-6E-3BDC3
(fig. 2B), open mainly to sedimentary rocks, were
slug tested and analyzed using type curves devel-
oped by Cooper and others (1967). The water level
against time data were read from pressure trans-
ducers; the dimensionless water-level displacement
(H/H,) was plotted against the logarithm of time as

shown in figure 5. For test hole 85-6E-3BDC2,a

good match to the type curve with a dimensionless
storage parameter (¢) of 10~ was obtained; the .
match point was ¢t =335 at 7t/r> =1. Field data
greater than 50 seconds were used because data
collected early in the test probably were affected
by the hydraulic properties and large volume of the
surrounding gravel pack. The gravel pack consists
of permeable pea gravel that extends 2 in beyond
the casing and moere than 20 ft above the potentio-
metric surface. Therefore, transmissivity estimates
from data collected laier in the test probably best
represent the aquifer. A storage coefficient of
0.00001 was used for this analysis and was derived
by multiplying aquifer thickness by a specific stor-
age coefficient of 1 X 104 fi? (Lohman, 1972,

p. 53). The test hole’s open interval was used as
the aquifer thickness. The calculated transmissiv-
ity of 160 ft/d is probably representative of the
fine- grained rocks tested (fig. 4; Young and others,
1990, fig. 2, p. 8~9). A hydraulic conductivity of
16 ft/d was. calculated by dividing the transmissiv-
ity by the well’s perforated interval of 10 ft.
Bouwer (1978, p. 38) indicated that a hydraulic
conductivity of 16 ft/d is within the fine-sand cate-
gory. Test hole 88-6E-3BDC3 responded more
rapidly to slugging and the test was completed

- Wwithin about 50'séconds:- A good match to the type Cond
“7 Curve with'an o of 104 was obtained (fig. 5); the
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| rmztch point was t =10:72s at Tr =1 A storage

coefficient of 0.00002 was used. Transmissivity

.- .-was caleulafed to be about 7,500 f/d. This value
- is higher than that for test hole 8S-6E-3BDC2

because the gravel pack is opposite 20 ft of basalt
and 20 ft of sedimentary rocks (fig. 4; Young and
~others, 1990, fig. 2, p. 8-9). To determine the
. hydrailic conductivity of the basalt, it was
assumed that the fine-grained rocks above and
below the basalt were similar and had a hydraulic
conductivity of 16 fi/d, as determined from the
previous slug test. Therefore, the resulting value
of hydraulic conductivity for the basalt was about
360 ft/d. L
Test holes 7S-6E-29BBA1, 85-6E-3BDCL,
and 85-6E-4DCD1 (fig. 2B), open mainly to basalt,
were slug tested and analyzed using type curves
developed by Kipp (1985). The water level as a
function of time data were 1ead from pressure
transducers; the dimensionless water-level dis-
placement (w") was plotted against the logarithm of
time as shown in figure 6. Kipp’s w' can be
. equated with the H/H, of Cooper and others (1967)
. by multiplying the numerator by -1 to account for
the oscillatory behavior about w'=0(w'=-H/H;). A
storage coefficient of 0.0003 was used for analysis
of test rhol'es 7S-6E-29BBA1 and 83-6E-3BDC1
and 0.0004 was used for test hole 8S-6E-4DCD1.
These values were derived by multiplying aquifer
thickness by a specific storage coefficient of
1 x 10 ft' (Lohman, 1972, p. 53) The test hole’s
.open interval was used as the aquifer thickness,
Storage coefficients of 0.0003 and O 0004 are rea-
sonable for confined aquifers. Data for test hole
75-6E-29BBA! reasonably matched the type curve
with a damping factor ({) of 0.20 (fig 6); the match
point was =3 75s at 1=1. Calculated transmis-
sivity was 9,000 f¥/d, which is low due to the large
armounts of fine-grained rocks in the vicinity of this
hole (fig. 4; Young and others, 1999, fig. 2, p. 3.
A type curve with a G of 0.04 was matched to
the slujg test data for test hole 85-6E-3BDC1
(fig. 6); the match point was # =25 at #=1. Calcu-
lated transmissivity was 100,000 ft*/d, the highest
estimated from the five slug tests. This high value
_is believed to be representative of basalt in the
" area’ The hole tested is open to 285 ft of basalt and
6 frof fine sand from 219 to 225 ft (Young and oth-
i grs, 19967 figi 2, p. 9)! If the hydraulic conductivity

i of 16 Hfd-for sediméritary rocks in test hole
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. 8S-6E-3BDC2 is used for the 6-ft fine-sand layer in

8S-6E-3BDCI (fig 2B), the resulting hydraulic

_conductivity of the basalt would be 355 ft/d, which

is about the same as the 360 f/d obtained for well
8S-6E-3BDC3 (fig. 2B). '

" For test hole 83-6E-4DCD!1 (fig. 2B), a good
match to the type curve with a { of 0.10 was
obtained (fig. 6); the match point was
t=1.15s at =1, Calculated transmissivity was
60,000 ft2/d, which is probably representative of
basalt with lesser amounts of interbedded clay and
fine-grained sand (fig. 4; Young and others, 1990,
fig. 2, p. 10)

Specific-Capacity Tests

Specific-capacity data from the U.S. Geologi-
cal Survey’s WATSTORE (Baker, 1977) data base
also were used to estimate transmissivities and
hydraulic conductivities of sedimentary and volca-
nic rocks in the study area. Specific capacities are .
expressed as well yield, in gallons per minute per -
foot of drawdown [(gal/min)/ft] Properly
designed wells completed in aquifers with high
transmissivities have higher specific capacities
than do wells completed in aquifers with low trans-
missivities. Well driliers, the U S. Geological Sur-
vey, and private consultants have made many
specific-capacity tests on wells in the study area
(table 2). Data indicate a wide range in specific-
capacity values. Two wells completed exclusively
in the cold-water aquifer had specific-capacity val-
ues of about 1 (gal/min)/ft. Wells in the sedimen-
tary-rock aquifer had values ranging from less than
1 to 100 (gal/min)/ft; wells in the volcanic-tock
aquifer had values ranging from 10 to about
200 (gal/min)/ft, except for well 75-4E-23CBBI1,
which had a vatue of 700 (gal/min)/ft. “Wells
95-5E-4DADI, 11S-7E-25ACAl, 12S-8E-
6ADAL, and 13S-9E-35CDC]1 are outside the
study area (fig 1) so were excluded from further
analysis; however, these four wells ate included in
table 2 to show the hydraulic characteristics of the
volcanic rocks upgradient from Indian Bathtub.
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Figure 6. Application of methed of Kipp (1985) to anaiysus of siug tasts
in test holes 7S-6E-29BBA1, 8S-6E-3BDC1, and 8S-6E-4DCD1.
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. Tahle 2. Specn‘:c capacnty and constructaon data for wells in the Bruneau study area.

[Aqutfer tested: Cw; cold-

water; St, sed:memary rock; Vi,
M L'L"Mmk Nomison=Knudsen, Inc , written commun., 1984. Roc
yritbols: gal/min, gations per mmute,

ft, feet; —, no data ava:!abie' <, les than. ne,

abg

wolcanic- mck Source of data. D, driler s log; Us, U S. Geologlcal Survey,
k type: Vr, volcanic rocks; C, clay; S, sand; G; grave
gauve valug mdlcates wnterl

1-Abbreviations
1and surface]

- Altitude

- Depth
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: - . Suﬂc . R . -
S Bource Pumplnq *n‘l‘hi’ an- Specific of land of Parforated - Opan . .Rack
2 Aquiter  Discharge Data o pariod - Clevei o down - capaclly . surface  weil ‘Interval ticle type
teated F{gatimin}  meszured duia {hours) Cim m [{galmEntt] m o ) ) (percant) .
- GS4E-35ACCL T Sr 200 1.30-73 b 3 56 225 - 2705 865 724764, 855365 509%, unknown
- - e - 804345 3%, C. 7%, 5 .
6S-4E-35ADDL Cw. 5F ¥ 300 32072 2] 1 - & 193 7 2,660 329 — 72-329 86%, C33%. 3
. S [%,Card §
¢ 6S4E-35CDAIL Sr 1.800 61572 D 4 45 130 14 2,650 955 730-810, 892-955 9%, C: 3% .5
. 870-890 .
65-SE-24D001 Sr 130 22273 D 6 40 120 1 2545 30 283292 —_ 106% S
co 310-330.
335-345
65-SE-25AAAL Cw 25 5-13-80 D 1 30 44 <1 2527 55 — 45-535 100% 5
65-5€-26BBB1 Sr 16 5-20-76 D 1 55 95 <1 2512 205 135-205 90-180 100% . €
65-SE.26BCDL .. Sr 20 12-13-71 D 1 78 180 c <l - 2580 465 - e ... SD-d65 7 100%,C
6S-5E-35CBDI Se 2,000 52373 ju] g . 62 20 100 2620 476 230-350 350478 93%, C;
7% Sand C
65-5E-11CEC] Cw 50 4.20-68 o] 24 467 65 1 2510 160 67-T7 — 80%, G and §;
. : ) - 20%.C.G
: - ) . } and§
65-6E-12CCB1 Sr 130 12:24-68 D 10 240 205 H 2510 950 920-9%0. 980990 100% 5
7S-4E- 2ABBI - Sr 600 526-6%9 D 12 73 212 3 2700 342 — 197342 55% §;45%. C
7S-4E- 3IBRCI Se 2380 3.30-66 D Co2g 100 260 9 2,710 §,050  100-533 538-600, 50%, C; [5%. Vn
- : : o o 730-1.050° 15%: Cand §;
' 14%, Sand C;
: - . i 6%, Sand G
75-4E- 5CCAL Se £.300 1.25-12 D 10 191 300 6 2865 1040 —= 2921040 . . 58%, C; 24%, §;
‘ : e o 10%, Cand G;
T : : . e P i ’ S ;- 8%.Vr .
78-4E-10DBC1 Sr - TRT00 3. 963 D 85 - 3t 92. 29 2750 907 — 200907 © 7 52%, Vs 3%, G
: e S . R o e m;‘.’%SandG'.'
N .. 3%, Cand G;
[ L E : o : g C 1%, S:de
78-4E-11CBCIL Sr 3,150 21267 D Too150E 73 -0 165 19 S 2750 1500 — 720-1 500 96% Vi 3%, C:
) o L : o I I%CandG
7S4E.l4ABCt - St 5400 5.15-63 o] -2 .27 100 54 2725 1146 — friMRT 62% Vi 17%. Vr
T : - . i C and €: 13% . C;
4% G, 2%, Vr
and §;2% C
adG
TS4E-14CDCL Seye o 2970 10-17-63 D 3 57 138 22 2755 950 — 200-950 - 50%, Vr; 25%, C:
9%. G and C;
8% Cand G
' - 4%, 8:4%. G
7S4E-15ACDL $r.¥r 2830 2-18-68 D 55 103 65 C a4 2790 - 1065 - 246-T065 T1%, Vr; 27%, C;
i - ot s . - ’ ; 2%, Yrand C
7548-22BBD1 Yr 400 T-11-66 D 10 114 16 25 2325 1000 — 330~1 000 4%, Vr; 6%. Vr
: . i and C
7S4E-23CBBI Vr 4,000 & 58 D 3 75 i5 TO3 2,765 810 — 326-810 0% Vr
TS-4E-26BCBI Sc. Vr 1 50¢ 2-23-64 o] 3 35 130 10 2750 867  130-180 180867 G1%, Vi 6% . C
. .3%, Cand Vr
73-5E-10ADC1 Sr 1200 4-18-83 D ] 62 48 25 2,670 564 — 168564 100%. C
75-5E-10DDB1 Sr 350 72773 D 3 65 180 2 2705 190 100-160 180190 0%, Sand €5
. 27%. S;
. . . B 3%.Gand §
75-5E-£3CEBI Sr. Ve 3,000 4.10-69 D 45 81 200 10 2771 1954 180-7100 1,580-1950 ~47%.C; ~
: o ' . - 1.070G=-¢.130. 42% V5 8% S
1 5601 630 3%, Vr. 5.
: : : R . . edG
- 78-5E-16ACD1 St 4,000 4-10-68 D -1 13 160 ; 25 2700 1510 520-708, 1470-1510  35%.5;3§% Vr
: : ) ’ T 11368432 30%.C
- 9$-SE28BDAL Seve 1,400 9.30-51 |2} 4 . 105 20 70 2,800 1003 116234 230640, | 47%, ¥, 2% C;
: E : c - - oo 7003 003 19%. 85 -
; 1%, Vr, 5. and

TG l% G
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. Table 2. Specific-capacity and construction:data for:weils'in the Briineat: study areé-'—éf:ﬁti'nued o

Static

Alttude . Depth. -

Oriw.  ‘Spacfie’ - otiand = of Peforsted . Gpen . Reck

ST ’ Souma : Pumplng “water - .
S P T Aquiter Dlacharge Data - . perfod cMevel . down. - capacity surfacs ™ well ° “interva) hoia typs
; 7',_“‘-: Wall Mo = 717 ested - (gnlfmin) maasurad duu *{hours) 5] ity [{ga¥minyTt] im {m ) {t) o™ {percant)
o ISOEISABB2 .St 1S 839% . Do 15 . - . 23 R S XL I R 158190 [00%,S
- 75--5E-22CC:'DAJ Se.Vr . 2450 4. .34 M -— _ - m 2.605 630 . 158630 8%, Y 22%.C
e Ll 4281 US 3 s540 741 52 Cand G
75-6E.34BCAI yzr “ B - - 2-13.91 us 4 21724 5 87 28895 681 — 322631 4%, Vr; 15%, C
. . s ) . and §; 1% $
TS-6E-34DADE W ’ 1650 4. .84 M -_— -_ — 204 - 27125 300 — 46-300 100%. Ve
i : I 31191 us ol w54 35 32_ -
98.5E. 2DADI Vr 240 12:11.59 D - - 483 30 2 120 36315 2500 1880-2480 — i 100%. vr
llS--TE“ZSA?A] ¥r 27 7- 1-63 D <l 345 i) 1. 4343 L4  — 20-1400 166%, ve
IZS-8E- 6ADAT Ve 25 5 163 DY o 80 0 1) 3 4a50 1400 - 46-1400 . 100%. Vi
15 12-19-89 us 1 893 82 176 8 n
13S9E-35CDCI Ve 2 31460 D 2 & M. boooos250 983 gsaer -l 100% Ve

938-953

Driscoll (1986, p. 1021) stated that for con-

- fined aquifers, specific capacity in units of gallons _

per minute per foot multiplied by 267 approxi-

‘mated transmissivity in units of feet squared per
~day. This relation between specific capacity and
: transmxssthy Was assumed to be representative of
“sedimentary and volcanic rocks in the study area.

For exampie 1. Mmk (Momson Knudsen Com-

“. - pany, Inc., wntten commun 1984) xeported that
*-the sPecrﬁc capacity for well 78-6E- 22CCDAI

(table 2) was 111 (gal/min)/ft. If 111 is multiplied
by 267, estirnated transmlsswuy is about
30,000 ft*/d, which is essentially the same as the

- calculated aquifer-test value of 29,000 ft¥/d. This

example supports Driscoll’s assumption. The
hydrauhc conducthty of the sedimentary and vol-
canic rocks was estimated by dividing transmissiv-
ity estimated from spemﬁc-capacﬂy data by
satufated thickness of the aquifer (table 3). The
estimated transmissivity and hydraulic conductiv-
ity values determined by this method ranged from
less than 300 ft/d and 0 1 f/d in the sedimentary-

* rock aquifer to 190,000 f/d and 95 ft/d in the vol-
- canic-rock aquifer. - Values thus detertnined seem
- too low if the entire aquifer is not suppIymg water

to the well. To correet for less than total aquifer
thickness being. contnbutory, a common practice is

© to assume that values of transmissivity calculated
o frorn spemﬁc -capacity-tests apply only to the perfo -
+ ‘irated interval of the well (Heath, 1983, p: 61). . To

apply th1s valie to: the entire aquifer thlckness, cal-
culated transm1ssmty is divided by the length of
the- perforated inteival to determine hydrauhc con-

-ductmty ‘Values' thiis determined then are multi-

plied by the entire saturated thickness of the
aquifer to obtain total aquifer transmissivity

(table 3, fig. 4). Thickness of the sedimentary
rocks is shown in figure 4; those values minus

100 ft, the thickness of the cold-water perched
aquifer (see section, “Aquifers”), generally equals
thickness of the sedimentary-rock aquifer. Thick-
ness of the volcanic rocks is about 2,000 to 3,000 ft
(Young and Lewis, 1982, p. J4), and the assumed
average is 2,500 ft Where the sedimentary-rock
aquifer overlies the volcanic-rock aquifer, in the
northern part of the drainage area, volcanic-rock
aquifer thickness was assumed to be about 2,500 ft,
the total estimated thickness of the volcanic rocks.
In the southern part of the study area, thickness of
the volcanic-rock aquifer was assumed to be 2,500
ft (an average value) minus depth.to the top of the
confined aquifer, which is depth to first-encoun-
tered water. Using this method of estimation at
well 125-8E-6ADA1, for example, the saturated
thickness of the volcan:c~rock aquifer is about
1,470 ft (2,500 ft - 1,030 ft (table 1) = 1,470 ft
(table 3)1. Transmissivity and hydraulic conductiv-
ity determined by this method ranged from

1,700 ft/d and 0.7 ft/d for the sedimentary-rock
aquifer to 980,000 ft%/d and 390 f/d for the volca-
nic-rock aquifer, These values are too large if that
part of the aquifer supplying water to the well is
thicker than the length of the perforated interval

~and. (or) open hole. Hydraulic pioperties deter-

mined by these methods and presented in table 3
probably represent the 1ange of values for trans-

. missivity and hydraulic conductivity in the study -
area, -
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%71 ‘Table 3. ‘Eétimated trarismissivity and hydraulid éonductivity from specific-capacity tests for wells in the Bruneau study
area A Lo ' R : : .

ok TAGuiteF tésted: Cw; cold-water; St, sedimentary-rock; Vr. \.rojlq_a.ﬁii;:i'd‘q!c'.z Abbieviations and symbols: fghl?ﬁiiﬁ)ift; g}éflons per minute per fook; .
e 2 fodt SGuated per day; fu/d, feet per day; ft, foot; —; no'data available; <, less than, Valies in columns B, Fi and G are rounded] -~ 0 7 -7

{1

Hydrauhc Y Bydraulie -

conductivity - Lengthol .~ - conductivity
. : . basedon .- - perforafed . basedonm
Specific C o total - interval- . lengthof
capacity Trans- ’ '._[hicknéss © saturated _ and {or) - perforated - . Trans-
[(galfmin)/R] missivity of aquifer thickriess open hole - interval = inissivity :
Aquifer  (table2) (i) . (£l w (fe/d) (st3yd)

Well Mo, tested (4 (B=4 % 267) R (o {D=B/C} E) - (F=BfE} G=C xF)

68-4E-35ACCL.. Sr - 3 - 2,140 o 1,355 16 T 24 . 33,000

6S-4E-35ADD1  Cw,Sr - . 7 L9007 == . — . 7 A

6S4E-35CDAl  Sr 14 3,700 1,140 33 163 23 26,000

6S-5E-24DDD1  Sr 1 300 - 2,195 e - 40 8.0 18,000

68-SE-25AAAL " Cw <1 <300 32 . <9 10 - <30 T <l,000
68-SE-26BBB1  Sr <1 <300 2,162 <l 110 <3 <6,000
68-5E-26BCD1 - Sr <1 <300 2,260 el 415 <.7 <2000 -

6S-5E-35CBD1 St = 100 27,000 2,320 12 246 110 260,000

68-6E-11CCC1  Cw 1 300 30 10 : 10 30 900

6S-6E-12CCB1  Sr 1 300 1,860 2 70 43 3,000

. 78-4E- ZABBl. Sr 3 o 800 1,100 7 145 55 6,000
758-4E- 3BBC1 ~ Sr - 9 2,400 1,020 24 . 770 31 S 3,200

" 78.4B- 5CCAL  Sr 6 1,600 815 - 20 748 2.1 - 1,700

7S-4E-10DBC1 - Sr - 29 7,800 630 - 12 707 S B 7,200

75-4E-11CBC1 . S§r 19 5,100 891 57 780 65 . 5,300

75-4E-14ABCl  Sr ' 54 14,000 410 34 923 15 6,200

78-4E-14CDCL  Sr, Vi 22 5,900 —_ — 750 — —

7S-4E-15ACD1  SrVr 44 - 12,000 — — 819 — -

7S-4E-22BBD!  Vr : 25 6,700 2,500 27 670 10 25,000

78-4E-23CBBl Vi~ - 700 150,000 2,500 76 484 390 980,000

7S-4E-26BCB1 S, Vr 10 . 2,700 - - 737, — —

7S-SE-10ADC1 . Sr 25 6,700 1,678 40 396 e .29,000

78-5E-10DDB1  Sr 2 500 1,540 3 70 7.1 11.000

78-5E-13CBBl S, Vr 10 2,700 — . 1,030 — —_—

7S.5E-16ACD1  Sr 25 6,700 800 84 524 13 £0,000

75-5E.28BDAl  Sr, Vr 70 19,000 — —_ 327 — -

78-6E-16ABBZ - Sr 1 - . 300 1,153 3 32 94 11,000

78-6E-22CCDA1 Sr, Vr 111 30,000 — — 472 — —

: 52 14,000 — — 472 e —

7S-6E-34BCAl - Vr a7 23,0600 11 359 . 64 140,000

75-6E-34DAD1 V& 204 - 54,000 . 22 : 254 210 520,000

S : 32 8,300 35 254 34 83,000

' 98.5E- 4DAD1 V& 120 32,000 21 - 600 53 80,000

O 118-TE-25ACAL Vi f 1 © 300 2 396 -8 1,200
1#128-8E- 6ADAL . Vi - 2. - . 500 23 370, 14 2,100 -

T, 8 . 2100 14 370 57 3,400

©T138-9E-35CDCL Vr - 1 300 2 3§ 86 14,000
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5 (I_ohman 1972 p. 8) “For confined aquers the
- water released from storace when the hydrauhc

. Storage Coefiicient ..

:'ater feleased from or taken into stor-
age per umt of surface area per unit change in head

B _;head declings cores from expansion of water and
o from compactmn of the aquifer (Heath, 1983, -

28) The sedlmentary rock aquifer; composed

B mamly of fine- to coarse-crramed rocks with some -

‘volcanic rocks, is considered to be conﬁned
because it is overlain by fine-grained rocks - The
volcanic-rock aquifer also is confined because it is

L ;overlam by sedlmentary rocks, and where. sedi--
' mentary tocks are absent, water in the volcanic -
~rocks is confined by the dense volcanic rocks and
" fine-grained interbeds as discussed in the section,

“Aqurfers ”'Storage coefficient was determmed at
only one site where observation wells were avail-
able (L. Mmk Mornson Knudsen Company, Inc,,
written commun , 1984) Mink calculated storage
coefficients of 0 0002 and 0.0003 for the draw-
down and recovery phases of the aquifer test at
7S-5E-8BCC1. These values are lower than -
expected for the geothermal aquifer 1f aquLfer
thickness 1 IS assumed to be the same or greater than -
the well’s open mterval of 1,080 ft.

The rrummum storage coefficient of confined
aqurfers also can be estimated by multiplying aqui-
fer thickness by a spec:ﬁc storage coefficient of
1 X107 ft™ (Lohman 1972, p 53). The sedimen-
tary rocks are as much as 2,000 ft thick” Thickness
of the sedlrnentar"y rock aquifer at locations listed
in table 3 ranges from about 400 to about 2,300 ft;
therefore, storave coefficient is estimated to range
from abeut 0 0004 to 0 002. Thickness of the vol-
canic-rock aquifer at locations listed in table 3
ranges from about 1,500 to-2,500 ft; therefore, stor-
age coefficient for the volcanic rocks is estimated
to range from about 0.0015 to 0.0025.

- THE GEOTHERMAL AQUIFER

SYSTEM .

Before the: effeets of ground-water develop-

: ! rrreh!_: on hy_drau_hc heads and spring dischatges -
:+ -t «could be détermined, an understanding of the' -
", .-hydrelogy of the geothermal system in the stidy -

The stor_ace coefﬁ"crent of am aquifer is the o

i  mal system (2) determmmg disch
volume

'gr'bur'id-'Wate‘r"dei'eleprﬂent, (3) defining p_.otentie- '
“mefric Surfaces in the sed:mentary and volcanic- -
“rock aquers (4) identifying ditections of ground- .
© water movement houzontally and vertlcally, and

area was necessary This involved (1) determining
natural recharge to and discharge frern the geother-

&3] developmcv a conceptual rnodel of the geother

mal system. A eenceptual model can 1mprove

'-":understandmg of the gedthermal system and the’ B
‘éffects of ground-water development (ground-
“water discharge by wells) on water resources

" Natural Recharge and Discharge

Prior to extensive ground-watét development

in the Bruneau study area (fig. 1), long-term natural

recharge to the geothermal systern was balanced by
natural discharge, a steady-state conidition. During
steady state, there is no change in gr’ound--Water'
storage. ' ' '

Natural recharge to the geothermal system in
the Bruneau study area originates almost entu:ely '
from precipitation on mountains to the south. Lit-
tleton and Crosthwaite (1957, p. 172) indicated that
the highly fractured and faulted volcani¢ rocks '
along the Owyhee Mountain front (sumlariy, along
the Jarbidge Mountam front) are highly permeable
and permit water to infiltrate and move easily. For
ekample, based on sparse data, they indicated that
the entire “normal flow” of Little and Big Jacks

~ Creeks and ot_her creeks infiltrates to the ground-
water system. At a small experimental watershed

in the Owyhee Mountains dbout 30 mi southwest
of the study area, Stephenson and Zuzel (1981)
studied rainfall-infiltration relations and indicated
that recharge to the ground-water system probably
is derived entirely from precipitation on the moun-
tains. They determined that rainfall in excess of .
0.8 to 1.2 in. over a 24-hour period contributes sig-

" pificant quantities of water to the ground-water

system: Because runoff infiltrates near the moun-
tain front where streams first cross faulted and frac-

tired volcamc rocks the natural recharve 1s termed
: i;“moumam front recharge

As 1ain falls on the voIcamc rocks or overly— -

. rno shallow soxls it ean (1) be held as s0il mois- -
i '-_‘ ‘tire, (2) 1nﬁ]t1ate past. the foot zone to recharge the .
. 'aquer (3) run off o stream channels and inﬁ}trate .

=
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'. to ground w'agéx:_t}ixjough fractured, faulted, o :
. otherwise permeable stieambeds, or (4) be taker

/. study area, averages about 43 in/yr from free: o

" water surfaces or from shallow lakes (Farnsworth

* ' and othérs, 1982). Precipitation that infiltrates . © -

" the soil eventually is consumed by native.and ..
cultivated plants that can transpire several feet of |

water per year if water is available to the root
zone. In the valleys, the cold-water aquifer

itation in addition to recharge from canals,

(1988, p. 41 -43) indicated that the Bruneau
River probably contributes water to the cold-
~ water aquifer where it first crosses sedimentary
rocks in the valley Little, if any, precipitation on
the Bruneau study area infiltrates to the geother-
mal system. _
" Recharge to the geothermal system in the
Bruneau study area was estimated by two meth-.
ods, basin yield and hydraulic gradient (Darcy’s.
equation). Using the basin yield method, Kjel-
strom ( 1986) estimated average annuai net water
" yield from the Bruneau River drainage basin
upstream from streamflow-gaging stations for the
period 1934—~80. Net water yield is the total
amount of water available from precipitation in a
drainage area. Kjelstrom (1986) estimated net
water yield by using regression analysis. Drain-
age area, mean annual precipitation, and percent-
age of forest cover were independent variables in
the regression equation Kjelstzom (1986) esti-
mated underflow from the drainage basin
upstream from gaging stations as net watet yield
minus irrigation water use and streamflow. The
underflow estimate of Kjelstrom is recharge to
the Bruneau study area. :
‘Net water yield and other water budget
 terms were calculated for two contributing areas
" using streamflow data at gaging stations Brunieail

River near Hot Spring (13168500) and Big Jacks .

.- Creek near Bruneau (13169500, fig. 1). These
. stations account for more than 90 percent of the

".’. ,drainage area contributing underflow to the. .

‘Bruneau study :ax'ég.;(",gjclstr'om (1986) estimated

" that during 193480, net water yield from the
Bruneau River and Big Jacks Creek drainage
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. up by vegetation and transpired back to the atmo-
. sphere!’ Precipitation at Bruneau averages about. . .-
9 in/yr; most is lost to evaporation, Which,:in'me- i

. receives a small amount of recharge from.precip- .. ..
r - Hot Spring gaging station; water used for frrigation
- applied irrigation water, and streams. Gemperle " upstream from the Big Jacks Creek gaging station -

an . was negligible. Thus, natural recharge (uinderflow)

é_.reas.averageﬁ 367,000 and 10000 acxe-ft;’yr,
. respectively, Mean annual discharge at gaging

stations Bruneau River near Hot Spring (water -

years 1910 14, 1944 -80) and Big Jacks Creek .

‘near Bruneau (water years 1940~ 49, 1966 <80)

was 286,000 and 3,000 acre-fuyr, respectively

. Kjelstrom then adjusted the values of mean annual

discharge to the period 1934-80. The revised.

estimate of discharge at Bruneau River near Hot -
Spring was 297,000 acre-ft/yr; the estimate at Big -
Jacks Creek did not change. An estimated
20,000 acre-ft of water per yeat was used for

jrrigation upstream from the Bruneau River near

was calculated to be 50,000 acte-ft/yr at Bruneau -

" River near Hot Spring and 7,000 acre-ft/yr at Big

Jacks Creek, and total natural recharge to the study
area was calculated to-be about 57,000 acre-ft/yr.
This is a minimum value because underflow from
10 percent of the contributing area, drained by
Little Jacks and Logan Creeks, has not been
estimated, o -

Another method for estimating recharge to
the Bruneau study area is to apply Darcy’s equa-
tion (Bouwer, 1978, p. 48, eq 3.13). This method
uses estimates of hydraulic gradients, aquifer
extent, and aquifer properties to estimate undet-
fiow (recharge to the Bruneau study area). Under-
flow was estimated at the southern boundary of the
Bruneau study area (fig 1) because estimates of
hydraulic gradient (Young and Lewis, 1982,
pl 2) and hydraulic conductivity (table 3) were
available.

The 1979 potentiometric surface map for the
regional geothermal system in southwestern Idaho
(Young and Lewis, 1982, pt 2) indicates that
ground-water movement is northwestward toward
the Snake River. Darcy’s equation, O=TIW, was
used to calculate underfiow, where Q is ground-
water discharge (length/time); 7 is transmissivity
(length?¥/time); [ 1s hydraulic gradient (length/
Jength); and W is the width of the aquifer normal to
the direction of flow (length). Wells 7S-6E-
34BCAl, 7S-6E-34DADI, and 98-5E-4DADI1

) (figs. 1 and 2B), representative of the volcanic-

rock aquifer, were used for this analysis. The weils
are located between the 2,600- and 2.,800-ft poten-
tiometric surface contours delineated by Young




..and Lewis (1982, pl. 2) Underflow was first esti-
‘mated using conservative estimates of hyd:auhc _
) conductmty aquifer thlckness and width of the

T flow Systent” Txansrmsswuy in this case was;esti; . .

ﬁiated by avcxagmg the hydraulic conducuvmes

o for the wells listed above (table 3, column D) and
e mulnplymg that value by 1,500, the appxoxxmate
a thickness in feet of the volcamc-zock aquifer at

" “well 9S-5E-4DADI (table 3, column C). An aver-
" age hyd:auhc conductxwty from the two tests at
well 7S-6E-34DAD1 was used. The average
hydraulic conductivity for the three wells com-
pleted in the volcanic-rock aquifer is about 15 ft/d;
. therefore, tmnsrmsswlty (T would be about
22,000 fe/d Ifthe hydtauhc gradient (J) is about
| 24 fvmi (Young and Lewis, 1982, pl. 2) and the-
“width (W) is 35 mi, ground—water discharge (Q) is
calculated to be about 18,000,000 ft*/d, or about
1_50,00_0 ac;jc -ft/yr. This estimate of underflow is

' ~method .

lic gradient maké estimates by the Daxcy method -
 questionable’ Hydtaulic conductivity for the threge”

nearly triple that estimated: by. the basin yield

: ‘However, uncartmnhes in Hydraulic conduc S
fivity, aqulfer thickness, aquet width, and hydzau

wells used to estimate underflow ranged from 35

to 22 ft/d (table 3, column D), a factor of about 6. N
Using these hlgh and low values of hydraulic con-"~

ductivity to estimate transmissivity, underflow at
the southern boundary is calculated to be about

230,000 and 37,000 acre-ft/yr, respectively. If

transmissivity is estimated by averaging the results

~ - from the slug tests for test holes BS-6E-3BDC1and
" 88-6E-4DCD1 (fig. 6), underflow is calculated to

be about 560,000 acre-ft/yr. This is more than the .
377,000 acre-ft/yr that is available from precipita-
tion in the Bruneau River drainage area as pre-

sented in the basin yield method  Aquifer tests are

_Table 4 Spring discharges in the Bruneau study area prior to extensive ground-water development

[gal/min, gatlons per minute; acre-ftfyr, acre-feet per year. Values are rounded]

" Discharge

" Spring : _
. ::lqcation (galimin) References General area
C6SSE32A 10 ('3 Little Valley
75-4E-24D 135 NN Little Valley
75-4E-13 180 - & Little Valley
75-SE-S 45 ) Little Valley
7S-6E-21D 1,200 (h Bruneau Valley
75-6E-22C 35 ) Bruneau Valley
75-6E-22DADB1S 1,000 ) Pence Hot Spring
75-6E8-34 1,200 (124 Bruneau Valley, east of the Pruneau River including
springs 78-6E-34DCB1S and 7S-6E-35BBB1S
85-GE-3BDD1S 2,200 25 Bn‘mcau Valley, Indian Bathtub Spring
8S-6E-3 _ 250 &) Bruneau Vailey, near Indian Bathtub Spring
TOTAL= 6,255 gal/min
TOTAL=

16,100 acre-ftfyr -

t Steams and others(l%‘a‘ p. 143)

2 Piper (1924, p. 36-3T)

3 Gempérle (1988, p.32-33).

* Rightmire and others (1976).

* Litteton and Crosthwaite (1957, p 173).
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4 indaded to more accurately determine hydrautic

conductlvmes and transmissivities in this area.

' 'Also, no wells in the’study area have penetrated the -

entzrc thxckm:ss ‘of the volcanic-rock aquifer. With-
out a more accurate’ estimate of saturated thickness,
hydraulic conductivity cannot be reliably con-

- verted into estimates of transmissivity. Aquifer

't width at the southern boundary was estimated to be

" about 35 mi. Additional drilling is needed to help
define aquifer-extent more precisely. Although
more information is available on hydraulic gradi-
ents than on hydraulic properties for the study area,
hydraulic gradient data are still sparse near the
southern boundary The level of uncertainty for
any of these pxopemes is unknown. If one of the
propextles is in error by a factor of two, underflow -
also will be in emor by a factor of two because
these properties are proportional to underflow
(0). A smatler value of underflow would represent
a more conservative estimate for water resource
management purposes

) Natural discharge from the study area con-
sists of spring flow and underflow to the Snake

*- River and out of the Bruneau study area. Gempetle

(1988, p: 31+ =34y estimated discharge from springs
"in the Bruneau-Giand View area prior to extensive
ground-water development (1922). These esti-
mates are probably representative of steady-state
conditions because spring discharges did not
change significantly from 1922 to 1954 (Littieton
and Crosthwaite, 1957, p. 173) and were revised on
the basis of more 1ecent information and regroup-
ing of springs in the Bruneau study area. Total
estimated discharge from springs prior to
extensive ground-water development was about
10,100 acre-ft/yr {table 4)-—9,500 acre-ft from
Bruneau Valley and 600 acre-ft from Little Valley.
Spring discharges given in table 4 were measured
Gemperle (1988, p 32-33) also reported that two
springs south of the study area near the Owyhee
Mountains had a combined discharge of
1,260 gal/min, or about 2,000 acre- {/yr, if dis-
chargé is assumed to remain constant throughout
the year. Young and Lewis (1982, table 1, p. 15)
repox’ted that several springs in the Jarbidge .

s Mountams had a combined discharge of about

2, 000 gal/min, ox - 3,200 acre-{tin 1978 Estlmates
of underflow to the Snake River and out of the.

" Brineati study area were not possible because of
‘inadequate data. o -
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Ground-Water Development

T he Bruneau River provided water to early
travelers and soon thereafter was used for irriga-

“tion.. Bruneau, Little, and Sugar Valleys have sup-

ported irrigated agucultuxe for many years The
number of acres irrigated initially was dependent

on the quantity of surface water available (Piper,

1924, p. 27). Shortly after the turn of the century,
water from the Bruneau River was used to irrigate

- about 4,200 acres in the lower Bruneau River

Valley and about 6,000 acres in the Grand View

“area (Pipet, 1924, p. 33) Piper (1924, p 35} also

indicated that surface-water supply was inadequatc
during the summer when streamflows are lowest
and recommended the use of ground water as a
supplemental supply. In paits of Bruneau, Little,

and Sugar Valleys, ground water is currently the

sole source of supply.
In 1896, the first test holes were » drilled in the
lower Bruneau River Valley (near 68-5E-9AD and
6S-5E-14DC, fig. 7) in an attempt to obtain arte-
sian water from wells. That attempt was unsuc-
cessful because drilling stopped at first-
encountered water, which had a temperature of
about 15°C (Piper, 1924, p. 40, table 10, wells 1
and 2). The test holes indicated the presence of a
cold-water aquifer That same year, five 2-in-
diameter wells were stccessfully completed in Lit-
tle Vailey near a geothermal spring in the south-
castern corner of sec. 24, T.78,R 4E. (fig. 7),
and development of the regional geothermal aqui-
fer system had begun. Locations of irrigation wells

~ and year drilled in each of the three valleys are

shown in figure 7. Water was used for irrigation,
municipal, domestic, and stock supplies From
1896 to 1912, well drilling proceeded slowly and
about 15 flowing wells were completed The num-
ber of irrigation wells drilled increased to more
than 100 in 1922 (fig. 8) By 1922, Piper (1924,

p. 40 -45) reported a total of 40, 63, and 4 wells in
Bruneau; Little, and Sugar Valleys, respectively.
Eighty of these wells flowed. Most of the ﬂowmg
wells were less than 1,000 ft deep and were com-
pleted in what Piper (1924, table 10, p 40-45)
called the valley aquifer (sedunentaxy -rock aqui-
fer). “The present quantity of ‘water used for munic-
ipal, domestic, and stock supplies is small in
comparison with the quantity used for ungatlon
The Bruneau Water Company, which supplies the
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. -city of Bruneau, is one of the largest nonirrigation
~-uisers of ground water in the study area. Dunng

. 197%,.1978, and 1989, they used about 13, 13, and
. * 25 acre-ft of water; respectively (Tom Moore, JUB

; . Engineering; Inc., oral commun, 1991). Moore

attributes the increase in pumpage from 1977 to

1989 to the conversion from individual septic- -tank

systems to.a centralized sewage system in 1981.

“The quantity of water for nonimrigation use in the

study area probably has been less than 100 acre-
ft/yr since 1991 and was not further conmdexed in
this study.

A substantial quantity of water has dis-
charged from the regional geothermal system from

. flowing and pumped wells. In 1922, discharge

from irrigation wells was estimated to be about

- 7,150 acre-ft (fig 9)—about 3,150 acre-ft from

Bruneau Valley and 4,000 acre-ft from Little
Valley (Piper, 1924, p. 39-46). These estimates
were made by measuring the discharge from all
flowing wells at least once and assuming that the
flow remained constant throughout the year
because artesian pressures in the aquifer remained
relatively constant (Littleton and Crosthwaite,
1957, p. 183). Thedistribution of annual discharge
from. wells in Bruneau, Little, and Sugar Valleys

during 1890 to 1991 is shown in figure 9. Annual

well discharges prior to 1922 were determined by
using a well’s 1922 discharge value given by Piper
(1924, table 10, p 40-45) as a constant from the
time of well construction to 1922 No attempt was
made to account for annual variations in well dis-
charge as noted by Piper (1924, table 10, p 40-45)
because accurate records of flow rates were not
kept. - ‘
The number of wells drilled in the study area
increased slowly from 1922 to 1954 (figs. 7 and 8).
Dusin; that time, annual discharge neatly doubled
(fig. 9) In 1954, Littleton and Crosthwaite (1957,
p 174) estimated that 81 wells discharged about
22,500 acre-ft of water, about three times as much
as Piper’s estimate for 1922 However, Piper’s
estimate was for Bruneau, Little, and Sugar

. Valleys, whereas Littleton and Crosthwaite’s esti-

mate included the Grand View area. For this

“report, Littleton and Crosthwaite’s estimate was
. revised to excliude wells.in the Grand View area,
.+ and the revised estimate of discharge from 51 weils -
: 1§ ini the Brun&au study area in 1954 was about . - -
713,000 acre-ft. Twenty-eight of the wells were in

Bruneau Valley, 19 in Little Valley, and 4 in Sugar
Valley, and the wells discharged about 4,200,
6,800, and 2,000 acre-ft, Iespectwe]y (fig. 9). Lit-
tleton and Crosthwaite {1957) used the same proce-
dure as Piper (1924) to calculate well discharges,
except for 24 wells that were pumped or that
flowed only during the irrigation season. Dis-
charge from these wells was estimated by multiply-
ing the estimated daily discharge by 100, the
average number of days wells flowed or were
pumped in a year (Littleton and Crosthwaite,

- 1957, p. 174). Annual quantities of discharge for
192254 were determined by interpolating

between 1922 and 1954 estimated values or by
using the well’s 1954 discharge value as a constant
from the time of the well’s construction to 1954.
Discharge from wells with a reported discharge in
1922 but none in 1954 was interpolated between
the estimated 1922 value and the zero 1954 value
because information about when the well was
abandoned, déstroyed, or not in use was unavail-
able. This probably accounts for the declining
trend in annual discharge from 1922 to 1950 in
Little Valley (fig. 9).

Land use in the study area changed signifi-
cantly between 1954 and 1978. Lindholm and
Goodell (1986) indicated that, in 1945, no appre-
ciable amount of land in the study area was
itrigated with ground water; by 1966, about
13,000 acres were irrigated, and by 1980, about
20,000 acres were irrigated. Intensive use of geo-
thermal water for irrigation began in the mid-
1960’s. Most of the increase in irrigated acreage
since 1945 was in Little and Sugar Valleys. The
number of wells drilled (73) also increased (figs. 7
and 8), although the dramatic increase in discharge
from wells (fig. 9) during 195478 probably was
caused by the addition of large- capacity pumps to
increase ‘well yields. Young and othets (1979,
table 2, p. 15) estimated that, in 1978, about
39,000 acre-ft of water was discharged from wells.
Their estimate was based on total electrical con-
sumption by pumps, depth to water, average water
level, and well efficiency. The estimate by Young

" and others has been revised on the basis of more
" recent information and regrouping of wells. Total

estimated discharge from wells in 1978 was about
40,600 acre-ft—6,200 acre-ft from Bruneau

Valley, 28,300 acre-ft from Little Valley, and

6,100 acre-ft from Sugar Valley (fig. 9). Annual
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quantities between 1954 and 1978 were intexpo—
lated as previously described.

Only two imigation wells were drilled in the

- study area.during 1978-91 (fig. 8} One reason for
.curtailed drilling was that in 1982, the Bruneau-
* Grand View area was declared a Ground-Water
Management Area by the Idaho Department of
Water Resources. Most irrigation wells are in
- Little Valley (figs. 7 and 8), where annual dis-
charge has been greatest since 1954 (fig. 9.
Annual variations in discharge from irrigation
wells from 1978 through 1991 are shown in
figure 9. Total well discharge declined from the
- maximum of 49,900 acre-ft in 1981 to
34,700 acre-ft in 1991. From 1981 to 1991, dis-
charge from wells declined about 4,200 acre-ft in
Brunean Valley, 9,700 acre-ft in Little Valley, and
1,300 acre-ft in Sugar Valley Declines are, in part,
attributed to irrigated lands being idle as part of the
“set-aside” program administered by the U.S.

Department of Agriculture, Agricultural Stabiliza- -

tion and Conservation Service. In 1991, well dis-
charges in Bruneau Valley totaied 6,500 acre-ft; in
Little Valley, 23,400 acre-ft; and in Sugar Valley,
4,800 acre-ft. '
Irrigation well discharges prior to 1979 were
estimated by previous investigators, Discharges
from 1979 through 1991 were estimated during this
study from annual electrical power data obtained
from Idaho Power Company. Annual discharge
was estimated by one of three methods. The first
method was used only when an instantaneous dis-
charge measurement was made and electrical
power data were available. Annual well discharge
was calculated as the product of the measured dis-
charge and the time the pump was on. Discharge
was assume.d to remain constant. The second
method was used when water-level measurements
were made and electrical power data were avail-
able. Annual well discharge was calculated using

the following equation, as described by Young and .
others (1979, p. 5, eq. 1): Q=kWh/[K(H+P)], where

Q is pumpage, in acre-feet, kWh is kilowatthours

used; X is kilowatthours required to lift 1 acre-ft of

water 1 ft; H is the depth to pumping water level, in
feet; and P is the pressure head at the well, in feet
of water. At 100-percent efficiency, K=1 02

kWhiacre-ft-ft; that is, if takes slightly more than 1 _ -
Kilowatthour of electricity to lift 1 acre~ft of watet'

1 ft (Goodell, 1988, p. E19) A K vaiue of 1.8,
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developed from efficiency data by Young and oth-
ers (1979, p. 5), was used for this study The third

‘method was used when electrical power data were

not available. Annual well discharge was calcu-
lated as the product of the measured discharge and
the number of days in the year if the well flowed
continuously, or 100 days if the well flowed oaly
during the irrigation season (Littleton and
Crosthwaite, 1957, p. 175). Annual discharge from
several wells powered by internal-combustion
engines was estimated as the product of measured
discharge and the average number of pumping
hours of all other wells i in the study area (Young
and others, 1979, p. 5).

From 1896 through 1991, nezuly
1,400,000 acre-ft of ground water discharged from
wells in the study area. Of that quantity, about
546,000 acre-ft discharged from 1978 through
1991; 50 percent was from wells 10 to 15 mi from
Indian Bathtub Spring (fig. 10 and table 5). During
1978-91, 85 percent of the discharge was from
wells greater than 5 mi from Indian Bathtub Spring
(fig 10). The closest wells, 1 to 2 mi from this
spring, discharged 2 percent (11,000 acre-it) of the

- total during 1978—91, or about 790 acre-ft/yr. The

percentage of annual well discharge for different
distances from Indian Bathtub Spring did not
change appreciably during 1978-51, although the
distribution of pumpage in 1922 and 1954 was
notably different (table 5). The percentage of
pumpage in 1922 and 1934 was generally greater
closer to Indian Bathtub Spring than at present,

“especially 2 to 3 mi from the spting, as shown in

table 5. About 31 percent of the discharge from
wells in 1922 was within 5 mi of Indian Bathtub
Spring, about 21 percent in 1954, and 15 percent
during 1978-91

Ground-water discharge from wells is docu-
mented reasonably well; however, separating the
quantity according to -aquifer (sedimentary-rock or
volcanic-rock) is difficult. If wells are open to both
aquifers, there is no way to distribute stress except
by assuming that most of the water comes from the
volcanic rocks. This assumption is probably rea-
sonable because water is transmitted through the
volcanic rocks (higher hydraulic conductivity)
more easily than through the sedimentary rocks,

_For example, if hydraulic conductivity i is' 16 ft/d for
* the sedimentary rocks and 360 ft/d for the yolcanic -

rocks (see section, “Slug Tests™), if both rock types
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~ from “indian Bathtub” Spring (8S-6E-3BDD1S), '1978-91. {Values “are rounded)

B R I .

T THE GEOTHERMAL AQUIFER SYSTEM 31




s ... ar. - Table 5 Areal distribution of discharge from irrigation wells in the Bruneau study area, 1922, 1954, and 1978-91, at
o spec:f:ed radial distancés from Indian Bathiub Spring (8S-6E; -3BDD1 S) . _

[acre-ft acre-fect %, pcrcem >, greater than. Values are rounded]

LT s s T Badial distances, n mll’as, from Indizn Bathtub Spring {8S-6E-3BDD1S)

0-1 1.2 2-3 34 4-5 5-15 15-10 - 16-15 »15

(acl’j%:_m"“((%) B "(acre-ﬂ_)‘:__(h.i'u) (scre-f) (%) {us&ﬂ) (%} (acre-ft) (%) (acn:‘.i't) (%) facrelt) (%) (eerel) (%) (acre-M) {%) Totai

w2 o0 o o0 1510 220 eid 8 0 1 840 12 3820 55 2 4 0 o0 7,150
_ _ 1954 9 0 180 L 2010 15 480 3 320 2 2410 18 5120 39 250 00 0 0 3000
N %78 . 0. 0 1 K00 3 K030 3 - 1260 3 6630 16 7920 20 20500 .53 900 2 40,600
Lo 97 . 0 0 .l 360 7 1770 4 1230 3 6730 15 9590 21 21400 47 970 2 45400
: 198 . 0 0 .0 35400 8 1890 4 1430 30 4840 12 8270 20 20000 S0 10% 3 42,000
1981 0o 0 5707 ¢ 4200 9 1800 4 1,620 37 6320 13 8890 18 25000 50 1400 3 49900
1982 a 0 590 1 2620 4 1940 6 1520 3 5600 12 8400 18 24300 53 920 2 45900
1983 o 0 B0 2 2130 6 1360 4 780 2 4490 13 7740 22 17300 49 90 3 35600
1934 ¢ 0 105 3 3460 .9 1330 4 1,000 3 4180 11 . $300.22 . 17700 47  780.. 2- 37800 -
1585 0 0 " 960,73 4130 11 750 2 40 0 350 8 8350 21 20700 53 . 1,070 3 . 39200
1986 00 870072 3100 9 1090 3 130 0 270 8 790 22 19900 55 300 I 36000
1987 0 0 930 3 4160 13 620 2 180 1 2450 7 7980 24 16500 51 ¢ 0 33200
1928 0 0 1200 3, 4190 11 1420 4 30 19390 I 5060 25 16000 44 30 1 36500
1989 0. 0 ° 900 3 2470 7 1080 3 O 0% 3700 10 550 27 17200 49 430 1 35300
1990 0o 990 3 250 7 750 2 0 0 4190 12 9730 28 16000 47 100 34200
1991 0 0 12707 % 3150 9 1040 3 0 0 380 Il 9590 28 15800 46 0 0 34700
1978-91 : : '
TOTAL 0 0 100D 2 44000 & 1[7900 3. 9500 2 62700 11 121000 22 271000 SO 9200 2  546.000°
Table 6.. Monthly consumptive use estimates based on discharge in Bruneau Valley was from the volca-
evapoifanspiration by afaifa at Bruneau g nic-rock aquifer. Volcanic rocks are the main con-
[Adjusted cvapotransplratmn data from Allen and Brockway (1983 tributor of water to wells inthe s{udy area,

TR able 120p. 134-135), min/d, millimeters per day]
An attempt was made to esnmate monthly

discharge from irtigation wel]s whxch varies

T Adjusted Estimated

evapo- consumptive throughout the year, especxaliy duxmv the irrigation
L . transpiration use season. Littleton and Cmsthwalte (1957 p. 174)
Month . (omAd (pereent)  accounted for seasonal pumping in 1954 by using a
. B 100-day well-pumping or flowing season; Young
Janua:y o 0’ 0 and others (1979). used the same proceduxe only for
ﬁ:;“hm? ER 252 ' : 3(5) 34' flowing wells that were shut off during‘nonirriga-
CApl s 497 10.53 - tion periods. One widely used method-of estimat-
May 6.56 13.90 ing discharge from irigation wells incorporates
;3?; ggg ig?;' crop consumptive water use Allen and Brockway
August 713 1510 (1983) indicated that consumptive use is synony-
September 5.41 P o mous with evapotranspiration and determined the
‘Qewber 1. 376 . 196 average monthly- Consumptive use for alfalfa,
* November . - 0 : 0
‘ ' E They: adjusted the monthly consumptlve use for

;December .. - .0 ‘ -0
, CHET , station aridity at Bruneau and 97 other'sites in

onsumptlve use. values detemuned for
the Bruneau area by Allen and Brockway (table 6)
are averages,and teptesentatwe of the study area .

“rare of equal thickness; and if hydraulic gradients in
+ < hoth:rock types are the same, 96 percent of the dis-
« charge might be from the volcanic rocks. Thus,

" wells open to both the sedimentary- and volcanic- where alfaifa beans, corn, gram and hay are

- rock aquifers were treated.as if they were com- grown Hence, monthly well discharge can be esti-

.”pleted_ solely.in volcanic 1 rocks During 1978-91, mated by multiplying each well’s annual discharge
~.about 70.percent of the well discharge in Little and by the monthly percentage of consumptive use
Sugar alleys was ﬁom wells open only to the vol-. (table 6). Only wells that had pumps were used for

canic-rock raqulfex about 90 percent of the well this analysis.
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PRECIPITATION, IN INCHES
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i Figurd 1. Average 1962-91 and monthly precipitation and manthly well discharge: gstirmated
from consumptive use and from electrical power data in the Bruneau area, 1978
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- Young.and others (1979) calculated crround—

o :.watex pumpage in 1978 by summing month}y dis- o

. i: . -:charges: estimated fxom electrical power data. Only
" - anpual electncal power data were available for
Lo subsequent years; The relation beiween 197

monthly dxscharge estlmated from consump
use and from’-electncal power data is shown 4
sure 11 ell § ,1scharge estimated by the conswm
| 'tlve use method ‘generally was within 5 percent of
- that estlmated fxom electrical power data - The
lmgest d1scxepanc1es were in April and August. A
possible explanation for these discrepancies is that
precipitation was more than double the 196291

- average in January, February, and April (fig. 11),

- ..and the need for irigation watet decreased. Under

' those conditions, well discharge estimated from

electrical power data would be less than that esti-
mated by the consumptive use method (fig. 11).
Also, the lack of precipitation in June, compared to
the average, created the need for more irrigation
water throughout the summer than the amount esti-
~ mated by the consumptive use method. Although
there are some discrepancies between the two esti-
mates, the consumptive use estimate generally fol-
lowed the same trends as the electrical power data
estimate, especially when precipitation was near
normal.

The purpose of developing monthly éstimates
of ground-water pumpage by the consumptive use
methed was to help explain differences in hydrau-
lic heads and spring flows in the last several years.
Monthly electrical power data were not available.
Since early 1989, water levels in 12 wells and test

-holes and flows from 3 springs in the study area
have been measured meonthly (Young and Parli-
man, 1989; Young and others, 1990), Since April

1999, six test holes near Indian Bathtub Spring
have been equipped with continuous water-level
recorders ( Young and others, 199Q). ‘To estimate

- the total monthly ground-water discharge by
- -irrigation wells in 1990-91, the consumptive use

method was applied to pumping wells and added to

the monthly quantities dischaiged by flowing .

wells. The monthly distribution of well discharge

for 199091 is shown in figure 12. The abundance
.. of precipitation during the last 10 days of May
1990 (1.04 in.), compared with the average, less-

-.; ened the need for irrigation water in May and June.
. As a result, actual well discharges were prebably

less than those estimated by the consumptive use
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method The decrease in well dlschaxge corre
sponded to an increase in hydraulic heads, as
shown by the water levels in well 8S-6E-3BDC1

- (fig. 12). Conversely, the lack of precipitation dur- -
ing June thxough Qctober 1990‘:

ch 1991,-’@nd
Iuly and August 1991 cernpax‘ed avei-'ag :
cre ted the need for more irfigation water,and
actual well dischaxwe durmfr those;mon, $ s.!'was )
plobably greater than that estimated by the con-
sumptive use method. The lack of precipitation in
July and Angust 1991 corresponded to greater
water-level declines, as shown by the hydrograph
for well 85-6E-3BDC]1, a well in the volcanic-rock
aquifer open from 173 5 to 480 ft below land sur-
face (fig: 12). Consumptive use estimates for Sep-
tember znd October 1991 were probably represen-
tative of actual well discharges because of near-
average precipitation that corresponded to rising
water levels (fig 12)

Potentiometric Surfaces and Water
Movement

Generally, ground water flows northward
from areas of recharge along the mountains,
through the volcanic-rock aquifer, and into the sed-
imentary-rock aquifer (Young and Lewis, 1982,

p. J17). The potentiometric surface south of the
study area was defined by Young and Lewis (1982,
pl 2) on the basis of water-level measurements

. made in spring 1979 That surface is considered .

representative of predevelopment conditions, prob-
ably unaffected by pumping. The potentiometric
surface slopes steeply from an altitude of about
4,600 ft near well 145-9E-2BAA] (more than

40 mi scuth of Indian Bathtub Spring) to slightly
less than 2,800 ft near-Indian Bathtub Spring, an

‘average gradient of about 40 ft/mi (Young and

Lewis, 1982, pl. 2). The spring 1979 potentiomet-
ric contours in the Bruneau study area are not rep-

3 resentative of ptedevelopment conditions;
however they indicate that water movement is

generally northward, toward the Snake River.
Even water levels measured in the early 1920°s
showed declines due to the discharge of wells in

. the study area; therefore, they too are not represen-

2 tative of predevelopment:conditions (Piper, 1924,
p- 48).

-




o - T T T T T T T ¥ T T T T T T

L | Average at Brunean, 1962-91 s T : Cee ] e .
| - Monthly total, 1990-91 = ¢ : EURREE R :

[

RECIPITATION,
N INCHES

2 680 T T T T T T T T T T T T T T T Y T T T T u T 75
o |
E 2678 7 s0 E E
2 =i __—88.6E-3BDC1 : cms"z
E} é 2,676 -. 25 5 E
P> 0 1 jorge
& (g
= E ; vy
S - R o
SO 2eme | rein of tes o " 85.68-3BDD1S ~2
fe o {Indiant Bathtub Spring) (o] o
< Zr
B 2672 - B « .
i &
' 2'570 1 : i L I . 1 I ! L 1 L ; L I : L 1 i L I 1 ! i
: 7.000. e ———T— T T T T T T T T T T T
Z [ ' ]
g §.000 B Little Valey ]
p-az B r Bruneau Valley 4
éw g N M Sugar Valley 7
— kB 000 .
R L i
Z & - -
O [—(a:ﬁ & L -
=50 C i
~S < B ]
Eﬁi ﬁ Ei 3,000 - 1
E & of - ]
202 2000 - i
 BER ! :
Fﬂ g a . 1..000 E‘ ;
L e ’ 4
=
. ] i
JF M A M J J A S O NDJJF MAMJ J AS O ND
: 1990 1991

o Figure 12.;» Relations among precipita't-ion,‘_wa_te_r‘lével' in test hole BS-QE--3BDC1;'_ digphargq from Indian
. . Bathtub:Spring (8S-6E-3BDD183), and éstimated r_no_ntljly discharge from irrigation wells, 1990-91;

PG TR GOIEEE I W THE GEOTHERMAL AQUIFER SYSTEM 35




‘6g6L Bunuds .m_e_:cm.xoo_-o_cmoﬂo\, pue yool-Algjuewipes Ui
JUSWEAOW I6JEM |O SUOHOBIP PUE Seselns osljewionuelnd €1 eInfi

SHILIAOTH 0}

7
s3I o)

,00 .9t

ar R qe

- 2

(3

.8V o2F,

: Bundg M
qniyieg velpul
yieg " ar
umowun O
1epnbe Mool-ouedGA
1 4y pole|dwoo 18 A .:+

Jejinbe %30.-ATEYUBWIPOS
ui peiajdwod jlep :4
( °1q®) 9eg)
Jegmnuu 91§ pud j[em
~atifrareveerr—

Je)inbe OOI-01UBIIOA
-

iejinbe posAsejusunpe s
juewWgAcW Xojum-punoid jo woNOLIIQ

jejinbe ooI-aUBdIOA — —(Q0L'2 —
1e)inbe spos-Alsjuewipeg — —G29T

[PAST IS 81 WInje(
1ea) g7 TeAlsju] ‘uoissexdap
2182TpUT FAINGIVE . ,"PRIEIO]
Arajumixordde azeym, payss(
‘6861 Butide ‘gijpm -pesed
Apydny Ut pooys aAEY pinesm
[eAD] I818M UITUM 39 @pnIne
AMOYQ --IN0JU0D DILI}OWONUSI0G

NOILYNVdX3

36 BRUNEAU SNAIL



]
1
. -+~ Table 7. Water-level measurements in seleétéd walls, Bruneat: study area; $pring' 1989~ o
. {3ite No.: Indicates location of well in figure 13. Altitude of land surface and altitude of water level in feet above sea level. Depth.of well, perfo-- - - -
rated Tiiterval open fiole, 'aid Gepthi to Water in feét beiow land surface, Depth to water: F, well Rowing above land surface; negative value indi- -
N " cates water fevél o ve l: rface  Aquifer monitored:  Sr, sedimentary-rock; Vr, volcanic-rock; U, unknown Symbals:: —, no data available]
T T altitide T Depth Date Depth Altitude
- ofland . of . ' Perforated Open measured “to - 7 of water Aguiter
- well - Inferval - hale (1989) water  level  monitored
i 6S-4E-14ABC1 2665 1,900 - — = 321 4294 - 262206 vr
2 65-5B-24BCA1l . 2,525 1,095 — 751,095 19 .5680 . 258180 St
3 6S-3E-33DBB1 ' 2,540 2 - — ‘ 321 693 7 253307 © S
4 6S-3E-35CBDI 2,620 476 - - 230350 " 350 -476 3-22 67.36 2,552.64 St
5 75-4E- 1ACCI 2,655 1,800 — - 3-23 -8.02 2,663.02 vr
& 7S-4E- 1CDC1 2,670 — _— — 323 -72 267072 U
7 7S-4E- 2ABBi 2,700 342 — 197 - 342 3-30 54 83 2,645.17 Sr
] 7S-4E- 2CABI1 2,675 890 — 330890 322 3L17 © 2,643.83 Sr
T 9 7S-4E- 2DBAI 2,675 — — - — 3.23 © 484 267984, - U
ig 75-4E. 3AACI 2,730 —_ = ' — 322 7082 2,659.18 U
11 78-4E- 3BBCI 2,770 1,050  100-538 . 538-600, 322 10729 .. 266271 Sr
B 780 - 1,050 .
12 75-4E- 3CABI 2770 1,050 775 - 901 901 - 1,050 323 106 67 2,663 33 St
13 73-4E-10BDB! 2,755 1145 - "537-568 616 —737, 321 81.20 2,673 80 vr
S ‘ L S - T3 =L4s oo N
14 75-4E-10DED1 2740 — — — 3-21 7255 2,667 45 U
15 7S-4E-12ABBI 2660 1600 — .- : 3-23 2002 2,680.02 Vr
16 7S-4E-12BDDF 2,660 1,105 -_ : 675735 3-23 1282 .. 2,67282 Vr
17 75-4E-12CCC1 2,700 900 - 475 = 900 320 1088 2,689.12 S Ve
18 7S-4E-12DDC1 2660 - 1350 - . 339-1,350 324 F oo = Vr
19 7S-4E-13BCCI 2,690 1,060 _ 194 -1,060 - . 320 1292 2,677.08 “Vr..
20 - 7SM4E-I3DCDI 7 2,670 1000 - -~ - 194-1000  3-21 S-942  2,67942 Vr
21 75-4E-14ABCI 2,725 - 1,146 . Zor 0 T 2231146 3320 0 4778 T 2671 © Sr
22 . 7S4EMCDCI 2755 950, —: . .. C200-950°0. .39200 . 7594 . TBI06 T Vo
23 7S4E.24AAAl 2.660 —_- = _ — C3:20 . F . - -y
24 - 7S4E-24DCBI 2,690 /00 R— ' " 320 2185 2,668 15 Vr
25 7S-4E26ACB1 2,730 - — - C 322 ¢ 5682 267318 u
26 7S-4E-26BCBI 2750 867 130-180 - 180 -867 322 7235 2,677 65 Vr
27 7S-4E-27BCC1 S 2770 1,390 — 19-1.230 3-21 10193 2,688 07 Vr
28  78-SE- 2CBDI 2650 3000 . 100-300- - -— 3.22 11567 = 253433 S
29 78-5E- 3DAD! 2,640 300 — . — 322 11505 - 2,52495 St
30 78-5E- 4ACD1 2575 1,100 —_ ' 001,100~ 3-23 16.60 2,558 40 Sr
31 78-5E- 5BACI 2579 906 o — — 3-23 F — Sr
32 7S-5E- SBACZ . . 2579  -920 - . — ... . R L3423 F — Sr
33 7S-5E- SDBCI . 2,600 2,405 160 -190 651747 - 323 CF L — Sr
b 34 IS.5E- TABBI T 2615 1,625 — | 632-1,623 3-24 E — Vr
o 35 7S-5E- 8BBCI 2304 580 — 140 =580 3.23 F T Sr
; 35 78-5E- 8BCC1 2,600 1390 — 310-1,390 323 -60 C6 2,660 06 Vi
37 75-5E- 8CCCI 2,540 1,500 — _ 200 -335, 3-23 1232 2,65232 Vr
690 -1 500
33 78-5E- 9DDCY 2,652 2,170 — 96 2,170 3-22 F — Vi
39 75-5E- 9DDDI1 2,662 2065 — 550 —984, 322 -15.12 2,677.12 Vr
' 1,034-1,337,
| 624 -1,925 :
.40 78-3E-13CEBI1 2,771 1954 180 -710, 1,680 1950  3.22 11880 . 265220 Vr
1,070-1,180, . o
" 1,560-1,680 _
41 73-5E-13CDBI1 2790 - — - ' 321 2,663.18 U
42 7$:5E-19CCCT | 2,720 .. 760 —_ 309 760 321 .2,677.58 Vi
43 78-5E-ZICCA1 . 2,763 © 1,135 406706 — 322 ' 2,68575 Voo
ax 78:5E-28CBB1 2800 . 245 . i 18 -245 3-22 L o267872 St
45 78-6E- 3DCBY . 2675 1,510 - 304 ~1,510 3-22 ,2.63032 Sr
46 7S-6E- 4CDA1 .- 2598 1,040 " — o T A 2,600.12 Sr
47 0 . 7S16E; SAADL T 257000 ci15Brie o= LT L 80-188. T da@prt Ty o 19539 93 - s
48’ 6E- TAACr . 2,585 . 1,086 . — - ... . 3421086, . 3-22. - O ST R
.49 - 2580° 910 T = T T 42,910 320 261212 Sr .
507 2,580 0 1960 U T 1T80-960 - 3220 281212 S
o e, ; - . THE GECTHERMAIL AQUIFER SYSTEM 37



- Table 7. Water-lavel measurements in selected wélls; Bfuneau study area, spririg 1989—Conitinued . - "

Sl

Supt Altitude Depth ~~~ 7 7" Date Depth Altitude

Site o i#-0f land of _Perforated ~Open  measured to .of water Aquifer
AMNow 7 TWellNo ~ surface  well “i'r'\f.erval “hole '(1s88) T water Tevel . monltored

-y o810 78:6E-16ABB2 . 2,533 1980 —_ - 158:-190 ¢ w3210 900 254800 . @ 8r

“$% TS6E-I6CDCI - .r 2595 513 —_ 389513 - 320 .. 7352 266852 Ve

53 7S-6E-16CDC2 . i 2,606 353 — C80-353 o320 .. .1282 261892 .. Sr.
“54.  7S6E21DBCl - 2631 70 = C1eTlre0 320 3694 266794 | Vr

55 78-6E-21DBC2 2,635 611 —_ 167 =611 3-20 F — Vr

56, - 7S-BE-Z2AADAL 2.648 1,410 —, 400 -1416G - 321 F. - vr

57 7S5-6E-22AADAL 2.645 585 — — 3.21 -19.42 266442 vr

58 7S-6E-23CADI 2,675 1,300 — 40 -90¢ 322 . -1972 2,694 72 Vr

59 . 75-6E-23CCAl - 2,625 460 —_ - 107 -460 - 321 Co-1762 2,642.62 Sr

60 78-6E-23CDB1 2635 1030 — : 341 -1,000 3.22 F ‘ —_ Vr

61 75-6E-2312CB1 2710 1,220 — 365 -1 220 3-22 -7.92 21792 Vr

62 7S-6E-26ADAE . 2700 1,000 171 -1,000 3-24 16.84 2 683.16 Vr
HE 78-6E:26BDAL . 2,655 —_— — 3-20 42732 - 269772 - u

64 . '1S-6E-27AADI —_ 350 — — 3-22 F = . = Vr

65 78-6E-27ADBl - 2626 400 — e 3.22 F —_ Vr

66 78-6E-34DAD1 2,725 300 - 46 =300 4-11 -9.18 2.734.18 vr

67 8S-5E-16AAAL 3010 4190 — —_ 3-16 32140 2,688 60 Vr

Potentiometric contours for both the sedi-
mentary- and volcanic-rock aquifers (fig. 13) were

- - constiucted from water-level measurements

;- (table 7) made during nonpumping periods in
spring 1989 ‘Wells open to both the sedlmentaty-
:and voleanic-fock aquifers were treated as if they
“were completed in the volcanic-rock aquer (see
‘section, “Ground-Water Development”). o

Ground-watex movement in both the sedl--

© mientary- and volcanic- rock aquifers in spring 1989

generally was from south to north toward the -

- Snake River. The altitude of hydraulic head in the

sedimentary-rock aquifér ranges from about
2,525 ft above sea level as indicated by the water
level in well 7S-5E-3DADI1 to 2,680 ft above sea
level as indicated by the water level in well 75-3E-
28CBB1. Hydraulic head in the volcanic-rock
aquifer ranges from abour 2,622 {t above sea level
as indicated by the water level in well 6S-4E-
14ABC1 102,735 ft above sea level as indicated by

N the water level in well 7S-6E-34DADI (table 7).
" The average water- surface gradient is about.

20-ft/mi towaxd the north in the sedimentary-rock -
aquex and about 10. fIfrm toward the north in the

volcanic-rock aquxfex

prmg 1989 potentiometric surfaces fox the

= sedxmentaty- and-volcanic-rock aquifers show four":'
distinct:cones of dépression, In the northem part of' B
- ithe Study ares from Brurieau Valley to Sugar ™"

;- Valley, a'cone of depiesswn has developed arotind
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irrigation wells completed in the sedimentary-rock
aquifer. The large areal extent of this depression
may reflect a long-term water-level decline due to
withdrawals. A smaller depression in Bruneau
Valley is centezed around well 75-6E- 16ABB2 In
these depressions, Well dlschar ge caused water

_ levels to decline below 2,550 ft in altitade and

reversed the duectlon of ground—water movement

': - from north to south (fig. 13). Two small cones of

deptessmn on the spring 1989 surface are telated to
withdrawals from the volcanic-rock aquifer

(fig. 13), one in Bruneau Valley and the other in
Little Valley. These two depressions are near the
southern end.of each ifalley, where volcanic rocks
are close to land surface and sedimentary rocks are-
thin (fig. 3).

Water is under artesian pressure in both the
sedimentary- and volcanic-rock aquifers Hydrau-
lic head is as much as 50 ft higher in the volcanic:
rock aquifer than in the sedimentary-rock aquifer
in parts of Bruneau Valley, although differences are
typically about 25 ft in most of the study area

o (fig 13). Water-level data from three paued wells

(table 8) also are used to demonstrate hydtauhc
head increases with depth throughout the study
ared.” In each pair, the water Tevel in wells com-
pleted in the volcatiic- rock aqulfex is hxghe: than

_ the water level in wells completed in the sedimen-
'.""tary -rock aquxfex ThlS water fevel indicatesthat
; hydrauhc head increasés with depth from the sedi-




Table 8. Hydrauhc heads and potential for vertlcai ground water movement in palred we!ls

monitored: Sr sedlmcnlary «rock; Vr, voleanic-rock]

. {A]ntude of fand surface and altitude of hydraulic head in fect 2bove scal' vel. :Dgpr.h of well _;;nd perfcmted interval or epen hole in feet below fand s‘ur_f:'lcc‘ -Aquifer - - .

Hydraulic”  Potential

: S T Altitude head - vertical
(Altitucle - - Depth  Perforated L of difference " direction of
s .-ofland .  of intervai or . Aquiter Date hydraulic between _ground-water
Weil No. -surface . weil openhole ~ monitored measured - head units © movement
Bruneau Valley
78-6E-16CDCL 2,593 513 389 - 513 Yr 3-20-89 . 2668352
78-6B-16CDC2 2,606 353 -80--353 Sr 3-20-89 " 2,61892 3560 - Upward
Near Indian Bathtub Spring
“7S6E-9BBAL 28325 760 415-760 Ve 52390 267583 -
7S-6E-29BBA2 2,832 5 364 246 - 364 Sr. 5-2390 264695 28.88 Upward
Little Valtey
75.4E- 1GBDB1 2,755 1,145 537-568, vr 3-21-89 2,673 80
616 - 737,
738 - 1,145 .
78-4E- 2CARBI 2673 890 330-890 L3 3-22-89 2,643 83 . 2997 . . Upward

mentary-rock aquifer to the volcanic-rock aquifer;

~ and water moves upward from the volcanic-rock

aquifer into the sedimentary-rock aquifer,

The Bruneau area is intensively faulted, as
indicated by geologic data (figs. 2 and 4). Previous
investigators (Piper, 1924; Littleton and Crosth-

‘waite, 1957; Young and Whitehead, 1975; Young

and L ewis, 1982) believed that many fauits and
fractures are not barriers to water movement but
instead provide conduits for ground-water flow,
horizontally and vertically. Data collected during
this study did not indicate abnormal water-level
differences across any of the known faults in the
study area Additional study is needed to deter-
mine geologic controls on water movement in the
study area.

Conceptuaiization of the Geothermal
Aqu:fer‘ System

As descnbed in preceding sections of this

;repox_t, the ground-water system is a thick reservoir
.- of sedimentary rocks falluvial and lacustrine) and

underlying volcanic rocks (fig. 14A). Sedimentary

rocks are present in the northern and céntral parts. -
of the'study area and consist mainly of silt and clay

with lesser amounts of sand Sedimentary rocks
are much less permeable than the volcanic rocks;
their grain size and permeability decreases north-
ward. The water table in these sediments 1s gener-
ally less than 100 ft below land surface and is
shallowest near major streams. In most of the area
the water table is undefined. Water in the deeper
parts of the sedimentary rocks is confined by inter-
bedded silt and clay, and hydraulic head increases

“with depth due to regional discharge. Water-bear-

ing properties of the volcanic rocks vary and are
dependent largely on the amount of fracturing and
faulting. Generally, volcanic rocks are more per-
meable than sedimentary rocks; their permeability
decreases southward. Water in volcanic rocks is
confined where the rocks are dense and fine-
grained sedimentary interbeds are present. Water
levels in wells in the volcanic rocks vary with
depth of perforated interval or open section.

The ground-water reservoir underlying the
Brunean area functions as a three-dimensional flow
system. Generally, water flows northward from the
areas of recharge in and around the Jarbidge and
Owyhee Mountains toward the study area, where it

is discharged as springs and as seepage to streams
. worleaves the study area as ground-water underflow
“{fig. 14A). In recHarge areas, thére i§ a downward
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. . . o

..+ component of water movement; in discharge
. areas, there is an upward component (fig. 14).
o ;';'_A,Consequently, head varies both areally and
" . with depth, and a multiple-layer conceptis
L quunecl to :easonably represent the xcgmnal

T geothermal aquifer system. -

In th1s study, the ground-water system in

" _.the Biuneau area was treated as a two-layer
system con51stmg of sedimentary rocks and
‘volcanic rocks, which together compose the

regional geothermal aquifer system (fig.
14B). Sedimentary rocks predominate in the

. northern and central parts of the study area and
' generally extend from about 100 to 2,000 ft

below land surface. Volcanic rocks predomi-
nate in the southern part of the study area and

"7 underlie sedimentary rocks in the northern
part. T}nckness of the volcanic rocks is not

known but is probably 2,000 to 3,000 ft -
{Young and Lewis, 1982, p. I17).

: '_ EFFECTS OF DEVELOPMENT

From the late 1890°s through 1991,

nearly 1,400,000 acre-ft of water was dis-
~.; charged from flowing and pumped wells com-

pleted in the geothermal system in the study
area, and about 275,000 acre-ft discharged

- from Indian Bathtub Spring. Of these quanti-
ties, about 546,000 acre-ft was discharged by

wells and 2,000 acre-ft was spring flow during

-1978~91. Most water discharged from wells, -

about 339,000 acre-ft, was from the volcanic-
rock aquifer. Of this quantity, about 78,000,
218,000, and 43,000 acre-ft were from wells in
Bruneau, Little, and Sugar Valleys, respec-
tively

Response of the ground-water system to

pumpage stress is complex. The two most
- apparent effects are declines in hydraulic head
and declines in spring discharge.

L Décii'nés' in Hydraulic Head

Hydtauhc heads in the geothermal aqui-

. fer generally have declined since measure-

ments began in the mid-1950’s. The annual
rate of decline and the net change in head
between 1977 and 1989, when measuxements
of water levels in a large number of wells were
made, vary areally depending on the degree

- and distribution of pumpage (figs. 7 and 9) and

the hydraulic properties of the aquifer (see sec-
tion “Hydraulic Characteristics”). Hydro-
graphs of head changes in eight wells illustrate
typical rates and magnitudes of change in vari-
ous parts of the study area. Hydrographs for
wells open only to the sedimentary-rock aqui-
fer are shown in figure 15; hydrographs for
wells open to the volcanic-rock aquifer are
shown in figure 16

Hydrographs for wells completed in the
sedimentary-rock aquifer indicate small long-
term changes in water levels. Annual fluctua-
tions in water levels are mainly aquifer
response to pumpage for irrigation. The
hydrograph for well 65-5E-24BCA1 indicates
that water levels declined slowly from the

early 1960’s to 1977, probably owing to a

gradual increase in pumpage, and later rose as
pumpage decreased. Thiity percent of the total
discharge in Little and Sugar Valleys is from
wells open only to the sedimentary-rock aqui-
fer; most wells are in the northern part of the
study area. During the 1990-91 nonirrigation
season, the water level in well 65-5E-33DBB1
declined about 6 ft. The large decline probably
was due to pumping of this well or nearby

. wells The water'level in well 7S-6E-9BAD?2

in Bruneau Valley declined slowly until 1986,
then the rate of decline accelerated in spite of
the decline in pumpage

Hydrographs for wells completed in the
volcanic-rock aquifer indicate large long-term
changes (decreases) in hydraulic head in the
aquifer (fig. 16). No long-term water-level
data are available for such wells in Sugar Val-
ley. Wells 65-4E-14ABC1, 75-5E-18BCD1,
and 75-5E-19CCCl in Little Valley, where
pumpage since 1954 has been the greatest,
exhibit large water-level declines. The hydro-
graph for well 6S-4E-14ABC1, an irrigation
well,.shows that the water level-declined about
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Figure 15. Hydrographs for wells completed in the sed:mentary-rock aquﬁer
(Site numbers refer to table 7 and fig 13) '
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- 70 ft from 1967 to 1991, Water level in this well is

P generally iﬁvetsely proportional to total pumpage

;" +.and pumpage.in Little Valley, except for 1986-91, '
i when pumpage’ ‘declined, as did hydraulic head ‘

) umna the nonirrigation season, water level was

" .about 30 felower in the early 1990’s than in the Jate
. - 1980’s because:pumpage from this well mcxeased |
.. fourfold to about 1,400-acre-fyr. The large water-
e level changes between irrigation and nommgatlon

seasons indicate that the specific capacity for this.

well is probably low and hydraulic conductivity of-

the volcanic rocks in this area is accordingly low.
The water level in well 7S-5E-18BCD1 declined

N about 45 ft from 1954 t0'1991. The rate of decline
" was about 0 8 VL during 195485, compated
. with 4.0 ft/yx dunng 1986-91. These rates of
" dechne were bascd on the highest water-level val-.
.. uesin 1954, 1986, and 1991. The reason for the
_increased rate is unknown because discharge from

wells in Little Valley and total discharge from

~ flowing and pumped wells in the study area have -
been Ielatively constant since 1983. From 1950 to-

1983 well dlschalcre in Little Valley increased

. gradually. The water level in well 7S-5E-19CCC1,
-about 1.5 mi South of well 7S8-5E-18BCD1,

in the Bruneau study area

declined steadily after 1953. Pumpage from this
well was estimated to be about 500 acre-ft in 1954

) ‘._'_7(L1ttleton and Crosthwaite, 1957, p, 174, 188);

; ‘:400 acre-ft in 1978 (Younc and others 1979 .
p 374, 12); and avexaged about 300 acre ftdunng
1979 01, The rate of water-level decline in this
“well, based on the highest levels in 1953 and 1977,

. was shghtly less than 1 ft/yx Ori the basts of high-

st watel level measurements in 1977 and a single
measurement in 1989, the rate of dechne has
decreased; during that time, total pumpage.

_decreased about 500 acre-fi/yr. '

Two hydrographs are used to show the intes-
mediate effects of ground-water development in

.. Bruneau Valley, although the earliest data are-for -

1979. The hydrograph for well 75-6E-26BDA1
(fig. 16), an irrigation well, shows that the water

- ‘level declined about 5 ft, or about 0.5 ft/yr during

1981-91. The steady decline can be related to the
relatively steady pumpage in Bruneau Valley dur-
ing this period. The water level in irrigation well
7S-6E-34DAD]1, about 1 mi from Indian Bathtub

- Spring, declined about 8 ft since 1979, or about 0.7

ft/yr . Although wells 7S-6E-34DADI and 75-6E-.
26BDAI are about 2 mi apart, water levels in both

. Table 8. Spring. 1979, 1989, and 1992 hydrauhc head measurements and head dec]ines since 1979 at selected wells

[Altitude of land surface and altitude of hydraulic head in feet above sea levet Head declines since spring 1979 in feet  Symbols: —, no data

7S-6E-34DADI 2,725

availabie}
Spring 1979 :
(Young and Lewis, 1982) “Spring 19889 Spring 1992 -~
Altitude
of Altitude of Altitude of Head Altitude of Head
land Date hydraulic Date hydraulic  declines since Date hydraulie  declines since
Wel No. sutface rneasured head measured head spring 1979 measured head spring 1979
Aquifer unknown
78-4E-1CEClL 2670 3-31 267682 0 323 267072 610 - —_ —
Sedimentary-rock gquifer
. 75-6E-9BAD2 2,580 3-15 - 2682642 320 2,61212 1430 . 219 2,609:10 ¢ 1732
Voleanic-rock aquifer _ . 7 ,
¢ 68-4E-14AB(C1 2,665 313 2,628 56 o3l - 262206 T o658 . o 128 - To2,60474 23 82
J8-4E-10BDB1 2,755 3-14 267808 - 321 - 2,67380 o - 4238 . S R B
-1 18-4E-27BCCY - 27700 - 3-14 267500 - 3-21 V266807 T - 6.93 : 219 2,664 95’_'_‘5_ - 1005
.+ 78-5E-13CBBA: 2771 1 3-15 265778 - 0322 - 2652207 1 538 2:19 - 266536 1 . 778
78-6E-16€DC1 2395 . 315 2.667 320 2.668 52 1.52 2-11 2,666.88 12
3-15 273992 4-11 273418 574 2-19 2730.60 932
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B

- flq- Hydrauhc heads in and around Indian Bathrub
- Spnng probably decline at about the same rate
- .as the water levels in wells 7S-6E-34DAD1

- and 75- 6E—26BDAI because these wells and

‘ the test holes near Indian Bathtub Spnng have
had about the same rate of decline since 1990.

The only exception to the generally declining

*_heads appears to be in wells open to the sedi-

mentary-rock aquifer.
An atternpt was made to remeasure water

.- Jevels in all wells measured in 1979 by Young
.. and Lewis (1982) to show the effects of recent
. gxound—watel pumpage on hydraulic heads.

' Only a general comparison between the 1979
e (Young and Lew1s 1982, pl 2) and 1989
L (fig. 13) potentzometnc surfaces was possible

~ because of the 100-ft contour interval on the

- 1979 map and consequent differences in detail.
Although more water levels were measured in

1989 control for both maps was still sparse in

. .much of the study area. Many of the wells
... measured in 1979 could not be remeasured in’
1989 because they had been destroyed or for
“some other reason were no longer measur-
.~ able. Only eight wells measured in 1979 were
. remeasured during this study. Of these, one
 well, 7S- -6E-9BAD?2, is open only to the sedi-

mentary-tock aquifer (table 9). The water

level in that well, about 1 mi south of the
.depressmn on the potentiometric surface

shown in figure 13, declined 14.30 ft and
17.32 ft during 1979-89 and 1979-92,
respectively.

Six of the eight wells remeasured in 1989
are completed in the volcanic-rock aquifer
(table 9). During 197989, the water levels in

-five of the wells declined more than 4 ft, and

the water level in one well rose 1 .52 ft. The
water level in well 6S-4E-14ABC1 in the

- northern part of Little Valley declined 6.50 ft
and 23,82 ft during 1979-89 and 1979-92,
.- respectively. Declines were steeper between
- 1989 and 1992 when pumpage from this well
.. increased f fourfold. The water level in well 7S-
. 6E- 34DAD1 declined 5 74 ft by 1989 and 9.32.

. ftby 1992 (table 9), or about 07 fUyt {fig 16).
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The water levels in wells 7S-4E- 27BCC1 and
7S8-6E-16CDC1 declined 10.05 ftand 0.12 ft

‘between 1979 and 1992, reSpectzvely The
‘water level in well 7S-5E-13CBB1 rose more

than 13 ft between 1989 and 1992 because it

was not pumped, as opposed to prevmus years

of pumping.

During the second phase of this study,
eight test holes at four sites near Indian
Bathtub Spring were equipped with recorders
to obtain continuous water-level measure-
ments. The test hole at 75-6E-29BBA1 was
compIeted to monitor water levels at two dif-
ferent depths to determine the vertical distribu-
tion of hydraulic head. Hydrographs for the
test holes are shown in figure 17. Water levels
fluctuate seasonally and are highest in March-
April and lowest in September-October. Sea-
sonal fluctuations are, in part, due to irrigation
pumpage. Water levels declined about 5 ft dur-
ing the 1990 irrigation season, recovered to
April 1990 levels prior to the start of the 1991
irrigation season, and declinied about 6 ft dur-

© ing the 1991 irrigation seasdri Following the

1991 irrigation season, water’ Ievels did not
recover to Apul 1990 levels and were 1 to 2 ft
lower in spring 1992 than they were in spring
1991, Water levels changed less in test hole
7S-6E-29BBA?2 because it is open only to the
sedimentary rocks, and about 10 percent of the
ground-water discharge in Bruneau Valley is
from the sedimentary rocks. In test hole
8S-6E-3BDC3, water levels did not rise as
high or decline as low as in the other test holes
because this test hole is open to 20 ft of basalt
between 10-ft intervals of fine-grained rocks.
The fine-grained rocks confine water in the
basalt and cause delayed and attenuated
responses from pumpage in aquifers below or
above such units (see sections, “Slug Tests”
and “Potentiometric Surfaces and Water Move-
ment”). Hydrographs for the test holes (fig. 17)
show that hydraulic head, even in nonstressed
areas, is highly sensitive to well discharge.
Throughout the study area, hydraulic
head tesponds to stress in a similar manner.
Declines in head are the result of regzonal
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_Figure 17. ;Hydrographs for test holes near Indian Bathtub Spring, April 1990 through ‘April 1982.
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effects of well discharges. Declines do not appear

. tobe a'ttribqtzible to a-single well or group of wells.

. ‘Déciineé’jﬁﬁ-Sbi‘iiri:g-'“ﬁi‘scharge_

W1thm the pas§ 25 years, discharge from
monitored springs-along Hot Creek and the Bru-

- neau River has declined, most notably from Indian

_ Bathtub Spring (8S-6E-3BDDI1S). In the last sev-
eral years, Indian Bathtub Spring has ceased to
flow during the suramer and early fall (Young and
others, 1990, p. 15) The decline in spring dis-
charges probably has minimal effect on ranchers

: and farmers who, in large part, do not rely on
sprmg watex howéver, the cessation of some
Springs may advelsely affect the Bruneau Hot
Springs snail. ‘ .

Discharge from wells (flowing and pumped)
has caused hydraulic head in the regional geother-
mal aquifer system to decline, especially in the
volcanic rocks, Discharges from Indian Bathtub
Spring (8S-6E-3BDDIS) and Pence Hot Spring
(7S:6E- 22DADBIS) and total annual well

" dischatge in the study area are shown in figiire 18,

Prior to 1966, discharge fiom Indian Bathtub
Spnno ranged fromi about 1,700 to 2,500 gal/min,
and discharge from wells was less than about
25,000 acre-ft/yr. After 1966, discharge from
Indian Bathtub Spring began to decline and
discharge from wells was greater than 25,000 acre-
ft/yr, reaching a maximum of about 49,900 acre-{t
il 1981. Discharge from Indian Bathtub Spring
has continued to decline since 1981, _

About 275,000 acre-ft of water has dis-
charged from Indian Bathtub Spring since the first
wells were drilled in 1896; only about 1,400 acre-ft
was discharged during 1982-91 1In contrast, dis-
charge from Pence Hot Spring ranged from about
700 to 1,100 gal/min since 1922 (fig. 18) because
the point of zero flow {pzf), or altitude of the point
of discharge, is considerably lower than that of
. Indian Bathtub Spring - The pzf for Pence Hot
- Spring is about 2,585 ft, whereas the pzf for Indian
Bathtub Spring is about 2,670 ft.

Changes in spring discharges are similar to
changes .in hydraulic heads, which fluctuate sea-
- -sonally and are substantially less in late summer
than in the spring (fig. 19). Discharges typically
peak in March but were less during 1992 than dur-
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‘ing 1991, except for the Spri'ng- at 7S-6E-34BCB1S

Monthly discharge measurements for four springs
and the water level in test hole 8S-6E-3BDC! dur-

' ing April 1990 to April 1992 showed cotrgsponding

decreases and increases (ﬁcs 12 and 19) The
water level in test hole 8S- 6E-3BDC1 was used for
comparison because it probably reflects the hydrau-
lic head at Indian Bathtub Spring (8S-6E-3BDD1S,
lower site; and 85-6E-3BDD2S5, vent) and continu-
ous data are available since April 1990

Because these springs discharge confined
water (artesian springs), the quantity of discharge
should follow Darcy’s equation and be proportional
to hydraulic head (see section, “Natural Recharge
and Discharge™). If the length of the flowpath
(length from the top of the confined aquifer to land

“surface), the cross-sectional area of the ﬂowpath

(A}, and the hydraulic conductivity (X) are constant,
spring discharge is linearly proportional to hydrau-
lic head and can be plotted as a straight line on a
rectangular grid. Data for 1990-92 were used to
develop the hydraulic head/spring discharge rela-
tion. The relation between water level in test hole

- 8S-6E-3BDC1 and spring dlschatge is shown in fig-

ure 20. A hydraulic hf:adfspnnU discharge relation
probably exists because the data tend to follow
some curve (figs. 20A and 20B): Data in figures
20C and 20D are more scattered and no one curve
can reasonably represent the data, so no curves
were developed. More data, especially in the upper
and lower discharge ranges, are needed before a
curve can be developed for these springs.

An important assumption made for the
hydraulic head/spring discharge relation for springs
at the lower (85-6E-3BDD1S) and vent (8S-6E-
3BDD2S) sites at Indian Bathtub Spring was that

_no deposition ot scour occurred in the Indian Bath-

tub area duing 1990-92, the period used to
develop a hydraunlic head/spring discharge rela-
tion. Depositing or scouring of sediments on the
floor of Indian Bathtub could change the pzf, or
altitude of the discharge, because of the change in
the altitude of the sediments; thus, the hydraulic .
head/spring discharge could change. HW. Young
(U S. Geological Survey, oral commun., 1992) indi-
cated that in 1964, probably no sediments existed
on the floor of Indian Bathtub. By 1992, sediments
probably less than 10 ft thick covered the floor of
Indian Bathtub.

i
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Figure 19. Hydrographs for test hole 88-6E-3BDC1 and
spring discharge at four sites. (pzf, point of zero flow) -
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FIELD TRIP GUIDE FOR

GEOLOGY OF THE BOISE GEOTHERMAL SYSTEM

Will L. Burnham Spencer H., Wood
(U.S. Geological Survey, Department of Geology
retired) and Geophysics
3220 Victory View Drive Boise State University
Boise, Idaho 83709 Boise, Idaho 83725
INTRODUCTION
othermal ter presently used for sps.:  :ating at Boise is d.awn
Lo . 1s o wach derive their principal yeilds from silicic volcanic rocks.

Successful wells are along an 8-mile (13 km) reach of the northwest-trending
range-front fault zone at the north margin of the Snake River Plain. The
wells are within one-half mile (0.8 km) of this complex zone of normal
faulting. Water temperature ranges from 190°F (84°C) at the southeast to
about 130°F (63°C} at the northwest. This field trip will visit the sites of
the principal wells; and three localities where rock units representative
of the western plain and of the subsurface aquifers will be observed in
outcrop. The route of the trip is given in Figure 1. The stratigraphic and
lithologic sequence as drilled in the principal wells is given in Figure 2
(stop #1) and Figure #2 (stop #4). Figure 1 (stop #1) is a geologic map
showing the distribution of geologic units throughout the field trip area.
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Figure 1. Field trip route.



STOP NO. 1
PENITENTIARY HISTORIC AREA AND QUARRY VIEW CITY PARK, BOISE, IDAHO

.LOCATION . :
The Penitentiary hlstorlc area and Quarry Vlew City Park are within the city

iimits of Boise, Idaho. The locality is accessable by city streets and by
morning and evening city bus service. The area is 2 miles (3.2 km) southeast of
the Idaho State Capitol building along Warm Springs Avenue (Fig. 1). Turn north
from Warm Springs Avenue onto Old Penitentiary Road. Take the first left, about
200 £¢ (70 m) to Quarry View City Park. Parking and picnic areas are in the
park. A major part of the area is a public patrk administered by the City of
Boise and the Idaho Historical Society. The prominant cutcrop of rhyolite,
locally knowh as "Castle Rock" is in private land, but at the present time,
access is not restricted,

SIGNIFICANCE
Exposed in a long and narrow uplifted fault block that lies immediately

north of the park area are representative rhyolite and basalt flow rocks and
overlying lacustrine and fluvial sediments of the late Cenozoic strata
associated with the western Snake River Plain. The site lies at the northern
margin of the Snake River Plain. In the foothills to the north these rocks lap
against Cretaceous granitic rocks of the Idaho Batholith (Hyndman, 1980). The
volcanic and sedimentary strata are a part of the time-transgressive volcanic
stratigraphy proposed by Armstrong aand others (1975) and originally discussed
by Malde and Powers (1962). Structure at the site is typical of the '
normal-fault boundaries of the 50-km-wide rift=like basin of the western plain.
The fault system is the conduit for 65°C (170°F) geothermal groundwater that
supplies the oldést geothermal heating district in the United States. On the
site are the criginal 1892 geothermal well-pump house and the 1870 Idaho
Territorial Penitentiary: both are on the National Register of Historic Places.,

SITE INFORMATION
Geology‘

The rocky cliffs north of the park area contain representative rock
formations of upper Cenozoic volcanic and sedimentary rocks of the western Snake
River Plain (Figs. 2 and 3). The oldest rock at this locality is the ttyolite
of Castle Rock. It is onlapped by a 50-ft (15 m) basalt sequence. A
poorly-exposed, red-and-green, layered,’ sandy clay unit 0-50 ft (15 m) thlck
unconformably everlies the volcanic rocks. At the top of this sequence is &
nearly continuous 20=ft {6 m) bluff of" sﬁndstone that extends for several miles’
along this lowest tidge of the fOOthlllS.;_The fault system that borders'fhé -
northwest side of thé western plainris a complex zone of normal faulting about
two miles wide. Rocks at this Tocality liein a NW-trending elongate fault
block (Fig. 1) that at this locality is about 2000 ft (700 m } wide. Majot )
down-to-south faults’ alss occur south of the "Castle Rock" locallty that axe now'
buried by wedifment’ beneath the plain.

: The sandstone bluffs appear to b upwarped by the rhyolite mass of Castle
Rock (Fig. 4).% Waldemar Llndgren {1898) orlolnally reported this feature as-a




"laccolith in minjature"., To interpret this structure as a laccolith the
rhyollte would have to be intrusive into the basalt and sediments’ exposed on the
hill, The exposure is not good, and it is understandable how such an * .
1nterpretat10n was entertained, especially when his colleOue, G.K. Gilbert, héd'
eloquently argued that intrusive bodiés of shallow igneous rocks had produced '
bulges and arches in the roofing strata in the Henry Mountains of Utah (Gilbert,
1877 and 1896; Hunt, 1980). Laccoliths were fashionable in the 1890' s, and
Lindgren writes: o

"At this interesting 1oca11ty, well visible from near the
Natatorium, the intrusive mass appears as a knob a few
hundred feet long and 150 ft high, covered by an arched
stratum of sandstone, very clearly uplifted by the force of
intrust ., In the cut at the hdt-water reservoir the sandy

:t 1 :ar the contact are seen to be locally disturbed,
dipping southeasterly at a steep angle. This intrusive
appears to form a laccolith in miniature. The rock is dark
and glassy, not holocfystalline as would be expected ¥, and
consists of small porphyritic soda-lime feldspars (andesine)
and small augite crystals in a brownish perlitic glass with
many feldspar microlites.,"

note® Lindgren did not recognize this rock as a rhyolite,
but classified it as an andesite based upon the phenocryst
content. ' ‘

Except for the arched sandstone, as seen from a distance, there is no evidence
that the rhyolite is intrusive. Nevertheless, most of Gilbert's criteria for an
intrusive laccolith {(Hunt, 1980) exist at this locality: 1) no fragments of the
(igneous rock) have been discovered in the associated strata..., 2) the (igneous
rock) is in no case vesicular .... or fragmental..., 3) 1nc11natlon of the
strata indicates that they have been disturbed...

Two criteria not met by the rhyolite structure here are: 4) .... a sheet
(of igneous rock), which for a certain distance has continued between two
strata, breaks through one of them and strikes across bedding to some new
horizon, resuming its course between other strata..., and 5) the stzata which
overlie as well as those which underlie laccoliths and sheets, are metamorphosed

in the vicinity of the (ignecus rock), and the greatest alteratlon is found 1n' IR

the strata which are in direct contact with it,..
The disturbed strata which Lindgren speaks of can be seen at this locality,
but oy are more clearly disturbed by faulting than by intrusion. The arching
of T : wandstone can be interpreted as subsequent tectonic warping. The
truncation of the basalt against the rhyolite is interpreted as an onlap
relationship, and not as an intrusive relationship. - -
It is a tragedy ‘to slay a beautiful hypothe51s with a few more: ugiy facts,
however, the stratigraphy encountered in a number of recent geothermal- “% -7 &
exploratory wells invariably shows that the thyolite is overlaln by- basalt, the =
clay unit and basaltic tuffs, and finally by the sandstone and slltstone of the
lower Idaho Group. e
. Stratigraphic names of rocks of the western Snake River P1a1n cenerally"'fi"'*
follow Malde and Powers (1962). The interfingering of volcanlc, flnv1al ‘and” )
lacustrlne facies complicate the assignment of formational names-to these rocks.ii
Armstrong and others {1975) have shown a systematic progression of volcanic'and
sedlmentary facies that has migrated from west to east. In that study it i%s i




shown that at any one local section

one sees (from oldest to youngest):

{a) silicic volcanic rocks,. -mostly.
as ash-flow tuff deposits. w1th
minor basalt and sediment™ .
intercalations; (b) basalt flows
w1th minor intercalated sediment
and local silicic volcanic. rocks;
and (c) lacustrine and fluviatile
sediments complexly interstratified
with basalt flows. Associated with
this facies progression is a
systematic-age decrease of the
rhyolite to the east that has been
interpreted by many as a record of
the continental lithosphere sliding
over a fixed "hot spot" in the
mantlé at an average rate of 3.5
cm/yr {Morgan, 1972; Suppe and
others, 1975; Leeman, 1982). A
similar facies sequence is
exhibited on & much compressed
vertical scale at this locality,
The oldest rock here is of the
upper Miocene Idavada Group of
silicic volcanic rocks. The
overlying and overlapping
porphyritic basalt is similar to
rocks that have been mapped
elsewhere as the the Banbury
Formation, and the lacustrine clay
and cross-bedded sandstone is
typical of some units of the lower
Idaho Group. Because of the
age-and-facies progression now
recognized across the plain, use of
formation names such as the Banbury
basalt has led to confusion, and
has been -digscouraged by recent
investigators (Wood and Anderson,
1981; Hart and others, 1984)

Rhyolite of "Castle Rock" L

The dark'rhyollte outcrops 031_7‘

the hill are the upper part of a
tabular body of rhyolite that is

known from recent drilling to be at

least 300 ft-(90 m) thick It is
encountered- in drill holes at a

depth of 856-ft (260 m) beneath the

Park area-and 2000 ft (610 m) deep
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Alluvial depesits within Floodplaln of
modern stIeams.

Alluvial depesits of a’late Duaternary
terrace of the Boise River.

Landslide depdsits ranging in age from
late Guaternary “to active in hlstcrlc
time.

Sandsione layers, folded and disturbed
by shallouw landslldlng prior to the
Warm Springs Mesa landslide.

Gravel deposits of stream terraces
gemerally 18 m (30 ft) above modern
streams )

Sandstane, sand, gravél high in the
stratigraphi¢ section, but conhsidered
part of the lower Idaho Group.

Sandstone and minor silt layers of the
lower Idaho Group. ' '

Basalt within sediment of the lower
Idaho Group.

Basaltic tuff, brown in color with
interbedded basalt flous.

Clay, marcon and. light green in coler
with lnterbedded thln arkosic sand.
Basalt, typlcally contalns one or more )
flows with large plagioclase

phenucrysts.

Rhyolite of "Castle Rock“ _

Rhyolite oﬁ,ﬁn?ky ﬁahfaﬁm

Granitic rocks of the Idaho batholith,
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Figure 2. Stratigraphic section for the western Snake River Plain after
Armstrong and others (1975), Struhsacker znd others (1882), ang Malde and
Powsrs (1862), compared to units in the Soise foothills and in the

subsurface beneath Boise.

beneath the State Capitol Building, about 3 km to the west.. Two lithologic
types occur here. The eastern part of the outcrop is a dark-gray, flow-banded
vitrophyre (Fig. 5). The western part and most of Castle Rock is a flow-banded,
stony rhyolite with a sheeting parallel to flow banding that causes it to break
into thin flaggy slabs (Fig. 6). Mineralogy of the two lithologies is
identical. Plagioclase phenocrysts 0.2 to Zmm make up 10 to 15 per cent of the
rock. The andesine plagioclase is zoned., In the vitrophyre it appears as
transparent amber-colored crystals, but in the stony rhyolite, the andesine
plagioclase is deteriorated to a chalky soft-white material: In some rocks the
plagioclase has been totally leached away leaving a pitted surface (Fig.7).
Minor amounts of magnetite and clinopyroxene (augite) occur as microphenocrysts.
It has not been determined whether the stony rhyolite was originally a
vitrophyre that has devitrified, or if it was originally crystallized as a stony
rock, :

Contact surfaces between the stony and glassy rhyolite are steeply dipping.
At one locality is a 10-ft (3-m) wide dike of vitrophyre with well developed,
horizontal, columnar jointing (Figs. 8 and 9). The dike appears to have invaded
pre-exisiting vitrophyre, and may be material squeezed into the already chilled



Figure 3. Geologic map of the
Quarry View Park area. Foliation
is on sheeting and flow banding in
the rhyolite. 3Solid foliation
symbaol is conside:ed right-side-up,
and open symphaél is considered .to
be overturned. Tsvu is a dark:’
rhyolite vitrophyre, Tsvr is a
lzvender-gray stony rhyclite, Tpb
is porphyritic basalt, Tec is a
lacustrine clay and sand unit, and
Tils is guartz-cemented sandstone
of ti
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upper part of the flow. TFoliation of flow banding in the stony rhyolite maps
into an asymmetric anticlinal structure at least 250 ft (80 m) wide. Because of
the widespread and tabular nature of the rhyolite body, it had: always been
assumed it is a lava flow or a part of sheet of densely-welded ash-flow tuff,

and not a dome. However one cannot rule out the possibility that it is a dome
with a nearby source vent. It is difficult to distinguish between rhyolite
lava flows and densely welded tuffs, particularly when the tuffs have completely
remelted and remobilized as lavas. Ekren and others (1984) have shown that
these problematic rhyolite lavas are common along the margins of the Snake River
' ..n. A distinctly different vhyclite body is encountered’ in drill holes
seueath the outcrops (Fig. 12).  This older and underlying rhyolite has
conspicuous quartz phenocrysts in additien to plagioclase. It is similar to
outcrops of stony rhyolite and perlite.in Rocky Canyon about 1.5 miles (2.5 km)
NW of this area and in the canyon 1mmed1ate1y north of Table Rock, JUSt 1 mile
(1.6 km) SE of here

Porohyritic Basélt B

A body of porphyritic basalt laps aoainst and at places overlies the
rhyollte of Castle Rock. It is well, -exposed in a small quarry area on the slope
face about SOO ft (150 m) east of Castle Rock (Figs.3 and 9). The basalr is
dark brown with large (3 x 15 mm) plagioclase phenocrysts that are transparent
and amber-colored (Flg 10). The basalt is partly vesicular, Many vesicles and




fractures are filled with a variety of zeolite minerals, calcite, elay , and
. chalcedony. Much of the basalt is dlscolored and has apparently been altered by

geothermal water.

Red and_Creen Clav Unit ' _ S el

A unlt of interbedded laminated green clay, red sandy clay, and ark051c -
sand locally overlies the basalt, The only good exposure of this unit is in am
excavation ‘gver the top of the hill, about a 1000-ft(300 m) hike from the park.-
It can also be reached from Roanoke Drive (see map, Fig.l). In the wall of this
pit is a -3-m sequence of bedded clay and sand layers : o

Sandstone

The clay un 7 and the basalt is overlain by a 20-ft (H-m) thick unit of
cliff~forming arkosic and pebbly sandstone. Much of the sandstone displays
cross bedded layers (.3 to 1 m thick, suggesting that these basal sands were
deposited under stream or river-bed conditions. Elsewhere, similar but possibly
younger, sands are clearly deltaic in 6-m thick units indicating that water was
up to 6-m deep as deltas prograded into a lake system that occupied the plain.

A significant thickness of clayey siltstone originally overlaid this sand unit
but has since been stripped off .of the uplifted fault block by erosion. It is
preserved in the subsurface beneath the park area, where wells penetrate about
200 m (Fig, 12). Much of the section of clastic sediments is thought to be
preserved in the slopes of Table Rock to the east. 7Table Rock lies in the same
down~-dropped fault block as the park area. The capping sandstone of Table Rock
is not the same sandstone that forms the cliff-line and the old prisoners’
gquarry along the skyline above the park. The Table Rock sandstone is: much
higher and stratigraphically younger, vet both of these well-cemented sandstones
have a similar origin. These silica-~cemented sandstones in the Boise foothills
area always occur within 2000 ft (700 m ) of the major fault zones. Cementation
is attributed to the percolation of geothermal water, bearing dissolved silica,
into the permeable sand layers when they. were still confined as aquifers within
the less permeable siltstone section. As thermal ground waters migrated away
from the faults, they cooled and precipitated silica in the voids of the arkesic
sands. Only the relative stratigraphic age of the sandstone is known, It is
similar in lithology and setting to the Chalk Hills Formation of the lower Idaho
Group on'the south side of the Snake River Plain where intercalated-volcanic
ash layers have been dated by the fission=track method as late Miocene (6.6 -

8.6 m. y. ) by Kimmel (1982).

Structure

The site is at the border between the mountainous province to the north
dominated by the Idahe Batholith,; and the late Cenozoic basin of the Snake R1vex3
. Plaln.; The margin is characterized by a zone of normal faults several )

‘kilometers w1de. The fault that .rums-along the base -of the-hill- ‘beneath- Castle
Rock offsets the top of the rhyolite unit 800 ft (270°m). Several fadlt planes -
can be. observed in outcrops of sandstone along the hillside , and. back-of- the
. Penitentiary Buildings to the east- -One- fauLt drops the sandstoné datum down-
_.about 80 ft: (25 m), to form a wedge-shaped plateau of sandstone té the east
'_(Flg 1. Dlp of the fault. plane is typically 60° south as measured in the
. saﬂdstone outcraps. Geophysical. evidence discussed by Wood (1984) indicates
' that other faults lie south of this area in the Boise River valley and have

offset the volcaniec units to depths of 4500 ft (1370 m). g .



The Geothermal System o S _ e AT it

_ - This area is the site of the oldest space-heatlng development u51ng
geothermal water-in the:United States (Lindgren, 1898; Wells, "197I). 'Oné may

. still observe warm water seeping from the toe ¢f the ridge ‘and from ‘the marshy
area of the flats late in the summer at. the:end of the non—pumplng seasom. ©
These seeps: and springs were developed by drilling two wells to depths of 400
.and 410-feet in 1890, QOriginally artesian flow of water at-172 F°(66°C) was plped
to'a Natatoxlum and to homes and businesses along Warm Springs Avenue.  As
artesian pressure decllned pumps- were. added to the wells, ~The pump house for -
the existing Boise Warm Springs Water District wells is built around the bases -
of the original wooden derricks used to drill the wells (Figure 9). The house
was built in 1892 and restored in 1982, During the cooler 7 months of the year,
- the wells are “mped at an average rate of about 500 gallons per minutes.
Maximum pumping rate for s'art periods of severe cold weather may reach 800 to
1,000 gallons per minute. The water maintains a near-constant temperature of
170 = 172°F. Seasonal drawdown during the heating season is about 80 feet by
April, -but recovery is rapid and artesian flow at land surface usually returns
by late:August. More than 250 homes are currently served: those of long
standing being billed a flat rate that is about $400 per annum. Non-patrons of
the original district are on metered service at a present charge of $0.573 per
100 cubic feet.

. The source of the hear and the important details of replenishment and
circulation of the geothermal ground water have not been cleakly'identified At
all wells constructed to date the thermal water occurs under artesian pressure
in fault zones or fractured parts of the rhyolite and closely associated’
granular clastic rocks. The basaltic flow rocks and tuffs that.overlie the
silicic volcanic rocks are invariably altered in major part to clay. This,
combined with the overlying siltstone of the lower Idaho Group, forms a capplng-
unit of small permeability for the artesian system.

A conceptual model of the geothermal ground-water systems has been proposed
by Wood and Burmham (1983). It is known that some principal fault systems of
the area are of regional extent, with cumulative displacement of several hundred
meters or more. Many of these structural breaks must extend déep into the rocks
of the batholith, thus creating fracture zones of sufficient permeability to
permit deep circulation of ground water. .-The mountainous area north and east of
the Boise area are infiltrated by snowmelt and rainwater, and the resultlng
ground-water system has a high. driving head relative to the-plain. - -

. The region of the western Snake River Plain is one of hlgh ‘heat- flow,
thought to result from a thinning of the crust which gives rise to relatively
shallow and hot mantle material. Heat flow from within the ulain has been
measured at 1.7 HFU (heat flow units, calories/cm sec) near the center and 3.t
HFU at the margins as compared with 1.5 HFU for the stable interior of North
America (Brott and others, 1978; Lachenbruch and Sass, 1980, Mabey, 1982) The
;geothermal gradient is typically about 40°C/km over much of:thisirégion (Wbod
1984, Fig. 5) and the northern Basin and Range (Lachenbruch-and-Sdss; 1980):
Consequently, ground water would: need:‘to: percolate to a depth 6f about 2 kﬁ“téV S
achieve a temperature of 65 C.  Water.infiltrating the 2,000-m-&lévAtion
mountains above the Boise area provides a high driving head relatlve ‘to the-
800-m elevation of the plain, and could concievably drive a deeply percolat1ng~7
ground-water system. - The deep hot ground water would then risé alohg’:
zones and spread laterally through confined lavers of 3111c1c vo ;
hanasth +tha nlain




Although there are many occurrences of volcanic rocks within the area, it
is thought unlikely that the source of heat is a shallow magma body in the c¢rust
beneath the geothermal area. Rhyolltes are probably older than 8 m.y. and the
associgted. basalts- only a few million years younger (Fig, 2). Magma ¢hambers in

the ‘shallow crust of that age would surely have lost all significant heat w1th1n§'j_

edrs (Smith and Shaw 1979) Vents for Plelstocene Snake River
30 ki of 501se, bu ;hese appear to be flssure eruptlons from
ot evidence for shallow magma chambers.

: ichr'a 'conceptual model for the geothermal—water c1rculat10n ‘system
prove cor"ct, one must accept-a- consequence of the very limited permeablllty at
such dept w1th;n granitic rocks. - Thus the volume of. water per unit time
within the rculatlng replenlshment and discharge system is necessarily small
as compared to more commonly developed ground-water systems in granular E
deposits.

- a few_mllllgn‘

The Bacon Drive Landslide

-On about April 2, 1983 the 4-acre landslide just west of "Castle Rock"
began moving. Measured rates of movement were typically 0.1 ft/day. The slide
stopped moving in July, 1983 and then recommenced about January 15, 1984, The
slide stopped by the end of April, 1984 and has not moved again as of March,
1984 (Paul Warner, personal communication). Total lateral movement is about 20
feet. This slide mass had previously moved in prehistoric time, for a somewhat
subdued bulge and closed depression were present here before 1983. The
initiation of movement appears to have been caused by the saturated slope
conditions in the espoecially wet year of 1983. The slide plane probably
developed along the clay unit that overlies the rhyolite, however, the geology
west of the slide is poorly exposed, and the configuration of contacts is known
only from a few drill holes west of this area.

10
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Figure 4. View to the northeast of the Castle Rock area. It is this
that suggested the appearance

view of the sandstone-draped thyolite mass,
of a laccolith structure to Lindgren in 1888,

Flow banding in the

itrephyre.




Figure §. Sheeting in the stony

rhyolite.

- . i

Figure 8. Horizental columnar jointing in the.
a

vitrophyre—sugoesting this reck was emplaced as a

dike-like sheet into pre-existing rhyolite and

vitrophyre,

Figure 7. Pitted surface aof the
hydrothermally altered rhyolite
caused by solution and stching of
plagioclase phenocrysts. The rock
is brecciated, and fractures are
filied with pale green chalcedony
that appears dark in the
photograph, .




Capitol Mall well *1

quarry in basalt

vitrophyre dike

Figure @ View to the northwest of

pump house, "Castle Rock", and in the

_Figure 10. Porphyritic basaltifrom the-
"quarry" (Fig. 3) showing a large S
plagioclase phenocryst exhibitiﬁg
striations of albite twinning. Pencil
peints to another plagioclase

ohemocryst.
clay~filled vesicle,

Spherical area is a
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the Boise Warm Springs Water District
background, downtown Bolse.
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Figure 11, Basal sandstcne of
the louer Idaho Group showing cross
bedding.
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STOP #2

Warm Sprfngs Mesa and fossil hydrothermal effects on arkosic sediments.

LOCATION

Prominant hill crest 1,000 feet {305 m) east of the north limit of the Warm
Springs Mesa Subdivision and 3,000 feet {915 m) southeast of Table Rock.
‘The locality is accessible by Warm Springs Avenue and principal streets of
-Warm Springs Mesa Subdivision to the north edge of the development.

+1aIFICANCE

-Exposed in the westernmosi high outcrops- are arkesic sandstone, siltstone
and conglomerate of the Idaho Group sediments that display effects of
alteration and silica cementation by thermal fluids. Extensive open
fractures and bedding-plane zones of weakness display erosional and
depositional effects of thermal fluids. Large fault-controlled fractures
contain massive zeolite deposits. The silicified sediments are thought to
represent fluvial and shallow lacustrine Idaho Group units accumulating over
a major fault zone in underlying granitic and volcanic rocks. Thermal
fluids rising along the fault zone under large hydrodynamic pressure diffuse
vertically and laterally through the permeable sediments and deposit silica
cementation as temperature and pressure decline. The large -
fracture-fillings are ample evidence of the ability of certain zeolites to
form under relatively low pressure-temperature conditions. The zeolites
here have not been studied thoroughly but are believed to be mainly stilbite
and heulandite. Most of the exposures in these outcrops show deposition as
massive sand beds or as thick sequences of current-bedded fluvial sand, silt
and conglomeratic sand later invaded by silica cement. There are exposures,
however, which suggest granitic detritus being deposited in highly silicious
hot spring pools.

The outcrops here are the result of erosion of a considerable thickness of
Idaho Group sedimentary cover by the Boise River and its tributaries. The
hydrothermal effects seen are fossil evidence of similar effects now going
on within the thermal water circulation system of the Frontal Fault system
ra the narthe f.

STQP #3
4_ Rocky Canyon Gorge and Picket_Pin-Canyon Exposures of the basal volcanic
rock units.
LOCATION
Three miles (4.8 km) east of the State Capitol by way of Shaw Mountain Road

up Cottonwood Creek. The steep-walled bare rock gorge is cut in rhyolite
flow and rhyolitic ash-flow tuff equivalent in mineralogy and character tfo
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the deepest rhyolite found in the geothermal water wells. .The .locality is . .
accessable by passenger car by county-maintained graded dirt’ road from. -
Boise, or from State Route 21 near Robie Creek by way of Aldape Summit. The. -
Jocality is on the route of the Boise- Idaho City Toll Road to the Bo1se .
Basin gold fields of more than 100. years ago

SIGNIFICANCE

Eros1on by Cottonwood and Picket Pin Creeks here exposes the oidest of the
rhyolites of the geotherma] system; also its contact with the Idaho -
Batholith. Here also can be seen the depositional contact of both rhyolitic
and basaltic tuff on the rhyolite and granite, as well as their relation to
overlying Idaho Group sediments. The tuffs and associated basalts and
sediments form the confining unit for artesian pressure in the geothermal
system. Also here are displayed evidence for major normal faulting, and
erosional-depositional features that document varying conditions during
accumulation of the lower Idaho Group sediments. Figure 1 shows the
distribution of. the severa1 geoiogic units expesed here.

SITE INFORMATION
Geology

The rhyolite of the gorge is the oldest of the volcanic rocks known in or
near the Boise foothills. Complex flow banding and other flow features
suggest it is a rhyolite flow, although some features are typical of densely
welded ash-flow tuff. Fractures and jointing are intense on two sets; one
trending about N 30°E with nearly vertical southeast dip, and the other
about N 50°W and dipping southwest. The rock varies in color from dark
glossy gray brown to a stoney lavendar-gray. It contains euhedral qUartz
and small phenocrysts of both plagioclase and alkali feldspar, and minor
amounts of magnetite and possibly augite. The domestic water well at the
house near the top of the outcrop is 420 feet (128 m) deep; 384 feet {117 m)
through rhyolite, a few feet of sediment or weathered granite and the bottom
in granite of the batholith. Rhyolite, with euhedral quartz and similar - -

lithology, was drilled in wells in Freestone Canyon about one mile northwest___

and outcrops in a gully on the north flank of Table Rock one mile (1.6 km)
to the south. Elsewhere it s known only from cuttings derived from the
geothermz] wells 2 to 3 miles (3 to 5 km) west,

Wherever seen, the rhyolitic rocks of the per1phery of the Rocky Canyon
outcrop are composed of pitchstone, perlite, pumicious tuff, rhyolitic ash
or pumicious deposits containing spherules of pumicious glass and large
lithophysae~1ike structures. The tuff and interbedded gray ash occur® ma1n1yi
to the east and southeast i - :

Basaltic tuff and/or a basa1t1c volcanic mudstone Taps unconformab]y on the- .
rhyolite and the granite of the batholith. WNowhere has evidefice been seen’

in outcrop of sedimentation or significant weathering at the contact. In-an

abandoned mine adit on the northeast side of the rhyolite out@rob,'tuf?rr
with siickensides is clearly in fault contact with the granite. More than-
250 feet (75 m) of tuff section is exposed in the ridge dividing the two
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- ‘branches of Picket Pin Creek, southeast of the outcrop of rhyoT1te The
. -basal 50.feet -(15-m) exposed- here-is- 1arge1y a brown vo]canﬂc mudstoré w1th ;
thin - Iayers of -basaltic tuff fragments. The upper 30 to 40 Feet (9 to 12 m) -
is again- fine-grained tuffaceous; ashy volcanic mudstone of a 11ght brown ‘
,co}or, with distinct _bedding inctuding thin beds of ashy c1ay The main,”
central part of the sectionm is well-bedded, dark brown to nearTy b]ack '
-coarse-grained -tuff made up of -shards of basa1t1c glass and Tithic . - . o
';fragments, subrounded basalt grains- and rare lithic fragments der1ved from = -
the gran1te

Basaltlc tuff is widespread along the Boise Front and contaans f]ow basalt
interbeds at some localities, prin¢ipally near and northwest of Tab]e Rock
There are no basalt interbeds within the tuff near Rocky Canyon. =
- Unconformably on the volcanic rocks are fluvial sediments of the lower Idaho
Group, Quaternary-Tertiary fanglomerate and colluvial sediments, and
Quaternary gravels of an ancestral Cottonwood Creek drainage. The site Ties
~on a zone of complex normal faulting that marks the northeast margin of the
Boise Frontal Fault system. The zone contains several c]ose]y—spaced
subparallel faults trending-about N 50°W with cumulative displacement of -
volcanic rocks of about 350 feet (105 m). There is good evidence here that
the zone. controlled the position of at Teast one of the principal streams
and drainage systems of the region during the accumulation of lower Idaho
Group sediments. Down- faulted basaltic tuff was deeply eroded to the
southwest of the zone, and lower Idaho Group deposits display the basal
boulder gravels grading upward through sands and finer-grained sediments =~
typical -of a basin-margin fluvial system. Figure 1 contains a diagramatic
cross section drawn normal to the fault zone to illustrate strat1graph1c and
structura1 relations.

Stop #4
Military Reserve and Capitol Mall geothermal well sites.

LOCATION

City of Boise and Veterans Administration geothermal wells are within the

Frontal Fault.zone at the abrupt break in slope near the mouth of Cottonwood: -

Creek. The three. producing wells for the City are between Reserve Street
and Mountain Cove Road, and the VA wells are several hundred feet toward the
northwest {Figure 1}). Also shown on Figure ! are the two Capitol Mall v 11s
along Washington Street some 3,000 feet (915 m) west of the City-VA wel’
field. -

SIGNIFICANCE

‘These modern geothermal wells-are the principal suppliers of thermal ‘water
for expansion of space- heating and other heat energy uses in° “Boise’ Data
ﬁfrom their construction, testing and use since 1981 documents surfacé and
‘subsurface geologic features and the hydrologic character of the hot-water
aquifer system, and provides-ecenomic and ecological 1nformat70n for future
management of the geothermal resource. -
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Figure 1. Map of Boise Front area showing location of princinal geothermal
wells and the Frontal Fault Zone (FFZ) of Hollenbaugh {1973),
Capitol Mall (CM), Veterans Administration (VA), Boise Geothermal
Limited (BGL-City), and Boise Warm Springs Water District '
(BWSWD) are the principal production and injection wells. BEH
and BHW are test wells for design of BGL well construction.
Koch is a small-yield well for space heating of two residences.
Kanta is unused. . Park is a Boise City Parks well. Only the
principal boundary faults of the horst block are shown. See
. accompanying illustrations for areal structure pattern.
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SITE INFORMATIBN

The Cap1to] Mail-Boise City-VA comp]ex of wells are all drilled in the same
stratigraphic sequence and are completed so as to use the upper silicic
volcanic unit.and associated sedimentary deposits for production and/or
reinjection.  The subsurface units and their relative positions are shown on
the correlation section, Figure 2. Below a few feet of Holocene alluvium
the wells all penetrate from 150 to 800 feet (45 to 240 m) of fluvial and
lacustrine sand, silt and clay of the lower Idaho Group, the thickness
jncreasing with distance from the Frontal Fault zone. Below these sediments
all wells pass through approximately 400 to 600 feet (122 to 183 m) of
basalt and basaltic tuff with interbeds of mixed volcanic and granitic
sedi 2nt.  The basal units of this sequence contain a downwmard-increasing
pr ,,,,,  tie~ of hydrothermal alteration clays and generally abundant pyrite.
4ricedony anu zeulites are often abundant also.

At more than half the well sites the basaltic sequence contained clean,
coarse arkosic sand at the base several feet thick. Immediately beneath
the sand (or basalt) all wells drilled a dense silicic volcanic rock from
200 to 400 feet (60 to 120 m) thick. Generally, this rock is intensely
fractured, and the majority of the fractures healed with red-brown, orange
or green chalcedony. The rock also contains much inter-granular and
fracture-surface pyrite,

Arkosic medium~-to-coarse sand, sometimes gritty and often stained red,
underlies the upper silicic volcanics and is 150 to 400 feet (45 to 120 m)
thick. Hydrothermal alteration of feldspars produces variable amounts of
gray to white clay in this interval.

The sand unit is underlain by a second silicic volcanic rock that is more
clearly rhyolitic, with pumicious and ashy components in the drill cuttings.
The rock is more dense than the upper unit and contains euhedral quartz.
Where wells drill through this unit the thickness is seen to be about 400

feet (122 m).

Arkosic sand, usually coarse to pebbly underlies the lower silicic volcanic,
and at Boise Geothermal Well #1 this overiies granite. Boise City and VA
wells are Tocated so as to purposely be completed in or near a major normal
fault plane or fault-fracture zone where vertical displacements on silicic
i canics of about 900 feet {275 m) can be shown (Figure 2) -

HYDROLOGY

Post-completion testing and production records thus far indicate that the
geothermal water occurs and circulates primarily within the fault fracture
zones, and the upper silicic volcanic rock and contiguous sand units.
Recharge and deep circulation to acquire heat is believed to be as described
in the Stop #1 discussion, with the principal upward convection of heated
water occuring in or near the main fractures of the Frontal Fault zone. The
wells are all completed in different parts of the structural zone and
stratigraphic sequence such that regional gradient of static pressure heads
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is difficult to assess. . Indications are that regional movement is --
- -northwestward. and that aatura] .discharge 'is probably by upward seepage

- across- the -confining basa]tic and f1ne textured sed1mentaryf¥ayers gver a”'“”

broad area.

- The attached illustrations.-and tables give data on water 1eve15 temperatureV :

"grad1ents, water quality and well testing and completion.
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Representative Water Quality

{Geoathermal & Shallow Cold Water)

!
——— J ‘:‘;‘ gn— :
[-1] [~ O - = 2 [--a
ad ~ 3 S e .52 o2
a9 — “ == £38 Sts| =&
2= a =3 G2 S| 88z 2L
Specific Conductance
(micromhos/cm) 378 405 415 157 208 85
pH 8.15 8.15 8.9 7.55 6.77 7.7 7.29
Temperature, °C 78 74 72 70.5 16 1 {Cold) 9
Cations (mg/1) .
Calcium 3.2 1.9 1.3 16 21 10.4
Magnesium <0.1 0.1 0.1 2.8 0.48 1.26
Sodium 82.6 88 79.2 10.4 - 23 4.4
Potassium 1.4 1.1 0.6 1.6 0.7% 0.9
$ilica {5i07) 73.% 74 §5.6 38.7 27 13
Anions {mg/1}
Bicarbonate 137 138 142 83 - 46
Chioride 5.9 5.4 9 8 3.6 5 0.3
Sulfate 21.5 20 22 19 10 20 2
Fluoride 19.1 15.7 16.7 16 0.32 g.62 --

Table 1. Representative water Quality, Boise area.
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Table 2.

Table 2 gives representative values of transmissivity and storativity
for Capitol Mall and Military Reserve wells as interpreted from dis-
charge-drawdown data during flow tests.

Transmissivity Storativity

Well Ident. gpd/ft Dimensionless
BGL-2 261,000 1.8 x 10-4
BGL-3 260,000 2.8 x 10-3
BGL-4 264,000 2.0 x 1074

VA-1 120,000-200,000* ————-

cM-1 290,000 4.0 x 107
CM-2 271,000 5.0 x 1074
BEH 112,000 5.4 x 1074

*Estimated from drawdown effects of pumping BGL-2.

28



MISCELLANEQOUS INFORMATION

Most of the pertinent information on Tocations, well construction, yield,
water temperature and quality, instrumentation, distribution system and uses
is given in accompanying maps, diagrams, and table. A few additional facts
on design, construction, testing, and completion follow:

1. Data from test holes BEH-1 (BLM) and BGH-1 (Beard) restricted location
to near vicinity of interpreted faults striking NW along the toe of the
break in slope of the Boise Front.

2. Pight-of-way and access restricted locations to roadways and berm tops
«ithin Military Reserve Park.

Ptanned uses for Boise City wells determined a desired peak season yield
of 2,000 gpm or greater., Test data from the BLM-Beard holes indicated
individual well yields of 500 gpm with economically feasible drawdown.
Consequently, four wells were needed, to be fitted into available
locations.

(o

4. Spacing to minimize drawdown interference between wells had to be
‘matched to access and right-of-way, and to pipeline costs for the
gathering system.

5. State and local laws and regulations related to geothermal wells
required pressure grouting of surface casing to protect shallow
cold-water aquifers, blow-out protection when drilling the thermal zone.
Such requirements dictated size, type and capabilities of drilling
equipment used. Design discharge and drawdown dictated size of pumps
required. Size of pump dictated size ¢f hole to be drilled to accept
casing and the pressure-cemented annulus needed. Size of surface casing
was further dictated by size ¢f the production hole and casing needed,
and by the possibility that at Teast two hole-size reductions might be
needed below the surface casing. Such considerations further determined
the size and type of drilling equipment.

6. Drilling deep, large diameter holes in or near fault zones anticipates
hole-wall instability and loss-of-circulation problems. A carefully
designed and controlled drilling mud-is required. To minimize drilling
il effects on thermal water production, only bentonite clay‘mixed with
/. 2sh water was used where mud drilifg was necessary. Conditioning
additives were closely monitored and kept to a minimum. Wherever
possible in the thermal water production zones, drilling was done with
water only; with compressed air assistance in removing cuttings and
maintaining circulation.

7. Only moderate thermal-water formation pressures were encountered, and as
a2 rule the wells did not flow or make a significant amount of water
during drilling. Each well was completed by circulating out the
drilling fluid with clear water, then air 1ifting to reduce the column
density sufficiently to intiate artesian flow. Flow was continued until
the discharge was clear and stable. Well BGL-3 is Tocated such that the
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wellhead elevation is above artesian pressure head. That well was
air-1ift pumped for completion.

8. The wells were test flowed or pumped under a variety of procedures
designed to determine both well and agquifer hydraulic characteristics
under planned production schedules and use. Testing included long-term
monitoring of water-level changes in the thermal water zones at the Koch
well which is drilled in the fault blocks northeast of the Fromtal Fauit
Zone. Also monitored was BWSWD well #3 which is in or near, the faults
directly connected to the Frontal Fault Zone and the BLM test hole which
is on the valleyward side of the Frontal Fault Zone. During flow tests,
all wells in the vicinity completed in the thermal water zones were used
as observation wells. Additionally, shallow cold-water wells nearby
were monitored for possible drawdown effects.

9. Well and aquifer characteristics, as based on testing done to date may
be summarized as follows:

The wells in Military Reserve Park and valleyward in the Capitol
Mall area display a seasonal static Tevel fluctuation that matches
closely both timing and magnitude of change in cold-water
municipal, domestic and irrigation wells in and near Boise. BWSWD
well #3 water level follows very closely the pumping times and
magnitude at the two production wells near the 01d Penitentiary.
{See attached hydrographs.)

The thermal water aquifer system at the Boise City welis is well
confined, with indicated storage coefficients of 10-4 to 10-3. A1l
wells have a barometric efficiency of about 80 to 90 percent.
During the early, initial period of a test, the aquifer responds as
a fault-fracture system with indicated transmissivity in the 106
gpd/ft. range and no-flow boundary across the faults to the
northeast. Toward the southwest, the Capitol Mall and BLM
observation wells indicate the aquifer responds more in the
character of a granular material with transmissivity values of the
order of 105 gpd/ft. and storativity of 10-3.

10. Capitol Mall well #2 was drilled by the same equipment and under
essentially the same specifications as the four Boise City wells in
Military Reserve Park. The well is 3,030 feet {924 m) deep and bottoms
in quartz-rich rhyolite. Attached diagrams and correlative sections
give the essentials of well construction and stratigraphic relations.

In addition to the geolographic record and cuttings logging, logs were
run for Natural Gamma, Caliper, Induction Electrical Resistivity,
Borehole Compensated Sonic, Compensated Neutron-Formation Density, and
Temperature. These were used to guide production casing, performation
and completion programs. The drilling was done with fresh-water mixed
with bentonite mud and/or just fresh water and air. Artesian flow was
controlied by mud until wellhead valving was in place and disposal
facilities were in order. Upon purging of mud from the column, flow of
at Teast 950 gpm was obtained for initial cleanup and completion.
Temperature discharge water stabilized at 160°F (171°C), and shut-in
pressure of the hot water column was about 18 psig. The water quality
is similar to that from other wells and, following flow tests for data
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PRODUCTION, TEMPERATURE AND WATER LEVEL
DATA FOR THE FOUR HEATING SYSTEMS IN THE
BOISE FRONT LOW TEMPERATURE GEOTHERMAL

RESOURCE AREA, 1977-1997

By Kenneth W. Neely

ABSTRACT

Water level declines in the Boise Front Low Temperature (85 to 212° Fahrenheit)
Geothermal Resources Area (Boise Front geothermal area) prompted the Idaho Department of
Water Resoutces (IDWR) to create a Ground Water Management Area in 1987 to discontinue
the routine issuances of permits for geothermal development Further restrictions were added to
the Boise Front geothermal area in 1988 when the IDWR issued a five-year moratorium  The
moratorium was extended for another five years in 1993 The moratorium is due to be reviewed

in June, 1998.

Water level declines in the Boise Front geothermal area began to occur when the State of
Idaho and City of Boise heating systems came on line in the mid-1980’s Prior to 1983, the
Boise Warm Springs Water District was the only geothermal district heating systerm in the Boise
area The Veterans Administration Regional Hospital was permitted to begin withdrawing
geothermal water in 1988 because substantial development of their system had been completed
when the moratorium was issued Production from the Boise Front geothermal system has
increased from about 300 million gallons in water year 1984 to the current level of about 670

millions gallons per water year

Currently, discharge does not appear to be exceeding recharge in this part of the Boise
Front geothermal area based on water level data from the Burcau of Land Management (BLM)
observation well and production data from the four heating systems Water levels in the BLM
well for the past 10 years indicate that the geothermal system has probably reached a new
equilibrium, despite some minor fluctuations The reasons for the new equilibrium are not fully
understood but are probably related to: 1) stabilized withdrawal rates since the 1apid increases
of the 1980’, and 2) induced recharge which can occur when withdrawals from an aquifer

increase

The City of Boise’s new injection well, which is scheduled to be operational for the
1998-1999 heating season, is expected to cause positive pressure effects in the geothermal
aquifer. A modeling scenario by Montgomery Watson (1 994) predicted that injection of spent

Buise Front Geothermal - 1




geothermal water near the new injection well location would result in no net changes to the
water level at the BLM well assuming a 20 percent increase in production at the City and Boise
Warm Springs Water District well fields.

Based on the current data, it is unknown whether production increases, if allowed by the
IDWR, will adversely impact the water levels in this part of the Boise Front geothermal system,
especially in combination with the new injection well. The historic data show that water level
declines did occur after the State and City systems came on line. However, there were no
observable water level declines with the addition of the VA production in the late 1980

Boise Front Geothermal - 2
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INTRODUCTION

The four geothermal district heating systems in the Boise Front Low Temperature 85to
212° Falirenhéit) Geothermal Resources Area (Boise Front geothermal area) are the: 1) Boise
Wirm Springs Water District (BWSWD), 2) State of Idaho Capitol Mall (State), 3) City of Boise
(City), and 4) Vetérans Administration Regional Hospital (VA). The BWSWD, which is the
oldest heating district in the United States, has been supplying hot water to customers for space
heating since 1892 (Rafferty, 1992). The State and City systems began producing geothermal
water to heat public buildings in 1983, The VA system came on line in 1988 to heat the
buildings on the VA complex Combined, these systems provide clean and cost-efficient heat
for several hundred private and public buildings The cost savings of geothermal heat over
conventional fossil fuel or hydropower electric heating for the four systems is at least one
million dollars per year : o '

Water level declines in the Bureau of Land Management (BLM) observation well in the
mid 1980% suggested that discharge may have been exceeding recharge in the Boise Front
geothermal area. The Idaho Department of Water Resources (IDWR) created the Boise Front

Low Temperature Geothermal Resource Ground Water Management Area (Boise Front GWMA)

in 1987 The conditions of the Boise Front GWMA cur“tailecj additional development of the
geothermal resource in the Boise area In 1988, a five-year moratorium was put in place by
IDWR to further restrict withdrawals from the geothermal system. The moratorium was
extended in 1993 for five more years The moratorium is scl_ieduled for review in June, 1998

PURPOSE OF REPORT

The purpose of this report is to publish a summary of the production, temperature and
water level data for the four heating systems in the Boise Front geothermal area for the years
1977 through 1997 ‘The data in this report include: 1) annual production totals for each system
by water year (October 1 of the previous year through September 30 of the designated water
year), 2) cumulative annual production totals for the four systems, 3) monthly production graphs
for each system, 4) cumulative monthly production totals for the four systems, 5) water level
records, 6) water supply and return temperatures for the State of Idaho Capitol Mall system, 7)
precipitation records for the Boise Airport rain gauge, and 8) heating day records for the Boise
area. This report was written so that the Idaho Department of Water Resources, with input from
the four major users and other interested parties, could determine whether the moratorium '
should be extended, modified or canceled in 1998

Boise Fronl Geothermal - 3




WELL-NUMBERING SYSTEM

The well-numbering system used in this report is identical to the system used by the
USGS in Idaho (Figure 1). The system indicates the location of wells within the official
rectangular subdivision of the Public Land Survey System (PLSS) with reference to the Boise
baseline and meridian. The first two segments of the number designate the township and range.
The third segment gives the section number followed by three or four letters and a number. The
letters indicate the Y4 section (160 acre tract), Y4-V4 section (40 acre tract), ¥%4-%-% section (10
acre tract), ¥4-14-Y4-14 section (2 5 acre tract), and the serial number of the well within the tract
Quarter sections are lettered A, B, C, and D in counterclockwise order beginning in the northeast
quarter of the section. Successively smaller tracts are lettered in the same manner For example,
well 0IN 01E 11DBALI corresponds to the PLSS location: NE¥%, NW4, SEl4, Section 11,
Township 1 North, Range 1 East, and it was the first well inventoried by the USGS in that tract.

R1W. R1E. R.2E. R.3E R4E
T.3N.
T.2N.
T.1N.
"/-'/ S r——
T18. 01N-G1E-11DBAT
B A b -
Y
¢ [Eiol A
T.28. c zl) 5

Figure 1. Well-numbering system.
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STUDY AREA

The Boise Front geothermal area is located along the northern edge of the Treasure
Valley in the western part of the Snake River Plain of southwestern idaho. The Treasure Valley
trends northwest-southeast with the Boise Mountains located to the northeast The Boise and
Snake Rivers dissect the Treasure Valley as they flow to the northwest A band ot hills known
as the Boise Front Foothills lie between the Boise Mountains and the valley floor The Boise
Front geothermal area occurs in Ada county primarily along the toe of the Boise Front Foothills
and extends a short distance into the Treasure Valley (Figure 2) Part of the Boise Front
geothermal area is within the Boise City limits; the remainder of the area is located north,
northeast and east of the city limits The study atea for this report is the relatively small portion
of the Botse Front geothermal area that contains the four district heating systems.

PREVIOUS STUDIES

Numerous papers and reports have either described the geologic setting for the Boise
Front geothermal system, documented the development of the four district heating systems or
chronicled the production, water level and temperature data. Reports that provided overviews of
geothermal resources in Idaho, including the Boise Front geothermal area, are Mitchell and
others {1980) and Dansart and others (1994)

Mink and Graham (1977) described the geothermal potential in the western part of the
Boise Front geothermal area  Anderson and Kelly (1983) evaluated the ground water flow
conditions for the Boise Front geothermal aquifer Waag and Wood (1987a and 1987b)
discussed in detail the physical setting of the Boise geothermal hydrogeologic system, the
chemical data and the analysis of drawdown and production data. Wood and Burnham (1987)
described the geological framework of the Boise Front geothermal system and developed a

conceptual model

Reports and articles that provided information about the exploration and development
history of the Boise Front geothermal resources included Stoker and others (1977), Nelson and
others (1980), Worbois (1982), Higginson and Barnett (1987), and Neely (1996) Lithologic,
hydrologic and chemical data were documented in reports by Young and others (1988), and
Parliman and Young (1992) Burnham and Wood (1983) previded a field trip guidebook and
road log for the Boise Front geothermal area

A detailed aquifer study in the area of the four heating systems was conducted by the
Berkeley Group, Inc (1990). A two-part study was conducted by the City and the BWSWD in
the early 1990’s. The first part developed a conceptual model of the geothermal system
(Montgomery, 1992) The second part described the hydraulic modeling of the aquifer which
used the USGS MODFLOW and TST3D flow models (Montgomery Watson, 1994) A follow-
up study used the numerical modeling results to evaluate potential sites for the City system’s
injection well (Montgomery Watson, 1996).

Boisc Front Geothermal - 5
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Some reports have been written specifically about one of the systems. The geothermal
production for the BWSWD from 1977 through 1989 was documented by Robert Griffiths
(Boise Warm Springs Water District, 1989) Rafferty (1 992) presented the history of the
BWSWD system. Mink (1976) summarized the testing of the Statehouse well which is located
beside the State Capitol building Austin (1978) described a demonstration project for the State
of Idaho which used geothermal water from the BWSWD to heat three buildings in the State
Iaboratory complex. Anderson and Kelly (1981) reported the drilling and testing of the State
Capitol Mall #2 well Neely (1995) reported production and temperature datafor the State
system for 1983 through 1994

CLIMATE AND HEATING DATA

The 30-year average precipitation (water years 1968 through 1997) for the Boise Alrport
rain gauge station was 12.19 inches (National Oceanic and Atmospheric Administiation) (Figure
3). The data for the last 20 water yeass, which is the time period that we have monitoring data
for the Boise Front geothermal system, show that: 1) water years 1978 through 1986 were

20

20

pamt
Ln
P
bt
Lh

10

Precipitation (inches)
o

(¥ ]

____B___8____"__. s 3
H

89 90 91 92 93 94 95 96 97 98
Water Yea: (October 1 - September 30)

Figure 3. Precipitation records for the Boise Airport rain gauge station for water years 1978 through
1997
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generally wetter than average, 2) water years 1987 through 1994 were generally dryer than
average, and 3) water years 1995 through 1997 were slightly wetter than average (Figure 3)

The 30-year heating degres day average (heating years 1968 through 1997) for Boise was
5757 heating degree days (National Qceanic and Atmospheric Administration). The data for the
last 20 years show that: 1) annual heating degree days were generally less than the 30-year
average for heating years 1978 though 1983, 2) annual heating degree days were significantly
more than the 30-year average for heating years 1984 through 1986, and 3) annual heating
degree days were generally less than the 30-year average for heating years 1987 through 1997

(Figure 4)

80001 7 8000
- T 30-Year Averzge (1968-1997) = 3757
7000 —1 7000
2 6000 i : o | SR — B MR- 6000
o L : _ - -
o) L ‘ , ] ]
Q 5000 =1 5000
5 T E
_Q 4000 . ] 4QOO
’b_ﬂ - i
2 30000 -1 3000
= - i
i} L .
T 2000 | — 2000
1000 - - 1000
ok 10
77 78 79 80 8! 82 83 84 835 86 87 88 89 90 9} 92 03 94 935 96 97 98
Heating Years (July 1 - June 30)

Figure 4. Heating degree duy data for Eaise tor heating years 1977 through 1997
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GEOTHERMAL DEVELOPMENT IN THE BOISE AREA

The first two geothermal wells in the United States wete drilled near Boise, Idaho, in
1890 and 1891 (Boise City Public Works, 1993) The wells were completed near some thermal
springs located about two miles east of Boise (Figure 5). Both wells were diilled to depths of
400 feet {Table 1) Although there are no well driller’s reports for the two wells, it 1s assumed
that the wells weére completed ini the rHyolite rocks 6f he Idavada Group  The wells are believed
g to have been drilled through a major down-to-the=southwest normal fault that trends
northwest/southeast along the toe of the Boise Front Foothills. This fault and vther assoclated
faulting are interpieted 10 be the conduits for upward migiation of geothermal water along the

E Boise Fromt

e

:
i
;
]

Figure5. Or'iginal-w-el_house forthe

(from Burnham and Wood, 1983).

By 1892, the water from the wells was being used to heat homes, businesses and a
15,000 square foot Natatorium in east Boise The Natatorium no longer exists but the

Roisc Front Geothermal - 9
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geothermal waier is still being used to heat 226 homes and 36 commercial buildings on and near
Warm Springs Avenue and in part of the downtown Boise area (Figure 6) Today, the Boise
Warm Springs Water District (BWSWD) maintains the production wells and delivers the water
to the customers. The used geothermal water is discharged to the Boise River through the city
_sewer system (Beikeley Group, Inc., 1990). BWSWD drilled a third well in 1981 about 650 feet
northwest of the two production wells. The well, which is believed to be on the upthiown side
of the fault, did not encounter sufficient quantities. of geothermal water for production. The well

is being used for monitoring water levels,

Table 1. Selected wells in the Boise Front geothermal ared.

System Well Name Location Reported Depth | Year Use'
(feet below land | Drilled
surface)

Boise Warm BWSWD West 3N 2E 12CDDDi 400 1891

Springs Water

District BWSWD East | 3N 2E 12CDDD2 400 1891 A

(BWSWD) BWSWD#3 | 3N 2E 12CDDC 587 1981 UM

State of Idaho CM #1 3N 2E 10AADAL 2,152 1981 I

Capital Mail

(State or CM) CM #2 3N 2E 10AABBI 3,030 1981 A
| City of Boise BGL #] 3N 2E 11ABCAI 2.008 1981 [§)

{previously ‘ j

ownied by Boise | BGL #2 3N 2E 11ARBCI 880 1981 A
| Geothermal ‘

Limited (BGL)) BGL #3 3N 2E 11BAAAL 1,897 1981 A

BGL #4 3N 2E 11ABCB2 1,103 1981 A

Veterans VA #] 1 3N 2E 02CDCD1 1,666 1983 A

Administration -

Reomna_] VA #2 3N 2E 02CBCC2 i.840 1983 U

Hospital (VA) [ (/4 43 3N 2E 02CBCC3 - 2,300 1987 I

Other " BLM 3N 2E 11BABD1 1,222 1976 M

wi P Jse codes: A = heating; I = injection; M = monitoring; U = unused.

In the mid-1970’, the increasing cost of heating created new interests it alternate heat
sources such as geothermal. In 1976, EGG /INEL drilled the Bureau of Land Management
- (BLLM) and Beard exploration wells, along with three geothermal test holes, in the downtown
‘Boise area. At about the same time, the State of Idaho Capitol Mall complex was expanding.
This development prompted then-Governor Andrus to request a federal study to determine the
feasibility of geothermal heat for the State’s building in downtown Boise (Austin, 1978).

The State Health Laboratory was retrofitted for geothermal heat as a pilot project in
1977. The success of the State Health Laboratory project motivated the State of Idaho to drill

Boise Front Geothermal - 10
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the Capitol Mall #1 exploration well about three blocks from the State Capitol in 1981 Capitol
Mall #2 was drilled. about two blocks north of the Capitol (Figure 7). Capitol Mall #2, which is
3,030 feet deep, 1s being used as the production well; Capitol Mall #1] is 2,150 feet deep and 15
used as the injection well (Figure 6) The wells were completed in volcanic rock and sand
(Idavada Group) according to the well driller’s reports By 1982, the State of 1daho geothermal
system was suppling heat to eight building in the Capitol Mall complex, including the State
Capitol . The Alexander House was added to the system in about 1992, Currently, the system is
used to heat about 1,500,000 square feet : :

In 1981, a company named Boise Geothermal Limited (BGL) had four geothermal wells .
drilled an area northeast of downtown Boise and along the edge of the Boise Front Foothtlls
(Figure 6) The well names and well depths are: 1) BGL-1, 2,008 feet, 2) BGL-2, 880 feet, 3)
BGL-3, 1,897 feet (Figuie 8), and 4) BGL-4, 1,103 feet The wells were completed 1n the
rhyolite and interbedded sandstones of the Idavada Group

BGL began supplying geothermal water for space heating to downtown Boise customers
in 1983 (Betkeley Group, Inc., 1990). In 1988, the City of Boise purchased BGL. Today, the
City geothermal system ts used to heat about I 8 million square feet which includes the City

Figure 7. Well house tfor the State of Idaho Capitol Mall #2 geothermal production well The top of the
State Capitol building is in the background '
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Hall and 42 customers (Tensen, 1996, personal communication). Used geothermal water 18
cwirently disposed of in the Boise River However, the City of Boise has recently completed a
3.200-foot well in Julia Davis Park which will be used for injecting spent geothermal water
(Figuze 9). The well is to be operational by the beginning of the 1998-1999 heating season

Two geothermal wells were drilled for the Veterans Administration {VA) Regional
Hospital on their properties in 1983 A third geothermal well was drilled for the VA in 1986
The production well, which was the first well drilled for the VA, is 1,666 feet deep (Figures 6
and 10) The injection well, which was the third well drilled for the VA, is 2.300 feet deep
(Figure 6)  The second well, which was drilled primarily for exploration, is currently unused
The wells were completed in rhyolite, tuff, basalt and sand (Idavada Group) according to the
well driller’s report  The VA geothermal system provides heat to about 400,000 square feet in
22 buildings on the hospital grounds which include patient care, clinical support, outpatient and

ancillary support facilities.

Several other deep geothermal wells have been drilled in the Boise Front geothermal area
(Berkeley Group, Inc, 1990; Neely, 1995) The names of the wells located nearest to the four

T

s

e
R Y. i
Figure 8. Well house for the City of Boise’s BGL #3 geothermal production well
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are not being used for withdrawals;
well, located close to the VA and

system.

Figure 9. Drlling the injection well for the City of
Boise, April 1998 i¥

Figure 10. Production well for the Veterans
Administration Regional Hospital

Boise Front Geothermal - 14




GEOTHERMAL MONITORING DATA EERIEEE R
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Data collection for the four systems is accomplished through manual readings and
computer data loggers. The BWSWD and the State systems curtently use electronic devices to
capture monitoring data. Automation of data collection using data loggers has been dlscussed
for the City and Va systems but has not been implemented yet.

The BWSWD began recording production data in September, 1977 (Boise Warm
Springs Water District, 1989) Production data are currently being recorded using two methods:
1) hand-written daily logs, and 2) a data logger The BWSWD submits a surnmary of the hand-
written logs to IDWR that lists production by month and by year The data logger captures a
production value once every 10 minutes. IDWR downloads the datalogger every three months.

Maximum monthly production for the BWSWD has decreased over the past 20 years
from almost 50 million gallons per month to about 30 million gallons (Figure 11). Annual
production by water year for the BWSWD has decreased from a peak of over 300 million
gallons to about 220 million gallons (Table 2; Figure 12). The reasons for the decline are: 1}
better heating efficiencies because of the addition of new pipe insulation on main and service

.Ii-iI!L!i!I!l!l!l!\!hﬁijlll!lllll 50
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Figure 11. Mon'th'lny prod'ucti_cn for the Boise Warm Springs Water District heating system, 1977-1997
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Table 2. Production By Water Year' For The Four Heating Systems In The Boise Front Geothermal Area, ~ *

_PRODUCT‘ION IN MILLIONS OF GALLONS
.| Water Year | BWSWD |  State . |  City VA . Total
1978 256.0 2560
1979 31222 3122
1780 308 1 308 1
1981 239 4 239 4
1982 276 0 276.0
1983 283.5 283.5
1984 300 1 162.9 1667 6297
1985 281.1 175 4 121 4 5779
1986 253.2 1920 176 8 6220
1987 1833 169 1 1889 541 3
1988 199 4 138.8 1238 462.0
1989 2780 1200 158.0 5560
1990 244 6 68.3 122 3 1182 553 4
1991 2457 177 6 1213 1154 660 0
1992 243 3 139 0 1233 1167 622 3
1993 239.3 177 6 156.0 137.0 7099
1994 2147 179 6 1225 137 4 6542
1995 2212 150 8 129.9 1514 653 3
1996 226 6 119.6 1321 1862 664.5
1997 2128 1122 130.7 203.6 659 3
Average 2509 1550 141.0 145.7 660.5
production | (1978-1997) | (1984-1997, | (1984-1997) | (1990-1997) | (1991-1997)
minus 1990)

"Water year runs from October 1 to September 30 For example, water year 1978 started on October 1, 1977 and
ended on September 30, 1978

Boise Froat Geothermal - 16




lines, 2) reduced demand by some of the service units, and 3) reduction in the number of service
units The addition of new pipe insulation is considered the primary factor for the reduction in
withdrawals Water supply temperatures have remained constant at about 175° Fahrenheit (F). .

350 350
£ 300 F -1300
Saso b 42590
(S
j=]

Z 200 =200
E 150 F 1150
é—‘ :
o 1006 : i : : : VR -1 100
= Cit : : ! : : fowa
5 - s AR
S A A S T Rt
) I N S A O
77 78 79 80 81 82 83 84 85 B6 87 88 89 Y0 91 92 93 94 95 96 97 98
W ater Year (October 1 - September 30)

Fi'gur'e 12. Geothermal prdduétion by water-year for the Boise Warm Springs Water District (BWSWD),
City of Boise (City), State of Idaho Capitol Mall (State) and Veterans Administration Regional Hospital
(VA) heating systems

The State of Idaho geothermal system went on line in November, 1982, The first
production data recorded for the system were from May, 1983 Monitoring data were initially
recorded by hand on daily logs with only one entry for each day Data were usually recorded in
the mornings (between 5:00 and 8:00 am) The Berkeley Group, Inc , (1990) reported that the
daily logs reflect higher than average discharges because the readings were taken during peak
flow times Data have been recorded on computer trend logs since 1991 Data were initially
recorded once every six hours; since 1995, data have been recorded once every two hours

Maximum monthly production for the State of Idaho geothermal system was about 30
million gallons in 1985, 1986 and 1993 (Figure 13) Production data for half of water year 1990
was rissing; therefore, the total of 68.3 million gallons is considerably too low.

Production appears to have declined in 1996 and 1997 (Table 2; Figures 12 and 13).
However, there are missing data intervals in the computer trend logs during those years due to
equipment failure and data capture errors. To minimize data loss in the future, the State
Department of Administration is now submitting data updates to IDWR once every three

Boise Front Geothermal - 17
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Figure 13. Monthly production for the State of Idaho Capitol Mall heating system, 1983-1997
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Capitol Mall heating system, 1983-1997
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months Maximum monthly supply temperatures decreased from about 160° F in 1983 to about
155° Fin 1992 and have since risen slightly (Figure 14)

The City of Boise records monitoring data using flow rate and temperature charts. The
City also has a totalizer meter that is read weekly. Since 1988, the City has supplied the IDWR
with a production total for each month. Production data prior to 1988 were documented in the
Berkeley Group, Inc., (1990) and Montgomery (1992} reports

Production for the City of Boise geothermal system was variable from water years 1984
through 1989 (Table 2; Figure 12). Beginning in water year 1990, production has been
consistently in the 121-130 million of gallons per year range with the exception of a shght
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Figure 15. Monthly production for the City of Boise heating system, 1983-1997.

increase in water year 1993 (Figure 12) Maximum monthly production was generally higher
during the 1980’ than it was in the 1990’s (Figure 15). Supply temperatures have remained
constant at about 175° F ‘

VA technicians record totalizer, instantaneous discharge, temperature and water level
data daily (except for weekend days and holidays) on handwritten log sheets. Production has
increased steadily from water years 1990 through 1997 (Table 2; Figure 12). Maximum
monthly production has increased during this time period from about 16 million gallons to about
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25 million gallons (Figure 16) The reason(s) for the increase is unknown (Doug Lamb, VA;
personal communication) Supply tempetatures have remained constant at about 162° F.
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Figure 16. Monthly production for the Veterans Administration Regional Hospital heating system, 1989-
1997,

Figure 17 shows that total production for the four geothermal heating systems jumped
dramatically in water year 1984 when the State and City systems came on line. The average
annual production for water years 1978 through 1983, when the BWSWD was the only system
withdrawing geothermal water, was 279 million gallons The average annual production for
water years 1984 through 1989 was 565 million gallons A second but smaller increase occurred
in the early 1990’ water years when the VA began production. The average annual production
for water years 1991 through 1997, when all four systems were on line, was 661 million gallons
{Calculations did not include 1990 because a considerable amount of data were not available for
the State system that year) The average for 1991-1997 is estimated to be 670 million gallons
after adding in the estimated amount of withdrawals that are missing from the State system in

1996 and 1997,

Overall, production has more than doubled since the time when only the BWSWD was
withdrawing geothermal water. Maximum monthly production, which occurs in January, for the

Boise Front Geothermal - 20




800

800

700 700

600 1 600

500

L 1500

300 e — 300

BWSWD only 7200
=== BWSWD State and City —

BWSWD State City and VA

S5 i B R A R — 100

Production (millions of gallons)

0
77 78 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 96 97 98
W ater Year (October 1 - September 30)

Figure 17. Total production by water year for the four heating systems in the Boise Front geothermal
area, 1978-1997

four systems, has been as much as 106 million gallons (Figure 18) Figure 19 shows the average
annual production and percentage of total for each heating system for water years 1991-1997
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GROUND WATER MANAGEMENT AREA AND
MORATORIUM

Water levels in the BLM well, which is the primary monitoring well for the Boise Front
geothermal area, declined about 25 feet from 1984 to 1989 (Figure 20). Comparing Figures 17
and 18 to Figure 20 shows that the plummeting levels in the mid to late 1980’ were related to
new production from the State and City heating systems. Geothermal production in this portion
of the Boise Front geothermal area increased about 100 percent when these two systems went on
line. The addition of the VA system in 1989 did not cause observable declines in the BLM well
despite a 15 percent increase in total production. The VA production well and the BLM well are
believed to be in the same fault zone based on similar water level responses (Berkeley Group,

1990;.
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Figure 20. Hydrograph for the BLM observation well, 1976-1998. The solid line connects actual data
points. The dotted line was added using the locally weighted scatterplot smoothing (LOWESS) method to

show the general middle trend of the data (Helsel and Hirsch, 1992)
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On June 15, 1987, the IDWR designated the Boise Front Low Temperature Geothermal
Resource Ground Water Management Area (Botse Front GWMA) which stopped routine
issuances of permits for geothermal development in the designated area (Figure 2) The
description of the Boise Front GWMA is:

From a point of beginning at the Northeast corner of Sec 8, T4N, R2E; thence southerly
I mile to the southeast comner of Sec. 8, thence easterly approximately 3 miles to the
northeast corner of Sec 14; then southernly 2 miles to the southeast corner of Sec. 23;
then easterly 2 miles to the northeast corner of Sec. 30, T4N, R3E; thence southerly 2
miles to the southeast corner of Sec 31; thence easterly approximately 1 mile to the
southeast corner of Sec. 32; thence southerly approximately 2 miles to the northwest
corner of Sec 16, T3N, R3E, thence easterty 1 mile to the nostheast corner of Sec 16;
thence southerly 1 mile to the southeast corner of Sec. 16, thence easterly | mile to the
southeast corner of Sec 15; thence southerly approximately 5 miles to the southeast
corner of Sec. 10, T2N, R3E,; thence westerly approximately 9 miles to the southwest
corner of Sec. 8, T2N, R2E; thence northerly 4 miles to the southwest corner of Sec 20,
T3N, R2E; thence westerly approximately 2 miles to the southwest corner of Sec. 24,
T3N, RIE; thence northerly approximately 4 miles to the southwest corner of Sec. 36,
T4N, R1E; thence westerly 2 miles to the southwest corner of Sec. 34; thence northerly
approximately 5 miles to the northwest corner of Sec 10; thence easterly approximately
5 miles to the point of beginning (Idaho Department of Water Resources, 1987).

On June 10, 1988, the IDWR issued a five-year moratorium for the Boise Front GWMA
whose main conditions were: 1) the prohibition of further development or additional use
pursuant to undeveloped or partially developed permits (unless certain information is provided),
and 2} the rejection of pending and future applications {unless certain information is
provided)(Idaho Department of Water Resources, 1998) The Veterans Administration Regional
Hospital was allowed to bring their system on line in 1988 because substantial development had
been completed when the moratorium was issued. In 1993, the IDWR extended the moratorium
for another five years (ldaho Department of Water Resources, 1993) The moratorium is due to
be reviewed in June, 1998 The dramatic water level declines in the BLM well ceased in 1989
Water levels rose stightly from 1989 to 1994 and have decreased a small amount since 1994

(Figure 20).
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DATA ANALYSES

The following observations are based on reviewing and analyzing the geothermal
monitoring data and other ancillary data for the Boise Front GWMA:

1

The rapid water level declines that occurred in the BLM well in the mid-1980’s
ceased after early 1989 Water Jevels increased in the BLM well from 1989
through 1994 (Figure 20). Since 1994, water levels have declined shightly.
Average annual total production for the four heating systems for water years
1991-1997 was 661 million gallons (Figure 17) The data from 1990 were not
used because much of the State data for that year was missing. Some data were
also missing from the State records for 1996 and 1997. The adjusted average
total production for 1991-1997 was estimated to be 670 million gallons after the
State records were modified with estimated values for the missing data intervals
in 1996 and 1997

Some correlations occurred between heating degree days and production data
during water years 1991 through 1997 (Figures 4 and 17). For example, the
number of heating degree days for water year 1993 was slightly higher than both
the preceding and succeeding years. Total production was also higher in 1993
Both the number of heating degree days and the total production have remained
fairly constant since 1994, However, missing State data for 1996 and 1997 make
these correlations less reliable

Correlations between water levels in the BLM well and total production are not
clear. Water levels increased from 1990 through 1992 despite total production
increases during these years. Water levels declined slightly in 1993 when heating
degree days and total production were at their highest in the last 10 years. Water
levels in the BLM well declined 3-4 feet from 1994 through1997 despite the
apparent flat trend 1n total production. However, if we assume that total
production was slightly higher in1996 and 1997 than shown in Figure 17 (based
on the adjustments for missing data), then water level declines may be related to
production increases for those years In any event, fluctuations in water levels
and total production have been minor in the last five years

The average precipitation at the Boise Airport rain gauge station for water years
1987 through 1997 was about 10 percent lower than the 30 year average for water
years 1968 through 1997 (Figure 3). These data suggest that recharge from
piecipitation to the ground water systems in the Boise area has been slightly less
than average during the last decade However, it is uncertain how fluctuations in
precipitation affect water levels in the deep geothermal aquifer. Water levels in
the BLM well did not responded immediately to precipitation fluctuations. For
example, water levels in the BLM well increased slightly from 1990 through1992

Boise Front Geothermal - 25




despite below average precipitation during these years. Water levels declined
slightly in the BLM well from 1994 through 1997 despite above average
precipitation in water years 1995-1997  Presently, it cannot be determined if the
water level declines in the 1994-1997 interval were related to below average
precipitation in some of the mid 1980’s and early [990’s water years or to slight

increases in total production.

In conclusion, discharge does not appear to be exceeding recharge based on the water
level data in the BLM well and the production data from the four geothermal heating systems.
Water levels in the BLM observation well for the past 10 years indicate that the geothermal
system has probably reached a new water level equiiibrium, despite some minor fluctuations.
The reason(s) for the new equilibrium is not fully understood but it is probably caused by: 1)
stabilized withdrawal rates since the rapid increases of the 1980, and/or 2) induced recharge
related to the increase in production from the geothermal system.

A model developed by Montgomery Watson (1994) predicted that water levels will
decline if production is increased at the City and Boise Warm Springs well fields However, the
City of Boise recently completed an injection well that is expected to reduce or completely offset
the predicted water declines caused by increased withdrawals The new well will inject most of
the City’s spent geothermal water that is currently being disposed in the Boise River This well,
which is to be operational for the 1998-1999 heating season, is predicted to cause positive
pressure effects assuming there is hydraulic connectivity between it and the geothermal aquifer
(Montgomery Watson, 1996). A modeling scenario by Montgomery Watson (1994) predicted
that injection of spent geothermal water near the new injection well location would result in no
net changes to the water level at the BLM well assuming a 20 percent increase in production at
the City and Boise Warm Springs Water District well fields.

Based on the current data, it is uncertain how production increases, if allowed by the
IDWR, will adversely impact the water levels in this part of the Boise Front geothermal system,
especially in combination with the new injection well The historic data show that water level
declines did occur after the State and City systems came on line. However, there were no
observable water level declines with the addition of the VA production
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INTRODUCTION

- <The State of Idaho Capitol Mall geothexmal system has operated in downtown Bo;xse

s smce 1982 The system supplies about ninety percent of the heat required for nine buildings, -

. including the. State Capitol. - The primary components of the system are: 1) a ploductlon
well, 2) heat exchangers, 3) underground delivery and collection pipes, and 4) an injection.-
well. Production, temperature and system operation data have been recorded manually on.
Daily Logs since May, 1983, In 1991, the Department of Administration-Building Services

 made this data available through computer Trend Logs which capture information every six =

;‘h'(')urs‘. The Idaho Department of Water Resources has compiled the Daily Logs and Trend
Logs from 1983-1994. '
' Purpose and Scope

The purpose of this report is to publish a complete record to date of the geothermal
production history for the State of Idaho Capitol Mall geothermal system  This report
pIesents annual and monthly productlon totals, daily discharges, average monthly discharges,
maximum monthly discharges and maximum monthly supply temperatures. The data in this
report were compiled from the handwritten Daily Logs, the computer Trend Logs and
previously published reports. Data are presented using Julian year dates.

The data in this report were used by the Idabo Department of Water Resources for the
~water right licensing of the State of Idaho geothermal production well in 1995.

Previous_Studies

Several papers and reports describe either the development of the Capitol Mall
geothermal system or document some of the production history (Mink, 1976; Anderson,
1981; Anderson and Kelly, 1981; Worbois, 1982; Berkeley Group Inc., 1990; Higginson,
1987; Waag and Wood, 1987; Boise Warms Springs Water District, 1989; Montgomery,
1992; Dansart and others, 1994; Montgomery Watson, 1994). Prior to this report, the most
complete production history was presented in the Berkeley Group, Inc. (1990) report which
contains records of annual production from 1982 through June 1989. The Montgomery
(1992) and Montgomery Watson (1994) reports contain some production data for 1990 and

1991.

Well-Numbering System

The well-numbering system used in this report is identical to the system used by the
U.S. Geological Survey (USGS) in Idaho (Figure 1). The system indicates the location of
wells within the official rectangular subdivision of the Public Land Survey System (PLSS)
with reference to the Boise baseline and meridian. The first two segments of the number
designate the township and range. The third segment gives the section number followed by
_three or four letters and a number, The letters indicate the % section (160 acre tract), %4-%
- section (40 acre tract), %-1-% secton {10 acre tract), %-%-3%-% section (2.5 acre tract),




HE

"Ieport Monty Leinberger and Bill Hudson, Idaho Department of Administration-Building - -

'(-WR), entered the data from the Daily Logs into computer spreadsheets.’- Wayne Haas, . == 7 -

and the serial number of the well within the tract. Quarter sections are lettered-A, B;Crand ..> = =10

D ini counterclockwise order beginning in the northeast quarter of the section. - Succesmvely I
smaller fracts are lettered in the same manner. For example, well 04N:O1E 04CDAL.
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GEOTHERMAL DEVELOPMENT IN BOISE

In late 1890, investors from the Boise Water Works Company decided to drill a hot
water well in a swampy area about two and a half miles east of Boise. This tract of land -
was swampy because of seepage from natural geothermal springs. By early 1891, two

geothermal wells (now known as Boise Warms Springs Water District (BWSWD) #1 and #2) ETRN

had been successfully completed (Figure 2).

- In May, 1892, the Boise Natatorium, a 15,000 square foot structure which included.a = - 2

Company in 1891) began supplying geothermal water to private residences and businesses
along Warm Springs Road. The Natatorium remained in business until 1934, From 1892
until the 197Q’s, there was no significant exploration for geothermal resources in the
downtown Boise area.

In the early 1970’s, the State of Idaho began expanding the Capitol Mall office
complex. Rising heating costs prompted Governor Cecil Andrus to request a study of the
Boise geothermal resources. The study, conducied by the U.S. Energy Research and
Development Administration, recommended a pilot project. Consequently, the heating
system for the State Health Laboratory on Penitentiary Road was converted to geothermal
space heating in 1977. The State of Idaho realized the cost-saving benefits Jmmechately By
1979, the State was ready to take the next step in geothermal heating.

. i conesponds to the PLSS location: NE%, SE%, SW, Section 4, Towns]:up 4 Noxth Ranﬂe IR
1 East, and it was the first well inventoried by the USGS in that tract. *=. . . & Grmoteil]

R -

_ 65 x 125 foot geothermal swimming pool, was open for business. In the samie year, the =i =7 i
* Artesian Hot and Cold Water Company (which had purchased the Boise Water Works
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Plcrure 2 Locatxon map of crf:t)them‘xal wells in the downtown Boise and B01se Warm

Springs Water District areas. The map area is within Township 3 North Range 2 East The-—.:— -

numbers appearing diagonally are the section numbers.

In 1981, the Capitol Mall #1 @nd #2 wells were completed to the east and northeast of -

‘the State Cap1t01 respectively (Figure 2). Capitol Mall #1 (03N 02E 10AADALl) is 2,152-

feet deep and is used as the injection well. Capitol Mall #2 (03N 02E 11AABBI) is 3,030

feet deep and is the production well. Capitol Mall #2 is capable of flowing at over 900
gallons per minute. The original water temperature for Capitol Mall #2. was 160° -

Fahrenheit. By 1982, nine buildings in the Capitol Mall complex were bemg heated by the' _

geothermal resource (Figure 3).

~In the early 1980’s, Boise Geothermal Limited drilled four production wells and-the . -

Veterans Admninistration drilled a test well followed by a production and an mjecnon well }
(Flcrure ’7) In 1988, the City of Boise purchased Boise Geothermal Lumted : -

In the mid 1980’s, water levels in the Bureau of Land Management (BLM): .

PRI
ey " . i

e

observation well, located east of the Capitol Mall wells (Figure 4), began declining rapldly.- “ e

In 1987, IDWR created the Roise Front Low Temperature Geothermal Resqitce Ground -
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. Water Management Afea because of the.declining water levels. Further,developmentof:the-:.
geothetinal resource was discontiniéd in-the Management Area. Since 1987, water:levels in:;

 the'BLM well bave ceased declining (Figure 4). . .- A
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Figure 3. State of Idaho Capitol Mall geothermal piping plan (from Worbois, 1982).
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"' CAPITOL MALL DATA

~. - Dataarecollected in two_ formats  first fo
“hasdwritten Daily Logs on-which-discharge; temperature, pressure- and-other system - = --. -

. operations are tecorded.  Data have been entered on Daily Logs since May, 1983. The S

Berkeley Group, Inc. (1990) report noted that the Daily Log data usually reflect higher than T

“avérage discharges becatise the readingy are taken during peak flow times (i:e: 5:00 ~-8:00 -

-.a.m.). -Data from the Daily Logs were entered into computer spreadsheet files at IDWR.

 The second format is Treénd Logs where data are recorded every six hours using a
- -computer system. Data have been recorded.on Trend Logs since 1991. Unfortunately,

Trend Logs for 1991 and 1992 are incomplete primarily due to data capture mistakes by the

" "author. Trend Log data for 1993 aré considered fo be complete. Trend Log data for 1994.
- are incomplete because the flowmeter was not working for several months. o

The raw data from both the Daily Logs and the Trend Logs were used to calculate
- and graph annual and monthly production, daily and monthly discharges -and average monthly
_supply temperatures. - _
Annual Production

o Annual production for the State Geothermal system was obtained using three sources: .-

- 1) Berkeley Group Inc. (1990) report, 2) Daily Logs, and 3) Trend Logs. -The Berkeley

‘Group Inc. (1990) report used calculated average flowrates instead of the flowrates reported ;' e

on the Daily Logs. In this study, the annual production totals using the Daily Logs (1983-

.:1994) were calculated by multiplying each daily discharge reading (in gallons per minute) by -

1,440 to obtain a daily volume, and summing the daily volumes. The annual production -

' totals for the Trend Logs were calculated by computing an average discharge for each day, - - B

multiplying each average daily discharge by 1,440 to produce a daily volume, and summing

the daily volumes. Table 1 lists the reported and calculated annual production totals for

. 1983-1994. Low values in 1983, 1990, 1991, 1992 and 1994 are caused by missing data.
Figure 5 shows the range in annual production for 1983-1994. .

Additional calculations were performed on the data for 1993 because of the

- diffetences betwéen the annual production calculations from the Trend and Daily Logs (1993 . . -
‘was selected because the Trend Log data in that year was considered to be the more complete

than the Trend Log data collected in 1991, 1992 and 1994). The maximum daily discharge .

" 'yvas extracted from each set of four daily readings from the Trend Logs. The maximum . ..

* " daily discharge was multiplied by 1,440 to obtain a maximum daily volume. ~The sum of the
" maximum daily volumes was 2404 million gallons essentially equal to the annual production -
- ‘calculated from the Daily Logs*(240.2 million gallons). This result confirms the Berkeley . .
' Group Inc. (1990) assertion that the values from the Daily Logs are too high because they . - - .. .

' ‘were recorded during peak production times.
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Table 1. Annual production for the Capltol Ma]l geothermal system, 1983 1994 (in millions

through June, 1989 (Berkeley Group Inc. (1990)).

Figure 6 shows the total monthly production for 1983 to 1994 as calculated from the Daily -

and Trend Logs. Monthly production ranged from O to 30.5 million gallons.

lists the monthly production data.

Figures 7 through 18 show the daily discharge readings from the Daily Logs for
1983-1994. The average daily discharge readings from the Trend Logs for 1991-1994 are

Monthly Production

Daily Discharges

Appendix A

~of gallons). : o
Year | Berkeley Group Inc. (1990) Dally Logs Trend Logs ‘m__ T
1983 79.1 65.8 | o
1984 204.8 169.5
1985 196.4 187.5
1986 188.6 179.7
1987 N/A 148.6
1988 212.6° 122.7 B
1989 106:3° 155.6
1990 83.4
1991 159.4 43.6
1992 136.3 75.3
1993 240.2 180.3
1994 167.9 96.3

Estimated from Totalized value of 3 10 x 10 gallons for the period frorn ]anuary, 1983

included in Figures 15-18. The X axis for each figure is incremented by Julian days'in ‘the
respective calendar year (Day 1 = January 1; Day 365 = December 31) . '

Daily discharges fluctuate from about 600 to 800 gallons per minute during the peak -
heating season (approximately days 1-90 and 300-365), to about 300-500 gallons per minute
during the non-peak heating season (approximately.days 91-180 and 240-299), to 0-300
gallons per-minute during the summer (approximately days 181-239). Cleaily, some years
have more complete data than other years: Figures 9, 10, and 17 appear to be the most

complete. Therefore, the annual production ag ca.lculated from the Daily and Trend Logs R

may be the most accurate for 1983, 1986 and 1993 (Table 1).
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Figure 7. Daily discharge readings for the Capitol Mall geothermal system, 1983.
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Figure 9. Daily discharge readings for the Capitol Mall geothermal system, 1985.
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Figure 11. Daily discharge readings for the Capitol Mall geothermal system, 1987.
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Figure 12, Daily discharge teadings for the Capitol Mall geothermal system, 1988.
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Figure 13. Daily discharge readings for the Capitol Mall geothermal system, 1989.
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Figure 14. Daily discharge readings for the Capitol Mall geothermal system, 1990.
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Figure 15. Daily discharge readings for the Capitol Mall geothermal system, 1991.
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Figure 17. Daily discharge readings for the Capitol Mall geothermal system, 1993.
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Figure 18, Daily discharge readings for the Capitol Mail geothermal system, 1994.
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Monthly Discharges

The average monthly discharges ranged from 0 to 683 gallons per minute (Figure 19).
Maximum monthly discharges were about 800-850 gallons per minute (Figure 20). The
highest discharge rate was 982 gallons per minute in November, 1993.
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) Figure 19. Average monthly discharges for the Capitol Mall geothermal system, 1983-1994 .
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Figure 20. Maximum monthly discharges value for the Capitol Mall geothezmal system,
1983-1994.
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Supply Temperatures

Figure 21 shows a decline of about 5° Fahrenheit in the maximum monthly supply
temperatires from 1983 to 1994. The decline may have been caused by a gradual thermal
breakthrough related to nearby reinjection in Capitol Mall'#1.
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Figure 21. Maximum monthly supply temperatures for the Capito] Mall Geothermal system,
1983-1694.
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CONCLUSIONS AND RECOMMENDATIONS

The State of Idaho Capitol Mall geothermal system heats nine buildings in the Capitol
Mall complex. The systemn has been in operation since 1982. Annual production was
computed to range from 65.8 to 240.2 million gallons during the time period from 1983 to
1994 (no records could be found for 1982). The computed value of 240.2 million gallons
(1993 Daily Logs) is too high because the calculation is based on peak daily discharges as
opposed to average daily discharges. The computed value of 65.8 (1983 Daily Logs) is too
low because of missing data. Based on all of the data, the annual geothermal production for
the Capitol Mall system probably ranged from 160 to 205 million gallons. A credible
average annual production cannot be calculated because data records for several years are
incomplete. The highest monthly production was 30.5 million gallons in January, 15835.
The highest average monthly discharge rate was 683 gallons per minute in January, 1985.
The maximum discharge rate was 982 gallons per minute in November, 1993. The
maximum monthly supply temperature decreased about 5° Fahrenheit from 1983 to 1994

Continued and improved monitoring is critical for the Capitol Mall system as well as
for the other geothermal systems in the downtown Boise and Boise Warm Springs Water
District areas. Efforts should be expanded to prevent data gaps caused by equipment faiture
and data capture mistakes.
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APPENDIX A.

MONTHLY PRODUCTION FOR THE CAPITOL MALL GEQTHERMAL SYSTEM

e

Year Month Production in gallons Production in gallons
(Daily Logs) {Trend Logs)
1983 Jamuary NA
February NA
March NA
April NA
May 158,400
June 2,441,952
July 2,688,192
August 2,914,128
September 4,604,400
Qctober 12,642,192
November 16,281,360
December 24,102,864
1984 Yanuary 26,069,904
February 20,765,808
March 19,024,992
April 17,335,728
May 16,408,368
June 6,986,448
July 97,488
August NA
September 3,192,336
October 15,059,952
November 17,584,416
December 26,996,400
1985 January 30,486,960
February 24,515,280
March 23,126,976
April 12,104,352
May 8,037,360
June 2,485,584
July 862,272
August 2,048,112
September 12,060,864
October 16,672,032
November 24,705,648
December 30,388,752
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MONTHLY PRODUCTION FOR THE CAPITOL MALL GEOTHERMAL SYSTEM

Year Month Production in gallons Production in galicns
{Daily Logs) (Trend Logs)
1986 Jamuary 23,485,392
February 24,713,568
March 19,460,448
April 159,732,608
May 14,113,584
June 4,013,440
July 3,804,912
August 1,478,448
September 9,465,695
October 15,321,888
November 20,062,944
December 23,996,448
1987 Japuary 26,843,760
February 24,236,496
March 23,514,048
April 4,835,088
May 8,163,936
June 6,458,832
July 3,140,352
Angust 2,680,992
September 9,832,147
Qctober 9,590,400
November 8,711,136
December 20,545,056
1988 January 20,283,552
February 17,454,528
March 18,954,576
April 16,864,272
May 14,381,712
June 7,103,664
July 74,592
August 6,336
September 4,873,104
October NA
November NA
December 22,732,272
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MONTHLY PRODUCTION FOR THE CAPITOL MALL GEOTHERMAL SYSTEM

Year Month Production in gailons Production in gallons
{Daily Logs) {Trend Logs)
1989 January 15,411,024
February 6,759,648
March 22,694,400
April 16,857,936
May 19,484,352
Jumne 1,701,792
July 88,128
August 4,557,024
September 9,763,344
October 14,638,896
November 19,700,064
December 23,902,704
1950 January 909,648
February NA
March NA
April NA
May NA
June 53,056
July 65,808
August 1,499,184
September 7,517,088
“October 20,564,640
November 23,629,680
December 29,185,344
1991 January 18,211,392 1,989,104
February 13,621,968 NA
March 16,704,288 NA
April 16,199,136 11,787,606
May 15,713,712 9,509,605
June 13,411,872 4,903,862
July 1,765,296 454,892
August NA 1,989,104
September 8,554,608 3,061,955
Qctober 17,361,648 10,468,839
November 18,400,752 NA
December 15,489,824 NA
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MONTHLY PRODUCTION FOR THE CAPITOL MALL GEOTHERMAL SYSTEM

Year Month Production in gallons Production in gallons
{Daily Logs) (Trend Logs)
1992 January 20,499,696 10,557,500
February 15,725,808 8,175,694
March 17,325,360 5,995,368
April 7,840,944 4,797,475
May 6,790,896 1,874,974
June 3,606,912 1,055,038
July 3,049,776 381,575
August 1,855,376 NA
September 6,929,136 NA
October 9,161,136 NA
November 19,996,992 18,264,697
December 23,412,816 24,173,503
1993 January 30,446,640 28,216,599
February 25,213,968 22,915,361
March 21,644,208 19,416,082
April 18,493,589 16,610,861
May 13,382,352 8,429,695
Tune 14,780,160 10,848,560
July 12,329,568 4,561,290
August 8,352,144 3,359,905
September 20,727,792 10,691,201
October 20,737,256 7,234,027
November 28,243,440 25,207,402
December 25,850,160 21,795,714
1954 January 22,115,808 8,284,003
February 19,691,136 1,007,734
March 16,226,640 683,525
April 14,303,952 2,681,849
May 17,355,456 8,656,128
June NA 5,155,506
July NA NA
August NA NA
September 9,947,088 5,374,422
Qctober 19,640,160 16,083,684
November 23,774,112 23,009,472
December 24,817,680 25,344,295
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PRODUCTION HISTORY FOR THE STATE OF IDAHO
CAPITOL MALL GEOTHERMAL SYSTEM 1983-1994

Kenneth W. Neely, Hydrogeologist

Idaho Department of Water Resources
Boise, Idaho

INTRODUCTION
The State of Idaho Capitol Mall geothermal system has

been in operation since 1982. The system extracts geothermal
water to supply about ninety percent of the heat required for
nine buildings in the downiown Boise area including the State
Capitol. The cost savings over natural gas heating are esti-

mated to be $400,000 per year. The primary components of

the system are: 1) a production well, 2) heat exchangers, 3)
underground delivery and collection pipes, and 4) an injection
well. Production, temperature and system operation data have
been recorded manually on Daily.Logs since May, 1983 In
1991, the Department of Administration-Building Services
made this data available through computer Trend Logs which
capture information every six hours
The Capitol Mall geothermal system is located within the
borders of an administrative district called the Boise Front
Low Temperaure Geothermal Resource Ground Water
Management Area (GWMA) in Ada County of southwestern
Idaho (Figure 1). The GWMA was established by the Idaho
jpartment of Water Resources (IDWR) in 1987 in response
w declining water levels in geothermal wells along the edge of
the Boise foothills. In addition to the Capitol Mall system, the
other major geothermal users in the Boise area are: 1) City
of Boise, 2) Veterans Administration, and 3) Boise Warm
Springs Water Distriet. Collectively, these four users extract
about 600 million gallons of geothermal water annually.
Capitol Mall geothermal production accounts for about 160 to
205 million gallons of water annually The supply tempera-
ture for the Capitol Mall system is currently about 155°
Fahrenheit.

GEOTHERMAL DEVELOPMENT IN BOISE

In 1890, the Boise Water Works' Company drilled an
exploration well for hot water in an area about two and a half
miles east of Boise where some natural geothermal springs
existed. By 1891, two geothermal wells had been completed
successfully (Worbois, 1990). In 1892, the Boise Natatorium,
a 15,000 square foot structure which included a 65 x 125 foot
geothermal swimming pool, was open for businéss. In the
same year, the Artesian Hot and Cold Water Company (which
had purchased the Boise Water Works Company in 1891)
began supplying geothermal water to private residences and
businesses along Warm Springs Road. The Natatorium
remained in business until 1934. From 1892 until the 1970s,

there was 1o significant exploration for geothermal resources

}1& downtown Boise area

GHC BULLETIN, FEBRUARY 1996

Location map for the Boise Front Low-
Temperature Geothermal Ground Water
Management Area (GWMA).

Figure 1.

In the early 1970s, the State of Jdaho began expanding the
Capitol Mall office complex. Rising heating costs prompted
Governor Cecil Andrus to request a study of the Boise geo-
thermal resources (Worbois, 1990). The study, conducted by
the U.S. Energy Research and Development Administration,
recommended a pilot project. Consequently, the heating
system for the State Health Laboratory was converted to geo-
thermal space heating in 1977. The State of Idaho realized the
cost-saving benefits immediately. In 1981, the Capitol Mall
#1 and #2 wells were completed to the east and northeast of
the State Capitol, respectively (Figure 2). Capitol Mall #1 is
2,150 feet deep and is used as the injection well. Capitol Mall
#2 is 3,030 feet deep and is the production well (Figure 3).
Capitol Mall #2 is capable of flowing at over 900 gallons per
minute. The original water temperature for Capitol Mall #2
was 162° Fahrenheit. By 1982, nine buildings in the Capitol
Mall complex were being heated by the geothermal resource.

In the early 1980s, Boise Geothermal Limited drilled four
production wells and the Veterans Administration drilled a test
well followed by a production and an injection well. In 1988,
the City of Boise purchased Boise Geothermal Limited. In the
mid 1980s, water levels in a geothermal observation well
began declining rapidly. In 1987, IDWR created the Boise
Front Low Temperature Geothermal Resource Ground Water
Management Area because of the declining water levels.
Further development of the geothermal resource has been
discontinued in the management area.
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Figure 2. Production and injection wells and the distribution system for the State of Idaho Capitol Mall
geothermal system (from "The Capitol Mall Geothermal Energy Project" published by the State of

. Idaho, Department of Administration}.

Figure 3. Pump station for the Capitol Mall production well with the top of the State Capitol building in the
background.
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~APITOL MALL DATA ;

Monitoring data are collected in two formats for the
~amitol Mall system. The first format is handwritten Daily
{« - bm which 'dis'cha:gé,;,té;mperame, pressure and other
system operations are recorded once per day Data have been
entered on Daily Logs since May, 1983. The Berkeley

Group, Inc, (1990) report noted that the Daily Log data
usually reflect higher than average d_i_schaigcs} because the .

readings are taken during peak. flow times (ie 5:00 - 8:00
am). The second format is Trend Logs where data are

recorded every six hours using a computer system Data have

been recorded on Trend Logs since 1991. Upfortunately,

Trend Logs for 1991, 1992 and 1994 are incomplete due to .
data capture mistakes by the author and to equipment failure
Trend Log data for 1993 are considered

to be complete. The raw data from both the Daily Logs and

" with the flowmeter.

the Trend Logs were used to calculate and graph annual and
monthly production, daily and monthly discharges and average
monthly supply temperatures (Neely, 1993).

Production Calculations

Production for the State Gieothermal system was obtained
using three sources: 1) Berkeley Group, Inc. (1990) report,
2) Daily Logs, and 3) Trend Logs The Berkeley Group, Inc.
(1990) report used calculated average fiowrates instead of the

flowrates reported on the Daily Logs. For the study described -

in this article, the quantity of water extracted daily was
catculated from the Daily Logs by multiplying each daily dis-
rge reading (in galions per minute) by 1,440 (minutes per

aay). Daily production quantities were calculated from the

Trend Logs by computing an average discharge for each day
(from the four daily readings) which was then muitiplied by
1,440. Daily volumes from the Daily and Trend Logs were
summed to provide monthly and annual totals.

Annual, Monthly and Daily Production

Table 1 lists the reported and calcuiated annual production
totals for 1983-1994. Low values in 1983, 1990, 1991, 1992
and 1994 are caused by missing data. Figure 4 shows the
range in annual production for 1083-1994 . Additjonal calcula-
tions performed on the data for 1993 revealed that the Daily

Logs contained peak discharge values as indicated by in the

Berkeley Group, Inc. (1990) report. Therefore, the 1993
value of 240 2 million gallons in Table 1 (Daily Logs colummn)
is too high. '

Figure 5 shows the total monthly production for 1983 10
1994 as calculated from the Daily and Trend Logs. Monthly
production ranged from 0O to 30.5 million gallons; however,
the most reliable maximum value is 29.2 million gallons for
January, 1993, based on the Trend Logs. The average
monthly discharges ranged from 0 to 683 gallons per minute
(Figure 6). Maximum monthly discharges were about 800-850
gallons per minute with the highest reliable discharge rate
being 982 gallons per minute in November, 1993 :
) Figures 7 shows the daily discharge readings for 1993
- which was selected as an example because it contains the most
complete record of Trend and Daily Log data. Daily
discharges fluctuate from about 600 to 800 gallons per minute
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during the peak heating season (approximately days 0-90 and
300-364), to about 300-500 gallons per minute dyring the non-

- peak heating season (approximately days 91-180 and 240-259),

16 0-300 gallons per minute during the summer (approximately
days 181-239). o

'_I‘abii: 1. Annual Production for t_he_ _C.apitol Mall: .
Geothermal System, 1983-1994 (in millions of

gallons).
Berkeley-
Group Inc. : _
" Year (1990) Daily Logs Trend Logs
1983 79.1 - 658 -
1984 204.8 169.5
1985 196.4 187.5
1986 188.6 179.7
1987 N/A 148.6
1988 212 6° 122.7
1989 106.3% 155.6
1990 g3.4
1991 159.4 43 .6
1992 136.3 753
1993 240.2 180.3
1994 167.9 963

s Fstimated from Totalized value of 3:10 )'qloﬁ gallons for

the period from January, 1988 through June, 1989
(Berkeley Group Inc. (1990)). .

ANNUAL PRODUGTION

1983-1994
250
Uzj 200 ro :""""--:;_-_:_-_:-'
o]
z
5 150 ] R e T e o
L " i ; ! P
o B ( \ 3 H
9 3 3
4 .
= s b] — BERKELEY GROUP L.}, ofetiod s oo
- DAILY LOGS
. TREND LOGS
o L et
83 B4 85 86 8? gg &8s 90 91 982 93 9S4
YEARS
Figure 4. Annual production for the Capitol Mall

geothermal system, 1983-1994.
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o ~ geothermal system, 1983 1994 C ‘ Mall geothermal system, 1993 (Day 0 = -
January 1; Day 364 = December 31).
_ ... . Supply Temperatures
L - L * Figure 8 shows a decline of about 50 Fahrenhen in the
B ma.xuuum montb.ly supply temperamres from 1983 to 1994, .
) " 'Thé declite may have been caused by a gradual thermal
. _ breakthrough related to nearby reinjection in Capitol Mall #1,
N L although this mterpretatmn is speculative at this time.
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CONCLUSIONS '« o e T :
‘The State of Idaho Capitol Mall geothermal system has

heated nine buildings in the Capitol Mall complex since 1982.
,Annual ‘production was computed to range from 65.8 to 240.2
" milliod- gallons during the time period from 1983 t0.1994. ¢
The ¢omputed value of 240 2 million -gallons (1993: Daily .

‘Logs)-is ‘too high because the calculation is:based on peak
daily discharges as opposed to average daily;discharges: The ' :

compiuted value of 65 8 (1983 Daily Logs) is too low because
of missing data. Based on- all ef the data;the annual .-
. geothermal production for the Capitol Mall*systém: probably.:
rariged from 160 to 205 million gallons.. The highest monthly:.
production, based on Trend Logs, was 29 2 million gallons in

‘Boise. Warms Springs Water District,

nti:Dansart; W. T;

1989 "QGeothermal - ..
i Production, 1977-1989," Prepared by R H (‘nffn.hs;: o
consultant. . :

Kauffman,;J. D. and L. L. Mink;,:;l%;@:
"Overview of Geotliermal Investigations in Idaho,: 1980<i 1
1993,  Idaho .Water Resources :Research . Iustltuze

Research Iechmcal Complenon Report 79 p Dl

nggmson R. K, 1987 "Invesngatlon of. the Bo1se Idaho
‘v :Geothermal System,”; . Higginson-Barnett. Consultants,!’ :
- Report to Boise State Umversn'y 20 p plus appendices’-- +.

" January,'1993. The highest average monthiy-discharge rate . : ‘Mink, L. R 1976 "Geothermal 'I esting of Statehouse Well‘; :

was 683 ‘gallons per minute in January, 1985; The maximum:
dlscha:ge rate was 982 gallons per minute in November, 1993.
The maximum monthly supply temperature decreased abaut 5°
Fahrenheit from 1983 .10 1954, -
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1. INTRODUCTION

This report summarizes a study of hydrologic conditions in the Boise Front geothermal
aquifer system conducted for the City of Boise, Idaho and the National Renewable
Energy Laboratory. The summary is based on the following two reports:

1. “Hydrogeologic Conditions in the Boise Front Geothermal Aquifer”
(Petrich, 2003).

2. “Simulation of Ground Water Flow i the Boise Front Geothermal
Aquifer” (Zyvoloski et al , 2003).

This study arose from a request by the City of Boise to expand current levels of
production (with corresponding re-injection) under existing water right permits. This
production increase would be used to meet projected demand for geothermal heat in the
downtown area The proposed production increase led to concerns about possible
water level and/or temperature changes in the geothermal system by other users. The
City of Boise and other major users therefore sought additional hydraulic, thermal, and
hydrogeologic mnformation about the geothermal aquifer system, and the development
and implementation of a monitoring plan.

The purpose of this study was to provide insight and tools for the long-term
management of the Boise geothermal aquifer system. Specific objectives included the

following:
1. Review and refine the current conceptual understanding of the Boise Front
geothermal aquifer system.
2. Consolidate existing hydrogeologic and production data into a single
database

3 Conduct 2 mass measurement’ of water levels and/or pressures in selected
geothermal wells throughout the system.

4. Construct a numerical model capable of simulating hydraulic heads and
water temperatures in the Boise Front area.

5. Calibrate the model on the basis of hydraulic head and temperature
observations using methods that quantify calibration confidence.

6. Evaluate potential hydraulic and thermal effects of increased production
and re-injection by the City of Boise on wells in the downtown Boise —
Table Rock?, Harris Ranch, and Stewart Gulch areas.

! The term mass measurement refers to collecting “simultaneous” measurement of multiple wells over a short

P

eriod of time. Data from such measurements are used to estimate hydraulic gradients.
Referred to hereafier as the “downtown — Table Rock™ area.
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The primary focus of this study was on three areas within the geothermal system:
Harris Ranch, downtown — Table Rock, and Stewart Gulch (Figure 1). Wells in these
areas generally represent the warmest geothermal wells, share a common use (space
heating), and have more available data than geothermal wells in other areas along the
Boise Front. Users in these thiee areas expressed concern about possible effects
associated with proposed increases in thermal water withdrawals (with re-injection) by

the City of Boise

5 .’ ﬁ i v
Downtown -- Table ﬁ
® Rock Area ]

Explanation

o Project wells
® Other wells with water temperatures greater than 80°F

F area > Wel's over 80.jpg

vk
BFGecMap > B

Figure 1: Map of the Boise Front area showing primary production areas.

This project has been guided by, and the above-listed reports have been reviewed by, a
project Technical Committee. The committee agrees that this and the two reports
referenced above represent a general understanding of the committee based on the
present level of hydrologic information. The committee consists of the following
individuals:

e Chuck Brockway, Brockway Engineering {on behalf of the Boise Warm Springs

Water District)
» Paul Castelin, Idaho Department of Water Resources
¢ Sherl Chapman / Steve Hannula, ERO Resources (on behalf of Harris Ranch)
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Kent Johnson, City of Boise

Ken Neely, Idaho Department of Water Resources

Deb Parliman, U.S. Geological Survey

Clarence Robison, University of Idaho

Terry Scanlan, Scanlan Engineering (on behalf of the City of Boise}
¢ Ed Squires, Hydro Logic, Inc. {on behalf of the Terteling Family)

2. PROJECT COMPONENTS

The project included the following tasks:

1 Review applicable hydrogeologic and geologic literature.
2. Develop MS Access database of geothermal data.

3 Document consistent water level and/or pressure measurement point
locations for selected geothermal wells

4 Survey selected geothermal well locations, ground surface elevations, and
measwiing point elevations.

5 Conduct a simultaneous measurement® of water levels/pressures in
selected geothermal wells.

6. Review and summarize the current understanding of the hydrogeologic
framework.

7. Develop chronology of geothermal development in the Boise Front area.
8. Prepare and review hydrographs from available geothermal well data.
9. Evaluate water level and temperature trends,

10. Construct and calibrate a three-dimensional numerical model to simulate
flow in the Boise Front geothermal aquifer.

11. Use the model to evaluate potential hydraulic and temperature impacts
associated with increased geothermal withdrawals and re-injection

proposed by the City of Botse.

3. OVERVIEW

An extensive “low temperature” geothermal aquifer system underhes the Boise area
along the Boise Foothills — an area known as the Boise Front. The lateral extent of the
aquifer along the northwest-southeast orientation of the Boise Fromt is unclear,

? Measurement of water levels and/or pressures in wells conducted over a period of two days
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although thermal ground water is known to exist further west in the Dry Creek area,
further east near Mayfield, and to the south near the Snake River.

Development of hot ground water began in the Boise area in 1891. Geothermal wells
with elevated water temperatures are clustered along the Boise Front in several areas,
including Harris Ranch, downtown — Table Rock, and Stewart Gulch (Figure 1).
Thermal water from these wells is withdrawn for space heating, irrigation, and
domestic purposes by a variety of private, commercial, and government users.

The Boise Front geothermal aquifers reside in a complex series of igneous rocks and
interbedded sediments (Wood and Bummham, 1987, Wood and Clemens, in press)
Geothermal water is associated with fractures along a northwest trending fault zone
along the Boise Foothills. Thermal water in the downtown — Table Rock area 1s drawn
from Cretaceous-aged granite of the Idaho Batholith, Tertiary-aged rhyolite and
associated sediments, and/or Tertiary-aged basalt The temperature of thermal water in
wells used for space heating typically ranges from about 135°F to 175°F. Geothermal
water in the Harris Ranch area resides in fractured granite. Two Tertiary-aged basalt
layers appear to be the primary source of 50°F to 125°F thermal water in the Stewart
Gulch wells. Potentiometric surface maps based on the 2002 mass measurements
suggest a westerly or southwesterly horizontal hydraulic gradient in all three of these

areas.

The downtown — Table Rock and Stewart Guich areas have experienced a number of
water level decreases and increases since the early 1980s. Despite these observations,
it is not possible to conclude that water levels in the Stewart Gulch area have (or have
not) been affected by the geothermal withdrawals in the downtown area (or vice versa),
Conceptually, faulting along the Boise Front would provide a basis for hydraulic
connection between these areas. Although geothermal water in these areas has
different chemistry characteristics and residence times (Mariner et al., 1989), the water
shares a common source (Idaho Batholith granitics). It is conceivable that stresses
from the downtown area could influence water levels in the Stewart Gulch area, or vice
versa, depending on the magnitude and duration of the stress. However, such effects
(if present) were not discernible in the available data from these two areas.

Simulations of the Boise area geothermal aquifer were conducted to determine if
increased injection at the City of Boise injection well would affect the temperatures
and/or water levels at other primary geothermal wells. The simulations were
conducted using the FEHM computer code (Zyvoloski et al,, 1997) and the PEST
parameter estimation code (Doherty, 2000). The model area included the Harris
Ranch, downtown — Table Rock, and Stewart Gulch areas. Recharge was simulated as
upward flow in fault areas and lateral flow across the northeast boundary. Outflow
included lateral flow across the southwest model boundary and discharge to wells The
model grid represented a 3-dimensional flow system, with the finest discretization in
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the downtown — Table Rock area, The model was calibrated to selected 1984 through
1992 water level and temperature data, and checked against 1984 through 2002 water

level and temperature data.

Scenario simulations were run for 30 and 100 years from present, and consisted of (1)
current pumping rates (base case), (2) a 50% increase in City of Boise withdrawals
(with all increased withdrawals being re-injected), and (3) a 100% increase in City of
Boise withdrawals (with all increased withdrawals being re-injected). Simulation
results suggest that the hydraulic impact of increased pumping/injection, if any, will be
minimal. Simulations did not predict appreciable water level declines at the observed
wells associated with the increased City of Boise pumping and withdrawals over the
base-case simulations. Simulations of increased withdrawals and injection showed
minimal impact on inter-annual head fluctuation at the Boise Warm Springs wells The
stmulations indicated a possibility of some long-term temperature declines (as much as
3°C, or 6°F, in thirty years). Of the wells included in the model, the only wells
showing any thermal changes were the Capitol Mall injection (CM#1) and Veterans
Admunistration (VA) Production wells.

4, CONCLUSIONS

The primary conclusions from this study are that:

1. The Boise Front geothermal aquifer(s) appears adequate for supplying
current levels of thermal withdrawals (with accompanying injection)

2 Improved monitoring and reporting of water levels, pressures,
temperatures, and flow rates is needed to better track responses of current
and future withdrawals and 1e-injection.

3. Itis unlikely that the proposed increases in production and re-injection by

the City of Boise will decrease water levels, or will decrease temperatures
appreciably, in the downtown — Table Rock, Stewart Gulch, or Harris

Ranch areas.

Specific conclusions drawn from the hydrologic analysis and medel simulations
include the following:

1. Water levels in the downtown — Table Rock arez decreased beginning in
1984, apparently in response to new net withdrawals by the City of Boise

n 1984.
2 Water levels in the BLM monitoring well appear to provide a good

indication of water levels in the downtown — Table Rock area, based on
intermittent water level data from other wells in this area.
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10.

Water levels in the Boise area stabilized somewhat beginning in the late
1980s, based on observations in the BLM well. The stabilization of wate:
levels presumably was, at least in part, in response to stabilization of net
production following the production increase of 1984

Water levels in the downtown — Table Rock area have been recovering
since 1999, based on observed water level increases in the BLM, VA,
BWSWD, Kanta wells The recovery appears to be in response to the
City’s re-injection of a portion of its withdrawals since 1999.

Water temperatures in the CM #2 well declined from approximately 1983
— 1990, which may reflect the time to reach temperature equilibrium in the

Capitol Mall couplet.

Water levels in the Edwards well also decreased beginning in
approximately 1984, but at least part of the decrease appears to have been
caused by the start of production from Quail Hollow (Goltf Course) Upper
well

Several Stewart Guich wells (eg, Edwards, Quail Hollow Lower,
Terteling Windsock, Terteling Pool, and Terteling Motorcycle)
experienced water level increases in the muid to late 1990s. These
increases began between approximately 1992 through 1996, Water levels
in the Quail Hollow Lower, Terteling Windsock, Terteling Pool, and
Terteling Motorcycle began to stabilize (or drop slightly) beginning in
about 1999 (although August 2002 levels were slightly higher than m
previous years). Water levels in the Flora Silkey and Flora Tiegs wells
decreased between 1994 and 1998, and increased between about 1998 and

2002

Faulting that connects the Harrts Ranch, downtown ~ Table Rock, and
Stewart Gulch areas provides the basis for hydraulic connection between
these areas. There appears to be some evidence for hydraulic connection
between the downtown -~ Table Rock, and the Harris Ranch areas.
Thermal water in the downtown — Table Rock, and Stewart Gulch areas
appears to share a common source, although there are clear differences in
water chemistry, residence times, and temperature. The cwrent water
level/pressure and production data are insufficient to describe the degree
of hydraunlic connection between the downtown — Table Rock area and

Stewart Gulch areas.

It appears from the simulations that the hydraulic connection between the
City production and injection wells is sufficient for the proposed amount
of increased water production and re-injection.

The simulation results suggest that the average head in the downtown —
Table Rock production area will be increasing for the near future, even if
the City increases production and re-injection as proposed. This is
because the net production has decreased in recent years, and the increased

IWRRI
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production and re-injection by the City of Boise will not result in an
mncrease of net withdrawals

11. The City injection well is far enough removed from other users in the
downtown area that the simulated thermal perturbation caused by the
injected water does not appear to propagate to the other wells in the
downtown — Table Rock area. However, the increased injection may
produce local hydraulic changes that m turn could change the temperature
mix entering individual wells.

12. Two alternative conceptual models were implemented in the numerical
model: partial hydraulic connection and no hydraulic connection. Neither
model accurately reproduced measured hydrographs at the Edwards well.
It is unclear whether this result 15 because of conceptual model errors or
the paucity of production data in the Stewart Gulch area. It is unlikely that
modeling or data analysis can be used to definitively determine the
influence (or lack thereof) of withdrawals in the downtown — Table Rock
area on wells in the Stewart Gulch area (or vice versa) given the current
level of hydrologic and production data.

There are a number of assumptions, limitations, and potential errors associated with the
model developed for this study, or with any numerical ground water flow model (see
Zyvoloski et al,, 2003). The resulting uncertainty may be exacerbated when making
predictions into the distant future (e.g., 30 or 100 years).

5. RECOMMENDATIONS

The primary recommendation of this study is to mmprove the monitoring of water
levels/pressures, temperature, and flow in geothermal wells. The improved monitoring
would enable better tracking of hydrologic conditions in the Boise Front geothermal
aquifer. Improved monitoring should include the following:

1. Inspect, check, and calibrate installed water level/pressure, temperature,
and flow instrumentation on a regular basis (quarterly or semi-annually).

2. Continue to add monitoring data from these measurements to the database
created for this project; consider ways to facilitate standardized data
collection and reporting

3 Consider expanding monitoring to selected additional thermal wells within
the geothermal system.

4, Conduct another mass measurement with all wells under uniform
temperature conditions. One approach for this would be to create enough

flow in each well to allow temperature equilibration within the well prior
to measuring water levels and/or pressures. This approach could be first
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tested 1n a limited number of mdividual wells 16 check the differences
between static and flowing water levels.

In addition, the following recommendations might be considered to improve the
general understanding of the geothermal aquifer system:

1. Quantify aquifer and/or fault characteristics through multi-well aquifer
tests using existing wells.

2. Quantify aguifer and/or fault characteristics through geophysical methods
(e.g., seismic surveys).

3. Conduct field-based and/or simnulated tracer tests. Bromide may be a
tracer candidate depending on existing background concentrations.

4. Conduct capture zone simulations to provide insight into potential well
interference.

5. Conduct flowing and non-flowing temperature logs in wells to provide
more insight into temperatures and ground water flow associated with
individual aquifer zones.

6. Consider exploratory drilling to help quantify hydraulic and temperature
characteristics in primary faults
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Tuly 14, 1983

Owner of Well: Lanty Hellhake Well No.: GEO-1 Location: Roystone Hot Springs
Measuring point for water levels (MP) 1IOC — airline set at 226" PL=226-(2.31xPSI)

Date Depth to Discharge Hours well Person Special Notes:
And/or Time | water Measurement | was on since | making this
below last notation observation
M.P. :
7/14/83, 1510 | 32 0 - SLC airline length
226’ before test
1535 62 Corrected Probably not a Meter totalizer at
250 full pipe start 1036
1607 62 Corrected Sec x 32 60
250 V0 ¢o o0 X
1642 Raised
RPM
1644 67 359 T=158F pipe @
.85 full 800 rpm
1735 71 344 67pst 23sec
200 gal 160°f
1750 69 350 68pst k=.66
Raised Q
1750
1754 73.5 420 K=7
1819 73.5 420 SLC K=7
1820 80.5 570 SLC 30.8 K=1.0 fullpipe
1859 85 545 23.7 K=1.0
1900 Raised Q
1901 89.5 631 22.9
1938 94 600 Increase Q at
2000
2001 106 750 18.75 1325 RPM
2006 108 750
2010 110.5 750 SLC
2034 115.12 750 CWwB
2105 115.12 750 180°F 1325 RPM
2125 11512 750
2146 119.74 750 13.15
2215 122.05 706
2243 128 98 706 RPM Surging
slightly: 1300-
1350RPM
2318 126.67 667 RPM Surging
slightly less than
@2243
2356 128 98 667 2330 175°F: Note

hard to measure
due to steam

7 P ‘

PENGAD-Bayonrs, #. 1




July 15, 1983

Owner of Well: Larry Hellhake Well No.: GEO-1 Location: Roystone Hot Springs
Measuring point for water levels (MP) TUC — airline set at 226’ PL=226-(2 31xPSI)

Date Depth to Discharge Hours well Person Special Notes:
And/or Time | water Measurement | was on since | making this
below last notation observation
M.P.

07/15/83 131.29 667 9.67

2432

0100 131.29 667 1400RPM

0133 154.39 750

0202 154.39 750

0234 156.70 706

0302 159.01 706

0404 159.01 706 1500

0432 177.49 750

0450 179.80 750 CwB

0510 179.80 750

0600 182.11 750

0658 182 11 706 589 0715-84°C
(183°F)
Sc=4.71gpm/ft

0748 193.66 800 1600RPM

0755 202.90 800

0809 202.90 800 84°C

0824 212.14 857 1700 RPM

0840 212.14 800 '

0854 216.74 800

0927 21674 750 487 Pump shut down
1755 Ending
Totalizer

0935 126.67

0936 122.05




Tuly 14, 1983

Owner of Well: Larry Hellhake Well No: 2

Location: Roystone Hot Springs — Original Well
Measuring point for water levels (MP) 10C

Date Depth to Discharge Hours well | Person Special Notes:
And/or Time | water Measurement | was on since | making
below last notation | this
M.P. observation

7/14/83 43.0 0 months SLC Unused unpumped

1220 well So of GEO#1
about 30-40 feet

1544 43.96 0

1645 , 46.20 0

1740 47.48

1939 47.6

2015 50.58

2040 54.12 CWwB

2109 55.01

2129 55.71

2148 56.30

2217 56.92

2246 5748

2321 57.98

2358 58.42

7-15-83 58.73

2434

0108 5915 M-scope
malfunctioned. Tip
repaired by removing
Y% from tip

0135 59.36

0204 59.60 CWB

0304 59.95

0406 60.64

0513 60.83

0603 61.04

0701 61.31

0753 61.52

0830 61.65

0859 61.68

0930 61.78 Pump test shut down
0927

0938 61.77 1424

0926 4Hrs 58min




Date Depth to Discharge Hours well | Person Special Notes:
And/or Time | water Measurement | was on since | making
below last notation | this
M.P. observation
0947 61.69
0955 61.55
0959 61.47
1011 61.28
1027 61.05
1044 60.73
1102 60.42 CWB
1118 60.09
1132 59.99
1145 59.69
1228 59.00
1305 58.80
1424 58.10 End of Test




Field Notes 7/14/83 - Spring

Owner of Spring: Larry Hellhake Well No.: Spring
Location: Roystone Hot Springs — swimming pool spring
Measuring point for water levels (MP): outlet above spring -

-Special

Date | Parshall Discharge =~ | Hours well = | Person

And/or Time | Flume Measurement | was on since | making this - ‘| Notes:
Head last notation | observation

7/14/83 042 Slight leakage

925 beneath flume

1555 062 Flume reset

1706 062

1742 060 SLC

2020 0.60 CBW

2042 0.60

2131 0.60

2221 0.60

2325 0.60

7-15-83 0.60

2401

0137 0.60

0207 0.60

0306 0.60

0412 0.60

0516 0.60

0606 0.60

0703 0.60

0812 0.60 CBW

0900 0.60

0934 0.60
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Semi-Annual Review of the Monitoring Data for the Boise
Front Geothermal System, January - June, 2003

Ken Neely
Technical Hydrogeologist
Idaho Department of Water Resources (IDWR)
September 26, 2003
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1. DOWNTOWN BOISE AND HARRIS RANCH

1.1. Pr'oducﬁon

In the first six months of 2003, the four downtown district heating systems extracted 386
million gallons, and re-injected 254 million gallons (66%). This amount is estimated to

be eight million gallons (two percent) more than the first six months of 2002. Volumetric
calculations for the Boise Warm Springs Water District (BWSWD) wells are based on -
data from the Sparling meter in 2003 because they are similar to the Signet meter

readings in 2000 and 2001. Missing data in 2000 — 2002, and a difference of 12 million
gallons between the Sparling and Signet meters in 2003 make it difficult to accurately
determine the production amount at BWSWD.

1.2. BLM Water Levels

The BLM well is located on the U. S. Geological Survey (USGS) property; data are
collected by the USGS. Water levels in the BLM well have risen steadily since early
1999 (Figure 1). The “trough” value (i.e., the low value which occurs between late
January and early March each year) has increased almost 25 feet in the last 5 years. The
“peak” value (i.e., the maximum value which occurs in late September to sarly October
each year) has increased at least 15 feet in the last 5 years. However, the “peak” values
for the last three years are either: 1) unusual, as in 2001 when the BLM well flowed
causing a high spike, 2) missing as in 2002, or 3) not yet recorded as i 2003.

1.3. Data Summaries by Water System

1.3 1 Boeise Warm Sorings Water District West, East, and #3

Monitoring data for BWSWD West, East, and #3 were submitted in hardcopy by Rod
Baldwin. Log sheets contain one entry per day for flow, water levels, temperature, and
other data. Flow and total volume are measured using Signet flow meters on the East and
West wells, and a Sparling meter that recorded a combined flow from the two wells.
Boise Warm Springs Water District also provided monthly production summartes to
IDWR. Table | shows 2003 data for January through June in comparison with the same
time periods for 2000, 2001, and 20072.

Table 1. Producrion at BWSWD for January through June, 2000-2003.

Year | Signet Veter Sparling Meter
2000 | 119 million Incomplete
2001 117 million Incomplete
2002 Incomplete No data

2003 131 million 119 milliont

It is difficult to determine the mostly likely production total for this time period because
data are missing for several of the years.

Water levels in the West well were markedly different in late 2002 and early 2003 than
they were in previous years. The low reading was almost 50 feet higher in February 2003
than in February 2002 (Figure 2) The east well, which is the main producing well,
actually had a slightly lower “trough™ value in 2003 than in 2002.
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Figure 1. Water levels in the BLM Monitoring well.

1.3.2. State of Idaho Capitol Mall Production and Injection wells

Monitoring data for the Capitol Mall system were submitted in Dbase® files by Bill
Hudson. The data files contain one reading for every two-hour interval, which was
recorded by a computerized data logging system. Files containing discharge data were
imported into Excel®, and monthly production summaries were calculated  Production
for January through June was about 77 million gallons. In 2002, production was about 73
million gallons during this time period, but this figure is based on some estimates for
May and June because of missing data. Water temperatures, system pressure readings,
and other data were also submitted on Dbase® files

Maximum daily water supply temperatures rose slightly from 1994 through 1998, and
then dropped about 1.5 degrees Fahrenheit from 1998 to 2003 based on a visual
inspection of the data (Figure 3).




‘Maximum monthly temperature readings from January 1991 through June 2003 were
determined and then transformed to remove seasonal effects'. The Spearman tho test was
used in order to calculate a Pearson product moment correlation coefficient. The
resulting coefficient’ was —0.33, which indicates that there was a significant decreasing
trend in the de-seasonalized monthly maximum water temperatures from 1991 through
June 2003 at the 95 percent confidence level. The Spearman test yielded a coefficient of
—0.8 for the data from 1997 through June 2003, which is the portion of the graph with the
steepest decline since the mud 1980s.

1.3.3. City of Boise — BGL #1, #2. #3, and #4, Injection, Kanta, and Quarry View Park
wells

Production, injection, and other data for the City wells were submitted in an Excel®
spreadsheet and handwritten data sheets by Kent Johnson. The frequency of the data on
the production spreadsheet was approximately once-a-week. The City also records the
amount of water discharged to the Boise River on a weekly basis.

The City supplied data for their Injection well in an Excel® file, which included flow,
pressure, and temperature data. The data were recorded on an hourly basis. Injection
flow, temperatures, and pressures graphs showed regular cycles since mid-1999. The
injection rates and operating pressures had longer durations of high values in the first half
of 2003 than in the previous two years (Figure 4). The injection temperatures in late
May, 2003 were unusually high.

The City’s total production as calculated from the BGL #2 and #4 wells was about 104
million gallons for the first half of 2003, which was nearly identical to the amount during
this time interval in 2002. About 90.5 million gallons (87 percent) were re-injected.

Wellhead pressure and water temperature data were submitted for the BGL #1 well in an
Excel® file. Data are recorded six times a day by a computerized data recorder. Water
pressure dropped about five pounds from late September, 2002, to late February, 2003
(Figure 5).

Manually-recorded shut-in pressures for the BGL #1, #2, and #4, and water levels for the
BGL #3 were submitted in hardcopy. Slightly less than one year of data is available for
these four wells (Figure 5). According to Table 2 of Exhibit 1 of the Order signed in
fuly, 2002, the City is to collect weekly data at the BGL #2, #3, and #4 wells during the
time periods from February 1 through March 14, and from September 1 through October
12. This would equate to 18 readings total for the three wells during each of these two
time periods. However, only six readings were taken during the February-March six
week time period (four in the #2, one in the #3, and one in the #4)

‘The average value for each month was calculated (For example, the January values for 1991 through 2003
had an average of 154 84 degrees Fahrenheit). Adjusted monthly values were calculated by subtracting the
average monthly value from the individual monthly values (For example, the January average of 154.84
was subtracted from the January, 1991, average of 133.0 degrees Fabrenheit, and so forth for all of the
January readings). An overall average for all of the data was calculated and added to each adjusted

monthly value

Correlation coefficients range from — | to 1 with zero indicating no trend between the two variables.
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Figure 2. Water levels in the BWSWD East, West, and #3 wells.
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Figure 3. Water supply temperatures for the Capizol Mall system.

Monitoring data for the Kanta well after March 17 were discarded because of an
equipment problem. Water levels at the Quarry View well were subm&ted in hardcopy

- Data were recorded monthly during the first half of 2003, The maximum water level,
which occurred in April, 2003, was 1.07 feet higher than the maximum peak in April
2002.

1.3.4 Veterans Administration (Production. Iniection and Test Injection)

Monitoring data for Veterans Administration were submitted on monthly hand-recorded
log sheets for the production and injection wells by Larry Post. The data include totalizer
readings, discharges, supply and return temperatures, water levels, pump information and
injection line pressures. According the Table 4 of Exhibit 1 of the Signed Order, the VA
is requested to submit weekly data for two six-week time periods in the year, and specific
data for the injection and test injection well. in addition to the production well data.
Water level/pressure data for the test injection well, flow rates for the injection well, and
the February data sheet for the production well were not received by [IDWR. There was
only one entry in the March 1- 14 time period for the productlon well.

Water levels were graphed when the pump was on “low” sp’eedx:r Iﬁhe data for 2002 arid
2003 appear to be questionable because a manual measurement in the summer of 2002
was about 80 feet higher than the low speed pumping water levels (Figure 6).

1.3.5. Old Penitentiary Well

Water level data for the Old Penitentiary well were submitted by Sharon Murray (Idaho
Department of Lands, in a Word® file. Water levels are collected on a monthly basis.
Water levels fluctuated less than 1.5 feet in the first half 0f 2003 (Figure 7).
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- Veterans Administration Production Well
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Figure 6. Water levels in the VA Production well when the pump was on the low setting (The
highest reading was taken during the mass measurement in August, 2002).
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Figure 7. Water levels in the Old Penitentiary well.

1.3 6. Harris Ranch, West and East Wells

Water level and temperature data for the two Harris Ranch wells were submitted in an
Excel® file by Steven Hannula (FRO Resources). Water levels and water temperatures
were captured at four-hour intervals by a data logger for the West well. Manual water
level measurements were tecorded for both the East and West wells on a weekly basis
(Figure 8)
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Figure 8. Water levels in the Harris Ranch West and East wells.




2. STEWART GULCH GROUND WATER DISTRICT 63-S

2.1. Production

Table 2 shows production totals for the Stewart Gulch Water District 63-S wells for the
first six months of 2003

Table 2. Production from Stewart Gulch Water District 63-S geothermal wells in the first six

months of 2003.
Well ' Production (gallons)
Flora Company Tiegs (Triangle) 0
Flora Company Silkey (Shed) 21,927,916
Flora Company House (Office) 2,041,427
Edwards Greenhouse 48,417,000
Terteling Ranch Windsock 49,129 7223
Terteling Ranch Pool 11,782,209
Terteling Ranch Motorcycle Club 0
Quail Hollow Upper 2,508,525
J Quail Hollow Lower 86,325
| Total [ 135,892,625

2.2. Individual Data Summaries

2.2.1. Edwards Greenhouse

Monitoring data for the Edwards Greenhouse were submitted in hardcopy log sheets by
Garnette Monnie. Data wete collected at approximarely once-a-week intervals. Shut-in
pressures have declined slightly since the fall of 2001, but are still considerably higher
than the readings in the early to mid 1990s (Figure 9). In addition to these data, the
Water Master for Ground Water District 63-S began collecting monthly readings in June,

2003.

22.2. Flora Company Tiegs, Silkev, and House wells

Monitoring data for the Flora Company Tiegs, Silkey, and House wells were submitted in
Excel® files by Ed Squires (Hydrol ogic, Inc.). Shut-in pressure data were recorded
manually for all three wells on an approximately once-a-month frequency. Monitoring
data were also collected using data loggers on the Tiegs and Silkey wells at a frequency
of once every four hours for Tiegs and once every hour for Silkey. Shut-in pressures
were slightly lower in the first half of 2003 than in 2002, and also lower than in 2001 for
the Tiegs and House wells (Figure 10). In addition to these data, the Water Master for
Water District 63-S began collecting monthly readings in June, 2003.

2.2.3. Terteling Ranch Windsock, Pool, Motorcvele Club wells

Monitoring data for the Terteling Ranch Windsock, Pool, and Motorcycle Club were
submitted in Excel® files by Ed Squires (HydroLogic, Inc.). Manual measurements at
the three wells were collected once a month. Data loggers recorded data at a frequency
of one reading per hour. Water levels were lower in the Terteling wells from July 2002
to June 2003 than in preceding 12 months (Figure 11). In addition to these data, the
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Water Master for Ground WaterIDistcict 63-S began collecting monthly readings in June,
2003.

2.2.4, Quail Hollow

Monitoring data for January through April were submitted for the Quail Hollow Upper
and Lower geothermal wells by Dave Hendrickson. Water level and totalizer
measurements at the two wells were recorded monthly. In addition to these data, the
Water Master for Water District 63-S began collecting monthly readings in June, 2003,
Water levels in the first half of 2003 were lower than in 2002, which had usually high
water levels for both the Upper and Lower wells, but were higher than the water levels in

2001 (Figure 12).
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3. RECOMMENDATIONS

Monitoring requirements for the geothermal users in the Boise Front system are complex.
Users find themselves needing to adhere to one or more of the following legal
proceedings:

1. Boise Front Low Temperature Geothermal Resources Ground Water Management
Area (GWMA) (June, 1987).

2. Orders requiring monitoring and record keeping for four of the geothermal users

in the Boise Front Low Temperature Geothermal Resources GWMA (July, 1987).

Order establishing a moratorium in the Boise Front Low Temperature Geothermal

Resources GWMA (June, 1988, with five-year extension orders signed in 1993

and 1998).

4. Order establishing Water District 63-S, Stewart Gulch (December, 1989).

Order giving the Water Master of Water District 63-S the authority to administer

ground water in the district under the terms of the Silky v. Tiegs decree, and to fill

senior water rights if artesian pressure is not sufficient (September 1990).

6. Stipulated Agreement in the matter of petition for order authorizing additional use
for the City of Boise (July, 2002).

7. Order accepting settlement in the matter of petition for order authorizing
additional use for the City of Boise (September, 2002).

(W]

w

Numbers 2, 4, and 6 contain language regarding geothermal monitoring.

¢ In Number 2, the Boise Warm Springs Water District, City of Boise, State of [daho
Capitol Mall, and Veterans Administration were required to collect: 1) continuous
withdrawal rate and withdrawal amounts, 2) continuous casing pressure and/or
drawdown measurements on production and injection wells, and 3) temperatures of
withdrawn and injected fluids on a daily basis.

e in Number 4, the owners of wells in Water District 63-S were required to “install flow
measuring devices and the rate of flow and volume of pressure measuring equipment
acceptable to the Department for the measurement of the rate of flow and volume of
water diverted from the respective wells”. There was no language in the Order
regarding the reporting of the data to [IDWR

¢ In Number 6, each party to the agreement is to *“comply with the Monitoring and
Reporting Plan attached hereto as Exhibit 1. .. Parties to the agreement include:
Perkins Coie LLP (representing the City of Boise), Moore Smith Buxton & Turke
Chartered (representing the Boise Warm Springs Water District), Hofstetter Law
Office (representing the Edwards Family LLC), State of Idaho Department of
Administration, State of Idaho Department of Lands, and Ringert Clark (representing
the Terteling Company, Inc ) Tables 1-3 provide the details for monitoring the wells
owned by the above parties. Table 4 lists Non-Party wells which includes the
following owners: USGS, VA, Quail Hollow, and Harris Ranch.

Based on my interpretations of the orders, the following recommendations are made for

the collection and reporting of monitoring data:
15



1. Boise Warm Springs Water District.

a. Data are being recorded on a daily basis on log sheets. Data loggers
would allow data to be collected in a more “continuous” fashion as
required by the order of 1987

b. Check the East Well Signet and Sparling flowmeters for accuracy.

c. Was West Well Signet checked for accuracy when it was installed in
20027 If not, can it be checked?

d. It would be helpful to have the daily data entered into a spreadsheet and
submitted electronically. The entries that I would like to have included in
a spreadsheet are: Date, Time, Water Level, Rate, Totalizer Reading, and
Temperature. IDWR could provide a spreadsheet template.

2. Capitol Mall System.

3.

4,

f.Jl

a. Check the temperature sensor that measures supply temperatures for

accuracy
City of Boise.

a. Re-establish data logger monitoring at the Kanta well.

b. Collect monitoring data weekly at the BGL #2, #3, and #4 during the two
time intervals designated in Tabie 2 of Exhibit 1.

¢. Check temperature sensor that measures return temperature at the injection
well for accuracy.

Veterans Administration (Non-Party).

a. Data are being recorded on an average of about 10 readings per month on
log sheets. Data loggers would allow more “continuous” coilection of
monitoring data as required by the order of 1987

b. Determine if the air line on the production well is working properly for
collecting water ievel data. Perhaps the well can be shut down for a short
time, and static water levels can be taken by using a steel tape and an
electric tape, and with the airline procedure that is currently used.

¢ Collect water levels in the injection and test injection weils on a weekly
basis

d [t would be helpful to have the log sheet data entered into a spreadsheet
and submitted electronically IDWR could provide a spreadsheet
template.

Flora Company.

a Determine the reason that the manual readings and the data logger

readings on the Shed well are not in agreement.
Edwards Greenhouse
a. Can the daily log data be entered into a spreadsheet and submitted
electronically? IDWR could provide a spreadsheet template.
Terteling Ranch.
2. Record water temperature at the Pool and Windsock wells.
Quail Hollow (Non-Party).

a. Since the two wells are “Non-Party” according to Table 4 of Exhibit 1,
Mr. Hendrickson believes that Quail Hollow is not required to submit
monitoring data. A discussion of the matter with John Homan (attorney at
IDWR) and a review of the order for the Ground Water District 63-S
monitoring requirements leads me to agree with Mr. Hendrickson’s
conclusions. As such, all monitoring data (1.e, water levels, instantaneous
flows, and totalizer readings) will be collected on a monthly basis by the

16




Water Master of Water District 63-S, as per the plan adopted by the
District. Weekly data collections for the two six-week time periods in
Table 4 of Exhibit 1 will not be collected since that frequency is beyond
the duties defined for the Water Master of Water District 63-S.

9. According to the Stipulated Agreement of July 2002, IDWR is to visit each well
listed in Tables 1-4 of Exhibit 1 annually, with the goal of checking the accuracy
of monitoring gages and performing calibrations, The goal is to accomplish this
task in October or November, 2003.
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GEOTHERMAL RESOURCES OF UTAH
- AN OVERVIEW -

PHYSIOGRAPHIC REGIONS

Utah comprises parts of three major physiographic
provinces (Fenneman, 1931), each with characteristic
landforms and geology (Figure 1) These inclade the Basin
and Range Province, the Middle Rocky Mountains Province,
and the Colorado Plateau Province . An overlapping of two of
these provinces essentially forms a fourth distinctive
physiographicregion. The Basin and Range-Coloradoe Plateau
Tyansition Zone extends through central and southwestem
Utah, and contains physiographic and geologic features
similar to both the Basin and Range and Colorado Plateau
Provinces. The physiogtaphic regions of Utah are also shown
in Figure 2.
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Figure 1,

The Middle Rocky Mountains Province in
northeastern Utah consists of mountainous terrain, stream
valleys, and alluvial basins. It includes the north-south
trending Wasatch Range, comprising mainly pre-Cenozoic
sedimentary and Cenozoic silicic plutonic rocks, and the east-
west trending Uinta Mountains, comprising mainly
Precambrian sedimentary and metamorphic rocks

The Colorado Plateau is a broad area of regional
uplift in southeasten and south-central Utah characterized by
essentially flat-lying, Mesozoic and Paleozoic sedimentary

rocks. Scattered Tertiary and Quaternary volcanic rocks are
present on the westem margin of the Colorado Plateau in
south-central Utah, and some Tertiary intrusive bodies are
present in southeastern Utah, Plateaus, buttes, mesas, and
deeply incised canyons exposing flat-lying or gently warped
strata distinguish the Colorade Plateau of southeastern Utah.
Bedrock units are spectacularly exposed, while surficial
deposits are sparse

The Basin and Range Province is noted for numerous
north-south oriented, fault-tilted mountain ranges separated by
intervening, broad, sediment filled basins. The mountain
ranges are typically 20 to 50 km (12 to 31 mi) apart, 45 to 80
km (28 to 50 mi) long and are bounded on one, or sometimes
two sides by high-angle, often listric, noxmal faults Typical
ranges are asymmetric in C1oss section, having a steep slope
on one side and a gentle slope on the other. The steep slope
reflects an erosion-modified fault scarp and the range is a
tilted fanlt block (Hintze, 1988). Rocks within the Basin and
Range vary widely in age and composition. Older rocks
consist mostly of a variety of Mesozoic and Paleozoic
sedimentary units and their metamorphic equivalents
Proterozoic-age 1ocks have limited exposures in the region.
Cenozoic volcanic rocks and valley-fill umits generally overlie
the sedimentary and metamorphic rocks Valley-fill deposits
consist mostly of late Cenozoic lakebeds and atluvium as
much as 3,000 m (10,000 ft) thick.

The Transition Zone is a broad region in central Utah
containing structural and stratigraphic characteristics of both
the Basin and Range Province to the west and the Colorado
Plateau Province to the east. The boundaries of the Zone are
the subject of some disagreement, resulting in various
interpretations using different criteria (Stokes, 1988).
Essentially, extensional tectonics of the Bas in and Range has
been superimposed upon the adjacent coeval uplifted blocks
of the Colorado Plateau and Middle Rocky Mountains. The
result is that block faulting, the principal feature of the Basin
and Range, extends tens of kilometers into the adjacent
provinces forming a 100-km- (62-mi-) wide zone of
transitional tectonics, structure, and physiography (Hecker,
1993; Black, et al., 2003).

LATE CENOZOIC TECTONICS IN UTAH

Comprising essentially the western half of Utah, the
Basin and Range Province is separated from the Middle
Rocky Mountains by the Wasatch Fault Zone in northern
Utah, and from the Colorado Plateau by the Transition Zone
in central and southern Utah (Figure 2), Within the Basin and
Range and the Transition Zone, east-west structural extension
is thought to have taken place over the past 17 million years
(Hintze, 1983) creating numerous north-south-oriented, fault-
bounded blocks. Prior to Basin and Range extension {during
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Figure 2.

Geothermal resources of Utah showing thermal wells and springs. Quaternary tectonic and volcanic
features, and major physiographic regions,
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nuid-Cenozojc time), voluminous silicic volcanism with
associated hydrothermal activity took place within several

east-west trending belts (Stewart, et al,, 1977) Patterns of

volcanism changed during the latter stages of the Basin and
Range development to less-voluminous basalt and thyolite
(bimodal assemblage), spatially controlled by north-south
Basin and Range faults

Quaternary Faults

Tectonically active regions typically have abundant
active geothermal systems as fault movement fractures
bedrock, thereby opening potential fluid pathways . Inareas of
active tectomism, meteoric water has more opportunity to
circulate deep and absorb thermal energy from the
surrounding rocks. Hecker {1993) presents a detailed review
of the Quaternary tectonic activity in Utah and describes the
potential for earthquake-related hazards in the state. Utah is
in a tectomically active region where the Intermountain
Seismic Belt (ISB), a north-trending zone of historical
seismicity, bisects the state. The ISB coincides with the broad
transitional castern margin (including the Iransition Zone) of
the Basin and Range Province, extending from southern
Nevada, through Utah, southeastern Idaho, western Wyoming,
and into central Montana. It includes the major active faults
of Utah, such as the Wasaich fault system in northern Utah,
and the Huiricane and Sevier faults in southern Utah and
northern Arizona (Figure 2}.

Quaternary Volcanic Rocks

Recent igneous activity may provide local, high-level,
heat sources for geothermal systems. As a result, the
distribution and timing of volcanic events is important for
assessing the geothermal potential of a region. Hecker (1993)
summarizes previous work (Best,et al,, 1980; Hoover, 1974;
Clark, 1977; Lipman, et al,, 1978; Nash, 1986; Anderson,
1988; and Anderson and Christenson, 1989) to describe the
distribution and timing of Quaternary volcanic rocks in Utah.

Clusters of young volcanic rocks (generally less than
2 Ma) extend from northwestern Arizona through
southwestern and west-central Utah. These units consistof a
bimodal assemblage of mainly basaltic rocks and less
voluminous thyolitic rocks. In southwestern Utah, several
clusters of mostly basaltic rocks are oriented northeast-
southwest, subparallel to the Basin and Range-Iransition
Zone margin. This package of volcanic rocks consists of
series of basaltic flows and venis that do not seem to coincide
with mapped faults. Rather, some vents lie adjacent to major
faults, such as the Hurricane and Sevier faults, localized on
the footwall or hanging-wall block, but not appearing to have
used the fault as a conduit for magma Cinder cones and
mounds, which generally form alignments parallel to the
faults, appear to have formed along steep joints.

In wesi-ceniral Utah, another cluster of young
basaltic rocks, with lesser guantities of thyolite form a narrow
belt generally aligned with the eastern margin of the Basin and
Range This volcanic assermblage formed in an intra-graben
area between the Pavant and Tushar Mountains on the east,

and the Mineral and Cricket Mountains to the west The
region is referred to as (from south to north) the northern part
of the Hscalante Desert, the Black Rock Desert, and the
southemn part of the Sevier Desert. Volcanism here appears to
have been concurrent with east-west extension Across
numerous, small-scale intra-basin faults. Vents and ginder
cones mostly lie along high-angle normal faults, suggesting
that the faults provided the conduits for movement of magma.
Basaltic eruptions began in this region about 2 Ma and have
continued intermittently since then.

A small volcanic field of Pleistocene age is located
just north of Great Salt Lake in the southern Curlew Valley in
Box Elder County. Basaltic tocks comprise the field and have
been dated between about 0.7 and I 15 Ma. Although the
field is aligned generally parallel to Basin and Range faults, it
does not appear to be spatially associated with any mapped
Quaternary faults

GEOTHERMAL RESOURCES IN UTAH
Previous Workers

The earliest implied reference to geothermal systems
in Utah is by Gilbert (1890), who described Fumarole Butie
and the nearby Crater (Abraham) Hot Springs. Stearns and
others (1937) and Waring (1965) summarized data for about
60 known thermal occurrences. Mundorff (1970} prepared a
comprehensive report on the thermal springs of Utah that
included data on individual springs. Swanberg (1974) made
estimates of subsuiface temperatures using cherniical analyses
of water samples and employing geothermometry. Goode
(1978) and Rush (1983) both produced summaries of
geothermal occurrences in Utah, Various workers from the
University of Utah Department of Geology and Geophysics,
Utah Geological Survey, Utah Energy Office, and the
University of Utah Energy and Geoscience Institute have
published details on geothermal systems and geothermal
applications in Utah.

Budding and Bugden (1986} compiled a bibliography
of this early work up through the mid-1980s. Since then,
several authors (Blackett, 1994; Blackett and Moore, 1994;
Blackett and Ross, 1992;) have published more recent
compilations and research on geothermal systems in Utah.
Mabey and Budding (1987, 1994) compiled detailed
geological, geochemical, and geophysical information,
including previously unpublished data on seven individual
systems within the "Sevier thermal area,” an area of central
and southwestern Utah containing all of Utah’s known high-
ternperature geothermal systems  Budding and Sommer
(1986) gathered field data and published a study of low-
temperature geothermal resources in the St George area of
southwestern Utah. Wright and others (1990) summarized
geothermal resources and developments in Utah up through
the 1980s, and discussed how factors such as regional low
energy costs tesulted in relative low growth of geothermal
energy in the state. Blackett and Ross (1992) published the
results of geochemical and geophysical studies for geothermal
systems within the Escalante Desert of southwestern Utah
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Geothermal Occurrences in Utah

With few exceptions, the higher temperature
geothermal areas in Utah occur either in the Basin and Range
Province or within the Transition Zone (Figure 2). In central
and western Utah, most thermal areas are located in valleys
near the margins of mountain blocks, and are probably
controlled by active Basin and Range faults. Other
geothermal systems occur in hydrologic discharge zones at the
bottoms of valleys. A few thermal areas are situated in
mountainous regions.

The most significant known occurrence of
geothermal water in eastern Utah is from oil wells of the
Ashley Valley oil field, which yield large volumes of neatly
fresh water at temperatures between 43°C and 55°C (109°F
and 131°F) as a byproduct of oil production. In 1981, the
Ashley Valley field yielded 542 million m? (26 1 million
barrels) of water {Goode, 1985).

Using geothermometry and other information, Rush
(1983) suggested that six areas in Utah are probably high-
temperature geothermal systems with reservoir temperatures
above 150°C (302°F). He also suggested that ten other areas
could be classified as moderate-temperature geothermal
systerns with reservoir temperatures between 100°C and
150°C (212°F and 302°F) Known high-temperature systems
include the Roosevelt Hot Springs and Cove Fort -
Sulphurdale Known Geothermal Resource Areas (KGRA).
Other potential moderate- to high-temperature systems are
Thermo Hot Springs, Joseph Hot Springs, the Newcastle area,
and the Monroe-Red Hill area.

Geothermal Use in Utah

Presently, electric power is generated at the
Roosevelt Hot Springs and the Cove Fort - Sulphurdale
KGRAs Commercial greenhouses, that use thermal water for
space heating, operate at Newcastle in iron County, at Crystal
Hot Springs near Bluffdale in Salt Lake County, and at Utah
Hot Springs near Pleasant View in Weber County Tenresorts
use geothermal water for the heating of swimming pools,
small space-heating applications, and therapeutic baths. Three
of the newer direct-use geothermal developments consist of
commercial SCUBA-diving and aquaculture facilities near
Grantsville in Tooele County, near Plymouth in Box Elder
County, and at Midway in Wasatch County.

Power Plants

Utah Power, a PacifiCorp company that merged with
Scottish Power in 1999, has operated the single-flash,
Blundell geothermal power station at the Roosevelt Hot
Springs geothermal area near Milford in Beaver County since
1984. Intermountain Geothermal Company, a subsidiary of
California Energy Company and the current field developer,
produces geothermal brine for the Blundell plant from wells
that tap a geothermal resource in fractured, crystalline rock.
The resource depths range generally between 640 and 1,830
m (2,100 and 6,000 ft) Resource temperatures are typically
between 271 and 316°C (520 and 600°F)  Wellhead
separators are used to "flash” the geothermal fluid into liquid
and vapor phases. The liquid phase, or geothermal brine, is
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channeled back into the reservoir through gravity-fed injection
wells. The vapor phase, or steam fraction, is collected from
the production wells and directed into the power plant at temp-
eratures between 177 and 204°C (350 and 400°F) with steam
pressure approaching 7.66 kilograms per square centimeter
(109 psi) The plant produces 26 MW, gross {23 MW, net)
At Sulphurdale in Beaver County in 1985, Mother
Farth Industries, in cooperation with the city of Provo,
instailed a geothermal binary-cycle power systemand a steam-
turbine generator. In 1990, Provo City and the Utah
Municipal Power Agency (UMPA) dedicated the Bonnett
geothermal power plant, becoming the third geothermal power
unit to go on-line at Sulphurdale to provide electricity for
Provo City. The estimated net output capacity from the power
umits is about 10 MW,. Because hydrogen sulfide (H,S) gas
is produced, the plant includes a sulfur abatement system
designed to extract up to 1 36 metric tons (1.5 short tons) per
day of sulfur In 2003, Recurrent Resources acquired the
Sulphurdale geothermal properties and facilities of Provo
City/UMPA Recuzrent has presently shut down the operation
and plans to reconstruct the facility, eventually building a 30
to 40 megawatt binary power plant Production wells
primarily tap a shallow, vapor-dominated part of the
geothermal system at depths between 335 and 366 m (1,100
and 1,200 ft}) A deeper well (~ 730 m [2,400 ft]), however,
reportedly taps the liquid-dominated part of the system.

Commercial Greenhouses

Various research organizations and energy companies
became interested in the Newcastle area of Iron County in the
1970s after farmers accidentally discovered a relatively
shallow hydrothermal system while drilling a irrigation well,
The well had encountered a hot-water aquifer with a maximum
temperature of 108°C (226°F} between depths of 75 and 94
m(245 and 310 {t) Subsequent studies by the Utah Geologic
Survey (UGS) suggest a model of hot water rising along a
range-bounding fault and discharging into an aguifer in
unconsolidated Quaternary sediments, forming a broad
outflow plume. Temperatures within the outflow plume
generally range between 82° and 104°C (180° and 220°F).
Several commetcial greenhouses, covering about 100,000 m’
(25 acres), use the geothermal fluid from shallow production
wells (152 m [~ 500 ft] deep) to produce high-quality flowers,
vegetables, and oramental plants year-round.

Crystal (Bluffdale) Hot Springs is located at the
southern end of the Salt Lake Valley where Biuffdale Flower
Growers (formerly Utah Roses) operates a geothermal-heated
greenhouse complex. The facility covers about 11,700 m(29
acres), and produces cut roses as its primary product. Hi-
Tech Fisheries, Inc. located at the nearby Utah State Prison
uses thermal water cascaded from the prison geothermal
production well for raising tropical fish commercially.
Surface spring temperatures are about 62°C (144°F).
Subsurface temperatures of 88°C (190°F) have been reported
in one of two 122-m (400-ft) deep production wells. The
springs normally issue from valley alluvium into several
ponds. When production wells are in operation, the surface
springs and ponds reportedly dry up.




Therapeutic Baths, Resorts, and Aquaculture

Bonneville SeaBase is a SCUBA-diving facility
developed at Grantsville Warm Springs located about 66 kin
(40 nu} west of Salt Lake City along Interstate Highway 80 in
Tooele County. SeaBase consists of several dive pools fed by
warm springs and stocked with tropical marine fish. The
facility is associated with Neptune Divers of Salt Lake City,
a business devoted to SCUBA diving and related-product
sales.

At Beimont {tJdy) Hot Springs in northeastern Box
Elder County, about 50 hot springs and seeps issue along the

Malad River at about 52°C (125°F). In addition to a golf

course and camping facilities, the resort has therapeutic hot
tubs, a swimming pool, and a SCUBA diving pool. The resort
also operated a commercial aquacubture facility, raising
lobsters and crayfish for distribution out of the local area,
which 1s now closed.

Crystal (Madsen) Hot Springs Resort, near
Honeyville along Interstate Highway15 in Box Elder County,

uses cold springs and hot springs at the same facility The

springs are situated along the northern extension of the
Wasatch fault, which traverses along the western side of the
Wellsville Mountains. A cold spring (11°C [52°F]) is used to
help fill a 1.1-million liter {300,000-gallon} pool, while hot
springs 60°C (140°F) fill therapeutic hot tubs, mineral pools,
and also flow into the swimming pool. Pool temperatures
1ange from 29° 10 44°C (85° to 112°F)

Thermal springs in and around the community of

Midway in Wasatch County issue from several widespread,
coalescing travertine mounds covering an area of several
square kilometers Temperatures in the springs generally

range from 35° t0 46°C (95 to 115°F). Thermal water at’

Midway probably originates from deep circulation of meteoric
water fromrecharge zones located to the north near Park City
The Mountain Spa Resort uses thermal water for heating a
swimming pool and for therapeutic baths. The Homestead, a
hotel and resort complex, uses thermal water in a therapeutic
bath, and also offers guests SCUBA diving within a 35°C
(95°F) thermal pool inside "the old hot pot"” a large
travertine mound.

The Monroe-Red Hill Hot Spring area is 16 km (10
mi) south of Richfield in Sevier County. The proprietors have
named the resort "Mystic Hot Springs” and offer a
geothermal-heated swimming pool, therapeutic baths, camping
facilities, and tropical fish ponds The Monroe and Red Hill
Hot Springs issue at about 77°C (170°F) near the surface
trace of the Sevier fault adjacent to the Sevier Plateau. The
area was the focus of U.S. Department of Energy-sponsored
geothermal studies in the late 1970s.

Veyo and Pah Tempe Hot Springs resorts in
southwestern Utah offer swimming and therapeutic baths At
Veyo Hot Springs Resort, located southeast of the town of
Veyo along the Santa Clara River canyon, spring flows are
channeled to a swimming pool at a temperature of about 32°C
(89°F). At the Pah Tempe Hot Springs Resort springs flow
from a number of vents along the Virgin River at about 42°C
(108°F) near where the river crosses the Hwrricane fault be-

tween the towns of Hurricane and La Verkin. The thermal
water is channeled into a swimming pool and therapeutic
baths

SUMMARY OF GEOTHERMAL ENERGY USES IN
UTAH

T'wo separate electric power plants using geothermal
energy have been installed in the southern part of the state, at
Cove Fort/Sulphurdale (Bonnett) and near Roosevelt
(Blundell) (Table 1}. The Bonnett plant is presently shut
down and probably will be replaced with a 30-to 40-MWe
plant These two plants are described in more detail in
subsequent articles in this issue.

Direct-use is more extensive in the state, where
geothermal energy is used at 21 sites located along the entire
central arc of geothermal resources in the state (Figure
2)(Table 2). Greenhouse heating is the largest use, followed
by swimming pools. Many of the resorts and spas have closed
throughout the state as detailed in an article by Susan Lutz in
this issue  The direct-use amounts to a savings of about
162,000 barrels of oil (assuming 35% efficiency from
electricity), and ehminating 21,700 toms of carbon and
42,000 of carbon dioxide
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CRYSTAL HOT SPRINGS - SALT LAKE COUNTY

Jon Allred
Utah Energy Office
Salt Lake City, UT

INTRODUCTION

For more than 100 years, Crystal Hot Springs has
provided geothermal water to a wide variety of commumnity
uses. At present, these uses include building heat for
dormitories at the Utah State Correctional Facility, a
cominercial greenhouse next door to the prison and a fish farm
nearby. Well known from pioneer times, this collection of
geothermal springs and ponds are located 15 miles (24 km)
south of Salt Lake City and should not be confused with
Madsen’s Crystal Hot Springs, another geothenmal resource
located about 70 miles north in Box Elder County. Unlike
Madsen, which is highly saline, the Draper resource produces
salts and sulfur mild enough for watering cattle, and meets
state standard as a secondary drinking water source.
However, dissolved oxygen and other water cheristry still
require careful management to prevent pipe corrosion and
mineralization. Curmrent regional drought conditions have
reduced geothermal flow. Still, with careful management,
Crystal Hot Springs can support new commercial uses in
addition to those in place.

GEOTHERMAL RESOURCES
Located adjacent to Interstate 15, Crystal Hot Springs
is an artesian geothermal flow that fills a number of ponds and
a small lake that scuba divers have measured at more than 50
ft (15 m) deep. In 2003, temperatures were reported at 195°F
(91°C) in a 400-ft (122 m-) deep production well, consistent
with other reports and investigations done over the years.
Occasional well pump testing over the last 30 years
consistently reports artesian flow at 600 to 1,000 gallons per
minute (38 - 63 L/s). Pumping of geothermal well water
causes a corresponding immediate decline in artesian flow.
Elsewhere in Salt Lake Valley, groundwater measurements
stnce about 1930 show a steady decline in water table of 15 to
40 ft (5 - 12 m)(Haradan, 2003) The primary cause of this
decline is believed to be well pumping, although periods of
apparent recharge coincide with high levels of annual
precipitation.
Northern Utah is characternized as cold desert, with
total annual precipitation seldomexceeding 15 inches (38 cm).
Crystal Hot Springs is located at the south end of the Salt Lake
Valley at about 4,550 {t {1,387 m) elevation above sea level.
As such, winter low temperatures may reach 0°F (-18°C);
while, summer high temperatures commonly reach 100°F
(38°C) Windy conditions are frequent, because mountains to
the east and west form a funnel in whose path the springs lie,
and there is little micro terrain or vegetation to block air flow.
The area experiences about 270 sunny days per year, although
conditions around nearby Traverse Ridge are known for
storminess. Atmospheric humidity can descend to as little as
20 percent, refative  Soils are typically atkaline
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Crystal Hot Springs is within the municipal boundary
of Draper City, a 400-square mile (1,037-km®) geographic
basin underlain by groundwater in unconsolidated deposits
Salt Lake Valley is bounded by the Wasatch Mountains on the
east and the Oquirth Mountains on the west. The Crystal Hot
Springs geothermal system rises from the northern base of an
east-west ridge known as the Traverse Range (Murphy and
Gwynn, 1979). This feature is intermediate in elevation
between the Wasatch Range to the east and the valley grabens
to the north and south. A series of northeast striking normal
faults, with a combined displacement of at least 3,000 feet
{914 m) separate the Iraverse Range from the Jordan Valley
graben to the north. The spring system is located between two
closely spaced range-front faults that are intersected by a
north-northeast striking fault

The Wasatch Mountain fanlt systern exhibits
predominately vertical movement, and represents the longest
and most tectonically active geologic structure in Utah, with
abundant evidence of surface mpturing events The Wasatch
fanlt is crosscut by numerous underlying, older faults and
folds that complicate understanding of geothermal resources
found on both slopes of the range The entire region is also
part of the Intermountain Seismic Belt and, as such, produces
terresirial heat flow averaging about 107 milliwatts per square
meter (mW/m?). In contrast, the adjacent Colorado Plateau
region to the east exhibits average terrestrial heat flow of
about 57mW/nr.

The geothermal system is fed by mountain rain and
snowfall that descend through fractured bedrock before
returning to the surface by convection and artesian flow into
overlying unconsolidated alluvium (Blackett and Wakefield,
2003) The Crystal Hot Springs resource is considered to be
fault-controlled, with geothermal energy rising from normal
heat flow of the Basin and Range province, rather than by
cooling of igneous rock at depth (Murphy and Gwynn, 1979},

The surface expression of Crystal Hot Springs
consists of several springs found within a 70-acre (28-ha) area
that lies mostly within state prison property {Murphy and
Gwynn, 197%) Some of the springs feed small ponds located
at the eastern edge of the geothermal zone, while others are
present at the bottom of Crystal Pond, a small lake at the
western edge of the geothermal resource

Chemistry tests i 1979 reveal silica, calcium,
magnesium, sodinim, and related minerals in concentrations
below 230 parts per million (ppm). Chlorine was found to be
higher, at 590 ppm. Total dissolved solids (TDS) registerad
1,462 ppm in 1979, which is slightly lower than tests done
more recently that found IDS at about 1,750 ppm. In
conirast, pH was measured at 5.9 in 1979, somewhat more
acidic than recent test results that ranged from6 0106 5. One
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test indicated pH at 7.6, total suspended solids (ISS) at 14
mg/l. and TDS at 1,810 mg/L (Murphy and Gwynn, 1979).
Well pumping tests in 1979 proved steady flow at 650 to
1,000 gpm (41-63 L/s) (Murphy and Gwynn, 1979). Water
quality testing done for discharge permit approval indicated
levels of arsenic, managanese, radium, potassium, various
chlorides and radium slightly higher than found in Jordan
River receiving waters. In 2003, a nearby well tested to a

maximum flow of 1,100 gpm (69 L/s). However, neither of

these tests examined the cone of depression, nor projected
rates of recovery.  Temperature gradient testing found an
elliptical area 200 hundred yaids (183 m) wide in which soil
temperatures exceeded 190°F . A roughly concentric area 600

yards (550 m} wide tested to at least 90°F (32°C) at a depth of

200 ft (61 m). It is believed, but not verified, that the Crystal
Hot Springs resource is a limestone reserveir, resulting in
preduction of CO, that may supply some corrosive effect in
spite .of best effoits to keep oxygen and other gases from
entering at peints in the mechanical system above ground

GEOTHERMAL USES

Crystal Hot Springs has been commercially exploited
since the late 1800s, supporting a brewery, stock watering, log
floating, a recreational resort that burned down in the 1920s,
beaver raising and a country inn At present, geothermal
water is used for production of fish for commercial sale,
greenhouse production of cut flowers, and building heat at the
prison. As such, Crystal Hot Springs may be one of the better
examples of multiple-use development of geothermal energy
in the region.

Prison Building Heat
In 1983, the Utah Department of Comrections

installed a geothermal well and heat exchange equipment to
supply space heat to Oquirrh 4, a minimum-secuzity dormitory
facility that also included a gymnasium, offices and a
cafeteria. That equipment met winter season building heat
requirements and year-round hot water needs for Oquirrh 4
until sometime during 1985, when corrosion resulted in severe
pitting of stainless steel pipes. Mineral build-up also caused
pump shaft failure. Both wells were abandoned in place,
along with the originai heat exchanger and related equipment
Since then, the discharge permit for one well has expired and
its location has been lost to memory. Piison officials and
Johnson Controls plan to eventually search for the missing
well, determine if it can be rehabilitated, and verify whether or
not lapsed water rights and state permits for pumping and
discharge can be renewed.

In 2003, the State of Utah Department of Corrections
contracted with Johnson Controls, a world-wide energy
service company (ESCO) to re-establish a geothermal building
heat and culinary water system in two phases. This new
geothermal facility is part of a larger contract awarded to
Johnson Controls for improved facilities management at the
Draper prison, the largest correctional facility in the region
The overall contract improvements for energy, water and
waste management services s worth. $53 7 million. Energy
control measures (ECMs) include the installation of more
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efficient lighting and motors, use of digital building climate
controls and the two-phase geothermal system.

The Johnson Controls performance guarantee calls
for anmual savings of about $228,000 on energy
improvements, and $175,000 in annwal savings for
improvements in water, sewer and solid waste handling For
performance comparison purposes, base year energy
consumption at the prison cormplex totals 19.5 million kWh
and 1.85 million therms (195 kJ) of natural gas for about .1
million square feet (102,000 m®)} of buildings (Johnson
Conirols, 2003)

Phase I of the geothermal portion of the project calls
for supplying culinary hot water and building heat for the
Oquirth 4 complex. Built in 1987, each of the four units at
Oquirth 4 contains 9,714 square feet (902 m®) of floor area
Allunits are constructed of hollow concrete masonry, built-up
roof and single pane windows. These units were originally
heated by ducted forced air coils supplied with steam from a
campus distribution system fired by natural gas. That
mechanical system is still in place, and can be supplied
interchangeably by either campus steam or hot water from the
geothermal-plate-and fiame heat exchanger (Figure 1}).

Plate-and-frame heat exchanger (Bruce
Munson, Jehnson Controls).

Figure 1.

Phase | geothermal improvements refurbished one of
the old geothermal wells, installed a line-shaft constant speed
pump on the geothermal side, new heat exchange equipment,
and variable speed drive for heat control on the building side
{Figure 2). Among other things, the holding tank from the
1983 system was removed as part of effort to prevent air
intrusion that is believed to contribute to corrosion and
mineral deposition The constant speed pump installed in
Phase 1 is set at 240 gpm (15 L/s) on maximum capacity of
300 gpm (19 L/s). Entering water temperature is about 185°F
{85°C) = The system uses the existing coil and fan equipment
from the original steamsystem. A variable-speed drive on the
clean side governs the rate of heat exchange, with a 40°F
{(22°C) drop in geothermal temperature being an efficiency
goal. Actual discharge water temperature is about 160°F
(71°C)  Constant-speed pump pressure is applied to the
geothermal side in order to prevent precipitation of minerals
that might otherwise occur during periods of slack demand.
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Heat exchange building with wellhead and
pump in foreground.

OIS

Figure 2.

Johnson Controls avoided installing probes for flow
measurement piping in order to reduce the number of potential
places where air intrusion could occur. Instead, a sensor to
measure geothermal heat is in place to calculate energy
passing through the heat exchanger. Strainers that would
normally be in place have also been omitted in order to reduce
points of potential corrosion. Piping on the geothermal side
is made of fiberglass-reinforced plastic, considered a good
general alternative to stainless steel for chemical and
temperature conditions at Crystal Hot Springs. The vertical
turbine pump is located seven feet (2 m) down a 1,000-ft
(305-m) deep well, and is a Bell and Gossett enclosed
lineshaft, 12-in. (30-cm) conductor casing to 40 ft (12 m), 4-
in. (10-cm) pump columm, 6-in. (15-cm) Schedule 40 liner to
1,000 ft (305 m), slotted bull nose entry below pump bowls
and impellers

At the time Johnson evaluated the existing heating
system at Oquirth 4 (Figure 3), the heat recovery systern was
in poor condition, and variable air volume vanes were fixed in
place and inoperable Meanwhile, to meet air quality needs,

100 percent outside air is still used for both ventilation and

winter heating As such, there is no refurn air circuit, resulting
in substantial heating system inefficiency. Thus, Johnson
Controls estimates that use of geothermal heat probably saves
more in natural gas for the Oquirth 4 facility than its
proportionate share of square footage served by the overail

Figure 3.
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prison gas-fired steam facility. As is common with large
institutional uses, general lack of sub-metering at the
correctional facility prevents the accumulation of itemized
data on cost savings.

Thermostatic controls are set higher on the campus
steam side to prevent heat from that system entering the
Oquirrh 4 loop unless geothermal flow fails. During the first
six months of geothermal system operation, natural gas-fired
steam has been needed only once, when the geothermal pump
failed due to ingestion of well debris left from the 1983
geothermal system.  As expected, system controls made a
smooth switch to campus steam heat when the geothermal
pump failed.

Phase II geothermal development, planned for late
2004, calls for replacement of the fixed speed 10-horsepower
(hp) {7 kW) geothermal well pump by a 25-hp (19-kW)
variable-speed drive that can potentially deliver up to the full
water right of 750 gpm (47 L/s}. The practical expectation is
for a base load of about 600 gpm (25 L/s). A second heat
exchanger will also be added. This larger geothermal flow
will continue to supply space heat for the Oquirrh 4 cell block,
and will also supply the prison fumiture shop, sewing shop,
and Special Service Dormitory (SSD). Altogether, geothermal
heat wiil eventually supply space heat and culinary hot water
for a total of 252,350 square feet (23,440 m®) of building area.

Under Phase II, geothermal input temperature is
expected to reach 185°F (85°C) or higher, dropping to 165°F
(74°C) at discharge during warm weather and 135°F {57°C) in
winter. A variety of other improvements will be needed to
ensure systemn performance, including fan/coil umt heaters in
the prison industry buildings, upgraded insulation and
thermostats in individual sections  Phase I improvements will
continue to send the usual 200 gpm {13 L/s) discharge flow to
prison fish ponds. However, discharge by buried pipe to the
cooling pond will mise from about 40 to 400 gpm (2.5 to 25
L/s) or more. After Phase Il geothermal improvements are
operational, the existing back-up boiler will be considered for
retrofit to better fit with the geothermal system.

Phase I of the geothermal performance contract calls
for capital expenditures of $519,000 intended to produce
guaranteed annual energy savings of 368,944 in deferred
natural gas cost. Those savings are tempered by an expected
base increase of $1,068 in additional annual electricity charges
for puwmping geothermal fluid and electronic controls
Geothermal improvements are projected to have a payback
pertod of 7.6 years, and a predicted equipment life of 17 years
In conirast, the overall performance contiact has a combined
estimated payback period of 15 years Phase II geothermal
improvements are expected to cost a total $1,523,611, and
should produce annual natural gas savings of $123,813, offset
by an increase in electricity cost of $69,145 for pumping
geothermal water. Phase I became operational in January of
2004, providing initial monthly savings of $17,000 in deferred
natural gas costs.

Bluffdale Flowers

In 1981, Utah Roses established a commercial
greenhouse using 450 gpm (28 L/s) of geothermal water
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pumped froma 1,000-ft (305-m) deep well on property located
immediately adjacent to the prison. That facility was sold and
renamed Bluffdale Flowers in 1998 In the interim, some
250,000 sq ft (2.3 ha) of greenhouse space was constructed for
raising roses and other ornamental flowers (Figure 4)

Interior of Bluffdale Flowers greenhouse
with finned-tube heating system.

Figure 4.

In 1983, at about the same time the prison was
developing its first attempt at geothermal building heat in
1983, Utah Roses used U.S Department of Energy funding to
install a geothermal production well at a commercial green-
house located in Sandy City, about five miles north of Crystal
Hot Springs Well depth eventually reached 5,000 ft (1,524
m), but produced only about 200 gpm (13 L/s) of water at
120°F (49°C) and was therefore abandoned. Eventally, the
entire greenhouse operation in Sandy was also abandoned and
operations were consolidated at the Crystal Hot Springs site

At present, Bluffdale Flowers uses a 40-hp (30-kW)
lineshaft pump running at constant speed to supply geothermal
water {rom a well depth of about 200 ft (61 m) (Figure 5).
Space heat is provided through plate-and-frame heat
exchangers showing an intake temperature of about 190°F
{88°C) and discharge temperature of 140°F {60°C) (Figure 6)
There is no back-up heat system, and indoor greenhouse
temperatures on winter nights may descend to near freezing.
A brief experiment with by-passing the heat exchanger caused
1apid mineral fouling of capillary piping. Discharge water
travels by 8-in. (20-cm) pipe to Crystal pond where it cools to
about 80°F (27°C) before traveling about 1,000 ft (305 m) by
open ditch to a Hi-Tech Fisheries, a downstream user of
geothermal water (described below).

For several years, attempts were made to re-inject
spent geothermal water for aquifer recharge. However,
artesian effect and slow permeability resulted in surface
leakage and pump failure. After deliberation, the State of
Utah Division of Water Rights was persuaded to grant a
permit for surface discharge of spent fluid As such, even
though greenhouse use of heat-exchanged water is a "non-
contact" use of the geothermal resource, surface disposal
exposes the fluid to chemical alteration. Geothermal pumping
is limited to the cool months of September to May each year
during the hours of 4:00 p.m to 8:00 am
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Lineshaft pump at Bluffdale Flowers
{Jack Kaleel),

Figure 5,

Plate-and-frame heat exchanger (Stan
Goldberg).

Figure 6.

The state-issued discharge permit requires semi-
annual water tests for metals, including cadmium, copper,
lead, mercury, radium and others. Some concem has been
raised regarding tests of discharge water that show IDS at
1,700 ppm, close to the state maximum limit of 2,000 ppm,
and pH readings as low as 5.9

Bluffdale Flowers is in the process of expanding
greenhouse space from 250,000 to 500,000 sq ft (2.3-4 6 ha)
To provide winter space heat, discharge water at about
140°F(60°C) will be re-heated using natural gas boilers to
about 180°F (82°C) and circulated through that additional
space before discharging en-route to Hi-Tech Fisheries further
downstream. i

Water rights total about 1.95 cubic feet per second
(55 L/s), which would allow Bluffdale Flowers to augment
geothermal flow by running the idled re-injection pump in
reverse, resulting in a potential doubling of geothermal flow
to about 900 gpm (57 L/s)
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Bluffdale Flowers managers note that artesian flow
is substantially lower in 2004, compared to recent years, as
evidenced by the fact that natural ponds are nearly empty
during early summer Ordinarily, these ponds would actually
deepen as summer progresses, due to cessation of greenhouse
and prison use of geothermal water during previous cool
meonths. Informal discussion armong various parties in the area
suggest that persistent regional drought conditions account for
a large fraction of diminished geothermal spring flow More
recently, discussion has focused on the possible role of prison
geothermal pumping as a cause of spring flow reduction for
other geothermal users. These concems add interest to the
widespread belief that water rights have been over-
appropriated by the State Engineer. As noted above, regular
groundwater monitoring in Salt Lake indicates that wells have
caused a steady decline in water table across several decades
(Haradan, 2003)

Other Commercial Geothermal Uses

In the past, a number of aquaculture operations have
used discharge water from either the prison, Bluffdale
Flowers or directly from Crystal Pond, the largest of several

ponds fed by Crystal Hot Springs The most successfil of

these downstream geothermal users is Hi- Tech Fisheries, a 25-
year old commercial producer of tropical fish based around

Crystal Pond  Hi-Tech is a contract operator on behalf of

Utah Comections Indusiries, an enterprise of the state prison
sysiem. As such, the land, water righis and facilities are
largely state-owned. Labor is provided by prison inmates.
Crystal Pond varies widely in size, up to about 3.0
acres {12 ha), but currently covers only about 1.0 acre (0 4 ha)
in surface area due to persistent regional drought conditions.
The pond was once host to a large variety of fish but is
presently occupied only by a few hardy species of low-value
fish that help control mosquitoes. Hi-Tech Fisheries uses
discharge water from Bluffdale Flowers and from the prison
geothermal facility to feed Crystal Pond, which is also
supplied by artesian springs. Discharge water from Bluffdale
Flowers leaves that facility at about 140°F (60°C), and travels
through a succession of 8-in. (20-cm) piping, open ditches and
intermittent ponds before artiving at Hi-Tech at an acceptable
temperature of about 80°F (27°C) . Discharge water from the
prison geothermal facility travels entirely by pipe to Hi-Tech.
Together, this flow moves successively through covered
greenhouse space totaling about 4,500 sq ft (418 m?),
occupied by some 80 fish propagation tanks that vary in size
from 200 to 1,000 gallons (760-3,786 liters) (Figure 7). Many
of the fish originate from Africa’s Lake Malawi, where water
conditions are similar to those produced at Crystal Hot
Springs. At times, this facility has also produced a variety of
vegetables for commercial sale, including corn, tomatoes,
squash and peppers. Propagation of aquarium plants for retail
sale was also tried for a time, but proved unsuccessful
During cold weather, geothermal water may arrive at
fish tanks at temperatures as low as G6O°F (16°C), only
marginally viable for fish propagation In the past year, Hi-
Tech also reports that combined inflow to Crystal Pond is
down by about 50 percent from average years, resulting in the
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pond’s lowest water level in 30 years As a result, Hi-Tech
currently re-circulates its own outfall water back into Crystal
Pond in order to maintain adequate supply to the fish tanks.
Concern has been raised by Hi-Tech that declining water
supply may also be due, in part, to recent re-establishment of
prison geothermal use, and recommends that consideration be
given to circulating additional prison geothermal discharge
water through Hi-Tech before final outfall to wetlands or the
Jordan River,

Fish propagation tanks (Hi-Tech
Fisheries).

Figure 7.

At present, about 200 gpm (13 L/s) of geothermal
outflow from the prison goes directly to Hi-Tech. The
remaining 40 gpm (2.5 L/s) is sent to a cooling pond that is
planned for eventually serving new wetland development.

- About 450 gpm (28 L/s) of gecthermal dischar ge flows toward

Hi-Tech from Bluffdale Flowers, although an unknown
amount is lost to evaporation and seepage along that path. Hi-
Tech does not directly measure the combined total of inflow
to Crystal Pond from these various sources Discharge water
from Hi-Tech Fisheries ordinarily travels about 800 ft (244 m)
in a ditch to a collector canal running through farm fields
before either percolating fully into soil or reaching the Jordan
River,

Original plans called for discharge of geothermal
water from the prison to percolate into the soil through open
ditches, with ne significant surface flow off-site. However,
the need for mosquito abatement resulted in re-direction of
geothermal water through a buried 14-in {36-cm) concrete
pipe running about 15 miles (24 km) before entering a
cooling pond. The pond is designed to overflow into the
Jordan River through a culvert running under the Bangerter
Highway, reaching the river at a temperature close to ambient

UDOT Wetland Development

The Utah Department of Transportation (UDO I)
plans to take geothermal discharge water, in combination with
other surface flow, to create a new wetland in the area below
the lowest pond at Crystal Hot Springs. This end-use of
geothermal water helps fulfill UDOT need for wetland
creation to offset loss of wetland caused by highway
development elsewhere. As such, geothermal water is
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expected to reach ambient temperature before entering the
river, having dissipated heat through a combination of at least
three different beneficial uses and passing through thousands
of feet of ditches and piping before disposal.

Crystal Springs Fisheries

A second aquaculture facility i3 also using
geothermal waters in the area-Crystal Springs Fisheries,
located just vutside the Cosrectional Facility Spring water at
80°F (27°C) feed 12,000 £t (1,115 ) of indoor fiberglass
tanks and raceways under three greenhouses covering a liitle
less than an acre (0.4 ha). These consist of 200 tanks at 150
gal (568 liters), 350 at 250 gal (946 liters) and 14 raceways
Between 667 and 833 gpm (42 and 53 L/s) are used on the
average with approximately double this during peak periods.
Approximately half a million cichlids (tropical fish from
Africa) are raise annually.

SUMMARY

Crystal Hot Springs will continue to provide water
and energy for community uses into the foreseeable future.
Further study of resource hydrogeology could assist with long
term planning for further economic development and help
prevent conflicts between users and their respective water
rights. There is ample supply of geothermal water for
development of additional uses of Crystal Hot Springs,
particularly with more careful delivery of outfall water from
one use to the next.
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Schematic of the Utah Department of Corrections heat supply system to the Oquirrh building complex.
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